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L(‘n NOI PAU

iIMAX hi¢n dang 13 mdt wong nhitng hé th8ng vién

théng todn ciu ddy hita hen nhd't vdi nhidu dng

dung. Pay IA mot céng nghé truy cip khong ddy
bing tan rong dua trén chudn IEEE 802.16 vi uén cdc i li¢u
WiIiMAX Forum. Chinh vi vy, cudn sdch "Hudng dén sit dung
WIMAX - Cong ngh¢ truy cdp mang khéng déy bdang tan rong
d(.ft mgi" duge bién soan nhiim muc dich gidi thiéu hoin chinh
vC hé théng WIMAX va sy phdt trién k¥ thuit & moi khia canh
clia WIMAX.

Sdch duge chia thinh b6n phin d6c lap. Phan | gidi thiéuy
chung vé WiMAX. Phin 2 wuinh bay ldp vit ly WIMAX, tap
trung vao nhu’ng tinh ndng chinh nhu truyén OFDM va d*mgj
bi¢n ddi clia né, OFDMA. Phin 3 md 13 Idp MAC va cu thé
han Ia tinh ning da truy ¢ip va sif quan Iy chdt lu‘o’ng dich vy
QoS ciia WiMAX. Phiin 4 bac gbm nhlrng, chl di¢m nhu quén
Iy ngudn 1ai nguyén vo wy&a, tim hi€u cdu trdc mang, kha
ndng di dong va bao ddm sy an ninh cho mang WiMAX,

Biy la cudn sich néi vé mot chng nght, truy C'lp mang
khdng ddy rit méi. Do dd, ching t6i rat hy vong cudn sdch
niy sC 1a mdt tai lidu tham khdo dic bidt quy gid cho ban doc
trong qud trinh Gim hi€u v sif dyung hé th6ng WiMAX.

Chiing t6i ciing rdt mong nhin dugc nhitng ¥ ki€n déng
g0p quy bdu tr ban doc v& mdt s8 sai s61 khé tranh khoi trong
qud trinh bi€n soan cling nh cd¢ gép ¥ nhim lam cho sdch
hodn thién hon. Xin chin thinoh ¢cim on.

Tde gid.
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Chuonyg 1

Gidi thiéu su truy cap khdng
day bang tan réng

1.1 Nhu cau truyén dif liéu khong day

Ké ti nhimg thip nién cudi cing cia thé ky thd hai muoi, cdc
mang di lidu da phdt trién rat thanh cdng va én dinh. Sau khi ldp
dit cdc mang Internet ¢d dinh & nhiéu noi trén khip hanh tinh va
bay gié cang duge md rong, nhu cdu truy cdp khong day (wireless
access) hign nay tré nén rdt quan trong. Chic chin ring cudi thap
nién diu tién clia thé ky thd hai muci mét, sy truy cap dir liéu khéng
diay 16c d9 cao, nghia la tinh biing Mb/s s& dugce trién khai trén khip
toan céu,

Sy truyén thong khong day cé tir cudi thé ky th mudi chin khi cée
chuong trinh Maxwell cho thdy viéc truyén thong tin c6 thé thuc hién
duge ma khong cAn dén mot day. Vai ndm sau, nhitng cude thit nghiém
chang han nhu cude thi nghiém ctia Marconi di chi@ng minh réng
truyén tai khéng day cé thé tréd thanh hién thue va duge véi cdc
khodng cach kha dai. Qua th& ky thd hai muoi, nhitng khdm phd va
ph4t minh dién tir va su lan truyén da don dudng cho nhiéu hé théng
truyén tdi khéng ddy.

Trong nhimg nim 1970, Bell Labs da dé xu&t khdi niém cellular,
mot ¥ tuong ky diéu cho phép bao phu mét viung 1én tuy thude mie do
cdn thiét bing cach st dung mdétl bang théng tan s ¢6 dinh. Ké tif sau
dé, nhidu cong nghé wireless da duge st dung réng rai, thanh cong
nhat cho d&n bay gio la GSM, su truyén thong Global System for
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Mobile (truée day la Groupe Sp&eUcial Mobile), ban dau la hé théng
di déng th# hé thit hai cia Chau Au. GSM 14 mét ¢dng nghé duge su
dung chu y&u dé truyén Liéng bé sung cho viée truyén dit liéu tée do
thap ching han nhu Short Message Service (SMS).

GSM c¢6 nhing phat trién da duge st dung trong nhiéu quéce gia.
Nhitng ph&t trién nay duge dinh hudng nhim lam dé dang su truyén
di liéu tuong doi cao trong cdac mang dua vao nén ting GSM. Nhimmg
phat trién quan trong nhat la:

m GPRS (General Packet Radio Service). sy phat trién chuyén géi
di ligu (packet) cia GSM.

M EDGE (Enhanced Data rates for GSM Evolution) bao goém sy
thich Ung hiéu suat diéu bién lién két hoac digital (k¢ thuat s8), nghta
la sy thich Ung clia nhiing thudc tinh truyén déi vai trang thai kénh
v tuyén (thay d&i nhanh).

Ngoal GSM. cdc hé thong di dong thé hé thi ba (3(3), ban dau la
cong ngheé UMTS (Universal Mobile Telecommunication System) cda
Chau Au va Nhiat Ban va ban diu la cong nghé cdma2000 cua My da
duge trién khal v hifa hen 14 nhitng hé théng truyén théng khong
day.

Cac hé théng di ddng da bao phi cde khu vye rong 16n bing cac
quée gia. Mot phuong phap khéce 14 sit dung cdc mang truy cip khong
day ma ban diu duge dé& xuit cho ede mang cuc bd (LAN) nhung cang
duge su dung cho cie mang dién rong.

1.2 Cac mang Wireless va Broadband Wireless Access [(BWA)

1.2.1C4c logi mang dif liéu khac nhau

C6 mot 6 1én cdc cong nghé truyén khéng diy, nhimg hé thing
khiec van dang duge thiél ké. Nhitng e6ng nghé nay ¢é thé duge phan
bo Lrén cde ho mang khae nhau dua vio quy mé mang. Trong hinh 1.1,
mot sy thé hién dic trung bay gio (con duge goi 1a “hinh cdc qua
tring™ vé cdc hang mue mang khong ddy véi nhing ¢dng nghé ndi
tiéng nhit cho cdc leai mang.
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Hinh 1.1: Minh hoa cdc loai mang. M&i hang muc cho tdc céng nghé phd bién nhat.
Vdi hinh ndy, mgt s0 ngudi thém mat “qua tring” nhd han trong WPAN (Wireless
Personal Area Network}, trgng triing WBAN (Wireless Body Area Network) vdi mét

viing phd séng vai mét, nghia 13 ving 1dn cin coa mdt ngudi nao do.

Personal Area Network (PAN}) |4 mét mang do lidu (thudng khong
day) duge st dung dé giao Liép giffa cdc thiét bi dir lidu gin mot
ngudi. Pham vi cua mot PAN sau dd 14 vai mét, thuong duge xem la
nhé hon 10m, mic db mot s6 cdng nghée WPAN ¢6 thé ¢6 pham vi
hoat dong 16n hon. Cac vi du vé cdc cong nghe WPAN la Bluetoolh,
UWB va Zighee.

Local Area Network (LAN - mang cuc bd) 14 mdét mang da liéu duge
st dung dé giao tiép gitda cdc thiét bi dir liéu: may tinh, cde may dién
thoai, may in va mdy hd trg c¢d nhan ky thuit sd (PDA). Mang bao
phu mot khu vue tuong d6i nho nhu mot cin nha, mét vin phong hoilc
mét khuon vién trugng dai hoc nhd (hoiic mdt phan clia mjt khudn
vién truong dai hoc). Pham vi cia LAN la 100 mét. Cdc LAN hién
duge sit dung nhiéu nhit (cho dén bay gid) 1a Ethernet (LAN ¢6 dinh)
vd WiFi {(Wireless LAN hoic WLAN).

Metropolitan Area Network (MAN - mang ving dé thi) la mét
mang dir lidu ¢6 thé bac phd 1én dén vai kilémét, thudng 1a mot
khuén vién trudng dai hoc 1én hodic mol thanh phd. Vi du, mdt trudng
dai hoc 6 thé c6 mot mang MAN ndi két lai nhiéu LAN cia né duge
dat xung quanh site, mdi LAN bao phu na kilomét vudng. Sau do tir
MAN ndy, trudng dai hoc ciing ¢6 thé ¢6 mot 86 link didn dén nhiing
MAN khdc v6n tao nén mot WAN. Cdc vi du cia nhitng cdng nghé
MAN la FDDI (Fiber-Distributed Data Interface}, DQDB (Distributed
Queue Dual Bus) v MAN dya vao nén ting Ethernet. WiMAX ¢o
dinh ¢6 thé duge xem 13 méot Wireless MAN (WMAN).
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Wide Area Network (WAN - mang dién rdng) la mét mang di liéu
hao phit mét khu vire dia 1§ rong 16n bing hanh tinh. Cac WAN dua
vao ndi két clta cdc LAN, cho phép nhitng ngusi dung trong mdt vi tri
giao ti€p véi nhitng ngudi dung ¢ nhing vi tri khdac. Mot WAN thudng
gdbm c6 nhiéu niat chuyén mach lien thong. WAN hién duge st dung
nhiéu nhéit {cho dé¢n bay gid) Ia4 mang Internet. Nhitng vi du khac la
cie mang 3G va mang WiMAX di déng vdn 1a cde Wircless WAN. Cac
WAN thudng 6 cdc tde dé dir lidu thdp hon nhidu so véi cde LAN (vi
du hiy xem xét Internet va IEthernet).

b&i véi hinh nay, mét 56 ngudi thém mot “qua trdng” nho hon
trong WPAN, tuong trung cho WBAN, Wireless Body Area Network,
véi tAm phl séng vai mét, nghia 12 ving gan lin c¢in cua mdt ngudi
nao d6. Vi du, mét WBAN c6 thé két néi handset vdi tai nghe, véi
quan do “thong minh”...

1.2.2 Mit s6 chuar many 4 Yiéu JEEE 802

WiMAX dua vao chudn IEERE 802.16 [1], [2]. Nhing nd lyc chudn
héa cho cde mang di lidu viing cuc by dd bit dau vao nam 1979 IEEE,
vién ky su dién va dién t Hoa Ky. Thang hai nim 1980 (80/2), nhom
(ho#c Uy ban) cong tac IEEE 802 da duge thanh lap nhém dinh nghia
ciac chudn IEEE cho cdc mang LAN va MAN. Nhiing giao thie (proto-
col) va dich vu (service) duse xde dinh trong 1EEE 802 d4nh xa sang
hai 16p phia dudi (Data Link via Physical) cia md hinh tham chiéu ndi
mang OS] bay 16p (3], (4]. IEEE 802 tdch biét l6p Data Link (lién két
dit liduw) OST thanh hai 16p con ¢6 tén la Logical Link Control (L.1.C)
va Media Access Control (MAC) (xem chuong 3).

Nhiéu phédn ban cia IEEE 802 ké ti d6 dd dugc thanh ldp. Cac
cong nghé mang duge st dung rong rii nhat dua vao cdc phén ban
IEEE 802 nhu sau:

m |EEE 802.2, Logical Link Control (LLC). Ldp con LLC trinh bay
mét giao dién déng nhat cho ngudi dung dich vu lién két dif ligu
thudng la I6p mang (I6p 3 cia md hinh OS!).

B |EEE 802.3, Ethernet. Ethernet dugc chudn héa bdi IEEE 802.3 1a
mét ho cac cong nghé mang cheo cac LAN dugc chuén hoéa bdi
IEEE 802.3. N¢é nhanh chong trd thanh cdng nghe LAN phé bién
nhat cho dén hién tai. Cac téc dé di liéu co thé cé 1a 100 Mb/s, 1
Gh/s va 10 Gb/s.

m {EEE 802.5, Token Ring. Céng nghé LAN Token ng da dugc
thuc day bdi IBM trong nhiing n&m dau 1980 va dugc chudn hoa bdi
(EEE 802.5. Luc ddu kha thanh cong, Token Ring da nhudng chd
sau khi 10BASE-T xudt hién vao nhiing nAm 1990.

m IEEE 802.11, WLAN, |IEEE 802.11 la phan ban da tao ra nhiing gi
ma bay gi¢ dudgc goi la cdng nghé WiFi. Hé thong Wireless Local
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Area Network (WLAN) va nhidu loai khac dugce dé xuat bdi nhém
{va cac phan ban) céng tac IEEE 802.11, dugc thanh lap vao nam
1980. WLAN bao phd mét khu vyc ¢é ban kinh 100 mét {300 feet).
Pau tién, IEEE 802.11 (hitp://www.icee802. org/11) va hai loai lién
két vo tuyen vat ly clia né. céc chuan 802.11a va 802.11b da duoc
dé xudt cudi nhiing nam 1990. Cac san phdm IEEE 802.11b dugc
chung nhan bdi tap doan WiFi (Wireless Fidelity) d& c6 mat sdm
sau dé. Nhiing s&n pham nay géin nhu d& dugc bi&t dén bang cai
tén WiFi Technology. Nhiing san ph&m WiFi nay da nhanh chdng
dat dudc thanh cong Ign chl y&u nhd vao tinh don gian coa ching
va sy manh mé cla cong nghé, ngoai chi phitugng d&i thap va viéc
sl dung cac day tan s6 2.4 GHz va 5 GHz khéng co ban quyén.
Nhiing loai khac cta chudn 802 .11 ca ban cé san (802.11e. 802, 119,
802.11h, 802.11i,...) hodc dang & giai doan phac thdc (802.11n., )

IEEE 802.15, WPAN. Cac céng nghé WPAN khac nhau da hoic
dang dugc dinh nghia trong IEEE 802.15. IEEE 802.15.1 d& bao
gom Bluetooth, ban ddu dude x&¢ dinh bdi mét sy lién hiép cac nha
s&n xudl va bay gid nghién citu sy phat trién cla Bluetooth. Ngay
nay, Bluetooth 1a mot céng nghé thay thé cap (di liéu) rong rai veoi
mdt pham vi ly thuyét 1&n dén 20m. IEEE 802.15.3a da nghién clu
mot hé théng Ultra-Wide Band (UWB), mot mang co tdc dé rat cao
va co khodng cach rat thap. Ban phéc thac IEEE 802.15.3a chua
dugc chap thuan. IEEE 802.15.4 nbivé ZigBee, mét cdng nghe co
muc do phuc tap thap danh cho ung dung tu ddng va mét méi truaing
cong nghiép.

IEEE 802.16, BWA. [EEE 802.16 la nhom céng tac cla IEEE 802
danh riéng cho BWA. Muc dich clla né 1a dé xuat cac chuidn cho
WMAN (t8¢ dé dii liéu cao). Cac chudn IEEE 802.16 dudc trinh bay
chi ti€t trong myc 2.2. BJi vdi cac san pham 802.11, mdt dién dan
chiing nhan da dugc thiét 1ap cho cac san pham IEEE 802.16, dién
dan WiMAX (Worldwide Interoperability for Microwave Access) ciing
dudc mé 1a trong chucng 2. Ngudi ta da co thé noi rang WiMAX ia
tén thudng dudc su dung cho nhitng s&n pham IEEE 802.16.

Cac mang BWA cé pham vi hoat déng 16n hon nhiéu so vdi WLAN
WiFi. Thuc t&, IEEE 802.16 BWA ¢o hai loai: IEEE 802.16-2004
dinh nghia mét cong nghé WMAN truy cap khéng day cd dinh va
IEEE 802.16e la mot sy chinh slia clia 802,16-2004 da dugc chap
thuan trong thang mudi hai 2005. N6 ¢6 tinh di dong va sau dé [ sy
chuyén giao nhanh, cudi cung tré thanh mot Wireless WAN (xem
hinh 1.1).

IEEE 802.20, Mobile Broadband Wireless Access (MBWA), Muc
dich cha nhém nay la dinh nghia mot céng nghé cho giao dién khéng
khi dua vao goi {packet) dugc thiét k€ cho cac dich vy dya vao IP
(IEEE Protocol). Céng nghé nay duge danh cho cac thiét bj di déng
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téc dé cao, Ngudi ta di bao cdo ring MBWA sé dua vao cai dugc
goila cong nghé Flash OFDM do ¢cong ty Flarion dé xuat.

B M6t thong s6 802.20 phac thao da dugc b phiéu kin va duge chap
thuan vao ngay 18 thang giéng 2006. Vao ngay 8 thang sau nam
2008, Uy ban tiéu chudn IEEE da ra Iénh tAt ¢4 hoat dong cla nhdm
cdng tac 802.20 tam thdi bi tri hoan [3].

® |EEE 802.21, Media Independent Handover (MIH). IEEE 802.21
la mot chudn IEEE mai. Viéc ¢é mdt thiét bj vién théng ¢é kha nang
hi€u dugc sy chuyén giao (handover) gita hai cdng nghé wireless
khéng day thi chac chan 1a diéu tha vi. Mot handover |a hoat déng
thay ddi base station (cell) tudng ting, kénh truyén théng, coHng ngha,. ..
ma khdéng lam gian doan mét phién lién lac t& xa dang tién trién
(cudc trao ddi). IEEE 802.21 nghién ctiu cac chuan nham cho phép
chuyén giao va lién van hanh giita cac loai mang khac nhau vén
dugc goi la MIH. Nhing loai mang nay ¢é thé thudc ho IEEE 802
hodc khong. Vidu, chudn 802.21 cung ¢Ap théng tin nham cho phép
chuyén giao giifa cac mang 3G va mang 802.11/WiFi.

1.2.3 Cac he thimg dign thoai WLE khdng day

Cang v6i sy Li€n trién trong cdc hé théng di dong va eic mang di
licu khéng diy, cde hé thong dién thoai wireless da bit ddu xudt
hién. Mdt ngdn sich quan trong cho nha diéu hanh dién thoai hoic
hing truyén thong da ludn 1a vdong cuc bd, con duoc goi la ‘last mile’
(ddm cudi cang) két ndi thué bao dién thoai vdi cac thanh phén cudi
cung cua mang. Nguoi ta da thdy doi véi mot sé cau hinh, Wireless
Local Loop (WLL) (v6 tuy&n) ¢6 thé 1a mot gidi phap thay thé& tha vi
cho mot vong cuc bd (cha yéu la dong) ¢6 dinh. Cic hé théng WLL
nay da phdi cung cdp mot mach truyén théng, ban dau danh cho
ti€ng, v mot 56 dich vu dif liéu téc do thap. Nguyén téc chung cha
mot vong cuc b duge minh hea trong hinh 1.2.

[T

HIT

o |
T\

Hinh 1.2: Vong cyc bd cia mgt hé thing dién thoai (li€ng) ddc lrung
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Trong mdt hé théng WLL, cdc tram dau cudi duge k&t néi vdi mot
Base Station (BS) qua kénh v0 tuyén (xem hinh 1.3). Su khac biét
chinh gitta WLL va cdc hé théng di dong (cellular) 14 ¢ chd trong mot
hé thong cellular. mét thué bao c¢6 thé két néi véi mdt BS nay hoac
mot BS khdc. Mot thué bao cung ¢6 thé thay déi BS trong mdt cude
truyén théng ma khdng gay ra su gian doan, day duge goi la thid tuc
handover thoic cing handoff).

— —
—
R

BS bao phd nhiéu 88
bang motkénh vo tuyén
toc dd di héu cao

\

WiMAX S8 khac/

viang phd séng BS ¢ thé dugc xem 14 cell BS
Hinh 1.3: Pham vi phé séng cia mot ving #di mt BS

Mét s8 edng nghé da duge dé xudt cho cdc hé thong WLL, ¢on duge
goi 1a cdc hé thong dién thoai khéng day (hoéic cdc hé théng khéng
day). Sau cdc hé thdng analogue (tuong ty), ch( y&u doc quyén, mot
hé théng k¥ thuat so (digital) d& duge dé xudt, CT2/CAL (Cordless
Telephone 2/Commeon Air Interface), trong nam 1991. V&1 CT2/CAI, su
chi&m giit cia mot ngudi dung (thoai) la 100klz,

Vién tiéu chudn vién théng Chau Au (ETSI) dd xuit bin mot hé
thong khong diy WLL trong nam 1992 ¢6 tén goi la DECT (Digital
Enhanced Cordless Telecommunications). Pham vi cia cdc thiét bi
DECT lén d&n vai tram mét. DECT hoat déng trong bing thong 1.9
GHz.

DECT 1a mét bo TDMA (Fime Division Multiple Access) ky thuat
56 danh cho thoai va cdc dng dung dir lidu tdc dg thdp. Mot s6 phat
trién cia DECT c6 nhiéu slot (khe) mdi ngudi diung, dé xuft cdc toc
dé di lidu cao hon 1én dén hang tram kb/s. Ngay nay, DECT c¢6 muc
dd thanh céng tuong déi cao, tuy nhién né 12 mot hé théng cé dung
lugng gidi han vi cde hé thang chi TDMA khéng si dung bang théng
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hiéu qua cho ldm {mdt ngudi dung ldy nhiéu slot dé lai rat it tai
nguyén cho nhing ngudi dung khac). Viée su dung rong rii cac hé
thong WLL cho cdc giao tiép dién thoui va mot sd giao tiép Loc do du
liégu thap khac di nhudng chd cho cdc hé thong BWA 16c do du liéu
cao, duge gidi thiéu trong muc 1.2.2 va dugec md td thém chi tiét &
muc ké& tiép.

[1} IEEE 802.16-2004, chudn IEEE cho cdc mang cuc bé va mang
vacng 6 thi, mot giao dién cho cdc hé théng truy cdp khéng day bang
tin rong cé dinh, thang muoi 2004.

{2 IEEE 802.16e, chudn IEEE cho cde mang ving cuc b6 va vang
dé thi, giao dién cho cdic hé thong truy cdp khéng ddy bdng tdn réng
ed dinh, swa déi: cac I6p vdt ly (physical) va lop kiém sodt truy cdp
phuong tién (Medium Access Control) cho hoat déng ¢d dinh va di
déng kel hop trong cdce ddi tdn 36 ¢6 bdn quyén va ban dinh chinh 1,
thiang hai 2006 (duoc chdp thudn: 7 thing mudi hai 2005).

[3] Wikipedia, tir dién bach khoa mién phi, http: ! Jwww.wikipedia.org.

{4} Tanenbaum, A. Computer Networks, Prentice-Hall, thang tam
2002.

1.3 Cac iing dung cita BWA

Pi dugce gidi thitu ¢ trén véi IEEE 802.16, h¢é thong BWA 14 mét
WMAN hoiac WWAN tdc d6 di liéu cao (tinh bing Mb/s). Hg thong
BWA ¢6 thé duge xem nhu la mdt sy phat trién cia cdc h¢ théng
WLL, chi y&u ¢6 nhitng tde dé dir ligu cao hon ddng ké. Trong khi cdc
hé thong WLL chii yéu duge danh cho sy truyén thdng bang ti€ng va
tdc do dir ligu thdp {nghia la nhé hon 50kb/s), cdc BWA nham muc
dich phéan ph#di cdc dong di liéu tinh bing Mb/s (hoéc hei thdp hon).

Ung dung dau tién clia BWA la truy cip tée do dir ligu cao vi tri ¢d
dinh. Sau dé, su truy cip do cé thé duge sit dung rd rang cho Internet,
TV va nhitng dng dung t8c d6 dir lidu cao mong doi khdce chiing han
nhu Video-on-Demand (VoD). Chice chin né ciing sé dugce st dung cho
nhitng tng dung khdc vdn khéng thit sy ré rang. Néi cich khae, mue
titu dau tién cia BWA la DSL khéng day (Digital Subscriber Line,
ban dau duoe goi la Digital Subscriber Loop) hodce ciing mot lya chon
wireless cho cidp. Mot s6 nha phan tich kinh doanh cho rang loai ting
dung BWA nay chi tha vi trong nhitng quéc gia va khu vue ¢6 ha ting
vién théng tuong déi chua duge phat triéns That vay, sit dung WiMAX
cho Internet khong day vi tri ¢d dinh ¢ Paris hode New York dudng
nhu khdng ¢6 lgi vé mat kinh té,

Mot cdng dung khdce cia sy truy cip tdc dé dit liéu cao cua BWA 1a
Wil'i Backhauling. Nhu duge minh hoa trong hinh 1.4, cai duge goi la
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mang xuong sdng Internet duge lién két véi mot BS von ¢6 thé nim
trong Line-of-Sight (LOS - tam ngdm) cua mdt BS khdae. Mang xuong
séng nay c¢6 tam phu séng Non-Line-of-Sight (NLOS - khong nim
trong tim ngdm) cia cde Subscriber Station (SS). Su khdc biét gida
cdc cong nghé NLOS va LOS IEEE 802.16 s& duoc trinh bay chi tidt
trong chuong 2.

/ Backhauling: radio link NLOS /" ”’\mdiol'”k LOS IEEE 802.16

WiMAX (IEEE 802 16-2004) o frequency » 10 GHz

lrequency < 10 GHz < S

- ]

~

o
acoess paint (AP CPE
BE11NE
‘. . A . s
ThiEL bi ddu cudi kndng day

o .
SN 7 Lign k&t hifu tuyén
oy {vidu: sgiquang

I3 .
Internet \ dign)
Backbone

Hinh 1.4: Cac fng dung Broadband Wireless Access (BWA) vdi mét sif lruy cap cd
dinh. Hai ing dung chinh clia mgt BWA c¢d dinh 12 last-mile khdng diy cho toc d§ dif
li€u cao va {cu thé hon) backhauling (hanh trinh ngugc) WiFi.

SS trong hinh 1.4 la Consumer Premises Equipment (CPE). CPE 1a
mot thiét bi bao ham radio (v& tuy&n) vén nhdn ra su lién két gita
BSS va thiét bi dau cudi cda ngudi dung. Sau CPE, ngudi ding ¢6 thé
I4p ddt mot Lthiét bi ddu cudi (terminal) chdng han nhu mét mdy tinh
cd nhan (PC) hodc mdt TV, va cing ¢6 thé kél ndi mot Access Point
Wil va mét WLAN (sau d6 BWA nhiin ra backhauling mang Wil%i).
Do d¢6, hai dng dung chinh cia BWA c6 dinh 13 last-mile khéng day
cho 18¢ d9 du lidu cao va (cu thé hon) backhauling WiFi. Nhu dugc
minh hoa trong hinh nay, mdt thi€t bi ddu cudi khong diy sau dé ¢6
thé ¢& dinh (vé phuong dign vat 1y} hodic khong. Pay c6 thé 1a trudng
hop cua mdt may laptop két ndi véi CPE biing mot ndi két Wili (xem
hinh). .

Su truy cdp ¢0 dinh la cdng dung dau tién cia BWA, bude ké tiép
la sy chuyén ving (xem muc 1.3.1 @& bi&t su khac bict gitta sy chuyén
vung va su di dong. Mot sy phdt trién ddu tién clia SS sé la trudng
hop khi né khéng con la mot CPE nita ma 1a mét card duge lip dat
trong mAt lapiop nde dé. Su truy cdp chuyén ving (nomadie), duge
minh hoa trong hinh 1.5 1a sy truy ¢dp ma ngudi dung hoac thué bao
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¢6 thé di chuyfn trong mét khu vyc gi6i han, vi du trong mét cin hd
hodc mét khuon vién trudng hoc nhé. Khu vuc nay 1a khu vuc dugc
bao phu béi mgt BS. Bat cr khi ndo ngusi dung di chuyén ra khéi
ving, su giao tiép (hoac phién lam viéc) bi gidn doan. Mot vi du dién
hinh vé sy truy cip di dong 1a viée st dung WLAN/WiFi trong céc
phién bén dau tién cia né (802.11, 802.11b va 802.11a), trong d6 mot
phién lam viéc bi gidn doan khi thi€t bi ddu cudi ra khéi ving phd
song WLAN tham chi néu né di vao mot vang duge bao phi bdi mét
WILAN khéc, vi dy trong hai ¢dng ty lan cin.

WiFi pbackhauling:
NLOS WIMAX
radio link

CPE

access point (AP) o
802 11/WiFi ngoal

trisi

..A-'::-ﬁv_" , i ‘I.‘kfl/

Thigt bi ddu cudi khdng day /

/

Lién k&t vé tuyén NLOS
WIMAX phl séng mot thigt
- bi ddu cudi khéng day (hodc

mot PDA) di chuyén trong
mot khu vue gidi han

P iisem. . rreete

Thidt bi ddu cudi khong day
Hinh 1.5: BWA chuyén ving hodc di ddng

Sy truy cdp chuyén vung rdt hitu dung trong mot sé trudng hop,
chiing han nhu cdc khudn vién trudng dai hoc, khu vuce cong ty, khu
lién hop,... C6 thé quan sdt thdy riing do vi tri nay khong ¢d dinh, su
lién k&t gita BS va SS phdi 1a NLOS (né ¢é thé chi la LOS trong
trudng hop cua ciéc CPLE ¢d dinh, vé mat ly thuyét)., Sy truy cdp
chuyén vung doi khi con duge goi 1a sy truy cdp khéng day. Bude
mong dgi cudi cang cua WiMAX la mét thiét bi di déng. Su khdc biét
gitta khong day (wireless) va di dong {mobile} bay git s¢ dugc thdo
ludn.

1.3.1 Wireless khdng phai la Mokile!

Nhing tinh hudng khdc nhau vé tinh di dong ¢6 thé duge xem xét,
Tinh hudng don gian nhat 1a khi hai BS lan can thube vé cing nha
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van hanh. Do dé, cing mot hé thong 14p hoa don va by phan cham
soc¢ khdch hang 4p dung vao hai BS. Trong trudng hgp nay, mot ngudi
dung di chuyén tif mét cell sang mot cell 1lan can phai bdt dau lai
phién lam viéc (session). Tinh nang nay la su chuyén vung thay vi su
di dong. Sy di déng (hodc sy di dong ddy di) 1a tinh huéng ma phién
lam viéc bi gian doan cho du ddy 1a mét phién lam viéc du liéu, mot
su truyén thong bang tiéng (trén 1P hay khdng), mét su truyén video...

Cé6 sy khac biét gitta truy cap ¢ dinh khong day (nhung xét vé
khia canh vat ly), su chuyén ving, su mang chuyén duge va su di
dong. Sy mang chuyén duge 1a khi mét ngudi ding ¢é thé di chuyén
vGi toc dd hop 1y trén mot khu vuc 16n duge bao phd bdi nhiéu BS ma
khong lam gidan doan phién lam viée hodc su giag tiép c6 thé dang
md. Gid tri duge xem la 16¢ A6 hop 1y 1a 120km/gis. Su di dong gidng
nhu sy mang chuyén dugc nhung khéng ¢é gi¢i han téc do that su;
nghia 12 néu sy di déng duge nhan bidt, mét BWA ¢6 thé dudge su
dung trong cac tau lda cao tde co toe d6 vuot qua 350km/giy.

Trong cédc hé théong di dong (cellular), thé hé thit hai hodc sau nay,
sy truyén théng bang tidng khong bi gian doan khi thiét bi di dong di
chuyén tir cell nay sang mét cell khéc. Pay 14 cai duge goi 1a ‘handover’.
Cdc hé thong di dong sau dé 1a cdc mang di déng. WiMAX ¢é phdi la
mdt mang di dong (cellular) hay khong? Xét ring mot cell 14 viung
dugc bao pha béi mot BS, diéu kién duy nhatla mét tinh nang handover
toce do cao. Tinh nang nay s& duge nhén ra véi sy phdt trién 802.16e
cua 802.16. Tuy nhién, nguoi ta khong mong doi mdt handover WiMAX
xay ra véi cdc tde do rat cao dé chinh xdc, cdc tée dd hon 100km/gid.
Muc dich cu8i cling cia WiMAX 1a mot hé thong di dong. Trong
trudng hdp nay, mét phan hodc toan bd mét linh thé hodic quic gia
s¢ dugce phu séng béi cdc cell gin ké vdi sy chuyén giao session khong
giéi han giGa cdc cell, nhu trong mét hé théng di déng (xem hinh 1.6).
Ro rang WiMAX sau d6 s¢ tré thanh mdt d61 tha cha cdc hé thong di
dong 3G.
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Hinh 1.6: Mobile Broad- / N
bard Wireless Access / \
(BWA). Mot thigt bj WiMAX AN

di ddng cd thé di chuyén
qua tat c¢a cell trong mat
session khGng gigi han.

Thigt bi WiMAX di
dgng fwidy: POA)

- AN

BS

Mat s6 nha cung cdp dich vu dinh nghia cudc chdi tay ba la su két
hep caa di Ligu (Internet), thoai (cde cude goi dién thoai khong gidi
han) va video (1'V, videe theo yéu cau). Diéu nay phdt trién thanh
mét cude choi bon phén bing cdch thém tinh di dong. Trong budc diu
tién, tinh di dong thuc 1€ nay s& la tinh chuyén ving, nghia 1& s
dung dang ky WiMAX dé truy cip Internet trong mot tiém ca phé
cach xa nha.

P6i khi mét dng dung khdc duge dé cdp cho BWA 1a do tr xa
(telemetering): st dung BWA dé& l4p bdo cdo dién, gas, nue... Diéu
ndy tugng trung cho mot thi trudng nhé nhung ¢ 1& tha vi. Cdc san
phédm do tif xa WiMAX da duge béo cdo. RS rang, WIMAX khong phai
la cdng nghé duy nhit duge st dung dé do tir xa.



20

Chuong 1: Gigi thigu sy truy cap khdng day bing tén rong

1.3.2 Tom té! cc dny dung WiMAX BWA

Tém lai cdc dng dung dugc biét hostc duge mong dgi ngay nay cla
WiMAX nhu [ m¢t hé thang BWA la:

Truy cap khong day ¢6 dinh bang tAn réng. WIMAX 14 d&i thd canh
tranh cho cdc nha cung cdp t8c dd dit Hiéu cao dudng truyén cé dinh
trong cac maéi truéng dé thi va néng thon.

Backhauling WiFi.

Bo tu xa (telemetering). Dai dién cho mgt thj tridng nhd nhung co 1&
thi vi.

Su truy cap Internet chuyén vung.

Su truy cap téc dé dir lidu cao didéng (cac session khéng gisi han),
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Chuong 2
Ngudn goc va Framework

WIMAX

2.1 Chudn IEEE 802.16

Nhitng tinh n&ng chinh cua ¢ong nghé IEEE 802.16/WiMAX la:
W Tan s6 (mang) <11 GHz. Hién gid cac dai tAn s dugc xem xét [a

2.5 GHz, 3.5 GHz va 5.7GHz.

OFDM. 802.16 (chu y&u) dua vao k¥ thuat truyén Orthogonal Fre-
quency Division Multiplexing (OFDM) dugc bi€t dén vi hiéu sudt sii-
dung tai nguyén vé tuyén cao cda no.

Cac toc do di liéu. Mot sé hgp Iy la 10 Mb/s. Cac baocaodaduara
nhiing con s& day tham vong han 1&n dén 70 Mb/s hodc tham chi
100 Mb/s. Nhiing gia tri nay danh cho mét tinh trang rat tét clia kénh
v tuyén hodc cho mot dung lugng cell rat nhd, lam cho nhiing gia tri
nay trd nén qua lac quan déi vai thai diém dé.

Khoang cdch. Lén dén 20 km, hoi nhd hon d8i véi cac thiét bi trong
nha.

Nhu duge dé cap trong chuong 1, chudn IEEE 802.16 1a c¢ong nghé
mang duge si dung cho WiMAX. Nhém cong tdc IEEE 802.16 cho
BWA da dugc thanh ldp nim 1999. N6 duge-chia thanh hai nhém
cdng tdc:

802.16a, tan s trung tam trong khoang 2-11 GHz. Sau do, cong
nghé nay sé& dudc si dung cho WiMAX.

802.16, vdi khoang gid tri tdn s6 10-66 GHz.
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Nhiéu tai liéu da duge phé chudn va duge xudt ban bdi cdc phan
ban 802.16. Chiing dugc trinh bay trong bang 2.1.
Bang 2.1: Cac tai liéu IEEE 802.16 chinh
Ngay thang va tén cua tai liéu Mo ta
Thang muéi hai 2001, 802.16 10-66 GHz; line-of-sight (LLOS);

2-5 km: cdc gia tri bang théng
kénh: 20, 25 va 28 MHz

Thang giéng 2003, 802.16a 2-11 GHz; none-line-of-sight
(NL.OS)
Théang musi 1004, 802.16-2004 Chinh sia va hop nhdt cde

chudn 802.16 trugc d6; thay thé
16a va 16; 5-50 km

7 thang mudi hai, 2005, 802.16 phé  Tinh di déng; OFDMA
chuan diém sia d6i 802.16e cia (SOFDMA}
802.16-2004

Cde diém sira doi 802.16 khdce duge Xem muc 2.5

phé chuén hodic trong giai doan phdc

thao: 802.16f, 802.16g, 802.16f...

Nhu da néu trong 802.16-2004 [1], chudn nay sa d61 va hgp nhat
cic chuan IEEE 802.16-2001, 802.16a-2003 va 802.16¢-2002. Trudc khi
di dén 802.16-2004, mdt ban sta d6i duge goi 1a 802.16d da dugce bdt
ddu trong thang chin 2003 v6i muc dich xem xét chudn ETSI HiperMAN
BWA (3]. Sau dé, du 4n 802.16d da dugc ky k&t bing sy phé chuén tai
liet 802.16-2004 va viéce rat lai cdce tai liéu 802.16 trude d6, bao gbm
cic difm sida dSi a, b va c¢. That sy gy nham 14n, mdt s6 ngudi van
gol 802.16-2004 1a 802.16d (hodc thdm chi 16d).

2.1.1 Tir 802.16-2004 dén 802.16e

802.16-2004 chic chdn rat hitu dung, thay thé bo tai lidu mé ta cde
phin khéc nhau cta cing mét céng nghé, véi nhitng huéng sira déi
khide nhau. Tuy nhién, sau khi duge xudt ban, né vin can duge nang
cdp ¢hi yéu dé bd sung cde tinh nang di déng (mobility). Nhing tinh
ning khac da duge cdn dén va mot so 16i phdi duge hiéu chinh. Biéu
nay nhudng c¢hd cho diém stra ddi 802.16e dugc phé chuin vao ngay 7
thang mudi hai, 2005 va duge xudt ban vao thdng hai 2006 {2].

Nén chi § 802.16e khong phdi 1a mot tai lidu doc 1ap. N6 ¢hi dé
xudt cdc thay ddi va bd sung (déi khi quan trong) cho van bén 802.16-
2004. Do d6, mdt ngudi mudn doc cde chi tidt vé thong tin cy thé
trong 802.16, nghia 1a “Pinh dang frame trong 802.16 1a gi?” dau tién
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phdi doc phdn lién quan cta 802.16-2004 réi sau dé ti€p tuc doc
nhitng thay déi c6 thé c¢6 trong 802.16e. P4 ¢6 bdo cdo rang muc dich
IEEE 1a ¢6 mdt tai lidu duy nhit ¢6 duge tir su lién k&t 16-2004 va
16e. con duce goi la 802.16-2005. Tuy nhién, maa dong 2006, tai liéu
nay khong hién hdu. Tuy nhién, chuin 802.16-2004 va diém sia d8i
802.16e 361 khi dugc goi la chuan IEEE 802.16-2005.

Nhirng diém khac biét chinh cta 802.16e d6i véi 802.16-2004 nhu
sau (danh sdach khéng toan dién):

B Cactram di ddng (MS) xudt hién. Mat tram (station) 1a mét dich vy
vién thong di déng dugc st dung trong khi dang di dong hodac trong
thagi gian tam dung khdng xac dinh tai cac thdi diém. Tuy nhién, mat
MS 802.16e ciing la mét subscriber station (SS) {(tram thué bao).

B CAac thi tuc chuyén giao (handover) I6p MAC. C6 hailoai handover
{xem chudng 14).

m Cac ché dd 1iét kiém dién (cho cac MS hd trg sy di déng): ché dd
sleep va ché dé idle (xem chuang 14).

® SOFDMA (Scalable OFDMA)."N&i chung, 16p OFDMA PHY, nghia
la phén 8.4 clia chudn 802,18 da hoan toan dugc viét lai gitia 16-
2004 va 16e. Mac di t¢ SOFDMA khong xudt hign trong tai lidu
802 16e, nhung no 1 loai OFDMA dudc chudn héa. B&ivai OFDMA
va SOFDMA, xem chugng 5.

B An ninh (IGp con bao mat). An ninh cla 16-2004 hoan toan dugc
cap nhat (xem chuong 15).

B Cac ky thuat Multiple-Input Multiple-Output (MIMO) va Adaptive An-
tenna System {(AAS) da dudgc gidi thiéu trong 802.16-2004 ¢d nhidu
chi tiét caitién va thyc thi duge cung cép trong 802.16e (xem chuong
12). .

® Tinh nang multicast and broadcast services (MBS),

® Mot (8p QoS (thu ndm) mdi: ertPS. (Ngoai rtPS 802.16-2004), I6p
(Class) ertPS hé trg cac dong dich vu thdi gian thuc vén tao cac goi
d fidu c6 kich ¢8 kha bién trén ca s& dinh ky, d6 1a VolP ¢cd chic
nang triét khodng lan,

m Ma Low-Density Parity Check (LDPC) la mét ma kénh tuy chon...

[1] IEEE 802.16-2004, chudn IEEE cho mang cue bd va mang ving
dé thi, giao didn khéng ki (Air Interface) cho cde hé théng truy cdp
khong day biang tdn rong b dinh, thang muwdt 2004.

(3] Wikipedia, tix dién bach khoa mién phi, http:/ [www.wikipedia.org.

/2] IEEE 802.16e, chudn IEEE cho mang cuc bé ve mang ving dé
thi, glao dién khdng khi cho cdc hé théng truy edp khéong day bang tan
réng co dinh, diém sia déi 2: lop vdt Iy va 16p kiém sodt truy edp
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phuong tién cho su van hanh ¢6 dinh va di déng két hop trong cde ddi
tan s6 cé bdn quyén va bdn dinh chinh 1, thing hai 2006 (dugc phé
chudn: 7 thang muoi hai 2005),

2.2 Dién dan WiMAX

Céc chuan IEEE 802.16 cung cdp chi cong nghé. N6 cdn phai c6
nhitng b$ phdn khdc dé ching nhan sy phit hgp va kiém tra kha nang
lién van hanh. Trong trudng hop cia WLAN IEEE 802.11, tap doin
Wireless Fidelity Alliance (WiFi hodic Wi-Fi) déng mdt vai trdo chinh
trong sy thanh céng cla cdng ngh¢ WiFi nhu né duge bi&t bay gid.
That ra, viéc hai thiét bi WLAN IEEE 802.11 dugc chitng nhan béi
WiFi bao dam hoat dong cung vdi nhau di mé dusng cho sy lan rong
to 16n cia cdc sdn phAm Wili,

Van dé tht nghiém da tham chi quan trong hon d6i vdi WiMAX v
nhiéu nha sdn xudt sdn phim tuyén bo riing ho da thf nghiém chudn
802.16, Forum WiMAX (Worldwide Interoperability for Microwave
Access) (http://www. wimaxforum.org) di dugc thanh l4p vao thing
sau 2001 vdi mue dich Forum WiIMAX déng chinh xdc cing mét vai
tro cho IEEE 802.16 nhu WiFi d6i v6i 802.16.11. Forum WiMAX cung
cdp sy chiing nhan tinh pht hgp, tinh tuong thich va khé nang lién
van hanh cia cdc sin phadm IEEE 802.16. Sau mét khodng thoi gian
gidn doan, Forum WiMAX di dugc tdi kich hoat vao thdng tu 2003,
Mét s6 ngudn xdc dinh ngdy thdng sau nay 1a ngay thiét l4p Forum
WIiMAX. Intel va Nokia, cung véi nhiing hiang khdc d3 déng mdt vai
tro chinh trong viée thiét 1ap Forum. Sau d6, Nokia tré nén it tham
gia hoat dong hon, khdng dinh réng né mudn tap trung vao 3G. Tuy
nhién, Nokia 1an nita 14 mét ngudi choi chi déng cia WiMAX.

Céc thanh vién Forum WiMAX la nhitng nha san xuit hé théng va
chdt bdn dan, nhitng nha cung cdp thiét bi khéac, nha van hanh mang,
cdc hoc gid chuyén nghiép va nhilng ngudi hoat dong khac trong linh
vife vién théng. Mot danh sdch hoan chinh cdc thanh vién Forum
WIiMAX c6 thé duge tim thay trén trang web Forum Member Roster,
Mot danh sdch khdng toan dién vé cde thanh vien WiMAX duge trinh
bay trong bang 2.2.

Bang 2.2: M6t sd thanh vién Forum WiMAX

Cdc nha san xudt Airspan, Alcatel, Alvarion, Broadcom,
Cisco, Eriesson. Fujitsu, Huawei, Intel,
LG, Lucent, Motoreola, Navini, Nokia,
Nortel, NEC Proxim, Sagem, Samsung,
Sequans, Siemens, ZTE...
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Caec nha cung cdp dich vu  British Telecom, France Telecom, KT

(Korea Telecom), PCCW, Sprint Nextel,
Telmex...

Site cia WiMAX Forum cho bi€t muc tiéu cta né 1& lam d& dang
viéc trién khai cdc mang khoéng ddy bing tdn rong dua vao chufn
IEEE 802.16 bang ciach bido dam kha nang tuong thich va su lién van
hanh cda thiét bi khong ddy bing tin réng. Phin 2.3 néi thém chi
tiét vé vigc ching nhan WiMAX.

2.2\ Cac nhdm cony tac WiMAX Foram

WiMAX Forum dugc t0 chdc thanh cdc nhém céng tic (Working
Group - WG). Pham vi cua nhing WG nay duge trinh bay trong bang
2.3 nhu dugce xdc dinh trén website WiMAX Forum.

Bang 2.3: Cidc nhom cdng tic WiMAX Forum. Ké tir thé'ng sdu 2006, websile Forum
ciing da an dinh Global Roaming Working Group {GRWG)

Tén nhém céng tac
Application Working
Group (AWQ)

Certification Working
Group (CWG)

Marketing Working Group
(MWG)

Network Working Group
(NWGQG)

Regulatory Working Group
(RWG)

Service Provider Working
Group (SPWG)

Pham vi

Binh nghia cdc dng dung trén WiMAX

cAn thiél dé dap tng nhiing dé nghi canh
tranh c¢&t 161 va duge cdi tién duy nhat
bai WiMAX

Gidai quyét nhilng khia canh vdn hanh

cla chuong trinh ching nhan WiMAX
IForum; giao dién véi lab chiing nhién;
chon lab ching nhin méi,

Xic tién WiMAX Forum, cdc nhin hiéu
cla né va céc chudn vén hinh thanh co
s¢ cho sy lién vdn hanh cdc hé théng
BWA toan cdu.

Tac cdc thong s6 ndi mang cdp cao hon
cho cdc hé théng WiMAX c¢& dinh, chuyén
vang, mang chudn va di ddng ngoai
nhitng gi dugc dinh nghia trong pham vi
cha 802.16, cu thé NWG dinh nghia ciu
tric cla mdt mang WiMAX,

Anh hudng dén cdc cd quan quy dinh toan
cdu dé& xuc tién su cdp phdt phd théan
thian WiMAX, hai hoa toan cdu.

Cung ¢dp cho cdc nha cung cdp dich vu

mot nén dé tdc dong dén cdc yéu cdu
sin phdm BWA va phé nham bdo dam
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cdc nhu cdu thi trudng riéng 18 cia ho
duge dap dng.

Technical Working Group Phat trién nhifng thong s th nghiém

(TWG) tinh phit hgp va cdc dich vu ching nhan
v cde profile dua vao nhing thiong 18
duge ch&p nhén toan cau dé dat duge sy
lidn van hanh cia edc hé thong BWA
khap toan cau.

Céu tric mang WiMAX nhu duge dinh nghia béi NWG duge md tad

trong chuong 13.

2.3 Chi¥ng nhan cac san pham WiMAX

Forum WIMAX dau tién dd céng nhin Centro de Tecnologia de las.
Comunicaciones, (Cetecom Lab) (http://www.cetecom.es), dat tai Malaga,
T4y ban Nha, 14 lab chiing nhan dau tién cia cdc sadn phdm WiMAX.
Théng hai 2006, WiMAX Forum di chi dinh IT Testing and Certifica-
tion Lab cia Telecommunications Technology Association (TTA) tai
Seoul, Nam Triéu Tién, 14 lab thd hai ¢6 sin cho cde thanh vién
WiMAX Forum dé chiing nhéan tinh tuong thich va khd nang lién vén
hanh cia cdc sdn phdm WiMAX. Nhing ching nhan diu tién cda lab
sau nay duge mong dgi trong ndm 2007. Tién trinh chon mat lab
chitng nhan WiMAX th¢ ba ¢ Trung Quéc dia duge bdo cdo.

Tinh phit hgp WiMAX khéng nén nham lan véi khd ning lién van
hanh [56]. Su két hgp hai loai thd nghiém (test) nay tao nén test
ching nhén. Test tinh phi hop WiMAX 14 mét tién trinh ma cdc nha
sdn xudt BS va SS test cde thiét bi nham bdo ddm ching hoat déng
pha hgp theo nhiing thong s6 ky thuit duge dé xuil trong cdc tai lidu
WiMAX Protocol Implementation Conformance Specification (PICS).
Cdc tai lidu WIMAX PICS @i duge dé xudt bédi TWG (xem phan
truge). Khi test tinh phi hgp, cdc thiét bi BS/SS phai vugt qua tat ca
diéu kién test bit bude va ngin cdm da duge kéu goi bdi k& hoach
test cho mdt profile hé théng riéng bi¢t. Cdc profile hé thdng WiMAX
cing dugc dé xudt bdéi TWG.

Kha ndng lién van hanh WiMAX 1a mdt tién trinh test giita nhiéu
nha cung ¢ap (23) duge td chite béi lab ching nhan dé test higdu sudt cia
BS va/hodc 8S t0 mot nha cung cAp dé truyén va nhin cdc chdp tin
© hiéu di lidu cta BS va/hosce SS nay tr mot nha cung cdp khéc dua vao
WiIiMAX PICS. Sau d6, vi du mdi SS duge test véi ba BS, mot BS tir
cang nhirng nha sdn xuit do, hai BS ti nhitng nha san xuft khac nhau,

Mot cudce test nhém duge chinh thide goi 1a plugfest [6], 1a mot cude

hop ma nhidu nha cung c¢dp c6 thé kiém chdng kha nang lién van
hanh cla cdc thiél bi caa ho.
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2.3.1Cac sin pham do WiMAX ching nhin

Tién trinh chitng nhan da bat dau vao mua hé nam 2005 & Cetecom.
Su ching nhan thidt bi diu tién da xdy ra vao ngay 24 thdng giéng
2006. Danh sach diy du cdc thiét by WiMAX duge chitng nhan ¢é thé
duge tim thay trén hitp//www.wimaxforum.org/kshowcase/view. Tat
ca cdc thidt bi nay da duge ching nhan cho edc profile IEEE 802.16-
2004 (WiMAX cd dinh). Viéc chidng nhén cdc thiét bi dua vaoc cac
profile WiMAX di dong (hoéc, ching bao liu trén cdc thigt bji WiMAX
di dong) xdy ra vao nia dau cia nam 2007,

Cdc thi€t bi did duge chiing nhin dén ti ba loai nha sdn xudt
WiMAX:

B nhiing cong ty da trai nghiédm tién WiMAX;

m cac cong ty ban ddu chuyén vé cac san pham mang di déng hon, vi
du nhu Motorela trong hai hang muc nay.

M nhiing ngudi méi d&n bat dau kinh doanh chuyén vé cac san pham
WIMAX,

{51 Agis, A. et al., Global, cde mang khéng day bdng tdn rong cé thé
[ién van hanh mé rong cong nghé WiMAX sang sy di déng, Intel
Technology Journal, thang tam 2004.

[6] WiMAX Forum White Paper, plugfest WiMAX Forum thé heé thi
3 - phuong phap test va nhing kién thiic quan trong, thang ba 2006,

2.4 Cac san pham du kién va su trién khai

2.4.1ac logi san pham

Céc loai san phdm WiMAX khéac nhau duge mong doi.

- Buée thd nhat: cdc sdn phdm CPE. Cédc sdn phim CPE nay déu
tién ¢ ngoai trdi (xem hinh 1.5) va sau d6 & trong nha. Pay 1a nhing
sén pham da duoc chitng nhén {(chi y&u ngoai troi luc nay). Dai véi
cdc san phdm WiMAX CPE, mot s6 nha cung cip ¢6 thé doi hdi chi
nhitng ngusi duge dy quyén mdi duge 14p dit cde thiét bi cho nhiang
thué bao. Ngudi ta ¢é thé mong dgi cic CPE ty ldp dat sé xudt hién
nhanh. '

‘Bude thd hai: cdc thidt bi duge ldp dit trén cde thiét bi mang
chuyén duge. Nhitng thiét bi mang chuyén duge nay diu tién sé la cdc
laptop. Ngudi ta mong dui cdc thiét bi WIMAX duge 1dp dit trén
laptop nay ¢6 thé 1la mat néi két USB (Universal Serial Bus), PCMCIA
(Personal Computer Memory Card International Association) (it ¢
khd ndng hon), mot néi k&t PCI (Peripheral Component Intercon-
nect) hofic modt loai ndi két khdce. Trong truong hgp nay, mdt thué bao
WiMAX ¢6 thé di chuyén trong mot giéi han (khu vye duge bao phu
héi BS) va sau d6é tinh chuyén ving sé dugc nhdn ra.
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Sau d6. mot thiét bi duge 14p dat tai xuéng bén trong WiMAX
trong cdc laptop cé 1€ sé xudt hién nhu trudng hop déi véi WiFi. Didu
nay rd rang s& tao ra mét tinh huéng ma WiMAX sé& lan truyén réng
rai. Nhitng khé khan gap phai bao gém hai loai:

B Cac thiét bi san xudt di nhd; diéu nay dudng nhu khéng phaila mot
van dé kho:

B Nhiing vaAn dé xem xét ky thuat va trién khai vo tuyen nci céng

nghé va cac ky thuat trién khai dg truéng thanh dé cé mot mat do
thué bao cao.

Buéc cudi cing: cdc thigt bi WiMAX trong PDA va cdc thiél bi cam
tay khac chang han nhu mét dién thoai di dong. D81 vdi didu nay, cée
thigét bi WiMAX c¢an thiam chi nhé hon. Chuang cé thé mang hinh déng
cua céac card SIM (Subscriber Udentity Module) hién duge s dung
cho cdc hé théng di dong (thé hé thi hai va thi ba). Do dé, WiIMAX

s¢ 1a mét mang di dong va sau d6 14 modt doi thi canh tranh cho céc
hé thong 3G.

2.4.2 Cic san pham va thai bidu trién khai

Mot khi sy phat trien WIMAX duge mé ta, ching ta cAn biét vé
thdi biéu ctia nhitng sdn pham nay. Con vé nhuﬂg trién khai mang thi
sao? K& ti hom nay, mot s§ 1én cac mang tién WiMAX hién hitu khdp
thé gidi, cd trong cdc nude phdt trién va cde nude dang phat trién.
Nhiing trién khai nay thuing ¢6 mét quy méd nhd hon toan quie g1d
thuong giéi han chi trong mét khu vige hodc mot vang dé thi. Vi du &
Phap, nha vin hanh Altitude Telecom dé xudt sy dang ky BWA trong
bon khu vye: Calvados, Orne, Seine-et-Marne va Vendee. Tdc do dix
lidu hién thi la 1 Mbis (thdng sdu 2006). Sdp téi s& c¢6 nhiéu mang
WiIiMAX ¢d dinh (s dung cdc sdn phdm duge chdng nhén gin day),
mot s8 thude v& cdc nha van hanh tién WiMAX dang 14p k& hoach
ning cdp lén WiMAX duogc ching nhan.

Bang 2.5 dya vao cdc tai liéu va hoi nghi cia nhitng nha thyc thi
WIMAX. Cic ngay thdng du tinh (e) chi la gid dinh. Mot s§ ngay
thdng xem truée nay c6 thé thay déi trong tuong lai.

Bang 2.5: Thi hi€u cdc sdn phdm va mang WiMAX: du tinh (e)

Cac sin phiam Chitng nhan Mang
2005 Doc quyédn (tién C8 dinh

WiMAX), CPE ngoai

trai

2006 Cac thigt bi tién Ké tir thang gieng Khéi dong dich vu
WIMAX; dau tién 2006, ching nhan  WiBro ¢ Han Quéc; (e)
st dung cdc sdn cdc thiet bi WiMAX st dung chuyén ving
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pham do WiMAX  ¢& dinh dua vao WiIMAX dau tién?
ching nhan IEEE 802.16-2004
{xem muc 2.3.1)

2007 (e) Trong nha, ty  (e) Ching nhan cdc {e) St dung chuyén
lap dat; (e) ldn thiét bi WIMAX di  ving WiMAX
dau tién st dung déng dua vao
WiMAX di dong, IEEE 802.16e
séng 1 (khong
MIMO va AAS..)

2008 (e) By gia ting cde {e) Tinh di dong
san pham WiMAX
di déng. Sdng 1 va
song 2 (MIMO va AAS)

2.5 Cac chuin 802.16 khac

Ngoai diém sia déi 802.16e clia chudn 802.16, nhiing diém sda déi
khic da duge tién hanh vin dang duge chudn bi. Muc dich cia cdc
diém stta d6i nay 1 nhim cdi thién nhing khia canh nhat dinh cia
hé théng (vi dy ¢6 mot handover hiéu qua hon) hoac lam ré rang
nhitng khia canh khde (vi dy théng tin quan 1y).

Diém sua d6i 802.16f ¢6 tua dé ‘Management Information Base’ da
dugc xudt ban thdng mudi hai 2005 va cung cdp nhitng cdi tién cho
[EEE 802.16-2004, dinh nghia mdt Management Information Base (MIB}
cho MAC va PHY va nhitng thi tuc quan 1y két hop (xem muc 3.6 dé
biét thém chi tiét vé 802.161).

Piém sua d8i 802.16g vin dang ¢ giai doan phdc thdo trong thdng
mudi 2006. Ban phdc thdo ¢é tua dé 1a ‘Management Plane Proce-
dures and Services’ va du ki€n chap thuin diém si&a déi trong thdng
ndm 2007 (théng tin thang mudi 2006). N6 cung cdp cdc thanh phin
cho sy chuyén giao (handover) hiéu qua, quan 1y chat lugng dich vu
QoS hiéu suft cao va nhing thi tuc quan 1y tai nguyén vd tuyén.

Nhirng di€ém sita d6i khac 6 giai doan phéc thiao nhu sau (Lt website
IEEE 802.16, thdang bay 2006):

B 802.16/Conformance04 - Protoceol Implementation Conformance
Statement (PICS) theo quy Udc cho cdc tan s& dudi 11 GHz;

B 802.16k - Cac Bridge (cau ndi) Media Access Control (MAC) - Bridg-
ing (tao cau ndi) cha 802.16.

Nhing diém sita d6i vao giai doan tién phac thao la:
B 802.16h - Nhitng cd c&u ddng tén tai cdi tién cho hoat ddng mién
ban quyén;
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® 802 .16i - Mobile Management Information Base, muc dich la b§ sung
hé trg di déng cho chuidn MIB ¢ dinh 802.16f.

Viéc dua ra ban phdc thao sua déi 802.16] da duge bao cdo dé cap
dén Multi-hop Mobile Radio {MMR). Do dé, 802.16] cung cap mdot so
cdi ti€n cho ché dd Mesh. Project Authorization Request (PAR) cla
802.16j da duge phé chuan trong thang ba 2006.
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Chuong 3

Fal FaX

Cac I6p giao thuc va Tépd

Chuong nay gidi thiéu cdu tric 16p giao thitc cta WiMAX/802.16.
Cdc muc dich chinh eGa méi 16p con duge trinh bay ciing nhu nhiing
chitc ning tong thé ma ching nhan ra. Cdc lién két dude cung cidp
dAn dén cac chugng cia sdch nay, noi ma ting 16p con nay hoac thu
tuc dugc mé ta chi tiét hon.

3.1 Cic Iép giao thitc cia WiMAX

Chuidn mang BWA IEEE 802.16 4p dung cdi dugc goi 128 md hinh
bay 16p tham chiéu mang Open Systems Interconnection (OSI), con
duge goi 14 mod hinh bay lép OSI. M6 hinh nay rat thudng duge su
dung d& md td nhirng khia canh khdc nhau eiia mét cong nghé mang.
N6 bat dau tir 16p dng dung (Application Layer), hodc l6p 7 & dinh va
k&t thic véi 16p PHYsical (PHY) (16p vat 1y) hodic 16p 1 ¢ ddy (xem
hinh 3.1).
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Application

T

Hinh 3.1: Mo hinh 0S1 b2y | Fesentation
|d‘p cho ca'c mang. Trong e e ————— 1 __j
WiMAX/802.16, chi hai

) ue . ssion i
I6p ddu tién dugce dinh Se
nghia L ——
Transport Ldp Data Link
o dugc chia thanh
haildp con
Network e
L ” ] LLC {Logical
. ;  Link Control)
Data Link .. y

E : —_—— -
ey MAC (Medum -
; L Access Layer) |

PHYsical I

3

Mo hinh OSI phén chia cdc chifc ning clia nhiing giac thde khic
nhau thanh mdt loat cdc 16p (layer), moi l6p s dung chi cde chuc
ndng cia l6p bén dudi va xudt dir liéu sang 16p & trén. Vi dy, IP
(Internet Protocol) nim & 16p 3 hosic 16p truyén (Routing Layer). Chi
cdc 16p dubi thudng duge thuc thi trong phin cing trong khi cde 16p
cao hon dugc thue thi trong phan mém.

Hai 16p thap nhat 1a 16p Physical (PHY) hoac 16p 1 va 16p Data
Link ho#c I6p 2. IEEE 802 tdach lp Data Link OSI thanh hat 16p con
c6 tén nha Logical Link Control (LLC) va Media Access Control (MAC).
Lép PHY tao néi két vat ly gida hai thuc thé giao tiép (cdc thue thé
ngang hang), trong khi 16p MAC ¢6 trdach nhiém thiét 4p va bao tri
néi k&t (da truy cap, 1ap thoi bidu...).

Chuan [EEE 802.16 xdc dinh giao dién khdng khi {air interface)
cha mot hé thdng BWA ¢ dinh hd trg cdc dich vy da phuong tién
(muitimedia). Lép Medium Access Control (MAC) ho trg mdt c&u tric
chd yéu point-to-multipoint (PMP) véi mdt topd mang lu6i tuy chon
(xem muc 3.7). Lép MAC dugce tao cdu tric dé hd trg nhiéu ldp vat 1y
(PITY) dugc xdc dinh trong cing mét chudn. Thue t&, chi hai trong cdc
16p dé duge su dung trong WiMAX.

Cau tric cde 16p giao thic duge dinh nghia trong WiMAX/802.16
duge minh hoa trong hinh 3.2. Cé thé thiy rang chuin 802.16 dinh
nghia chi hai 16p thap nhat, 16p PHYsical (vat 1y) va 16p MAC vén la
phin chinh cda 16p Data Link (lién k&t di liéu), véi 16p LLC rat
thudng dp dyng chuan IEEE 802.16. Ban than l6p MAC gdém ba 16p
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con, S (Convergence Sublayer), CPS (Common Part Sublayer) va
Security Sublayer.

Mang ngoai
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Hinh 3.2: Cdc i6p giao thic coa chuin BWA 802.16

Sy do6i thoai gidia cde 16p giao thife hoac thue thé tuong dng duge
tién hanh nhu sau: Mgt 16p X géi mot XPDU (Layer X Protocol Data
Unit) dén mét 16p X tuong Gng (16p X clia thuc thé ngang hang).
XPDU nay duge nhdn dudi dang mot (X-1)SDU (I6p X-1 Service Data
Unit) bdi Iép X-1 cda thigt bi duge xem xét. Vi du, khi 16p MAC cda
thiét bi gdi mét MPDU (MAC PDU) dén mét thi&t bi tusng dng,
MPDU nay dude nhin duéi dang mot PSDU (PHYsical SDU) béi 1dp
PHYsical (xem hinh 3.2).

Trong chuong nay, cdc 16p khdc nhau dugce gigi thidu. Tung 16p nay
ho#ic cde 16p con va nhiéu chdc nang cua chang duge mé ta trong cdc
muc tiép theo.

3.2 Convergence Sublayer (CS)

Convergence Sublayer (CS) danh riéng cho dich vu, thugng don
gian duge goi la CS, nim ngay trén 16p con MAC CPS (xem hinh 3.2).
CS sit dung cde dich vu (service) duge cung cdp bdi MAC CPS thong
qua MAC Service Access Point (SAP). CS thuc thi cdc chie ning sau
day:

m Ch&p nhan cac PDU {dp cac hon ti cac IGp cao hon. Trong phién
ban hién tai clta chudn {1], cac théng s6 CS cho hailoai Idp cao hon
dudc cung clp: CSS (ATM) asynchronous transfer mode (ché dd
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truyén khéng déng bo) va CS packet (g6i}. &1 vai packet CS. cac
giao thuc Idp cac han co thé 1a IP v4 (phién ban 4) hodc v6 (phién
ban 6).

B Phan loaiva anh xa cac MSDU vao cac CID (Connection IDentifiar)
thich hgp. Bay 1a mét chiec nang ¢6 ban clla ¢d cau quan ly Quality
of Service (QoS - chat lugng dich vy) clia 802.16 BWA.,

B XU ly (néu dugc yéu cau) cac PDU I8p cao hon dya vao viéc phan
loal.

B Mot chuc nang tuy chon ctia CS la PHS {Payload Header Suppres-
sion), tién trinh bd qua cac phan lap lai cla cac header tai trong tai
bd gdi va phuc hdi cac header nay tai bo thu.

m Gdicac PDU CS dén MAC SAP thich hgp va nhan cac PDU CS tu
thyc thé ngang hang.

Céc thd tuc va hoat déng CS duge néu chi Liét trong chuong 7.
3.3 Medium Access Control Common Part Sublayer (MAC CPS)

Common Part Sublayer (CPS} nim § giita 16p MAC. CPS tugng

trung cho phan cdt 16i cla giao thite MAC va cé trdach nhiéem:
B cap phat bang théng;
| thiét lap ndi két;
B bdo tri ndi k&t gilta hai bén.

Chuin 802.16-2004 dinh nghia mot tdp hgp thong bdo quan 1y va
chuyén. Cdc thong bdo quan ly duge trao doi gilta SS va BS trude va
trong qua trinh thiét l4p ndi k&t. Khi ndi k&t dugc thiét lap, cde
théng bdo chuyén cé thé duge trao doi dé cho phép truyén dir lidu.

CPS nhéan dir liéu ta cac CSS khdc nhau thong qua MAC SAP, duge
phan loai cho cdac ndi két MAC cu thé. QoS duge xem xét dé truyén
va lap dd liéu trén 16p PHY. CPS cé nhiéu thd tuc thudc cdc loai
khédc nhau: xdy dung frame (khung), sy da truy cAp (multiple access),
cdc yéu cau va cdp phat bang théng, lap thai bidu (scheduling), quén
1y tai nguyén vo tuy&n, quin ly QoS... Nhitng chite ning nay dude néu
chi tiét trong cac chuong 8 dé€n chuong 11,

3.4 Security Sublayer

MAC Sublayer cling chita mdl Security Sublayer riéng biét (hinh
3.2) cung cdp chic ning xdc thuc, trao déi khéa an toan, mi héa va
kiém sodt tinh todn ven qua hé théng BWA. Hai chi diém chinh clia
mit an ninh mang dit liéu 14 ma hoéa va xdc thuc dir lidu. Céc thuat
todn nhin ra nhiing muc tiéu ndy sé ngin tat ca cudc tin c¢dbng an
ninh di biét vén ¢é nhing muc tiéu 1a tit chdi dich vu, ddnh cdp dich
vU...
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Trong chudn 802.16, viéc ma hoa noi két gidta SS va BS duge thue
hién bing mdt giao thic ma héa di liéu duge ap dung cho cd hai
chiéu. Giao thic nay dinh nghia mot tdp hop bé mat ma duge hd trg,
nghia 1a ghép d6i cdc thuit todn ma héa va xdc thuc di liéu. Mot giao
thiic déng g6i (encapsulation) duge sit dung d&€ mi hba cae géi dir lidu
qua BWA. Giao thuc nay dinh nghia mét t4p hop bd mat ma duge hd
tro, nghia la ghep doi cac thuiat todn ma héa va xdc thuc di liéu.

Nhimg quy tdc dé ap dung nhitng thuat todn nay vao modt tdi trong
MAC PDU ciing dudge trinh bay,

Mdt giao thic xdc thue (authentication), giac thic Privacy Key
Management (PKM) duge s dung dé cung cap viéc phan phdi an toan
dir lieu khéa (key) tr BS dén SS. Thong qua viéc trao déi khéa an
toan nay, do giao thic quan Iy khéa SS va BS dong bd héa dir ligu
khéa. Cde co cdu bdo mat co bdn dude cing cd bing cdch thém sy xdc
thue 8S dua vao ching nhan ky thual s {(digital-certificate) va giao
thitc quian 1y khéa. Ngoai ra, BS st dung giao thic PKM dé bdo dam
sy truy cap ¢6 diéu kién dé€n cdc dich vu mang. Didm siia déi 802.16e
da dinh nghia PKMv2 vfén ¢ ciung modt framework nhu PKM, dugc
dat lai tén la PKMvl, véi mdt s6 bd sung chidng han nhu cdc thuit
todn ma hoéa, xdc thue 1l&n nhau gitia 8S va BS, ho tro¢ mot handover
va mot thuit todn kiém sodt tinh todn ven méi.

Cdc thu tuc an ninh WiMAX duge néu chi tiét trong chuong 15.
3.5 Ldp PHYsical

WiMAX 134 mot hé théng BWA. Do d6, dir liéu duge truyén véi toe
dd cao trén giao dién khong khi qua céde séng dién tif (vd tuyé&n) sl
dung mét tdn s6 (tin s6 hoat dong) dugce cho.

Lép PHY thiét lap ndi két vat 1y gitta cd hai phia thutng trong hai
chitu {uplink va downlink). Khi 802.16 rd rang la mot c¢éng nghé
digital (ky thuit s8), 16p PHYsical c¢6 trach nhiém truyén cdc diy bit.
N6 dinh nghia loai tin hiéu dugc s dung, loai diéu bién va day diéu
bign, kha ning truyén va ciing nhiing dic diém vat 1y khde. Chudn
802.16 xem x6t dai tan so 2-66GHz. Dai tin sd nay dudc chia thanh
hai phén:

m Daithirnhatgitta2va 11 GHz dugc an dinh cho cac ndi dung truyén
NLOS. Trudc do day |a chuan 802.16a. Bay la day duy nhat hién
dugc dua vao WiMAX.

M Daithu hai gitta 11 va 66 GHz dugc an dinh cho cdc ndi dung truyén
LOS. N6 khdng dugc st dung cho WiMAX.

Niam giao dién PHYsical duge dinh nghia trong chuin 802.16. Nhiing
giao dién vat ly nay duge néu tém tit trong bang 3.1. Nam giao dién
vat 1y mbdi giao dién duge mb ta trong mot phan riéng biét cda chudn
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802.16 {va cdc diém sia dai). Cdc tuy chon MAC (AAS, ARQ, STC,
HARQ...} s&8 dugc mo td thém trong sdch nay. C4 hai ché d6 song
cdng (duplexing), Time Division Duplexing (TDD) va Frequency Divi-
sion Duplexing (FDD) c¢6 thé duge dua vao cic hé thong 802.16.

Bang 3.1: Nam giao dién PHYsial dugc dinh nghia trong chudn 802.16.

Tén Dai tdn s& Phan trong Duplexing Cac tiy
chuin chon MAC
WirelessMAN-SC  10-66GHz 8.1 TDD va FDD

{dure goi 1a 8C)

Wireless MAN-5C Dudi 11 GBz 8.2 TDDva FDD  AAS (6.3.7.6),
(duge goi la SCa) {(NLOS), ARQ{6.3.4); 8TC
¢ bdan quyén {8.2.1.4.3), unh
di déng
WirelessMAN- Duéi 11 GHz; 8.3 THDva FDD  AAS (6.3.7.6),
OFDM (dugc goi ¢d bdn quyén ARQ (6.3.4), STC
ia OFDM) (8.3.8), tinh di
ding mang lusi
(6.3.6.6)
WirelessMAN- Dudi 11 GHz; 8.4 TDD va FDD  AAS (6.3.7.6),
OFDMA (duge goi 6 bdn quyén ARQ i6.3.4),
la OFDMA) HARQ (6.3.17),
STC (8.1.8),
tinh di déng
WirelessHUMAN  Dudi 11 GHz; 8.5 (ngoai 8.2.3 Chi TDD ASS (6.3.7.6},
mién bian hodc 8.4) ARQ(6.3.4}, 8TC
quyén (xem § trén), chi
vdi 8.3, mang ludi
(6.3.6.6)

DPai v6i cde tan s6 trong khodng 10-66 GHz (LLOS), WirelessMAN-
SC PHY dugc xac dinh. D81 vdi cde tdn s6 dusi 11 GHz (LLOS) ba giao
dién PHYsical dugc dé xuat:

M WirelessMAN-OFDM, duge goi la OFDM va si dung viée truyén
OFOM;

B WirelessMAN-OFDMA, dudc goila OFDMA va st dung viéc truyén
OFDM va Orthogonal Freguency Division Multiple Access (OFDMA),
vai l1dp PHY OFDMA dugc mé ta trong muyc 8.4 clia chuan 802,16,
hoan toan dugc viét lai gitra 802.16-2004 va 802.16e:

® WirelessMAN-SCa, dugc goi ta SCava s dung cac diéu bién song
mang daon.

Mot so thong s6 ky thuat duge cung cdp cho cde dii 14n s6 khong
¢6 ban quyén duge sit dung cho 802.16-2004 trong framework ciia l6p
PHYsical WirelessHUMAN (High-speed Unlicensed Metropolitan Area
Network). Tan s6 khong bdn quyén duge dua vao viée chdng nhan
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WiMAX rd dinh. D3i v6i cdc dai tdn s6 khéng bdn quyén, ngoai cdc
tinh niéng duge dé cdp trong bang 3.1, chudn doi héi nhing co cau
chdng han nhyu Dynamic Frequency Selection (DFS) dé€ lam dé& dang
viéc phdt hién va trdnh nhiéu, déng th&i ngian nhidu ¢6 hai cho
nhifng ngudi dung khac, ké ca nhing nguti dung phé riéng bist duge
nhén dang 14 nhing ngudi ding wu tién béi cde quy dinh.

WIiMAX xem xét chi cdc 16p PHYsical OFDM va OFDMA cGa 802.16
{(xem hinh 3.3). Lép PHYsical dugc mé td trong chuong 7, noi ky thuat
truyén OFDM dugc méb t4. Viéc st dung hidu qud bang thong tdn s&
duge dé cap & chuong 12.

—
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Hinh 3.3: Ldp MAC chung cia IEEE 802.16 ¢6 thé dugc s dyng vdi hai I6p PHYsical
trong WiMAX.

3.6.1 Single Carrier (SC) va OFOM

Viée sit dung OFDM tang dung lugng di lidu va cudi cung ting
hiéu qud bang thong d6i véi viée truyén Single Carrier (SC) dic
trung. Diéu nay duge thiyc hién bing cach ¢6 cdc séng mang (carrier)
rat gan nhau nhung v&n tranh nhiéu do ban chat true giao cia nhitng
séng mang nay. Do d6, OFDM trinh biy mgt hiéu sudt phé tuong d6i
cao. Cace s6 ¢4 do 16n 3.5-5 b/s Hz cho hiéu sufit phd thudng duge cung
cdp. 8¢ nay 16n hon nhiing gid tri thudng duge cung cidp cho CDMA
(Code Division Multiple Access) dugc st dung cho 3G, mic du day
khdng phai 14 m¢t gid dinh cusi cling vi né tiy thude rat 16n vao moi
trudng va nhitng tham s6 hé théng khie.
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Ky thudt OFDM va viéc s dung né trong cdc 16p vat Iy OFDM va
OFDM cda WiMAX dugec md ta trong chuong 5.

3.6 Mé hinh tham chiéu quan ly mang

Diém sita d6i 802.16f cung cAp nhitng cai tién cho [EEE 802.16-
2004 dinh nghia mét Management Information Base (MIB) cho MAC
va PHY va nhitng tha tuc quan 1y di keém. Tai ligu nay mé ta viéc si
dung mot Simple Network Management Protocol (SNMP), mot giao
thite Internet Engineering Task Force (IETF) (cdc RIFC 1902, 1903,
3411-5 va 3418) 12 mdt md hinh tham chiéu quan ly mang.

802.16f gom mét Network Management System (NMS), cde nit
duge quan 1y va mdt co s§ dong dong hod (xem hinh 3.4). Cdc nit duoe
quan 1y BS va S8 thu thip va luu trit cdc d6i tuong duge quan ly duéi
dang WiressMan Interface MIB va wmanDevMib, dugc dinh nghia
trong tai liéu 802.16f c¢6 sdn cho cdc NMS théng qua cdc giao thic
quén 1y chiang han nhu Simple Network Management Protocol (SNMP).
Co s§ dong dich vu chia dong dich vu va théng tin QoS di kém vén
can dugc két hop véi BS va 8S khi mét SS di vao mang BS.

e e e

- ——— e
i
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Hinh 3.4: M& hinh tham chiéu guan Iy mang nhy dugc dinh nghia trong 802.16f,

3.7 Cac Topé WiMAX

Chudn IEEE 802.16 dinh nghia hai t6p6 (dia hinh) mang (xem hinh
3.6):

m T6ps PMP (Point-to-Multipoint) (xem hinh 3.5);
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Topd PMP: BS bao phi cac
S5 clane. Tatca cude

] truyén tai k&t thic hoac bit
) dau tai BS

POA

/ ?

WIiMAX 88 khéc

wnre1ess terminal

’_‘_'—//

Hinh 3.5: Tdpd PMP
5S

BS | /
- /’ \\\
/ \\
sS
: 4
S8

- Luu ltgng gita base station va subscriber station
P Luu lugng dude chuyén tiép gitia cac subscriber
station {tram thué bao)

Hinh 3.6: T6pd mang ludi. BS khdng con |4 trung tAm cha tdpd nita, nhy trong ché
dd PMP ddc trung

B Tépd mang ludi (mesh) hodc ché dd Mesh (xem hinh 3.6)

Su khdc biét chinh gitta hai ch& dd nhu sau: trong ché& d6 PMP, luu
lugng c6 thé xdy ra chi giita mét BS va cdc SS cia né, trong khi trong
ch& d6 Mesh Iuu lugng cé thé chuyén duge chuyén qua cdc SS khée
cho dén khi BS va tham chi ¢6 thé xdy ra chi gilta cdc SS. PMP la
mot tdpd tdp trung ma BS 1a trung tdm cta hé théng trong khi ¢
t6pd Mesh thi né khong phai nhur viay. Cdc thanh phan clia mét mang
Mesh duge goi la cdc node (nit), vi du mot Mesh SS 1a mét ndat.
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Trong topé Mesh, moi station (tram) c¢6 thé tao su giao ti€p riéng
cha né véi bat k¥ tram khdc trong mang va sau dé khong bi giéi han
chi giao tiép v6i BS. Do 46, mdt uu di€m lén clia ch& do Mesh 14 tAm
hoat déong cua mét BS cé6 thé 16n hon nhiéu, phu thude vao s6 bude
nhay (hop), cho dén S8 xa nh&t. Néi cdch khac, viée sir dung ché do
Mesh mang lai chi dé nghién ciu toan dién vé sy dinh tuyé&n cac
mang ad hoc (khong ¢é ha ting c& dinh).

Khi duge ay quyén cho mdt mang Mesh, mot nat SS ding clf nhan
. mét Node ID (IDentifier) 16 bit sau mét yéu ciu déi véi SS duge nhan
dang la Mesh BS. Node ID va cg s6 nhén dang nat. Node ID duge
chuyén dé&n ti¢u dé con (subheader) Mesh cia mdt khung MAC chung
chung trong cdc théng bao unicast va broadcast (xem chuong 8 dé biét
cidc dang frame).

Céc trién khai mang WiMAX ddu tién duge hoach dinh di theo chi
y&u topd PMP. Tépd Mesh chua phdi la mét phan cda profile chdng
nhin WiMAX (thdng chin 2006). P4 ¢é bdo cdo ring mét s6 nha sén
xudt dang lap k& hoach dua nhilng tinh nang Mesh vao san pham cia
ho tham chi trude khi Mesh ¢6 trong mét profile ching nhéan,
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Chuong 4

Tan dung tan so6 va
cac Profile hé thong

4.1 Khai niém vé Cellular

Muc dich toan ciu cia mél mang khong day kha don gidn: két néi
nhirng ngudi dung khéng diy vdi mét mang cét 161 va sau dé véi
mang ¢0 dinh. Hinh 4.1 minh hoa nguyén ly cia mdt mang Public
Land Mohile Network (PLMN), nhu duge dinh nghia cho cdc mang
GSM thé hé thy hai.

PLMN PSTN
Mobile {Public (Wired Bién thoai
Station - hlﬁ-a::? Phone {hL-IU tuyén
obile cd dinh
N k i
Networl) etwork)

Hinh 4.1: Minh hoa mdt mang Public Land Mobile Network (PLMN} cung cdp mét dich
vu di ddng
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Cdc hé théng dién thoai khéng day ddu tién ¢ t nhing niam
1930. Nhitng hé thong nay kha co ban va ¢6 dung luong rat nhd. Su
gia ting that sy cdc mang khéng day da di cung véi khdi niém cellu-
lar duge phdt minh trong Bell Labs trong nhitng nam 1970. Khdi niém
don gidn nhung cing cuc k¥ manh mé nay nhu sau: mdi base station
bao phi mét cell; chon cell dd nhé dé tdi st dung cdc tdn s6 (xem
hinh 4.2). Béng cdch sit dung khdi niém nay, vé 1y thuy&t ¢é thé bao
phu mét khu vue dia ly lén Lhy thude mae can thiét!

BN

N\ 10

i

Hinh 4.2: Khdi niém celtular don gidn va rat manh mé

Khai niém cellular da duge Ung dung cho nhidu hé théng di déng
(hau nhu analogue} duge dinh nghia trong nhimng nim 1980: AMPS
(My), R2000 hodac Radiocom 2000 (Phap), TACS (vuong quéc Anh),
NMT (cdc nude Scandinavi)... Nhitng hé théng nay khéong tuong thich,
mét hé théng di dong Chau Au duy nhat da dugc phal minh, GSM
duge st dung gan day khip thé gidi.

WIMAX 4p dung cing mot nguyén ly: mdt BS bao phi cdc SS cta
cell cia né. Trong phin nay, mét s6 thanh phdn vé 1y thuyét khai
niém cellular cdn dé€ dinh chiéu WiMAX dugc cung cdp. Trude tién
viéc phan khu vife duge nhéc nhd dén.

4.1.1Phén khu vijc

Mt vi tri base station tugng trung cho mdt chi phi 16n (duéi dang
sy diu tu, CAPEX va sy hoat dong, OPEX) cho mét nha vdn hanh
mang. Thay vl ¢6 mot vi tri méi cell, didy 1a trudng hgp cho mot BS
moi hudng, viéc phan chia ba khu vuc cho phép ba BS dugc két nhém
trong mot vi tri, do dé bao phd ba cell (xem hinh 4.3). Sau dé nhiing
cell nay duge goi la cde sector (khu vye). Tuy nhién, vi nhitng 1y do
thue tién, sy phan chia ba khu vye (trisectorisation) rat thugng dugc
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sit dung. R6 rang su phan chia ba khu vyc cdn cdc anten dinh hudng.
Su phén chia ba khu vuc cdn cdc anten 120 d6 (dé€ ba BS bao phi 360
do). |

Vige phan chia ba khu
vuc baBS vaicdcamen
dinh hudng (120 dgi
trong mat vi tri dia ly

Céac anten mgi hudng
{360 dd}

Hinh 4.3: Cac anten moi hudng va sy phén chia ba khu vuc

Vi nhitng 1y do kinh t&, viéc phan khu vue hau nhu ludn duge uu
tién hdn cac anten moi hudng cho cdc mang di dong trong nhing
truong hop déc biét hidm, vi du d6i véi céc cell rat I¢n trong cdc khu
vire dia 1y dan cu rdt thdp, WiMAX khong phdi 1a mot ngoai 1& vi viée
phan khu vue ciing duge dé nghi.

4.1.2 Cac xem Xét kich cd Cluster

Céc mang di dong dua vao mdt nguyén tic don gidn. Tuy nhién,
vige tri€n khai thue tidn cdn mét planification phic tap d& cé hidu
sudl cao, nghia 1a dung lugng 16n va chat lugng cao. Planification nay
duge thye hién véi nhing cong cy phdn mém rat tinh vi va cling “kién
thide thuye hanh” clda cie ky thuat vo tuyén.

Viée t4ai st dung tidn s& nhutng chd cho m{t sy nhiéu ma nén duge
gilt tuong dai thap. Nhu duge minh hoa trong hinh 4.4, trong downlink
(vi du) va ngoai tin hiéu hitu dung cia né (nghia la tin hiéu BS tucng
iing cda nd), mdét SS nhan cdc tin hidu nhidu tu nhing BS khdc su
dung cing mét tdn s&. Cdc phép tinh va udc tinh ti s0 tin hiéu vdi
ti€ng 6n (SNR) duge st dung cho planification. SNR con duge goi la
to-Carrier-Interference-and-Noise Ratio (CINR). Tt SNR duge sit dung
nhiéu hon cho nhing vdn dé xem xét bd thu va planification, trong
khi CINR duge st dung nhiéu hon che nhitng hoat ddng thuc tién.
Trong sdch nay, SNR va CINR tugng trung cho cing mdt tham sg vat
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ly. Mot cellular planification thich hop nhiéu dén mdc SNR vén &
trén mot gid tri muc tiéu ¢6 dinh (phy thude vao dich vu trong s8
nhing thit khdc) trong khi tang 81 da dung lugng.

. F, 0
Hinh 4.4: Minh hoa mét /BS
tin higu hitu dung va tin
higu nhidu nhw duge sir SR
dung cha cdc phép tinh 3 R —
SNR PR
o F,
A k
/(88 )e_ \
; R # \E‘\_A \ ...............
A BS /

Mgt tham s6 ciia cellular planification la kich c& cluster. Mot clus-
ter duge dinh nghla 12 s8 cell t8i thiéu sit dung mét 1an va chi mot
lan cdc tdn s8 cla m&t nha van hanh (xem hinh 4.5). Cé thé ki€m
chiing riang viéc c6 mét cluster nhé sé tang dung lugng mdi cell trong
khi cdc cluster 16n gidm su nhiéu toan dién va sau d6 tuong trung cho
chat lLro'ng cao. Vi lua chon kich ¢& cluster phai duge thue hién mot
cdch rdt cdAn than. Trong trudng hop cla cdc mang GSM, gid tri cda
kich ¢& cluster ban diu da 1a 12 hoac 9. V§i thai g1an va do nhu‘ng k¥
thuit v0 tuyén khde nhau (chang han nhu nhay tAn sd trong s6 nhing
thd khéc), kich ¢ cluster cia GSM cé thé nhé hon (xuéng dén 3).

Hinh 4.5: Vi du vé mdt
mang hinh sadu canh déu
(vé m3t 1y thuy&t). Kich cd
cluster = 3. Trong mdi
cluster 18t c3 tn sd nha
van hanh dugc sif dung
md?t 1an va chi mat 1an.
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Luéi hinh sdu canh déu (nhu trong hinh 4.5) 12 mét mé hinh duge
su dung cho nhing udce tinh ddu tién. P&i véi mé hinh nay, mot mai
quan hé c6 thé duge xdc lap giira gid tri SNR t8i thiéu cda mang va
kich ¢& cluster.

SNR t8i thidu = 0.17 x (3n) &/

trong dé n la kich cg cluster va 1a mot gid tri tay thude vao kénh
v0 tuy€n (c6 bae 4). Pay chi 1a mét cong thde xap xi duoe st dung cho
mot kénh khong hién thuc (qua don gidn} va cde hinh dang cell duge
su dung chi cho ude tinh ddu tién 1A n. Sy trién khai thuc tidn si
dung phuong ti¢n tinh vi hon nhung vin SNR t8i thidu (duge st dung
cho planification hoidc dinh chiéu cell) tang theo n.

Con vé vige tai st dung tan s& WiMAX thi sao? WiMAX 1a mot hé
thong OFDM (trong khi GSM 14 mét hé théng Single Carrier, SC) noi
cdce kich cd cluster nhé hon ¢6 thé duge xem xét. Cdc gia tri kich co
cluster 1 hodc 3 duge trich din déu dan. Mat khdc, dudng nhu kha
nang cao la viéc phan khu vuc sé duge dp dung. Piéu nay dua ra hai
phuong phdp tdi st dung cua hinh 4.6. K&t qua, mdt nha van hanh cé
10.5 MHz bang théng sé& ¢6 3.5 M1z bang thong mbi cell (tuong dng
10.5 MHz) néu mt cluster 3 (tuong Ung 1} duge xem xét. Tuy nhién,
khong chic chdn mot cluster 13 1 s& din d&n dung lugng téng thé cao
hon. V6i mot cluster 1a 1, cde tdn 8 duge tdi st dung rat gin va sau
do SNR sé thép hon (mot cdch ting thé), nghia la it b/s Hz hon néu su
lién k&t duge ap dung (nhu trong WiMAX, xem chuong 11). Viéc lya
chon kich ¢ cluster chdc chdn khéng phai 1a mét cdu héi dé dang.

Cluster Size = 1

Cluster Siza =3
€ Swe= Ba BS vdi cdc anten chi hudng (120')

Hinh 4.6: Cac so dd i sif dung tdn s6 rong WiMAX.
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Nhitng ky thudt tdi s dung tan s di déng khdc cing ¢é thé dugc
st dung. Phin tham khdo dé cdp viéc tdi sit dung tin so phan s6. Véi
mét cdu hinh kénh con thich hgp, nhiing ngudi dung van hanh trén
cdc kénh con von chi chi€m mdt phan nhé cha toan bd bing théng
kénh. MAu t4i s dung kénh con ¢6 thé duge cau hinh dé nhitng ngudi
dung gin base station van hanh véi tdt cd kénh con (hodc tidn s8) cé
san, trong khi d&i v6i nhiing ngudi dung bién, moi cell (hodc khu vuc)
vin hanh trén mot phan nho cla t4t cd kénh con ¢6 s&n. V6i cdu hinh
ndy, viéc tdi st dung tAn sd tai toan phan duge duy tri cho nhing
ngudi dung trung tdm d€ tang 161 da hiéu su&t phd va viéc tdi su
dung tin s6 phan s& duge thuc thi che nhing ngudi dung bién dé bio
dam chit lugng va théng lugng ndél két ngudi dung bién. Viéc hoach
dinh tai sit dung kénh con c6 thé dugce tdi uu héa dong qua cdc khu
vuc (sector) hodic cell dua vao tdi trong mang va nhitng diéu kién
nhiéu trén co sd Ling khung (frame). Hinh 4.7 minh hoa mét vi du vé
cdc tidn s8 van hanh cho mdi khu vue dia 1y trang thai mét so do tdi
stt dung tan s6 phan s6. Trong lp OFDMA PHYsical (Mobile WiMAX),
viée tdi st dung kénh con linh hoat duge 1Am dé& dang biing viéc phén
doan kénh con va cdc ving hodn vi. Mgt doan la mdt sy phan chia
nho cha cdc kénh con OFDMA ¢6 sin (mdt doan ¢6 thé bao ham tat
ca kénh con).

viangma F  Fova F,
dugce sl dung

Hinh 4.7: Vi du vé cdc tdn
s van hanh cho mdi khu
vuc dia ly trong mot sg dd
tai si’ dyng tdn sO phén
s. Nhéng ngudi ding
gdn base station vdn
hanh vdi tat ¢d k&nh con
£d san.

Nhitng cong cu dé si dung tdi nguyén vd tuyén hiéu qua va nhing
vin dé xem xét k¥ Lthuat vo tuyén khdc cho WIMAX duge md td trong
chuong 12.
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4.1.3 Handaver

Hoat déng handover (d6i khi duoc goi la “handoff’) la viée mét
ngudi dung di dong di ti cell nay dén mot cell khde ma khong lam
gidn doan phién lam viéc dang dién ra (cho di la mo6t cudc goi dién
thoai, phién dit liéu hodc thd khde). Handover 1la mot tinh nang bit
bude cda mot mang di ddng (xem hinh 4.8). Cé nhiéu leai d¢ thue thi
nd. Ting hé théng khéng diy da biél ¢6 mot sé diém khdce bidt.
WiMAX handovvr du(jc mo ta trong chuong 14.

Hinh 4.8: Minh hoa handover trang mdl mang di ddng

4.2 Cac tan sd ¢6 ban quyén va khéng c6 ban quyén

Cdc mang 3G c¢é nhitng dai tdn s6 ¢6 dinh ¢6 ban quyén. Nhiing ddi
tin s& nay la 1885-2025 GHz va 2110-2200 GHz. Cdc WLAN WilFi
(11b) eGing ¢6 mdt dii tdn sd ¢d dinh: 2410-2480 GHz. Dai tdn s8¢ sau
nay trong ISM (cdng nghiép, khoa hoc vi y t&), mdt dai tAn s6 mién
phi cing duge sit dung bdi cde hé thong ngoai trit WiFi.

boi vl WiMAX, chuan IEEE 802.16 xem xét rang hé théng hoat
déng trén nhiing tan s§ nhé hon 11 GHz (cho cdc l6p PHYsical duge
xem xét cho WiMAX). Nhitng thong s6 van hanh chinh xic duge biéu
thi trong cdc profile hé thong WiMAX Forum (cac muc 4.3 va 4.4 bén
duaGi).

Cé hai loai ddi tadn s8 12 mdt phan cia WiMAX:

m cac daitan sd co ban quyén;
| cac daitdn s6 mién ban quyén.
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Ngudi ta thudng dé cip riang cdc tan s6 khong c¢é bdn quyén cua
WiMAX s¢ dugce su dung cho nhang viang phi séng gidi han, cédc
khudn vién (doanh nghi¢p hoic hoc dutng), cdc sang ki€n cu thé...
Néi cdch khde, 1gi nhudn cia nha van hanh chi ¢é duge ti nhitng tan
88 co ban quyén noi dich vu ¢é thé duge bido ddm dé dang hon.

Trong mét sd quiic gia va khu vue, cdc ban quyén duge quy cho duge
goi 14 cde ban quyén bat kha chi. nghia la khong cé ¢dng nghé riéng
hiét hodc nhitng yéu ciu khdc bit budce. Chi cde hinh dang b loc tin
s6 va cong sudt truyén tdi da duge biéu thi. Vi du, trong cdc dai tan
sd nay, mdt nha van hanh ¢6 thé co 3G hodc UMTS. Tuy nhién,
khong phai tdt cd tAn s& duge quy cho thi bat kha chi. Trong mot sé
qudc gia, mdl dai tdn sd c¢6 bdn quyén WiMAX chi ¢6 thé duge su
dung dé vin hanh WIMAX. Cing ¢é thém nhifng rang budc. Vi du,
WiMAX khong thé duge st dung cho cdc hoat déng di dong ¢ mot sd
qudc gia.

Chudn xdc dinh ring tan s6 trung tdm RT (Radio Frequency) la
trung tam clda dai tdn 8, trong d6 BS hodc SS ¢6 thé truyén. Cdc tan
SO trung tdm uplink va downlink phai la boi s6 250kIz. D§ chinh xdc
bt bude 12 10° (phu thudc vao 1dp PHYsical va viée né la BS hay SS).

4.2.1 Cic kénh 140 s0 va mat na ph

Mat na phd (spectral mask) clia 1in hig¢u giy nhiéu cia WiMAX
hoat dgng trén cdc ddi tdn s8 ¢6 ban quyén phu thude cde yéu cau quy
dinh cuc bd (cdc yéu cdu ETSI 6 Chau Au). Khi thay déi ti mot tin s6
(profile chép tin hiéu) nay sang mot tan s& khdc, cde gidi han phai
duge duy tri dé ngan lam bioe hoa bd khuéch dai va dé ngén vi pham
cde mal na phat xa.

V& cde déi tdn s6 mién ban quyén (8.5), tAn s trung tam kénh
duge tinh nhu sau:

TAn s6 trung taim kénh (MHz) = 5000 + 5n

Trong d6 n_ = 0,1,...,199 la s§ kénh. Binh nghia nay cung cip mot
hé théng ddnh s& cho tat ca kénh véi khodng cdch 5 MHz, tit 5 Glz
dén 6GHz. Chudn biéu thi ring diéu niy mang lai sy linh hoat dé
dinh nghia cic tdp hop phan kénh cho cdc lanh thd quy dinh hién tai
va tuong lai,

Su phian kénh da duge thdy tuong thich véi WiFi WLAN 802.11,
mot loai cho nhitng muc dich gidm nhe nhiéuy, trong ddi tan s8 Unii-
censed National Information Infrastructure (U-NII) 5 GHz (dinh nghia
My} (xem bang 4.1).
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Bang 4.1: Cdc kénh ddi tdn s6 mién bdn quyén. Cac quy dinh co thé 4p dung hign
1a3i khéng cho phép van hanh chudn niy trong dai t4n s& B clia CEPT.

S6 kénh

Lanh thd Daitdnsé (GHz) Cdc kénh 20 MHz Cdc kénh 10 Mliz
quy dinh

My U-NI giita 5.256-5.35 58, 60, 64 65, 07, 59, 61. 63, 65, 67
U-NII ¢ trén 149, 153,15%, 148, 160, 152, 154, 156, 154,
5.725-5.825 161, 165 160, 162, 164, 166

ChauAu  Diitdn 5§ B clia 100, 104, 108, 1, 116, 99, 101, 103, 105, 107, 109,
CEPT 5.47-5.725 120, 124, 128, 132, 111, 113, 115, 117, 119, 121,

136 123, 125, 127, 129, 131, 133,

135, 137
Dii tdn s& C cua 148, 152, 156, 160, 147, 149, 151, 153, 155, 157,
CEPT 5.725-5.825 164, 168 159, 161, 163, 165, 167, 169

Trong cdc ddi tAn s6 mién ban quyén, mat do phd truyén ciha tin
hiéu truyén phdi ndm trong mat na phd cla hinh 4.9. Cdc s6 do phai
duge thuc hién béng cdach st dung bang thong phan d&i 100 kHz. Mc
0 dBr la cdng sudt tdi da duge cho phép bdi co quan quy dinh lién
quan.

dBr

TP S

D MHz

b
@
(9]

Hinh 4.9; M3t na phd truyén (xem thém bang 4.2).
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Bang 4.2: Cac tham sb mat na phd truyén

A, B, C va D tinh bing MHz

Phan kénh (MHz) A B C D
20 9.5 10.9 19.5 29.5
10 4.75 5.45 9.75 14.75

4.3 Cac tan sd WIMAX, cac quy dinh va tinh ¢6 sin

Trong phan nay, mot sé tdn 56 mong doi duge su dung cho WiMAX
dudge trinh bay. Cdc dai tin s8 sé dugc st dung trong nhing quéc gia
nay hofic mét qude gia khdc trong thoi diém do6 (thang mudi 2006) 1a:

B Cac daitdn s6 c6 ban quyén: 2.3 GHz, 2.5 GHz {hay nhé rdng dai
14n s6 2.4 GHz la mét dai tAn s6 mién phi duge st dung, trong sd
nhirng daitan sé khac bdi WiFi), 3.3 GHz va 3.5 GHz. cai sau la dai
tdn s6 WIMAX dugc théng bao rdng rai nhat {vé khia canh vat iy).
Phan nay dé cap rang cac hé thdng di déng thé hé thi ba {(3G) van
hanh trong daitan sé 2.5 GHz ja mdt dai tdn s& ma rong cho nhiing
hé théng nay da dugc bao cao.

m Cac daitan s& mién ban quyén: 5 GHz. Profile ¢é dinh tan s& khong
co ban quyén WiMAX 2004 da sl dung dai tdn s8 U-NI phia trén,
nghia |a daitan s 5.8 GHz (xem bang 4.1). Trong tudng lai, cac dai
tdn s6 khac nhau gita 5 GHz va 6 GHz ¢6 thé duge sl dung cho
WIMAX khang ban quyén phu thudc vao qudc gia lién quan.

Biang 4.3 trinh bay cde 1in s6 WiMAX mong doi hién tai khip thée
gidi. Nhitng tan s khac duge tim kiém. Nhing tan sd nay khong nén
cac hon 5.8 GHz da duge chon béi vi d6i vdi cde tAn s wiong doi cao
(3.5 GHz khong phai la mét gid tri nhé cho 1dm), hoat dong NLOS tré
nén khé, diy la modt van dé ro rang cho tinh di déng. Regulatory
Working Group (RWG) duge gidi thidu trong chuong 2 dang ¢6 dinh
nghia ca hai tdn s6 méi (cdc bdo cdo ndi vé 450 MHz va 700 MHz) va
ciing cdc nghia cho mdt roaming chung dé dang véi cde tan sé khac
nhau ¢ nhitng qudc gia khdc nhau. Nhitng yéu cdu quy dinh chu yéu
cho phép Time Division Duplexing (TDD) va Frequency Division
Duplexing (FDD). Kich ¢& phd tdn sé duge quy cho 13 mdt chde nang
cua quic gia. Mot s6 thanh phan vé tinh hudng WiMAX ¢ mt s6 qube
gia duge trinh bay bén dudi.



Chudng 4: Tan dung tan sd va cac Profile hé thdng 51
Bang 4.3: Cdc tdn s6 WiMAX meng dgi (dya vio cdc tai liéu RWG)

Khu vuc hodc qudc gia Cac dai tin sé WiMAX dugc bdo cdo

My 2.3, 2.5 va 5.8 GHz

Trung My va Nam My 2.5, 3.5 vd 5.8 GHz

Chau Au 3.5 va 5.8 GHz; c6 thé: 2.5 GHz
Péng Nam A 2.3, 2.5, 3.3, 3.5 va 5.8 GHz
Trung Béng va Nam Phi 3.5 va 5.8 GHz

4.3.1 Phap

G Phép, giéng nhu & noi khéc, nha chic trach mudn ¢é sy truy cap
bang tdn rong (t6i thiéu ¢d dinh) trong ti 18 phdn tram cao nhat cia
lanh thé. WiMAX da duge xem nhu 1a mot phuong tién dé cung cap
truy cdp dai tan rong nay. Altitude Operator (duge s¢ hdu bsi Iliad)
¢é ban quyén WiMAX trong dai tan s& 3.5 GHz. Altitude da ¢6 duge
né trong ndm 2003 khi co quan cé thdm quyén, Autorité de Régulation
des Télécommunication (ART) d4 ch&p nhéan Altitude 14y mét ban
quyén WLL duge sd hitu (va khéng duge s dung) bdi mot nha van
hanh khéde. K& tir sau d6, ART da thay d8i tén cia né thanh ARCEP
(Autorité de Régulation des Communications Electroniques et des
Postes, http:/www.arcep.fr).

Trong thang tdm 2005, ARCEP da bat dau ti&n trinh quy cho hai

ban quyén WiMAX khdc (mbi bdn quyén 2X15 MHz):
W BLR 1: 3465-3480 va 3565-3580 MHz;
M BLR 2: 3432.5-3447 .5 va 3532 .5-3547.5 MHz.

Tién trinh nay da két thac trong thang bdy 2006 bdi viéce cdp phdt
hai bdn quyén nay cho hai nha van hanh trong mbi trong 22 khu vue
d6 thi cda FPhdp. Tuy nhién, Altitude 14 nha van hanh duy nhit cda
Phdp ¢6 mét ban quyén WIMAX qudc gia. Viéc lya chon duge tién
hanh duge dua vaoe ba tiéu chudn déu quan trong nhu nhau:

W déng goi cho sy phat trién sy truy cAp bang tan réng trong lanh thé;
B kha nang cai thién mot sy tring hgp tde dd dif lidu cao;
B nhifng trg c4p dugc trd bdi nha van hanh

Nhitng nha van hanh nén c¢6 mét s§ t6i thiéu (trong téng cong)
3500 site WIMAX thdng sdu 2008. Io s& trd 125 tridu euro trong nam
2006.

4.3.2 Han Quic

J Han Quéc, cic tin s duge quy cho WiBro la trong dai tdn sd
2.3-2.4 GHz. Trong 2002, cdc ddi tAn s§ 100 MHz da dugc quyét dinh
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cho WiBro § Han Quéc va cdc bidn quyén WiBro duge quy cho trong
thdng giéng 2005. Ba nha vAn hanh la Korea Telecom (KT), SK Telecom
{SKT) va Hanaro Telecom. Cac mang tién phong di duge thiét lap
(thdng tu 2006). Cac dé nghi thuong mai céng khai pha séng tuong 481
rong bit ddu trude cudi nam 2006.

4.3.3 M§

Mg, mot s6 16n cdac ban quyédn ddi tan sé 2.5 GHz (BRS hoic
Broadband Radio Service va EBS, hodac Education Broadband Ser-
vice) v cdc bdn quyén dai tdn s6 2.3 GHz (WCS ho#ic Wireless Com-
munications Service} dugc s& hitu b6t nhiéu nha van hanh. Sprint va
Nextel ¢é cde lyc lugng gia nhép, cung ¢ap cho ho s6 mat 4o ddn sd
l6n nhat duge phuc vu béi ban quyén ctia ho. O M, cho dén bay gid
dai tdn s 2.5 GHz thudng duge quy cho MMDS. Tuy nhién, cdc ban
quyén EBS di dugc cung cdp cho cdc thuc thé gido duc dé ching cé
thé dugc s dung cho nhiing muec dich gido duc va dy ban truyén
théng lién bang (FCC) da cho phép nhitng ngudi ¢6 bidn quyén EBS
cho nhitng thuc thé thuong mai thué phd trong nhitng diéu kién nhat
dinh.

4.3.4 Vudng quic Anh

Hién tai, hai nha vadn hanh ¢6 cdc bdn quyén BWA & vuong quéc
Anh: PCCW (UK Broadband) va Pipex. Cdc bidn quyén cia ho nim
trong céde dai tdn so 3.4 GHz (PCCW) va 3.5 GHz (Pipex). Mot s cac
nha védn hanh nhé hon st dung hodc dy dinh s dung ddi tdn sé
WiMAX mién ban quyén cho nhitng hoat doéng giéi han.

4.3.5 Trung Quic

Trung Qudc 12 mdt qudc gia ¢é cdc kich thue 16n va 1a mdt mang
vién thong vdn dang phat trién. D&i véi thoi diem dé (thang mudi
2006), bidn quyén cho dich vu thuong mai cia WiMAX da khong dugc
cdp phéat. Tuy nhién, viéc st dung thd nghiém WiMAX dang xay ra
trong nhiéu khu vue va duge bdo cdo déu din. Bdo cdo réing nhing
nha cung caip thiét bi vién théng hang ddu clia Trung Quée, Huawei
va ZTE, tich cuc tham gia hoat déng trong linh vue WIMAX (cdc
thanh vién caa WiMAX Forum, déng géi vao nhiing cudc thi nghiém,
chudn bi c4c sdn pham WiMAX).

4.3.8 Brazil

Brazil 1a mét qudc gia khdc c¢6 nhitng mong dgi cao vé WiMAX.
Cudc ban diu gia pho BWA 3.5 GHz va 10 GHz da duge khdi dong
trong thang biy 2006. P4 ¢6 nhitng bdo cdo vé nhitng mong dgi dbi
vt viée st dung dai tdn s6 2.5 GHz cho WiMAX.
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4.4 Cac Profile hé thong WiMAX

Mét profile chiing nhdn hé thdng WiMAX 1A mét tap hop tinh
nang cia chudn 802.16 dugc chon béi WiMAX Forum vén duge bit
buéc cho nhitng profile riéng biét nay. D8i véi tung profile ching
nhén sy tung ra cdc profile hé théng xac lap nhing tinh nang cin
duge su dung trong nhing trudng hgp thuc thi dién hinh. Cic profile
chiing nhan hé théng duge dinh nghia bdi TWG trong WiMAX Forum.
Chuan 802.16 xac dinh mét profile {ching nhan) hé théng bao gém
nam thanh phén: profile MAC, profile PHY, profile RF, lva chon song
cong (TDD hoac FDD) va 16p cong suit. Cdc dai tdn s va bang thong
kénh duge chon dé ching bao phd cang nhidu cang tdt cdc cdp phat
phd toan cidu dugc mong dgi cho WiMAX.

Sau d6, nhiéu thiét bi c6 thé duge ching nhin bdi WiMAX Forum
theo profile chitng nhén hé thong riéng biét. Hai loai profile hé théng
duge dinh nghia: ¢6 dinh va di déng. Nhifng profile nay duge gidi
thi¢u trong cde myc sau day.

4.1 CAc Pralile hé thing WiMAX cd dinh

Bang 4.4 trinh bay cdc profile WiMAX c¢6 dinh. Nhitng profile hé
théng nay dua vao lép PHYsical OFDM IEEE 802.16-2004 (thuc t&,
16p PHY nay da khong thay déi nhiéu cho ldm véi 802.16e). Tat ca
profile st dung ché d¢ PMP. Pay da 1a tap hop lira chon diu tién
duge quyét dinh trong thang sdu 2004 (cung thdi gian véi vide phé
chudn IEEE 802.16-2004). M&i profile ching nhén ¢6 mét dinh danh
{identifier) d& si dung trong cédc tai liéu chdng han nhu cde théng bao
theo quy ude PICS. Nhitng profile hé théng hon nita sé& duge dinh
nghia phan anh sy phdt trién quy dinh (cdc ¢co hdi dii tdn s0) va su
phdt trién thi trudng. Trong s§ nhitng thit khéc, cdc profile ching
nhén ¢§ dinh mdi duge chdp thuin trude cudi naim 2006. Ngudi ta
hoach dinh réing céc profile hé théng WiMAX v6i mét bang thiong
kénh 5 MHz va cdc so d6 dai tAn s6 2.5 GHz s& dugc b8 sung. Cic
profile chitng nhan ¢§ dinh dya vao 802.16e cing dudc hoach dinh.

Bang 4.4: Céc profile chitng nhdn WiMAX cd djnh d€u st dung cic ché d§ OFDM PHY

va PMP
Dii tan sé (GHz) Ché do Biang théng  Tén profile
song cong kénh (MHz)
3.5 TDD 7 3.5T1
3.5 TDD 3.5 3.5T2
3.5 FDD 3.5 3.5F1
3.5 FDD 7 3.5F2

3.5 TDD 10 5.8T
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4.4.2 Cac Profile hé théng WiMAX di dgng

Clang véi viéc dua ra diém sia doi 802.16e, cdc profile hé théng
WiMAX di déng di dugc dinh nghia. Nhirng profile chithg nhin nay,
duge goi 1a cdc profile hé thdng Release-1 Mobile WIiMAX va dugc
trinh bay trong bdng 4.5 da dugc chdp thuin trong thing giéng 2006.
Ching dya vao 16p PHYsical OFDMA (IEEE 802.16e) va tat cd bao
gdbm chi tdpd PMP. Nhitng profile nay duge dinh nghia bdi Mobile
Task Group (MTG), mdt nhom con cda TWG trong WiMAX Forum,
Chitng nhén Release 1 c6 1& sé dugc tach biét trong cdc Certification
Waves khdc nhau, bit ddu véi Wave 1 ¢6 chi mdt phan véi tat cd tinh
nang Release 1.

Bang 4.5: Céc profile chiing nhin Release 1 Mobile WiMAX déu sif dung cdc ché d4
OFDMA PHY va PMP

DAi tan s6 (GHz) Ché do song Biang théng kénh va kich
cong (duplexing) ¢& FFT (s§ song mang
thit cdp OFDMA)

2.3-2.4 TDD 5 MHz, 512; 8.75 MHz,
1024; 10 MHz, 1024

2.305-2.320 TDD 3.5 MHz, 512; 5 MHz, 512;
10 MHz, 1024

2.496-2.690 TDD 5 MHz, 512; 10 MHz, 1024

3.3-3.4 TDD 5 MHz, 512; 7 MHz, 1024;
10 MHz, 1024

3.4-3.8 TDD 5 MHz, 512; 7 MHz, 1024;
10 MHz, 1024

Trong 16p PHYsical OFDMA nhu dd s(ra déi trong 802.16e, 58 séng
mang thit cap OFDMA (tuong duong kich ¢d FFT, xem chuong k& ti€p)
¢6 khd ning ma rong ¢dp do. OFDMA cla WiMAX duge goi 1a OFDMA
c6 thé md rong cap ds. Ch& d6 TDD 1a ch& 4% duy nhat da duge chon
cho tdp hgp diu tién nay, mot trong nhirng ly do 1& né hiéu qua cho
viée s dung tai nguyén han. Céc profile FDD c¢6 thé duge dinh nghia
trong tudng lai. Chiéu dai frame bang 5 ms. Nhiing khia canh k¥ thuit
khdc cia cdc profile duge chon sé& duge gigi thiéu trong cde chuong
tiép theo.
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Chuong 5: Sy diéu hién s6, OFDM vd OFDMA
Chugng 6: Ldp vat ly (Physical) cta WiMAX
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Chuory 5

Su diéu bién so,
OFDM va OFDMA

5.1 Sy diéu bién sé

D31 v6i tdt cd hé théng truyén thong gin diy, WiMAX/802.16 si
dung sy diéu bién sb {digital modulation). Nguyén 1y duge nhidu ngudi
biét dén bay giv cla mét sy diéu bién s6 1a didu bi&n mdt tin hidu
tudng tu (analogue) véi mot day s6 dé van chuyén didy so nay qua mdt
phueng tién nao dé: sgi, lién két vbd tuyén... (xem hinh 5.1). Diéu nay
¢6 nhitng lgi ich 1¢n d6i véi sy diéu bién tuong tu dic trung: sic
chéng ti€ng 6n t8t hon, st dung cdc thuit todn truyén thong s6 va ma
héa hiéu suit cao.

PO1000 Bé diéu bién s6

Tin hiéu sd ’ Tinhidu tudng 1y

Hinh 5.1: Nguyén ly diéu bign sb

Nhiéu diéu bi&n s8 c¢6 thé dude si dung trong hé théng vién thong.
Cdc bi€n thé dat duge bing cich diéu chinh cde dic tuydn vat 1y cta
mdt séng mang hinh sin, tdn s, pha hoic bién dd hoidc k&t hgp mét
s6 dic tuy&n nay. Bon diéu bién duge hd tro bdi chudn IEEE 802.16:
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BPSK, QPSK, 16-QAM va 64-QAM. Trong phan nay, cac diéu bién
duge st dung trong cdc 16p vat ly (PHYsical) OFDM va OFDMA dugc
gidi thiéu v6i phan gidi thich ngén vé timg didu bién nay.

3.1.18inary Phase Shilt Keying (BPSK)

BPSK 1a mdt sy diéu bién s6 nhi phan; nghia 12 mot ky hiéu didu
bién 12 mgt bit. Piéu nay tao ra kha nang chéng lai tiéng én va nhiéu
cao va sy diéu bi€n rdt manh. Sy diéu bién pha s6 1a trudng hop cho
sy diéu bi€n BPSK, sit dung su bién d8i pha dé ma héa céc bit: mai
ky hiéu diéu bi&n tugng ducng mét pha. Cac pha cha tin hiéu didu
bién BPSK 1a T ho#c T theo gid tri cua bit dir liéu. Mot hinh minh
hoa thudng dugc st dung cho sy diéu bién s8 la chom sao. Hinh 5.2
minh hoa chom sao BPSK, nhing gia tri ma pha tin hiéu c6 thé doi
hoi 1a 0 hodc 1.

A
¢

<
+
v

h[l | bn = ()

Hinh 5.2: Chdm sao BPSK

9.1.2 Quadrature Phase Shift Keying (QPSK)

Khi cdn dé&n sy didu bi€n hidu sudt phd cao hon, nghia 1a cang
nhiéu b/s/Hz thi cdc ky hidu diéu bién ¢6 thé duge sit dung cang lén.
Vi du, QPSK xem xét cdc ky hidu didu bién hai bit.

Bang 5.1 trinh bay cdc gid tri pha nhu 14 mét ham cha ky hidu diéu
bién. Nhiéu bién thé cia QPSK cé thé duge s dung nhung QPSK
ludn e¢é6 mdt chdom sao bén di€m (xem hinh 5.3). Quyét dinh tai ho
nhén, vi duy gita ky hiéu “00” va ky hiéu “01” khong dé& biing su quyét
dinh giita “0” va “1”. Do d6 sy diéu bign QPSK c¢6 kha ning chéng
tigng 6n th&p hon BPSK vi né cé kha nang chéng lai nhidu nhé hon.
Mot nguyén ly truyén théng sd dugc nhidu ngusi biét dén phai duge
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ghi nhé: “Sy diéu bi€n ky hiéu lén hon cé hidu sudt phé nhiéu hon
nhung ciing kém manh mé hon”.

by 0

a2

L+ +

b|
[ ;

Hinh 5.3: Vi du vé mot chdm sao GPSK
Bang 5.1: Cac gi# tri pha ¢6 thé ¢6 cho su digu bign QPSK

Cdchitchdn Cdebitlé Ky hiéudidu bign P

a 0 00 4

1 0 m 34
1 1 1 5m/4
0 1 10 Trifd

5.1.3 Quadrature Amplitude Modulation (QAM): 16-0AM va 64-0AM

QAM thay déi cdc bién dd clia hai s6ng mang hinh sin phu thugc
vao day sb phai duge truyén; hai séng mang léch pha +n/2, su diéu
bién bién dd nay dugc goi la quadrature (vi tri gée vudng). Nén dé
cdp ring theo ly thuyé&t truyén thong sé, QAM-4 va QPSK la cing
mét sy diéu bién (xem xét cdc ky hiéu dir lidu phue tap). Cd hai diéu
bign 16-QAM (4 bit/ky hiéu diéu bién) va 64-QAM (6 bit’ky higu diéu
bign) duge dua vao chuan IEEE 802.16. 64-QAM la sy diéu bi&n hiéu
qua nhat clia 802.16 (xem hinh 5.4). Thyc t&, 6 bit dugc truyén vdi mbi
ky hiéu diéu bié&n.
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Hinh 5.4: Mdt chom sao 64-0AM

Sy diéu bién 64-QAM thi tiy chon trong mét s6 trudng:
B cac dai tdn s6 mién ban quyén, khi Idp PHYsical OFDM dugc sU
dung
B d&i véi OFDMA, cac profile Mobile WIMAX bi€u thj 64-QAM |a bat
buéc trong downlink,

9.1.4 Sy thich ny lién kel

Cé nhiéu diéu bi€n mang lai mét lgi ich 1dn: su didu bién lién két
(link adaptation) (ti&€n trinh nay ciing dugc sit dyng hiu nhu trong t4t
cd hé théng truyén théng gan day khédc ching han nhu GSM/EDGE,
UMTS, WiFi...). Nguyén 1y kh4 don gidn: khi lién két v tuyén (radio
link) t6t, s dung mot sy diéu bi€n cdp cao; khi lién két vé tuyén
kém, st dung mét sy diéu bign cdp thdp nhung cling manh. Hinh 5.5
trinh bay nguyén ly nay, minh hoa kénh vd tuy&n t6t hon khi mét SS
G gan BS. Mt chiéu khac duge thém viao hinh nay khi tée d6 ma héa
eling duge thay déi (xem bén dudi).
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Hinh 5.5: Minh hoa sy thich ing lién két. Mt kénh v6 tuy&n 161 tigng dng vdi mot
Modulatien ard Coding Scheme {MCS) higu sust cao.

5.2 Ky thuat truyén OFDM

Trong nam 1996, Bell Labs di dé xudt baAng sdng ché& Orthogonal
Frequency Division Multiplexing (OFDM), Sau d6, trong nim 1985,
Cimini da dé nghi st dung né trong sy truyén théng di déng. Trong
nam 1997, ETSI d4 dua OFDM vao hé théng DVB-T. Trong n&m 1999,
bién thé WiFi WLAN IEEE 802.11g da xem xét OFDM cho lép
PHYsical cia né. Myc dich clia chuong nay 12 khéng trinh bay mét
tham khédo day di cho ly thuyét OFDM va nhitng bing chitng todn
hoc di kém. Thay vao dé, muc dich 1a gidi thidu cdc két qui co ban
can thi€t dé hiéu t&i thiéu WiMAX.

OFDM 1la mét ky thuét truyén rdt manh. N6 dya vao nguyén ly
truyén dong thoi nhidu tan s& truc giao dai tdn hep, thudng duge goi
la cdc séng mang thit cAp OFDM hodc chi cdc séng mang thif cdp. S8
séng mang thd cap thudng duge ghi chi la N. Nhitng tdn s6 nay vubng
géc vdi nhau ma (vé mit Iy thuydt) loai bé sy nhidu gida cdc kénh.
Moi kénh tdn s8 duge diéu bign véi sy diéu bién s§ ¢ thé khdc nhau
(thudng gidng nhau trong cdc phién bdn don gian ddu tién). Bang
thong tdn s két hgp véi tirng kénh nay sau dé nhd hon nhidu so véi



Chuong 5: Sy diéu bién s8, OFDM va OFDMA 61

néu toan bd bing théng di duge chidm bdi su didu bién don. Pay
duge goi 1a Single Carrier (SC) (xem hinh 5.6). Th¥i gian ky hiéu dif
liéu 1a 1au hon N 1an véi OFDM cung cédp sy tré khdng da dudng din
tot hon nhiéu.

&
Cdc ky hiéu dit liéu Pho tan sé
T

SC
(Single .
Carrier) .

Thai gian' TAnsé

OFDM Cacky hiéu dif iéu Phé tdn 6. N s6ng mang

: thi cap tryc giao

T
: I
N

-

Thdi gian Tén a6

Hinh 5.6: Th# hién thdi gian va tan s cla SC va OFOM. Trong OFOM, N ki higu dif
lidu duge truyén ddng thi trén N séng mang thi ¢dp tryc giao.

Cé mdt bing thong tdn s& nhd hon cho mdi kénh tuong duong cic
khoang thdi gian 16n hon va sau d6 sy trd khdng tot hon d6i v6i sy
lan truyén da dudng ddn (d6i véi SC). Su trd khdng tét hon cho da
dudng din va viée cde séng mang truc giao mang lai mdt hidu suit
phd cao. OFDM thudng duge trinh bay 1a ky thuat truyén thuc thi tét
nhit duge sit dung cho cdc hé thong khang day.

95.2.1 Nguyén 1y cd ban: Sd duny todn 10 IFFT

FFT la toan ti Fast Fourier Transform. Pay la phép tinh ma tran
cho phép tinh phép bi&n ddi Fourier riéng biét (trong khi tén trong
cdc didu kién nhdt dinh). FFT lam viéc cho bat ky s6 diém. Phép
toan don gidn khi duge 4p dung cho mét s6 N vin 1a lay thira 2 (vi du
N = 256). IFFT la todn tu Inverse Fast Fourier Transform va nhin ra
phép todn nghich dao. Ly thuyét OFDM cho thay IFFT ¢6 do lén N
duge 4p dung trén N ky hiéu nhén ra mét tin hiéu OFDM, trong dé
méi ky hiéu duge truyén trén mot trong N tin s6 truc giao. Céc ky
hiéu la nhing ky hiéu di lidu ¢ kiéu BPSK, QPSK, QAM-16 va
QAM-64 duge gidi thiéu trong muc trude. Hinh 5.7 minh hoa nguyén



62 Chugng 5: Su diéu bién s, OFDM va OFDMA

ly duge don gidn héa chGa viéc tao tin hiéu OFDM. Thyc té&, viéc tao
tin hiéu nay bao gdbm nhiéu chi ti&t hon khéng duge trinh bay & day vi
muyc dich don gian héa.

T‘l}'
«—»
r oo
- e X, v
%o X0, 0 Xwa ] i > ]
. hidu . IEET Chuyén ddi
QF DM
Xt

!

M&i k¢ hidu (didu bign) co
thé cé mot sy didu bign khac

Hinh 5.7: Tao m@t tin hidu OFDM (duge don gidn hoa)

Né&u khodng thoi gian ciia mdt ky hidu dir liéu diéu bidn truyén la
T, thi T =1 Af, trong d6 Af 1a bing thong tAn s cia cdc tdn sd trye
giao. Vi cdc ky hiéu diéu bién duge truyén déng thoi.

T, = khoAdng thdi gian ciia m¢t ky hiéu OFDM

= khoang thdi gian ctia mét ky hiéu di lidu diéu bién
dugce truyén

Khodng thoi gian ndy, Af, khoang cich tan s giita hai séng mang
tht ¢cdp OFDM géan ké t6i da c6 thé duge thdy trong hinh 5.8. Hinh
nay cho thiy cdc séng mang thid ¢dp OFDM lan c4n ¢6 nhitng gia tri
bing khong vdi mot mic t8i da séng mang thd cap OFDM nao dé nhu
th& nao, day 1a 1y do tai sao ching duge xem la truc giao. Thuc t&,
khodng thoi gian cua ky hiéu OFDM thuc hgi 1¢6n hon do viée bd sung
Cyclic Prefix (CP).
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Hinh 5.8: Trinh bay tan s6 song mang thi cip OFDM

5.2.2 Cic xem xét DFDM mién thdi gian (Time Domain)

Sau khi dp dung IFFT, 1y thuyét OFDM doi héi mot Cyclic Prefix
(CP) phdi duge thém & diu ky hidu OFDM (xem hinh 5.9). Khong cin
di v&o cdc chi ti€t todn hoce clia OFDM, ¢6 thé néi CP cho phép bé thu
hdp thu hiéu qua hon nhiéu su phan bé thoi gian tré do sy da dudng
dan (multipath) va duy tri tinh tryc giao tdn s6. CP von chiém mét
khoang th&i gian duge goi 1a Guard Time (GT), thuding dugce biéu thi
la T G, 1a mét sy du thia thai gian vén phai duge xem xét trong cdc
phép tinh té¢ 49 di lidu. Ti s8 T G/T d rat thudng duge biéu thi la G
trong cac tai lieu WiMAX/802.16. Vige lya chon G dugce thye hién theo
nhirng xem xét sau day: néu hiéu Ung da dudng quan trong (mét kénh
vd tuyén kém), can d€n mot gid tri cao 1a G v6n tang sur du thia va
sau dé gidm téc do dir liéu hitu dung; néu hidu tng da dudng din nhe
hon (mgt kénh vé tuyén t6t), mdt gid tri tuong d8i nhé hon la G ¢6
thé duge su dyng. D&i véi cac 16p PHY OFDM va OFDMA, 802.16
dinh nghia cdc gid tri sau day cho G: 1/4, 1/8, 1/16 va 1/32. B&i véi cac
profile WiMAX di ddng (OFDMA) hién duge dinh nghia, chi gid tri 1/
8 la bat bugc. Chudn xdc dinh ring ddi véi cde 16p PHY OFDM va
OFDMA, mt SS tim kigm lic khdi tao, dé tim t4t cd gid tri 6 thé c6
cia CP cho dén khi né tim thiy CP duge st dung bdi BS. Sau dé, SS
su dung cung mdt CP trén uplink. Mgt khi khoang thoi gian CP riéng
biét di duge chon bdi BS dé hoat dong trén downlink, né khéng thé
dugc thay do6i. Viéc thay d6i CP sé budc tit cd SS tai ddng bd vdi BS.
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Hinh 5.9: Chén Cyclic Prefix trong mdt ky hiéu QFDM

9.2.3 Cic xem xét OFDM mién tan si (Frequency Domain)

Tat cd séng mang thd ¢dp cta mot ky hidu OFDM khéng tdi di
lidu hiru dung. C6 bon loai séng mang thit cdp (xem hinh 5.10):

B Cac séng mang tha cAp dit liéu: truyén di liéu hiu dung.

m Cac séng mang thd cap dan dudng: chl y&u dé udc tinh va ddng bd
héa kénh. B6i vdi OFDM PHY, cé tam séng mang thd cdp dan
dudng.

m Cac séng mang thd cép rdng (null): khéng truyén. DAy 1a cac day
bdo vé tan sd.

® M6t song mang thd cdp rdng khac 14 sang mang thif cap DC (Direct
Current). Trong cac Iép PHY OFDM va OFDMA, song mang thu
cdp DC la séng mang tha cép ¢6 tdn s6 bang tan s8 trung tam RF
cua tram phat, No tuong dng vdi zero tdn s§ (Direct Current) néu tin
hiéu FFT khéng dugc diéu bién. D€ don gian héa cac hoat dong
chuyén ddi s§ sang tuong ty (Digital-Analogue) va tuong ty sang sé
{Analogue-Digital), song mang thi cap DC thiréng.

Cac sfng mang . Cac séng mang

thii cdp din - 3 thar cap dif figu

dung - e L
4 4 R
TYVYSYYVIRP YV LYVE RN YY S Y

Cag song mang
thu cap bao vé
phai

Cac song mang
thi ciip bdo vé 1
« T | 4
‘ Do . N - .

»
N duge s0 dung

Hinh 5.10: Cdc loai song mang thi ¢cap WiMAX OFDM
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Ngoai ra, cdc séng mang thi cdp duge sir dung dé gidm PAPR (xem
bén dudi), néu hién dién, khéng duge si dung d€ truyén dir lidu.

9.2.4 Cac tham 0 ky hi¢u DFDM va mot s phép tink don gidn

Céac thong s6 ky hiéu WiMAX OFDM chinh nhu sau:

B Téng s8 song mang thif cdp hoac tudng ducng do ISn IFFT. D&i vdi
OFDM PHY, N, = 266, s6 sdng mang thd cép bdo vé tan sé thap
han la 28 va s& séng mang thu cap bdo v& t4n s8 cao han la 27.
Cing xem xet song mang thi cdp DC, con lai N dugc si dung, sb
song mang thir cap dugc st dung, ngoai trif cac song mang thi cap
rong. Do do, wang 200 cho OFDM PHY, trong do 192 dugc sir
dung dé truyén di liéu hiu dung sau khi giam cac s6ng mang thi
cap dan hudng.

B BW, bang thong kénh danh dinh
B n, hé s6 l1ay mau.

Tan sd 1ay mau duge biu thi la fS lién quan dén biang théng kénh
dugc chi€m bing cong thic (duge don gidn hoéa) sau day:

1. = n BW.

Déy 14 mét cong thirc duge don gidn héa, bdi vi theo chuén, f dugc

rat gidm thanh mot bdi s6 8kHz. Theo chudn 802.186, gid tri sd n phu
thudc vao cdc bang thong kénh. Nhitng gia tri c6 thé 6 1a 8/7, 86/75,
144/125, 316/275 va 57/50 cho OFDM PHY va 8/7 va 28/25 cho OFDMA

PHY,
5.2.4.1 Khodng thoi gian cia mpt ky hiéu OFDM
Dya vao cdc tham sd duge dinh nghia & trén, khodng thdi gian cda
mot ky hiéu OFDM c¢6 thé duge tinh:
Khoang thdgi gian = thoi gian ky hiéu hitu dung +
ky hiéu OFDM théi gian bao vé (thoi gian CP)
= 1/(mHt khoang ciach phan t
sé6ng mang) + G x ky hiédu hitu
dung
= (VAT) (1+G)
[1/(fs/N,..)] (14G)
[1/{in BW/N__ ] (14+G).

Khoing thdi gian ky higu OFDM la mdt tham s& ¢g ban cho cdc
phép tinh tdc d6 dir lidu (xem bén dugi).
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5.2.4.2 Cdc gid tri téc dp dit liéu

Trong OFDM PHY, mét ky OFDM tugng trung cho 192 séng mang
that cdp. mdi séng mang thi¥ cidp truyén mot ky hiéu dir lidu didu bién
(xem ¢ trén). Sau dé, mét séng mang thit cdp c6 thé tinh s& dir liéu
duge truyén trong khodng thol gian cia mdt ky hiéu OFDM (ma gia
tri dd bi&t). Bang cAch biét toc dd mad hoa, sd bit khong ma héa cé
thé duge tinh. Badng 5.2 trinh bay cdc téc dd dit lidu cho cdc Modula-
tion and Coding Scheme (MCS) va cac gid tri G khac nhau. Bing
thong dude chiém duge xem xét 12 7 MHz va hé s6 14y mau 1a 8/7 (gia
tri tuong dng v6i 7 MHz theo chudn),

Téc dd6 dF lidu = s8 bit khong ma héa mdi ky hiéu OFDM/

khoang thoi gian ky hiéu OFDM
192 x 4 x (3/4)/{1256/(7 MHz x 8/2)] (1 + 1/16)}
16.94 Mb/s.
Banp 5.2: Cdc tc dd dif lieu OFDM PHY tinh bing Mb/s.

BPSK  QPSK

QPSK

18-

- 16-

s G _ : 64- 64-
IR 17 112 34 'GAM @AM  QAM ' QAM
S 43 314
/52 282 682 873 1164 1745 12327 2618
tne 282 565 847 11129 1684 2250 2541
B (267 533 800 1067 1800 2133 2400
/4 1240 480 720 960 1440 1920 2160

Nén chi 7 ¢ diy ring cdc gid tri toc do dir lidu nay khéng xem xét
mdt s8 hao phi ching han nhu cdc preambles (¢6 bac la mot hozc hai
ky hidu OFDM mdi frame) va théng bédo truyén tin hiéu hién dién
trong mdi frame (xem chuong 9 va nhing chuong khdc trong sdch
nay). Do dé, nhiing toc do dir liéu nay duge goi 1a cdc toe do di lidu
thé 14 nhitng gia tri lac quan.

5.2.5 Physical Slo! (PS)

Physical Slot (PS) 1 mgt don vi thdi gian ¢d ban trong chudn
802.16. PS tuong dng vdi bon ky hidu (diéu bi€n) duge su dung trén
kénh truyén. Déi vé6i cae 16p PHY OFDM va OFDMA, mot PS (khoang
thoi gian) duge dinh nghia la

PS = 4/ .
=

Do d6, khodng thoi gian PS lién quan dén tde d§ ky higu hé théng.

Pon vi thoi gian nay duge dinh nghia trong chuin cho phép si
dung cdc s& nguyén trong khi tham chigu mot lugng thai gian, vi du
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dinh nghia vé cdc khodng hé chuyén tiép (RTG va TTG) giita céc
khung (frame) uplink va downlink trong ché d5 TDD.

9.2.6 Peak-to-Average Power Ratio (PAPR)

Mot khuyét diém cia ky thuit truyén OFDM la né c¢6 thé cé Peak-
to-Average Power Ratio (PAPR) cao, tuong dng véi sy truyén séng
mang don. PAPR la gid tri dinh cia cdc¢ séng mang thd cdp truyén cho
gid tri truyén trung binh. PAPR cao tugng trung cho rang bubc cing
cho mot s thigt bi (ching han nhu cdc bé khuéch dai). Mot sd gidi
phap duge dé xudt dé gidam OFDM PAPR thudng dua vao viée st dung
mdt s6 séng mang Lth ¢dp cho muye dich dé. Sau dé, nhiing séng mang
thir cdp nay khéng con duge sit dung nita dé truyén dit liéu. 802.16
MAC cung cap phuong tién dé giam cdc trinh tu giam PAPR. Cac
trinh tu giam PAPR duge dé xuft trong phan tham khdo.

5.3 OFDMA va bién thé ciia n6 SOFDMA

5.3.1 Su dyng nguyén Iy OFBM che su da truy cdp (Multiple Access)

Ban dau ché& d truyén OFDM da duge thiét ké cho sy truyén tin
hiéu don. Do 46, dé ¢é nhiéu cudc truyén ngusi ding, mdt so dd da
truy cidp chiang han nhu TDMA ho#ic FDMA phéi duge két hop vdi
OFDM. Thyc té&, mét tin hidu OFDM c¢é thé duge truyén tir nhidu tin
hidu ngudi ding, cung cdp su da truy cip OFDMA (Orthogonal Fre-
quency Division Mulliple Access).

Trong OFDMA, cdc séng mang thd cdp OFDMA duge chia thanh
cdc tdp hgp con clia cdc séng mang thi cap, mdi tap hop con tugng
trung cho mét kénh con (xem hinh 5.11). Trong downlink, mét kénh
con (subchannel) c6 thé duge An dinh cho cdc bd nhan hodic cde nhém
b6 nhin khdc nhau; trong uplink, mét boé phat cé thé duge gan mot
hodc nhiéu kénh con. Cdc séng mang thd ¢dp hinh thanh mot kénh
con ¢6 thé gin ké hay khong. Chudn xdc dinh ring ky hiéu OFDM
duge chia thanh cde kénh con logic d¢ hd trg khd niang mé réng cip
dd, sy da truy cdp va nhing tinh ning truy ¢dp méang anten cao c4p.
Su da truy cdp ¢6 mot chiéu mdi véi OFDMA. Mt ngudi diung down-
link hofic mgt ngudi ding uplink s& ¢6 mdt thdi gian vA mdt su cdp
phat kénh con cho ting cudc truyén thong cla né (xem hinh 5.12).
Cdc phan phdi kénh con va cdce 14n dédnh s8 lai logic khdce nhau duge
dinh nghia trong chuin 802.16, nhu ban sé& thiy trong phan con lai
cua chuong nay. Pdu tién, khai niém SOFDMA duge giéi thidu.



68 Chudng 5; Sy didu bién sd, OFDM va OFDMA

Cdc séng mang thd cdp diT lidu
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Hinh 5.12: Minh hoa sy da truy cdp OFDMA

9.3.2 Scalabie 0FOMA (SOFDMA)

Su da truy cdp OFDMA khéng phdi 1a tinh xdc dinh duy nhdt cia
OFDMA PHY. M4t diém khdc biét quan trong khdc Ia ky thudt truyén
OFDMA cia né cé kha nang mé rong cdp do (scalable). Mic dii tif nay
khéng xudt hién trong chudn, nhung OFDMA PHY duge cho & c6
Scalable OFDMA (SOFDMA). Tinh md rgng cap do 1a su thay déi
kich ¢& FFT va sau d6 s séng mang th( cdp. Céc kich ¢d FFT duge
ho trg 1a 2048, 1024, 512 va 128. Kich ¢ FFT 256 (clia lé6p OFDM)
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khéng duge dua vao trong 16p OFDMA. Chi 1024 va 512 thi b#t bude
cho céc profile WiMAX di déng.

Su thay d6i s8 séng mang tha cdp, d8i véi khodng cach séng mang
thd ¢dp ¢6 dinh, cung cdp mét bang thong tdn s duge chi€m thich
Ung va tuong duong, mot toc do di {iéu thich dng, nhu duge minh hoa
trong vi du sau day. Xem vi du dugce minh hoa trong bang 5.3. Trong vi
du nay, hé s8 18y méu bing 28/25 dugc chon theo bing théng kénh.
SOFDMA cung cidp mot sy linh hoat cdp phat tai nguyén bd sung vén
c6 thé duge su dung trong framework cia chinh sdch quan ly tai
nguyén vo tuy&n xem xét yéu cdu phd ddng trong s6 nhitng thd khac.

Bang 5.3: Vi dy vé céc s6 ligu SOFDMA

Cédc tham sb Cdc gid tr] s8
‘ 10.95 kHz
Khodng thoi gian ky hidu hitu dung (T=VAf) 914 ps
Thoi gian bédo vé (T, = T/8) 11.4 |18
Khoang thdi gian ky higu OFDMA (T, = T, + T,) 102.9 |I
S8 ky hidu OFDMA trong frame 5 ms 48
Kich c& FFT N hodc s¢ s6ng mang thi cdp 512 1024
Bang thong duge chi€m bdi kénh 5MHz 10MHz

%.3.3 OFDMA trong |3p OFOM PHYsical: Phén kénh con

Thue t&, OFDM PHY bao gom sy truy cip OFDMA nao dé. Su phén
kénh con da dugc dua vao 802.16-2004 cho uplink va ciing cho down-
link trong diém stta déi 802.16e. Nguyén 1y nhu sau. 192 séng mang
thit cdp OFDM dit liéu hitu dung cia OFDM PHY duge phan phéi
trong 16 kénh con, méi kénh con gdm 12 séng mang tha cdp. Mbi
k&énh con gébm b8n nhém ba kénh con gin k& mdi nhém (xem bén
dudi).

Su truyén duge phan kénh con 1a sy truyén trén chi phan khong
gian séng mang thi ¢dp OFDM. Sy truyén duge phan kénh con cé thé
xdy ra kénh 1, 2, 4, 8 hozc 16 kénh con. Mgt sy ddnh chi s§ nam bit
dugc trinh bay trong bang 54 biéu thi s§ kénh con va cde chi s§
(index) séng mang thir edp dugce st dung cho méi chi s6 kénh con cho
uplink. Nhu duge trinh bay trong bdng nay, mét hodc nhiéu séng
mang thit cdp dan huéng (cé tong cong tdm séng mang thy cdp din
hudng) dugc cap phat chi néu hai hodc nhiéu kénh con duge cdp phat.
Nhitng séng mang tht cdp ngoai trit nhitng séng mang th( cdp duge
st dung cho sy truyén duge phan kénh con khdng hoat dong (déi vdi
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bé phéat). Chi sé kénh con nam bit dugc s dung trong UL-MAP thong
hédo cap phédt uplink (xem chuong 9 dé biét UL-MAP).

Bing 5.4: S8 kénh con va chi s6 séng mang thi ¢dp duge skt dung cho mbi chi so
kénh con (ndm bit)

Chi s8 kénh con Chisd tinsd  Chlsd kénh Cac chisd tin si séng
diéu khién con ti€p tye mang thit cip
Qo000 ObOoMmo - -3% 0b00001 Oba001 1 e -9 ~-37 -3 1
3, 0d 66
nuom o —97. 595 34, —32,
4, 5,67 B9
(D001 13 12 =94 =97 -3 -¥\7
9.7/0 73
o=kl 4 6] 0Ob00111 -3 -39, -2 -5
10.12,73 75
Ob01000  OLO101D 38 DObO1004 —37 -B5. 50 -48
14 1B A1 53
0b1a11 -84 _B7. _47 .25,
t7:19.54 56
Ub01102 Ge011n —81 79, —44 42,
20 2 57 68
ObO1H0 B3 ObO1111 -78 76, 41 -39,
23 25 60 B2
0b10000 {khéng ¢ 75 73,12 10,
syf phan kénh con) 26 288991
Ob100t0 -13 [ LUAYA 72 -0, -9 =79
31 82 94
Ob 1100 Ob1M01 -£9° —G7, -6 -4, 32
34,55 97
0e10110 38 o101 —E5 -B4 -3 -1 35
37,98 100
Ob11000 Ob$1001 -62 B0 —25 -73,
i - A
Ob11010 B3 Ce11011 =53 &7, -2 -,
42: 44,79, 81
Op11100 ab11101 -f6 54, 13 17,
45 AT B2 B4
Cht1n10 &3 ’ Obit111 -53: -51, —1b, -4,
48 50 85 67

Su truyén duge phdn kénh con trong uplink 1a mét thy chon cho
SS. N6 chi ¢6 thé duge sit dung néu BS bdo hiéu kha nang né giai ma
cdc ndi dung truyén nhu vay. BS khong duge gdn cho hai hodc nhiéu
SS bat ky su cdp phat duge phdn kénh con trung liap cing mot ldc.

Chuédn x4c dinh ring khi st dung sy phan kénh con, SS duy tn
cting mot mat d§ cong sudt truyén tri phi dat duge mdc ¢dng sut 10i
da. K&t qua, khi s6 kénh con hoat déng dugc cip phat cho mdt ngudi
diing uplink duge gidm di, cong suit truyén duge gidm tuong Gng ma
khong ¢6 thém cédc théng bdo kiém soit e¢dbng sufit. Khi s6 kénh con
dudc ting, téng s6 cong sudt truyén ciing duge ting tuong dng. Mdc
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cdng sudt truyén khéng duge vugt qua cdc muce t8i da duge bifu thi
bdi cdc xem xét tinh toan ven tin hiéu va cdc yéu cAu quy dinh. Sau
dé, sy phidn kénh con cé thé tugng trung cho sy gidm cong suit
truyén va sy tang dung lugng.

Diém s(a d6i 802.16e di dinh nghia mét ving phdn kénh con
downlink tuy chon trong khung con (subframe) OFDM PHY. Céac kénh
con uplink duge tdi st dung mét phan.

5.4 Cac chuyén vi song mang thif cap trong WiMAX OFDMA PHY

Phan phdi cdc séng mang tht cdp trén cdc kénh con la vdn dé rat
mé vdi nhiéu tham s§ dé xem xét: tinh di déng, su hd trg AAS, cdc
tiéu chudn t8i wu héa khdc nhau... Chuin 802.16 va di€m sda d6i
802.16e cGa né cung cip ddy du chi tiét cho nhidu chuyén vi séng
mang thif cdp duge dinh nghia. Phan niy mé td ngin gon cdc chuyén
vi séng mang thit cdp duge dinh nghia trong Mobile WiMAX OFDMA
PHY va néu chi tiét mdt trong nhilng chuyén vi nay.

5.4.1Cic ché dd chuyén vi chinh trong DFOMA

Lay N, trif cho céc séng mang thit cdp bdo v& va séng mang thd
cdp DC s& cho ra tdp hop séng mang thd e¢dp “duge st dung” N dugc
s dung. Pai véi cd uplink 1dn downlink, nhitng séng mang thit cap
nay dudc cidp phat dusi dang cdc séng mang thit cdp didu khién va
cdc s6ng mang thit cdp di lidu theo mdt ché dd nay hodc ch& do khac
trong s0 cdc ché& dd chuyén vi OFDMA dugc dinh nghia. :

Hai ho ché& d6 phan phoi cé thé duge phin biét:

® Cac chuyén vi phan tap (hoac phan phéi). Cac séng mang thur cap
dugc phan bé modt cach gia ngiu nhién. Ho nay bao gém: FUSC
(Full Usage of the SubChannels) va PUSC (Partial Usage of the
SubChannels), OPUSC (Optional PUSC), OFUSC (Optional FUSC)
va TUSC (Tile Usage of SubChannels). Nhiing uu diém chinh cla
cac chuyén vi phan bd 1a sy phén tap tan 56 va sy tinh trung binh
nhiéu gidra cac cell. Cac chuyén vi phan tap giam thi€u xac suit s
dung cling mdt séng mang thir cdp trong cac sector hoac cell gan
k&. Noi cach khac, viéc udc tinh kénh khéng dé dang nhu cac séng
mang thif cdp dugc phan bd trén bang théng c6 san.

M Cac chuyén vi gdn k&. Nhitng chuyén vi ndy xem xét mét nhém
song mang thi cdp gan ké. He nay bao gom ché dé AMC (Adaptive
Modulation and Cading). Loai chuyén vi nay dé clra md cho viéc
chon phan cdc diéu kién tdt nhat clia bang thong. Viéc udc tinh
kénh dé dang han khi cdc séng mang thir cip gén ké.

Céc ché& dd chuyén vi bit budc clia cdc profile WiMAX di dong hién
duge dinh nghia la:
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® ddi vdi downlink: PUSC, FUSC va AMC,
B d6i vdi uplink: PUSC va AMC.

9.4.2 Mt sd dinh nghta DFOMA PHY

5.4.2.1 Cdc kénh con va séng mang thit cép diéu khién

M6t kénh con (subchannel) 1a don vi truyén t8i thiu trong mot ky
hiéu OFDMA. Tiing ch& d9 chuyén vi cia OFDMA c¢6 dinh nghia ciia
n6 cho mot kénh con. Ciing c¢6 mét su khdc biét giita viéc cdp phat di
ligu va cédc séng mang thi cdp diéu khién trong cdc kénh con giita cdc
ché& d6 chuyén vi khédc nhau:

B D&i voi FUSC (downlank) va PUSC downlink, cac séng mang thd
cdp didu khién dugc cdp phat trudc tién. Nhing gi con lai la cac
sOng mang thd cdp dii liéu duge phan chia thanh cac kénh con duge
su dung riéng biét cho dir liéu.

B DI véi PUSC uplink, tap hdp séng mang thit cap duge sii dung
duge phan chia trude tién thanh cac kénh con va sau dé cac song
mang tha cap didu khién dugc cap phat ti bén trong mdi kénh con.

Do @6, trong ch& dd FUSC, ¢6 mot tap hgp séng mang thit cdp diéu
khién chung, trong khi trong ch& 43 PUSC uplink, mdi k&énh con chia
tdp hgp séng mang thit cdp diéu khién riéng cGa né. Péi véi ché db
PUSC downlink, c6 mét tap hgp séng mang thi cdp diéu khién chung
cho moi nhém 16n ké cid mét tdp hop kénh con (xem bén dudi).

5.4.2.2 Slot va Burst (vitng dit ligu)

Mot slot trong OFDMA PHY c6 cd thdi gian va chiéu kénh con.
Slot 1a don vi cdp phat dir liéu t6i thidu ¢6 thé c6 trong chuin 802.16.
Dinh nghia cda mét slot OFDMA phu thudc vao cdu tric ky hiéu
OFDMA v6n khdc nhau cho uplink va downlink, d6i véi FUSE va
PUSC, va d6i v6i cdc chuyén vi séng mang thit cAp phan bd va chuyén
vi séng mang thd cdp gan ké. Xem bdng 5.5 dé biét cdc khd nang
khdc nhau.

Bdng 5.5: Dinh nghia slot
Ché d6 chuyén vi va Dinh nghia slot
cach giao tiép
Downlink FUSC; downlink OFUSC 1 kénh con x 1 ky hiéu OFDMA
Downlink PUSC 1 kénh con x 2 ky hiéu OFDMA

Uplink PUSC, thém uplink PUSC, 1 kénh con 3 x ky hiéu OFDMA
downlink TUSCI va TUSCI

AMC (uplink va downlink) 1 kénh con x (1, 2 hodc 3) k¥ hiéu
OFDMA
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Trong OFDMA, vung di liéu (ho#c burst) 12 su cdp phdt mét nhém
slot hai chiéu, nghia 124 mét nhém kénh con gin ké, trong mét nhém
ky hiéu OFDMA gin ké (xem hinh 5.13 v& phAn cudi PUSC bén dugi
dé tham khdo mot vi du).

4 Chisg ,
kénh con j
. i
Hinh 5.13: Vi du v& viing
dif ligu von dinh nghfa sy - =
cdp phal chdp tin hiéu | |
(burst) OFDMA i :
| |
| |
[ : vang dif lidu
I |
CFDM OFDM OF DM Symbols

Symboln Symbol a1 {truc théi gian)

5.4.2.3 Doan

Doan (segment) 14 mdt phan chia nhé cia mot tdp hop kénh con c¢6
sdn duge s dung dé€ trién khai mot instance cGa MAC.

5.4.2.4 Viing chuyén vi

Viang chuyén vi (permutation zone) 1a mét s§ ky hiéu OFDMA gin
ké, trong khung downlink hofic khung uplink, s dung ciing mdt ché
dé chuyén vi. Mot khung downlink hosic mdt khung uplink c¢é thé
chita nhiéu vang chuyén vi (xem hinh 5.14), mang lai tinh d& u6n nén
tuyét v&i cho nhitng nha thi&t ké.

_ Cownlink Subframe Uphnk Subframe

H:Inh 5.14; Vi.dl_l lué cac € a8 & , O
viing chuy€n vi khac nhau | 381 9] | ?
trong géc khung uplink va g odlodio g lo| 5 1o s &
downlink 5 BESEIRE =28 9. 2 @
@ © @ QT s o

oL g g E a 2

Q. - i o | Y

o 0 2 i c Q0

: : i
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5.4.3 Ché dd chuyén vi PUSC

Nguyén 1y chung cua PUST (Partial Usage of SubChannel} nhu sau.
Ky hiéu (symbol) trudc tién duge chia thanh cdc tap hgp con duge goi
la cédc cluster (downlink) hodc cdc tile (uplink). Cdc séng mang diéu
khién va séng mang di liéu duge cdp phédt trong mdi tdp hop con.
Biéu nay cho phép mét phan su phan tdp tdn s8. Mot s6 théng bdo
MAC chinh va mét s trudng khung con PHY duge truyén trong ché&
d6 PUSC: FCIH, DL-MAP va UL-MAP (xem chuong 9 dé biét nhiing
thong bdo nay). Viéc c¢dp phdt kénh con downlink PUSC bay gis s&
duge trinh bay chi tiét va sé duge minh hoa bing mét vi du.

Nguyén ly chung clia viédc cAp phat cluster va séng mang thd cdp
downlink PUSC duge minh hga trong hinh 5.15. Vi du, xem xét mét
OFDMA Symbol 1024-FPT, s6 song mang tht cdp bdo vé + séng mang
DC ja (trong trudng hgp cua 1024 FFT) 92 + 91 + 1 = 184. Do d6, sé
séng mang diéu khién va séng mang dif liéu cAn phan phéi 1a 1024 -
184 = 840. Cac tham 38 cda vi du s6 nay duge trinh bay trong bang 5.6.

Budc 1: Phanchiacac song ' Budc 2: Danh s& lai cde *+ Budc 3: Thu thdp cac cluster
. mang thu cdp lhanh cac cluster . ! cluster {trong vidy nay . trong saunham chirh
. ' DL_PermBase = 5}

Z
=
"

(IR ¢

M

Nhém ehinh O

3
A
r
y
(B

2 : . : ¢ - '
= : .l L 2, .
? e - e/ - Cac nhdm chinh +
=z : Vo s 0N Dt :
Z | = RN AN D21y
é ¢ LN 3031
£ . LN
T pNriad > SOLN 3259

195 .w¢ > 40 LN J0-51

 Buwdc 4: Cap phat cac song mang thy
cap chocdc kénhcon

Céc séng mang di ligu con
lai dugc cdp phat cho cac

. . k&nh con:
Cap phatriénbén
Nhom chinh # X > wrong méiclusler cha [ - 8 kénh concho céc nhom
nhém chinh chinh dugc ddnh s& chiin,
- 4 kénh con cho cac nhdm
sdid

Hinh 5.15: Minh hga Cluster va sdng mang thi ¢ap Downlink PUSC
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Bang 5.6: Cac tham sd cia vi dy downlink PUSC

Tham 5§ Kiched BW G N  Song mang Ny fQ Af
FFT thit cdp diéu
khi€n + song
mang thd cap
da ligu
Gid i 1024 10Mliz 18 28725 840 1024  11.2MHz 10,9375 klz

5.4.3.1 Cdc budc cdp phdt

Budc 1. Phén chia cdc séng mang thit cdp thanh cdc Cluster

Sau khi loai b6 cdc séng mang thit ¢dp bdo vé va DC, 840 séng
mang thit cap (diéu khién va dir liéu) duge phan chia thanh 60 cluster
cia 14 séng mang thit ¢Ap gdn ké mdi cluster (14 x 60 = 840) (xem
hinh 5.16). G day dé cap d&n mdt cluster PUSC khong cé gi dé thay
v§i cluster cell (xem chuong 4). 86 Physical Cluster gira 0 va 59. Céc
séng mang thd cdp didu khién duge dat bén trong mdéi cluster phu
thuéce vao tinh chén 18 cGa cdc ky hiéu OFDMA, nhu duge minh hoa
trong hinh 5.17.

60 cluster, mbicluster gdm 14 s6ng mang thu cap gan ké
92 song mang thi 21 sdng mang
cap bao vé 1hif cdp bao ve
B e T o | e T S R S L R T bl T bl :
4 R P . . e . T .
DE2-T 1 L OFDNLA wnel

Hinh 5.16: Cap phat cluster

[aen OFPAS
)

P Y " - o L R ARIS TR
DO O®OOQDE O e
PN N N e
N ’iv) (PR, '\_) (,/’ r\\ (e (_) ol \\, O OF I EA
}[ L4 sy bl
Yot ciner S Datn cirnet

Hinh 5.47: Cau tric cluster

Butoc 2. Pdnh s6 lgi cde Cluster

Céc cluster dude d4nh s6 lai v6i cdc Logical Number (LN). Cluster
LN ciing nim gitta 0 va 59. D& danh s8 lai cdc cluster, tham s6
DL_PermBase dugc s dung.

DL_PermBase 1a mét s& nguyén bdt ddu tir 0 dén 31, duge biéu thi
bdi DI._MAP cho cdc vung PUSC (xem chuong 9).
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Cac cluster duge ddnh sd lai cho cdc cluster LN bing cdch sit dung
cong thire sau day (duge bicu thi 14 ¢dng thic (0) trong dong sau day):
Trong trudng hop cha viung downlink diu tién (chda FCH va DL-
MAP), hodc sif dung tdt cd chi bao SC = 0 trong STC_DL_Zone_IE
{xem chuong 9 dé biét chi tiét vé STC _DL_Zone IE):

Cluster Logical Number = Renumbering sequence (Cluster Physical Number) (Q)
else; Cluster Logical Number

= Renumbering sequence(((Cluster Physical Number)+13*DL_PermBase) mod
Nclusters))

trong dé Renumbering sequence (j) 12 muc thit j cia vector sau day:

[6, 48, 37, 21, 31, 40. 42, 56, 32, 47, 30, 33, 54, 18, 10, 15, 50, 51, 58, 46,
23, 45,16, 57, 39, 35, 7, 55, 25, 59, 53, 11, 22, 38, 28, 19, 17, 3, 27, 12, 29,
26, 5, 41,49, 44,9 8.1, 13, 36, 14, 43, 2, 20, 24, 52, 4, 34, 0]

Nén nhé rang d6i véi 1024-FFT, Nclusters = 60, do dé & trén
vector ¢6 60 phin ti.

Buge 3. Thu thp cdc Cluster trong sdu nhém chinh

Sau d6 cac cluster duge danh s6 lai duge thu thap trong sdu nhém
chinh, st dung LN, nhu duge trinh bay trong bang 5.7.

Bang 5.7: Cdc nhdm chinh cia cac cluster downlink (1024-FFT OFDMA)

Nhém Chi so cluster
LN 0-11

LN 12-19

LN 20-31

LN 32-39

LN 40-51

LN 52-59

b 0

< 1 T N

Buige 4. Cap phdt cdc séng mang thit cdp cho cdc kénh con

Trong downlink PUSC, s§ kénh con mdi ky hidu OFDMA la 30,
duge danh sd tir 0 dén 29. Mot kénh con gdm 24 séng mang thi cdp
dit liéu tugng trung cho cdc séng mang thd cap dif lidu cda hai cluster.
Cé6 thé xdc minh 30 x 24 = 720 séng mang tha c&p dit liéu (720 séng
mang thi cdp dir lidu + 30 x 4 séng mang thd cdp didu khién = 840
song mang thi cdp). D61 véi downlink PUSC, mdi nhém chinh duge
st dung riéng biét dé ¢6 mot s6 kénh con, nghia 12 mot kénh con
khing ¢6 cdc séng mang thi cdp trong nhidu nhém chinh. Ngoai ra,
tat cd séng mang thi cdp cia mét kénh con thudc vé cung mot ky
hiéu OFDMA.
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Cdc cdp phit séng mang thd cdp didu khifn va du lidu cho cdc
kénh con duge thyc hién nhu sau. Cdc séng mang thit cdp diéu khién
duge c&p phat trude tién trong mdi cluster, duge dat nhu duge minh
hoa trong hinh 5.17. Trong downlink puse, ¢6 mdt tap hop séng mang
thi cdp diéu khién chung trong mdi nhém chinh. Cédc séng mang tha
cdp dir lidu con lai duge ddanh s8 lai trude tién tix 0 d&n 143 hodc 95
phu thudc v&o tinh chin lé cia nhém chinh. Sau dé cdc séng mang
thi cdp duge cdp phdt trong mdi kénh con bing céch si dung cong
thie sau day:

subcarrier(k,5) = Npehaane,® i TP 1, mod N pnaana ]+ DE_PermBaselmod
!\r\uhrhannrh ':5“

Trong 6 N N_, . 1a s6 kénh con trong nhém chinh duge phan
chia, bang 4 ho#c 6, phu thudc vao tinh chdn 1é cia nhém chinh;
subcarrier(k,s) la chi s6 séng mang thit cdp cha séng mang thi cap k,
thay doi giita 0 va 23 trong kénh con s, c6 gia tri bat ddu gida 0 va 143
ho#c 95 phu thudc vao tinh chin 18 elia nhém chinh; s 1a chi s§ kénh
con thay déi gitra 0 va 29, va do doé:

”l‘ = (’{ + 135) mOd Nsuhc:lrril.‘rs- (5'2)

trong dé N_, . 1a s§ séng mang thi cdp dit lidu duge cdp phat
cho mdt kénh con trong mdi ky hiéu OFDMA (= 24 trong trudng hop
nay); Psfj] 14 chudi ¢é duge bing cdch xoay diy chuyén vi co sé mot
cach tudn hoan sang bén trai s 14n vén duge cho trong dong sau day:
trong trudng hgp clia mot nhém chinh duge ddnh s& 18, su chuyén vi
cd ban 14 PermutationBase6 (3,2,0,4,5,1), trong khi ddi véi mdt nhém
chinh duge danh s chdn né 13 PermutationBase4 (3,0,2,1).

b6t véi cdc nhém chinh duge ddnh s& chén, 12 cluster chia céc
song mang th cdp di lidu cia 6 kénh con:
B 6 x 24 = 144 séng mang thit cap dif liéu;
W 144 + 6 x 4 = 168 s6ng mang th{ (dd lidu va didu khidn).
Béi vdi cdc nhom chinh duge ddnh s& 18, 8 cluster chira cdc séng
mang tha cdp dir liéu cia 4 kénh con:
B 4 x 24 = 96 séng mang thif cdp di lidu;
B 96 + 4 x4 = 112 sé6ng mang thir cap (dif lidu va didu khién)
Su tuong dng gida cdc kénh con va cdc nhém chinh duge trinh bay
trong bang 5.8 (d6i véi 1024-FFT CFDMA). Mgt vi du sé vé su cdp
phat downlink PUSC duge dé xudt bén dudi.
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Bing 5.8: Sy tugng ('ng gifa cac kénh con va nhém chinh

Nhém chinh (nhém kénh con) Day kénh con

0 0-5
i 6-9
2 10-15
3 16-19
4 20-25
5 26-29

5.4.3.2 Vidy sé

Dua vao viéc hiéu chuian IEEE 802.16, mot vi du s6 duge dé xuat.
B4l d4u véi budce 4, cdc budce trude cé cdce gid tri cd dinh. Muc dich 1a
tim 24 séng mang thu ¢dp (dd lidu) vat 1y cia kénh con 16 cua down-
link PUSC. Gid dinh rdng DL_PermBase = 5 (dugc biéu thi trong DL-
MAP MAC Management Message) va ky hidu OFDMA dugc xem xét
duge danh s& 1é.

Kénh con 16 ndm trong nhém chinh 3, nhu dugce trinh bay trong
bang 5.8. Do d6, trinh ty chuyén vi co ban = (3,0,2,1), N, . =24
(day la trudng hop cho tat ca kénh con) va N_, =4 (nhém chinh
duge ddnh s6 18). Trong nhém chinh 3, su tuong Ung gita Logical
Number (LN) va Physical Number (PN) gtc ¢6 dugc bing céch ap
dung phuong trinh cia budce 2, s dung LN va vi tri cua né trong trinh
tu tai dédnh s6. Do dé, sy tuong Ung duge trinh bay trong bang 5.9.

Bang 5.9: Banh sd cluster géc {(nhdm chinh 3)

LN cluster Chi sé soéng Cong thie Chi 36" séng mang
subcarrier cluster PN (0) thit ciAp vat ly cluster

32 0-13 3 42-55

33 14-27 6 84-97

34 28-41 53 742-755

35 42-55 20 280293

36 56—-69 45 630-643

a7 70-83 57 798-811

38 84-97 28 392-405

39 - 98-111 19 266-279

Bing 5.10 minh hoa chi s8 n, va chi s§ s6ng mang thit cdp vat ly
tuong ung vdi mdi séng mang thi cdp k trong kénh con s (= 16). BEi
véi mdi séng mang thd cdp, cluster LN cia nhém chinh séng mang
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thit cdp con nay duge sit dung dé tim chi 88 séng mang thd cdp vat ly
{bang 5.9 ciing dugc sif dung). P&i véi tip hgp séng mang th(t cdp diéu
khién cho nhém chinh 3, sif dung cac gid tri bang 5.9 va nguyén ly cta
hinh 5.16 cho nhitng chi s§ val Iy cia mdi cluster cdc séng mang thi
cdp diéu khién. Chi s nay dugc dé xuat trong biang 5.11.

Bang 5.10: Cap phal séng mang thi cap

Chi‘ 54 song mang_thl'{ cip | o, {cOng | chinh lcong thie 5.1} va cluster LN tuwong | vat l§ (sif dung bang 5.
logic ik) trong kénh con| thive 520 l dng (89 dung bang 5.0; va hioh 5.1%
dudec xem x€l (s = 16) :

] o
i Chi 56 song mang thi ofp logic trong nhém | Chi 86 séng mang thy cﬁd

L

' i | Song mang tha cip i Cluster LN -E
0 5 ol En 05
1 iT [ 37 anz
! 18 7H I8 96
3 19 78 33 e
4 Ry a3 3 403
5 il 85 k] 267
3 22 EN 39 274
i 23 a4 39 27k
i 0 3 32 45
E | 5 32 47
Lo z 12 L7 a5
1" 3 14 33 a6
12 4 19 i o
13 5 Fal 33 93
14 B 28 3 1
15 7 Kl 34 743
= 8 35 34 7453
17 9 37 35 a1
18 10 a4 35 288
19 1 6 *» )
20 12 a1 3% B33
21 13 53 3k 27X
a0 14 60 36 bd3
3 15 62 k) £

Bang 5.11: Chi s6 vit Iy séng mang thit cdp di€u khién

Cluster PN Chi §6’ vit 1§ séng mang thi cdp diéu
khién

3 42 va b4

G 84 va 96

53 742 va 754

20 280 va 292

45 630 va 642
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57 798 va 810
28 392 va 404
19 266 va 278

5.4.3.3 Mt (6¢ dj dit liéu tite thii kénh con

Tdec do dit ligu tuong dng véi mot slot (bing mdt kénh con trén hai
slot) bay git s& duge tinh. Mot khodng thoi gian ky hiéu OFDMA 1a
102.9 us (xem cédc tham s6 vi du s6 trong bang 5.6 trong cac phép tinh
muc 5.4.3 va 5.2.4). Mt slot chita 48 séng mang thit ¢dp va 48 ky hiéu
diéu bién. Téc dé dif lidu tde thi cia mot kénh con sau d6 c6 thé duge
tinh. Céc gid tri tim duoc (khong lip lai) duge trinh bay trong béng
5.12.

Bang 5.12: Toc A9 dif lidu tde thai cla mat kénh con {dan vi: kb/s)

HPSK aPsK OPSK 16.0AM 16.0AM G4.QAM G4-0AM
1?2 172 314 172 Y] 3 344
Tde d6 dif héu 1166 1513 3498 w65 | s 9329 | 1oae
Wit the i |

5.4.3.4. Sit dung cdc kénh con dé cap phdt bing théng

Theo dinh nghia, mdt slot ndm trong downlink PUSC gém 48 séng
mang thi cap:

I subchannel X 2 OFDMA symbals = 24 subcarriers’fOFDMA symbo! X 2 OFDMA symbols

= 48 song mang thi cap (hodc 48 ky hiéu diéu bién)

Thong tin vang ditr lidu duge biéu thi trong mot DL-MAP MAC
Management Message cho mdt ngudi ding downlink (OFDMA) la:

m Offsett (khodng dich chuyén) ky hiéu OFDMA. Offset cda ky hiéu
OFDMA trong dé chdp tin hiéu (burst) bAt ddu, dugc do trong cac ky
hiéu OFDMA ti dau khung downlink ma DL-MAP dugdc truyén trong
do.

B Offset ké&nh con. Kénh con OFDMA chi 88 thdp nhit dugce sl dung
dé tai chdp tin hiéu, bat ddu ti kénh con 0.

B S6 ky hiéu OFDMA. S6 ky hieu OFDMA vén dudc sif dung (ddy da
hodic mot phan) dé tai chdp tin hiéu downlink PHY. Gia tri ctla truding
la mat boi 86 clia chiéu dai slot trong cac ky hiéu.

B S6 kénh con. S8 k&nh con véi cac chi sé tiép theo dudc sl dung dé
tai chgp tin hiéu.

Tham $6 DIL_PermBase dugc biéu thi trong IE (Information Ele-
ment) chuyén d6i vung trong mdt DL-MAP biéu thi mét ving chuyén
vi dd cho.



Chuang 5: Su diéu bién s8, OFDM va OFDMA 81
5.4.3.5 Uplink PUSC

boi véi uplink PUSC, cdc kénh con duge dua vao cdce Tiles (xem
hinh 5.18). Mt slot uplink PUSC gém mét kénh con trén ba ky hiéu
OFDMA.
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Hinh §.18: Tile uplink PUSC gdm 12 séng mang thi cap,

5.4.4 Ché dd chuyén vi FUSC

Nguyén 1y chung ciia FUSC (Full Usage of SubChannels) gin gidéng
PUCS, Su khdc biét 1a khong cé viéc phian chia cluster (hoiic tile) caa
cac séng mang thit cdp trude khi cdp phdt kénh con. Mdi séng mang
tht ¢cAp kénh con c6 thé ¢ bil ¢ noi nao trong bang thong.

Trong FUSC, s6 séng mang diéu khién va dir liéu cdn duge phin
bd khac vl PUSC. S6 séng mang thi cdp bdo vé + séng mang DC
{trong trudng hgp cua 1024 FFT) 1a 87 + 86 + 1 = 174. Do dé, s8 song
mang diéu khién va séng mang dif liéu c¢in duge phin bé 14 1024 - 175
= 850).

Cé hai tip hop séng mang diéu khién khong déi va hai tap hgp
song mang diéu khién kha bi&n (phy thudc vao tinh chin 1é ky hiéu
OFDMA). Méi doan sit dung ca hai tip hop tdp hgp séng mang didu
khién kha bién/khong doi.

Pei véi cheé 4o FUSC, mot ky higu 1024-FFT OFDMA duge xem
xét. Ky hiéu nay dudgce chia thanh 16 kénh con méi kénh con gdém 48
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s6ng mang thit cdp, do d6 st dung 14t cad 16 x 48 = 768 sdng mang tha
cdp du lidu. Cac sé6ng mang tha cdp dir liéu duge phan chia ddu tién
thanh cdc nhém séng mang thd cdp gan ké. Sau dé6 méi kénh con
duge x4y dung bing cdch sif dung mdt séng mang thd cdp ciia mbi
nhom, nhu duge minh hoa trong hinh 5.19.
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Hink 5.19: Minh hoa mdl kénh con FUSC

8.4.5 Ché do chuyén vi AMC

Trong ch& do AMC (Adaptive Modulation and Coding), mdt kénh
con gom cédc séng mang thi cdp gidn ké. Don vi cdp phat co ban cho
cac AMC downlink va uplink 12 bin v&n 14 mét tap hgp gém chin sdng
mang thit cAp gan ké bén trong mét ky hidu OFDMA, nhu duge minh
hoa trong hinh 5.20. Tr4i véi cdc k¥ thuat cdp phat kénh con phan bg
(ching han nhu PUSC), cdc séng mang thi ¢dp diéu khién va dit liéu
AMC dugc gan cdc vi tri ¢d dinh. Diéu nay cho phép dé dang hi trg
AAS (Adaptive Antennas System).

N

1 téng didu khién 8 tong di Yiéu

Hinhk 5.20: Cau triic bin
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Mo1 slot AMC gdm sdu bin hodc tuong ducng 48 séng mang thd cip
dir liéu va 6 séng mang thd cidp diéu khién. Mot nhém bén hang bin
lién tuc trong mot ky hiéu OFDMA dudc goi 1a mét dai vat ly. Dai
v6l 1024-FFT, s dai vat 1y sau @6 1a 24 (24 x 4 x 9 = 864 séng mang
thd cdp di liéu va diéu khién cidn duge phan b&). Mot nhém dai AMC
vt 1y 1la mot dai logic. 88 dai logic tdi da duge x4¢ dinh trong 1E cau
hinh Format va c6 thé cé t6i da 24. Vi du, néu cdc dai vat 1y e¢é sdn
duge phan bé trén ba dai logic, d&i vai 1024-FFT, mot dai logic gom
tdm dai vat ly. Nguyén ly chung cua su cdp phit sé6ng mang thi cip
AMC duge minh hoa trong hinh 5.21.
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Hinh 5.21: Minh hga nguyén Iy chung cha sy ¢ip phat song mang thir ¢cdp AMC (sﬁ
sGng mang thit ¢cdp bdo vé danh cho 1024-FFT)

6 bon loai slot AMC (48 s6ng mang thd cdp) v6n 1a t6 hgp gém
s&u bin gan ké:
B Loai 1 (loai mic dinh). M6t slot gém sau bin lién tuc trong mdt ky
hiéu OFDMA.

M Loai 2. Mot slot gdm 2 bin x 3 ky hiéu OFDMA. Loai nay la loai bat
budc duy nhat theo cac profile Mobile WiMAX hién dugc dinh nghia.

M Loai 3. Mot slot gdm 3 bin x 2 ky hiéu OFDMA
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B Loai4. Mot slot gdm 1 bin x 6 ky hiédu OFDMA

B Loai (type) dugc goila N x M, trong do N la s6 bin va M 1a s8 ky
hiéu.

5.4.5.1 AMC (hodc Regular AMC) va Band AMC
Su cdp phdt AMC c6 thé duge thyc hién bing hai co ché:

& Regular AMC (hoac don gian la AMC) dugc ¢ap phat bgi mét tham
chiéu chi s8 k&nh con sl dung DL-MAP va UL-MAP.

B Band AMC |a mot phan clia map HARQ duge dinh kém vdi map
(bdn @) trong vung downlink hoAc uplink. B&i vai AMC, sau bin gan
ké clia mot slot Band AMC phai ndm trong cung mét dai logic.

5.4.8 Ché 48 chuyéa vi TUSC

Diém sta d6i IEEE 802.16 da dinh nghia hai ch& d6 chuyén vi tiy
chon cho downlink: TUSC1 (Tile Usage of SubChannels) va TUSC2.
TUSC1 va TUSC2 danh riéng cho vung AAS trong mét khung FDMA.
Nguyén 1y chung gan giéng véi uplink PUSC. TUSC! va TUSCZ2 khéng
bit budc trong cdc profile WiMAX di dong hién duge dinh nghia.
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Chuong 6

L6p vat ly (Physical)
cua WiMAX

6.1 Cac chuéi truyén vat Iy 802.16

Cac khia canh diéu bign va truyén OFDM dugc mo ta trong chuong
trude 14 nhing khéi tac chinb ciua 16p PHYsical WiMAX. Trong chuong
ndy, mdt s8 phan tl cia cdc chudi truyén cia WiMAX duge mb td cho
cd hai PHY OFDM va QOFDMA.

§.1.1Cac chudi toan cuc

Céc chubi truyén PHY clia OFDM va OFDMA duge minh hoa trong
hinh 6.1 va 6.2. Cdc khéi thi gidng nhau véi sy khde biét nhé la
OFDMA PHY ¢6 mot khai (block) lip lai. Sy diéu bign 13 mot trong
bdn sy diéu bién s8 duge md ta trong chuong trude: BPSK, QISK, 16-
QAM hogc 64-QAM. Sau dé cdc ky hiéu duge diéu bi€n duge truyén
trén cdc séng mang thi c¢&p tryc giao OFDM. Trong phin dudi day,
cdc khél tao ma héa kénh WiMAX duge mé 4.
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Hinh 6.1: Chudi truyén OFDM PHY



86 Chuong 6; |Lop vat Iy (Physical) cla WIMAX

R sl To OEDAA
PHY | d H“vll ; | ....... Par 11T
e L Ranke- wnevder | buter- L Repe- t ‘ Lt

wal ' L A9 O - » “* Mudulation ¥ Subwhamnele.,

! : Do Tl |- -
ETLR AT . . I . JE e | 1
[ imhe 3

P Coaniatti i leaving Litiom 3

[ERTRORITR

Hinh 6.2: Chudi truyén OFDMA PHY

Cac khéi tao cua sy ma héa kénh duge md ta trong muc 6.2. FEC
1a Turbo Code. Ly thuy&t Turbo Code va nhiing thanh phin cd ban vé
cHng dung cia né trong WiMAX cé thé duge tim thdy trong muc 6.3.
Transmission Convergence Sublayer (TCS), dugc dp dung trong OFDM
PHY dugc md ta trong muc 6.4. Sau cung, cdc burst profile cua PHY
OFDM va OFDMA, mat khéi tzo quan trong ciia 16p MAC IEEE 802.16
duge mo ta trong muc 6.5.

6.2 Ma héa kénh

Lién k&t v6 tuyén (radio link) 12 mot lién két thay déi nhanh,
thudng bi nhiéu 16n. Ma héa kénh {channel coding), vén c6 cdc tdc vu
chinh 1a ngain va sda cdac 161 truyén clia cac hé thing khong day, phai
c6 mot hidu sudt rat 161 A6 duy tri cdc t8c do di lidu cao. Chudi ma
héa kénh 802.16 gdm ba budc: randomiser (b9 ngdu nhién héa), For-
ward Error Correction (FEC) va interleaving (xen ké&). Ching duge 4p
dung theo thif ty nay lic truyén. Cac hoat ddng tuong Ung tai by nhén
duoc dp dung theo thir tu ddo nguge. Viée phét hién 161 duge nhén ra
bang HCS va CRC (xem chuong 8).

6.2.1Ngau nhién hoa

Ngdu nhién héa (randomisation) gigi thiéu su bao vé thong qua
tinh khéng chdc chdn vé ly thuyét thong tin, trdnh cde chudi dai céc
s6 khong lién tuc. N6 ciing hitu dung d&i v6i viée tranh cdc chudi dir
li¢u khéng tdp trung. Viéc ngiu nhién héa dir lieu dugc thyc hién
trén mdi chép da liéu downlink va uplink. Néu lugng dir liéu dé
truyén khong vira chinh xéc véi lwgng dir ligu duge cdp phdt, padding
0xFF (chi “cdc s6 mét”) duge thém vao cudi khdi truyén. Bd tao
Pseudo-Random Binary Sequence {PRBS) duge stt dung dé ngéu nhién
héa dugc minh hoa trong hinh 6.3. Mdi byte dit liéu cin truyén di vao
bo ngiu nhién héa theo trinh tuy véi Most Significant Byte (MSB) dau
tien. Cdc preamble (phdn md d4u) khong dugc ngdu nhién héa. Trinh
ty ngiu nhién héa dugc dp dung chi vio cde bit théng tin,
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Hinh 6.3: BG tao PRBS dugc sif dung dé ngdu nhién hoa dir 1iéy trong PHY OFDM va
OFDMA.

Shift-register (b ghi dich chuyén) cia bd ngdu nhién héa duge
khdi tao cho mdi lan cdp phat chdp tin hidu méi. PDsi véi OFDM
PITY, trén downlink, b§ ngdu nhién héa (randomiser) duge khdi tao
lai tai dau mbi frame (khung) véi day: 1 001010 10000000.
Randomiser khong duge lip lai o ddu chép tin higu 1. O ddu cac chép
tin hi¢u ti€p theo (bil diu tir chdp tin hidu 2), radomiser dugc khgi
Lao vé1 vector duge minh hoa trong hinh 6.4. PRBS nay tao mét day
Pscudo-Noise (PN) ¢6 chiéu dai 2 luy thita 15 - 1. S6 frame duoe si
dung dé khéi tac tham chidu dén frame ma chép tin hiéu downlink
duge truyén trong dé. BSID la dinh danh BS va DIUC 14 bd chi bde
burst profile (xem chuong 9). D3i véi nhitng truting hop khde (uplink,
OFDMA), cdc chi tiét ¢6 thé duge tim thdy trong chudn. Cac bit duge
cdp phdt tir randomiser sau dé duge dp dung vao bd ma hea FEC.
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Hinh 6.4: Vector khdi 120 downlink hd ngﬁu nhién hda OFDOM cho chdp tin hiéu
2,....N.
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6.2.2 Cac ma Forward Epror Corpection (FEC)

Pai véi OFDM PHY. cdce kidu ma hoa FEC la:

® Concatenated Reed-Sclomon Convolutional Code (RS-CC). Ma nay
bAt budc trén ca uplink ([An downlink. Né gém viéc ghép ma ngoai
Reed-Solomon va ma trong chap tudgng thich tdc dé (xem bén dugi).

® Convoliutional Turbo Codes (CTC) {tuy chon).

m Block Turbo Coding (BTC) {tuy chon}. B&i vdi Turbo Coding, xem
muc 6.3 bén dudi.

Burst profile manh nhit hodic tuong duong ché do mid héa manh
nhit phai duge s dung khi yéu cau truy cAp mang va trong chdp tin
hiéu FCIH (xem chuong 9 dé biét thém chi tiét vé chdp tin higu FCH).
boi véi OFDMA PHY, cdc kiéu ma hoa FEC la:

m (Tail-biting) Convolutional Code (CC). Ma nay bat budc theo chudn
802.16. Theo céac profile WiIMAX, chi Zero-Tailing Convolutional Code
{ZT CC) thi bat bude.

m Convolutional Turbe Codes (CTC). Ma nay tly chon theo cac chuan
802.16. Tuy nhién, theo cac profile WiMAX di déng, CTC thi bat
budc.

M Block Turbo Coding (BTC) (tuy chon}.

m Cac ma Low Density Parity Check (LDPC) (tuy chen).

Kiéu ma héa RS-CC bay gis sé duge md ta. Kiéu ma héa WiMAX
Turbo, BTC va C1'C sé dugec md ta trong muc tiép theo.

0.2.2.1 RS-CC (Reed-Solomon Convolution Code)

bédi véi OFDM PHY, kiéu ma héa RS-CC duge thue thi biing cach
trude tién chuyén dif liéu theo dinh dang khé&i (block) qua by ma héa
(encoder) va sau dé chuyén né qua mdt bd méa héa chip (xem hinh
6.5).

Daliéuiibongdu | ()yter code | funer code : Du héu duge
nh}% Revd-Satomon | Consolutionad manos
(RS encoder code 1007
encoder

Hinh 6.5: Minh hga b8 mi héa RS-CC clia OFDM PHY

Cac ma Reed-Solomon duge si dung trong nhiéu hé théng truyén
thong va nhing dng dung khdc. Viée stta 16i RS hoat dong bing cach
thém mot sb bit du thira vao day dir lidu s6. Didu nay duge thye hién
bang cach ldy miu qud mic mot da thie duge tao tir dit lidu chua ma
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héa. Pa thic duge lugng gid tai mot s& diém vao sau dé nhifng gid tri
nay duoce gdi (hoae duge ghi), Bing cach 14y mau da thic nhiéu hon
muc can thiét, bé nhan ¢é thd phue hdi da thie goc dudi sy hién dién
cua mot s 161 tuong d6i thap.

Ma Reed-Solomon duge xdc dinh 1la RS(N.K) véi cdce ky hiéu T-bit.
Cdc diém dir lidu duge g6i dudi dang cde khéi duge ma héa. Tong so
ky hiéu T-bit trong mot khoi duge ma héa 1a N = 2T-1. Do do, md
Reed-Solomon hoat dong trén cdc ky hiéu 8 bit ¢6 N = 2%- 1 = 255 ky
hiéu trén moi khoi duge mi hou. S¢ K, K < N cua ky hiéu dir liéu
khong ma hdéa trong khdi 1a mot tham sd thiét k€. Vi vay, s ky hiéu
tinh chin 1¢ duge thém la N - K ky hidu (mdi ky hiéu T-bits). Bo giai
ma {decoder) RS ¢6 thé hiéu chinh lén dén (N - K2 ky hiéu vén chia
médt 161 trong khéi duge ma hoa.

Bo ma hoa RS cua OFDM PHY duge biéu thi la mot (N, K) =(255,
239 ma ¢6 kha ning hiéu chinh lén d&n tam 151 ky hiéu méi khéi.
Ki¢u ma hoa Reed-Solomon nay si dung GF(2%), trong dé GIF 1a todn
tr Calois Field. Bé mA héa va bd giai ma Reed-Solomon doi hoi sd
hoc 1ruong Galois. Céc da thie sau day duge sif dung cho ma hé théng
OFDM RS, mét ma RS lam cho di liéu khdng thay déi trude khi thém
cac bit chin lé:

Da thie b tao ma: wo oo v Pe- Ao b oo B0 2 0,
P Jvre bd tao trudng: pe o e e 0

Tde 1o ma héa cia bd ma héa RS OFDM PIY sau d6 1a 239/255
(rat gdn mot). Chudn bidu thi rdng ma ndy ¢é thé duge rit ngin va
duge dinh xuyén dé bét cdc kich ¢ khdi kha bién va nhing tinh
ning hi¢u chinh 161 kha bién.

M4 chip c6 mot tdc ddo mi hoa goe 1a 1/2 nhu duge minh hoa trong
hinh 6.6. B6 ma hoa chap {(convolutional encoder) la mgt bé ma hoa
chip két thie zero, Mt byte dudi 0 x 00 duge thém vao cudi modi chép
tin hiéu, cin dé gidi ma phép tinh chuin s6 hoc. Cdc miu ddnh xuyén
duge dinh nghia trong chudn ¢é thé duge s dung dé nhin ra céc toe
dd ma sau day: 2/3, 3/4 va 5/6.
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Hinh 6.6: Bd ma hda chdp co tdc da 1/2.

b&i véi OFDMA, bd ma héa chap cling 1a bé mi héa duye minh hoa
trong hinh 6.6. Thu tuc HARQ (duge mé ta trong chuong 8), trong bién
thé IR {Incremental Redundancy) cia né st dung bén khdi FEC khac
nhau cho mdi khadi FEC khong ma héa. Diéu nay duge nhidn biét bing
cdch st dung cdc mau danh xuyén khdc nhau, M6l khoi FEC duge
nhdn dang bai mdt SPID (SubPacket IDentifier).

B6 mi héa ma chip zero-biting cua OIFDMA {(dugce goi don gian la
CC) lam viée nhu sau: cde bd nhdé bd ma héa chip duge khoi tao boi
{sdu) bit dd liéu cudi cling cha khdi FEC duge ma héa (cdc bit dir ligu
khé&i duge danh s b* - 5,...,b"). Bd ma hdéa chdp OFDMA PHY nay cé
thé sit dung ky thuiat Zero-Tailing Convolutional Coding (ZT CC).
Trong trudng hop nay, mét byte dudi 0 x 00 & cudt duge thém vao mdi
chdp tin hidéu. Byte dudi ndy duge thém sau khi ngau nhién héa.

6.2.3 Interieaving

Interleaving (xen k&) duge st dung dé bio vé su truyén khdi cdc
day dai 161 lién tue vén rdt kho sia chita. Cdc day 16i dai nay cé the
anh hudng dén nhiéu bit trong modt hang va do d6 ¢6 thé lam ton thit
nhiéu tin hiéu chép duoe truyén. Bing cdch dua vao mdt sy da dang
nao do, interleaving ¢6 thé lam dé dang viéc sua chira 18i. Cdc bit 161
duge ma héa duge xen ké bdéi mét inter-leaver (bd xen k&) khdi véi
mot kich e khdi tuong ung véi s6 bit md héa mo6i kénh con duge cidp
phat trén mdi ky hidu OFDM. Interleaver gdm hai budec:

B Phan phéi cac bit dugc ma héa trén cac sdng mang thi cdp. Mot sy
chuyén vi dau tién bdo ddm cac bit ma héa gén ké dugc anh xa
sang cac séng mang tha cap khdng gan ké.
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Bm Sy chuyén vi thii hai bao dam cac bit ma héa gan ké dudgc anh xa
xen k& sang cac bit hau nhu quan trong clia chom sao, do do tranh
cac chiéu dai bit cé dé tin cay thap.

6.2.4 Repelition

Repetition (sy lip lai) dd dugc thém bdi diém sita déi 16e cho
OFDMA PHY. Chuidn xdc dinh ring né c6 thé duge sir dung dé tang
thém gidi han tin hiéu trén cde c¢o cidu diéu bién va ¢ cdu FEC.

Trong trudéng hgp cua ma héa lap lai, R = 2, 4 hoac 6, 56 slot duge
cap phdt (Ns) sé 1a mot bdi s6 nguyén cua hé sd lip lai R cho uplink.
Poi v6i downlink, s8 slot duge edp phat (Ns) sé ndm trong diay R x K,
R x K + (R - 1), trong d6 K 14 sb slot bat buac trude khi ap dung so db
ldap lai. Vi du, khi khai slot bit bude trude khi lap lai la 10 (= K) va
viée 14p lai R = 6 duge dp dung cho viée truyén chdp tin hidu, sau dé
56 slot duge cAp phdt (Ns) cho chdp dif lidu c6 thé la tir 60 slot dén 65
slot.

D@ lidu nhi phAn nim via trong viing ma héa lip lai duge giam bdi
hé s R so v6i vung khong lidp lai cha cdc slot ¢6 cung kich ¢& va loai
ma FEC. Sau FEC va bit-interleaving, du liéu dugce phén doan thanh
cdc slot va mé6i nhom bit duge d4n dinh dé nim vira trong mdot slot
duge lap lai R ldn dé hinh thanh R slot gdn ké theo sau thi tu slot
chudn vén dugc s dung dé¢ dnh xa du lidu.

So dé lap lai nay dp dung chi vao su diéu bién QPSK, duge 4p
dung trong tal cd s dd6 mid héa ngoai trit HARQ véi CTC.

6.3 Turbo Coding

Cdc ma turbo 1&4 mét trong vai ma FEC gan dat dén gidi han
Shannon, giéi han ly thuyét cia tée dd truyén théng tin toi da trén
mot kénh dn. Cdc mé turbo da duge dé xudt bdi Berrou va Glavieux
(tt ENST Bretagne, Phap) trong nam 1993. Tinh ning chinh cda cdc
méa turbo lam cho ching khic véi cdc ma FEC truyén théng la si
dung hai m#a sda 16i va mot interleaver. Sau dé, viée gidi ma duge
thuc Rién mét cdch lap lai tAn dung hai ngudn thong tin.

Su truyén dir lidu duge ma héa nhu sau (xem hinh 6.7). Ba khoi bit
duge goi. Khai thd nhat 1a khéi dir licu duge ma héa m-bit. Khoi tha
hai la n/2 bit chin ¢ duge thém theo trinh ty cho dr lidu tai trong,
duge tinh todn bang cdch st dung mét ma chip. Khéi con thi ba la
n/2 bit ch&n 1& khac duge thém theo trinh ty chuyén vi da biét cia dir
lidu tdi trong cling duge tinh todn bang cach st dung ma chap. Do dé,
hai khdoi bit chdn ¢ du thita khdc nhau duge thém vao tai trong duge
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gdi. Khoi hoan chinh ¢6 m + n bit dit lidu v61 tée dd ma la m/im + n),
nhu duge minh hoa trong hinh.

R,
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Hinh 6.7: Tao trinh ty duge ma hoéa turbo

Tién trinh giai ma di liéu 1A ti€n bd 16n cha cde ma turbo. Kha
nang nay dugc st dung dé tian dung cdc diém khde biét gita hai bd
gidi ma (decoder). Nhiing ngudi phat minh ra ma turbo thich so sanh
vdi viéc gidi cdc tro choi & chit qua edc phuong phdp nim ngang va
thang ding.

Méi trong hai b giai mid chdp tao mét gid thuyét v6i nhitng kha
niang dan sudt: ddi vdi diy m-bit duge goi 12 mdt xdc sudt posteriori
(APP). Ly thuyét va ciac bit chiin leé (duge tinh todn lai) trinh tu duge
nhan duge so sadnh va, néu ching khéde nhau, by gidi ma trao doi cic
kha niéng duge dan suat ma no ¢6 cho mdi bit trong gidi thuyél. Mot
tién trinh lap lai duge chay cho dén khi hai b giai ma chip dua ra
cung mot gid thuyét cho diy m-bit. 88 bit thudng la 10.

6.3.1Convolutional Turbo Codes (ETC)

Cé cdce 16p ma turbo khde nhau. Convolutional Turbo Codes (CTC)
duge dinh nghia la FEC tuy chon cho PHY OFDM va OFDMA. Déi véi
OFDMA PHY, CTC cé thé duge stt dung dé hé trg Hybrid ARQ tuy
chon (HARQ, xem chuong 8). Theo cdc profile WiMAX di dng, CTC
bit budc cho OFDMA PIIY. Mot téng quan ngén gon vée CTC dugc
dinh nghia cho OFDMA PHY duge trinh bay & day.

Bo ma héa CTC, ké ca bdé ma héa thanh phin cia né duge minh
hoa trong hinh 6.8. N6 st dung mgt Circular Recursive Systematic
Convolutional Code nhi phan kép. Céc bit dif liéu ean duge ma héa
duge ludn phién cung cdp cho A va B, bit dau vdi MSB cla byte dau
tién duge cung cAp cho A. Bd mi hoa duge cung cAp cho cae khéi k bit
hoiic N ¢iip tk = 2N/bits). Ddi vdi tal cd kich ¢d frame, k 1a mot boi so
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cua 8 va N la mdt bdi 86 cua 4. Do do, M duge gisi han chi trong 8 <
N/g = 1024,
A
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Hinh 6.8: B§ ma hda OFDMA PHY Convolutional Turbo Code (CTC).

Kich ¢ khdi mé héa phu thude vao s6 kénh con duge cap phat va
sy diéu bién duge xéc dinh dé truyén. Viéc ghép mdt s§ kénh con
phdi dugc thuc hién dé tao cdc khdi ma héa Ién hon véi gigi han
khong chuyén cdc khéi I6n nhét bén duéi cung mét tdc dd ma hda.
Quy tac ghép khong nén duge st dung khi sit dung HARQ. Mot bang
cung cap s0 kénh con duge ghép duéi dang moét ham cGa s6 kénh con
duge cho trong chuin.

Hinh 6.9 minh hoa mt so d6 khoi cda viée tao géi con TCT. Tir ma
duge ma hdéa CTC véi tde A0 mi héa 1/3 di qua khai interleaving (xen
k&) v& viée ddm xuyén duge thyce thi. Cdce cdu tréec FEC duge dé xudt
trong chudn ddm xuyén tif ma me dé tao mét géi con (subpacket) ¢é
cée toc d6 ma héa khdce nhau: 1/2, 2/3, 3/4 va 5/6. Géi con ciing c6 thé
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duge su dung lam viéce tao géi HARQ (véi cde SPID khdc nhau). Chiéu
dai cda géi con duge chon theo tée d6 miA héa cin thiét phdn 4nh
diéu kién kénh, day 1 su thich (ng lién két).

1

Y

B$ ma héa CTC 1/3

l

B¢ xen ké (interleaver}

Hinh 6.9: S¢ d6 khdi cha
viéc tap gdi con.

Kha&i ddnh xuyén
{puncturing block}

6.3.2 Block Turho Cotes (BTE)

Block Turbo Codes (BTC) duge dinh nghia 1a mdt FEC thuy chon
cho PHY OFDM va OFDMA. BTC ciing tiy chon trong cdc profile
WiMAX.

Boi véi PHY OFDM va OFDMA, BTC dya vao tich cda hai ma
thanh phan don gian von la cdc ma Hamming md rong nhi phan hoac
¢de mé kiém tra tinh chdn 18. Cdc mi khong giéng nhau cho hai PHY.
Cac mid thanh phan BTC cia OFDM duge trinh bay trong bang 6.1.
Cac ma thanh phdn dugc sit dung trong mot dang ma trdn hai chiéu
duge minh hga trong hinh 6.10. Cdc bit théng tin k_trong cdc hang
duge md hoa thanh n_bit bing cdch su dung mi khoi thanh phén (n,,
k ) duge xae dinh Lrong cac chuin cho mi téng hop tuong ng. Sau khi
ma héa cdc hang, cdc ¢dt duge md héa biang cdch si dung mot ma
khéi (n, k), noi cdc bit kiém tra cia mé dau tién cang duge ma héa.
Toan bo kich ¢d khdi cia mdt ma tich nhuvay lan=n_ n,, tdng sd bit
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thong tin k = k_k_va tocddmalaR = R& R,trong d6 R, =k/n,1=x,
y. Thu ty bit Ao l1eu cho ma tran BTC tong hdp dugc dmh nghia sao
cho bit dau tién trong hang dAu tién la L.SB (Least Significant Byte)
va bit di liéu cudi cing trong hang dir liéu cudi cung 1la MSB.

Bang 6.1: Cac ma thanh phin BTC cia OFOM PHY.

Ma thanh phan (nk) Loai ma
164,57) Ma Hamming md rong
(32,26) Ma Hamming md rong
(16,11) Ma Hamming md ring
(64,63} M4z kiém tra tinh chin lé
(32,31) Ma kiém tra tinh chdn lé
(16,15) Ma kiém tra tinh chén lé
(8,7) Ma ki€m tra tinh chén lé
Hy
« >
A A
Céc bit théng tin Cac"l;ié’m Ky
H.
v
Cac kiém tra
\c kil tréncac
Cac kiém tra ki€m tra
< S

Ky
Hinh 6.10; BTC va cdu tric BTC dugc ril ngdn.

Dé tuong hop mot kich ¢d goi bit bude, cdc BTC ¢6 thé duge rut
ngin bing cdch loai bé cde ky hiéu ra khoi mang BTC. Trong trudng
hgp hai chiéu, cdc hang, cot hodc cdc phdn ¢6 thé duge loai bo cho
dén khi dat duge kich c& thich hgp.
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6.3 Transmission Cenvergence Sublayer (TCS)

Transmission Convergence Sublayer (TCS) duge dinh nghia trong
16p PHY OFDM va ldp PHY Non-WiMAX SC. TCS dugc dat gitia cac
16p MAC va PHY. Néu TCS dudgc bat, 1'CS chuyén d6i cac PDU MAC
¢6 kich ¢ khd bi&n thanh cic khdi FEC ¢é chiéu dai thich hop duge
goi 1a TC PDU. M6t hinh minh hea vé TC PDU duge trinh bay trong
hinh 6.11. Mat byte pointer duge thém vao dau mdi TC PDU, nhu
duge minh hoa trong hinh. Pointer nay biéu thi header eia MAC PDU
dau tién.

'

X : MACG PDU }
P MAC POUda © MAC PDU dautién this hat KRB 5
P khdi dong trong | dakhdiddéng trong d6ng Irong i
; goi TC trude gd TC nay 961 TC nay |

I B ! )

O B

Transmissinn Convergence sublayer (TC) POU
Bt Hyte poander Dl
Hinh 6.11: Dang caa PDU I6p con Transmission Convergence downlink,

TCS 14 mbét co ché tuy chon cho OFDM PHY. N6 ¢6 thé duge bat
trén co s tién chdp tin hiéu (preburst) cho ea uplink va downlink qua
cdc dinh nghia burst profile trong cac thong bdo bd mé ta kénh uplink
v downlink (UCD va DCI). Tham 6 TCS ENABLLE duge mia héa
duéi dang motl tuple TLV trong cdc kidu ma héa burst profile DCD va
UCD (xem cac chuong 8 va 9 dé biét chi tiet vé TLV va UCD/DCD).
Lic khdi tao S8, kha nang TCS duge thuong lugng gida BS va 5S qua
cdac thong bdo SBC-REQ/SBC-RSP MAC duégi dang mdt tham sd riéng
higt OSDM PHY. TCS khong duge dua vao lGp PIIY OFDMA.

6.5 Burst Profile

Burst profile la mét cong cu ¢ ban trong l6p MAC chudn 802.16.
Su cdp phdt burst profile thay d6i dong va c6 thé rat nhanh néi vé
viée truyén vat ly. O day cac tham s& cua cdc burst profile coa WiMAX
duge tém tiAt. Cdc burst profile duge si dung cho thu tuc thich ting
lién két. Viée st dung cde burst profile va thu tuc thich tng lién két
s¢ duge trinh bay thém chi tiét trong cdc chuong 9 va 10.

6.5.1¢ac tham sd Burst Profile Downlink

Cdc tham sé burst profile c¢ia sy truyén downlink cho cde lép
PilYsical OFDM va OFDMA duge dé xuidt trong bang 6.2. Tham s6
FEC thuyc t& 14 Modulation and Coding Scheme (MCS). Boi véi OFDM
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PHY, c¢6 20 t6 hop diéu bign MCS (BPSK, OPSK, 16-QAM hoiic 64-
QAM), kiéu ma héa (CC, RS-CC, CTC hoac BTC) va téc dd ma héa (1/
2. 2/3. 3/4 va 5/6). MCS s dung hidu qua tan s8 nhdt (va sau d6 kém
manh nhat) 1a 64-QAM (BTC) 5/6. Bai véi OFDMA PHY. ¢6 34 3 hgp
diéu bi&n MCS (BPSK, QPSK, 16-QAM ho#c 65-QAM), kifu ma héa
(CC, ZT CC, CTC, BTC. CC vdi interleaver tuy chon) va téc dé ma
héa (1/2, 2/3. 3/4 va 5/6). Downlink Interval Usage Code (DIUC) la bo
mo ta su dung chép tin hiéu (xem chuong 9) vén bao gém burst pro-
(ile.

Bang 6.2: Cdc tham s6 burst profite downlink cho cdc 1Gp PHYsical OFDM va DFDMA

Tham s& burst profile Mo ta
Tan s6 (tinh bing kllz) Tan s6 downlink
Loai ma FEC Modulation and Coding Scheme

(MCS); ¢6 20 MCS trong OFDM PHY
va 34 MCS trong OFDMA PHY (nhu
duge cap nhdt trong 802.16c)

Ngudng thoat bat buée DIUC CINR tai hodc dudi noi burst profile
nay c¢6 thé khong con duge s dung
nifa va noi ddi héi sy thay déi burst
profile manh hon (nhung cing su dung
tan sg it hidu qud hon) duge biéu dién
bing cdc don vi 0.25 dB. Xem chuong
9 dé& biét chi tiét vé DIUC.

Ngudng vaoc 161 thidu DIUC CINR t6i thiéu duge biat bude dé bit
ddu sit dung burst profile nay khi thay
ddi tir mét burst profile manh hon,
duge bidu dién bang cdc don vi 0.25
dB.

'TCS_enable (chi OFDM PHY)  Md hodc tdt TCS
6.5.2 Cac tham sd Burst Protile Uplink

Cédc tham 58 burst profile ciia sy truyén uplink cho OFDM PHY va
OFDMA PHY dugc dé xudt trong cdc bang 6.2 va 6.4.

Bang 6.3: Cdc tham sd burst-profile vplink cho |6p PHYsical OFDMA

Tham s8 burst profile Mo ta
Loai FEC va loat diéu bidn Co 20 MCS trong OFDM PHY

Tang cdng suat tranh chap hdi tu  TaAng cong suat tinh bing dB cda
cdc s6ng mang tranh chap hoi tu
(xem chugng 10)

TCS_enable Mg hodc tdt TCS
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Bang 6.4; Cac tham s6 burst protile uplink cho 16p PHYsical OFDMA

Tham s6 burst profile Mo ta
Loai FEC va loai diéu bién Co6 52 MCS trong OFDMA PHY

Ti s8 dit lidu xdc dinh pham vi Hé s8 gidm tinh bing cac don vi 1
dB gita cong suit duge sit dung cho
chdp tin hiéu nay va edng suat duge
su dung dé xdc dinh pham vi
CDMA (xem chuong 11), duge ma
héa dudi dang mdt s6 nguyén co
dau

6.5.3 Thich «ng lign két MCS

Su lya chon gitta cdc burst profile khdc nhau hoic tuong duong gira
cdec MCS khdc nhau la mét ¢dng cu manh mé. Cu thé, chon MCS
thich hgp nhit cho trang thai ciia kénh vo tuyé&n, Ltai mdi khodng thoi
gian dan dén mot tde do dif lidu trung binh tdi uu (cao nhit). Pay la
cdi duge goi 1a thu thich dng lién két. Cdc chuong tiép theo md td
nhitng thi tuc MAC dugc st dung dé thuc thi sy thich dng lién két.
Bédn than thuit todn thich dng lién két khéng duge biéu thi trong
chuén 802.16. Né dé lai cho nha cung cdp hodc nha van hanh.

Cac 46 16n cda cdc ngudng SNR ¢6 thé duge 1y tir bang 6.5 dugc
dé xudt trong chuidn cho mot s6 diéu kién test. Cdc ngusng SNR nay
danh cho mot BER, Bit-Error Rate duge do sau FEC, vin nhd hon
104,

Bdng 6.5: Cic gid dinh ngudng SNR dugc nhéin

Diéu bién Téce ddo mi héa Ngudng SNR caa
bd nhin (dB)
BPSK 1/2 6.4
QPSK 1/2 94
QPSK 3/4 11.2
QAM-16 1/2 16.4
QAM-16 3/4 18.2
QAM-64 1/2 22,7

QAM-64 3/4 24.4
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Bang 6.4: Cac tham sé burst profile uplink cho 1Gp PHYsical OFDMA

Tham s& burst profile Mé ta
Loai FEC va loai diéu bién Cé6 62 MCS irong OFDMA PHY

Ti 88 dit liéu xdc dinh pham vi  Hé s& gidm tinh bing cac don vi 1
dB gifa ¢cong suat duge sit dung cho
chdp tin hiéu nay va cong suit duge
sd dung d€ xdc dinh pham vi
CDMA (xem chuung 11), dugec ma
héa dudi dang mdt s6 nguyén co
dau

6.5.3 Thich Gng lién ki1 MCS

Sy lua chon gida cde burst profile khac nhau hoac tuong ducng gita
cac MCS khdc nhau 1a mdt eéng cu manh mé. Cu thé, chon MCS
thich hgp nhal cho trang thai ciia kénh vé tuyén, tai méi khoang thai
gian dan dén mot toc do di lidu trung binh tdi uu (cae nhit). Bay la
cai duge goi la thu thich dng lién két. Cac chuong tiép theo mo ta
nhitng thi tue MAC duge st dung dé thuc thi sit thich ing lién két.
Bdn thin thudt todn thich (ng lién két khéng duge biéu thi trong
chuin 802.16. N6 @& lai cho nha cung ¢ap hofe nha vdn hanh.

Cdc d§ 16n cua cac ngusng SNR ¢6 thé duge ldy L bdng 6.5 dugc
dé xudt trong chuin cho mot s didu kién test. Cac ngudng SNR nay
danh cho mot BER, Bit-Error Rate duge do sau FEC, vén nhé hon
104,

Bang 6.5: Cac gia dinh ngudng SNR dugc nhéin

Piéu bién Toc do ma hoéa Ngudng SNR cia
bé nhan (dB)

BIPSK 1/2 6.4

QPSK 1/2 9.4

QPSK 3/4 11.2

QAM-16 1/2 16.4

QAM-16 3/4 18.2

QAM-64 1/2 99.7

QAM-64 3/4 24.4



Chugng 7: Convergence Sublayer {CS) 99

Phan 3
Pa truy cdp WiMAX
(16p MAC) va sy quan | QoS

Chuong 7: Convergence Sublayer {CS)

Chugng 8: Céc chic ndng MAC va Frame MAC

Chugng 9: MO ta sy da truy cdp (Multiple Access) va Burst Praofile
Chuong 10: Cic c¢o cAu cAp phat v y8u cdu bang théng Uplink
Chudng 11: Quan ly viéc nhdp vdo mang va chit lvgng dich vy (QoS)
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Chuong 7
Convergence Sublayer (CS)

7.1 CS trong cau triic giao thiic 802.16

Convergence Sublayer (CS) danh riéng cho dich vy thudng duge
gol don gian la CS, 1a 16p con (sublayer) trén cing cua l6p MAC trong
WiMAX/802.16 (hinh 7.1). CS chdp nhan cdc PDU 16p cao hon tir cdc
I6p cao hon va chuyén ching d&n MAC CPS noi cde thi tuc MAC kiéu
dac trung duge dp dung (xem chuong 8). Phan loai va dnh xa cdc
MSDU thanh cdc CID (Connection IDentifier} thich hgp do CS thuc
hién 1a cdc chidc nang c¢d ban cia cde co cdu QoS clia WiMAX/802.186.
Trong s6 nhiing chie ndng khac clia CS 1a Payload Ieader Suppres-
sion (PHS), ti€n trinh khit cdc phan lap lai cha cdc header tai trong
Lai bo gdi va phuc héi cdc header tai bd nhan. Viéc phin loai va dnh
xa duge thye hién bdi moét module quan Iy QoS cho phép tan dung toi
da nhing tinh niang 16p PHYsical khde nhau duge trinh bay trong hai
chuong trude cua sdch nay.

Trong phién ban hién tai cila chuidn 802.16-2004, ¢6 hai théng sd
CS . Théng s§ CS dau tién 1a ATM CS. Asynchronous Transfer Mode
(ATM) CS la mét giao dién logic két hgp cdc dich vu ATM khac nhau
vii MAC CPS SAP. ATM CS chilp nhén cdc cell ATM ti lép ATM,
thue hién viéc phan loai va PHS néu duge du phong. Sau dé6, ATM CS
goi cdc CS PDU dén MAC SAP thich hgp.
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Hinh 7.1: Cac 16p giao thidc cia chuin BWA 802.16.

Thong s& CS kia la packet CS. Packet CS dugc s dung dé van
chuyén tdt cd giao thice dua vao goi (packet) chéng han nhu Internet
Protocol (IP), IPv4, IPv6. Point-to-Point Protocol (PPP) va chuin IEEE
802.3 (Ethernet). Classification va PHS ciing duge dinh nghia cho
packet CS.

Chuan cho bigt riing cdc CS khic ¢6 thé duge xdc dinh trong tugng
lai. Bay gio sy thuc thi ATM CS khéng duge hoach dinh mac di né
duge néu chi tiét trong chudn. Trong phan con lai eda chuong nay, chi
packet CS dugc xem xét.

7.2 Cac ndi két va dong dich vu

CS cung cdp bat k¥ sy van chuyén hoidc d4nh xa dif lidu mang ngoai
duge nhan qua CS Service Access Point (SAP) vao cdc MAC SDU
duge nhdn bdi MAC Common Part Sublayer (CPS) qua MAC SAP
{xem hinh 7.1}. Diéu nay bao gdm phan loai c¢dc Service Data Unit
{SDU) mang ngodi va két hop chung véi MAC Service Flow Identifier
(SFID) va Connection Identifier (CID) thich hgp. Sau dé, su phan loai
va dnh xa dua vao hai khdi niém co ban lép MAC 802.16:

® Connection (ndi két). La mot néi két cdp MAC gilta mot BS va
mot SS (hode MS) hodc ddo nguge. N6 (a sy anh xa mot chidu gilta
cac peer MAC BS va SS cho muc dich van chuyén luu lugng chia
mét dong dich vu (service flow}. Mot ndi k&t chi danh cho mét loai
dich vy (vi du ti€ng noi va email khéng thé ndm trén cung mot ndi
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k&t MACY. Mot néi két duge nhan dang bdi mt CID (Connection
IDentifier), théng tin dugc ma hoa trén 16 bit.

m Service flow {dong dich vu). Service Flow (SF) la mot dich vy van
chuyén MAC cung cap sy van chuy&n cac géi theo mét chiu trén
uplink hodc trén downlink. Mét service flow duge nhan dang bdi mot
SFID (Service Flow iDentifier) 32 bit. Service flow dinh nghia cac
tham s8 QoS cho cac goi (PDU) vdn dudc trao ddi trén noi két.

Hinh 7.2 minh hoa méi quan hé gita SFID va CID. Méi quan hé
gitta cd hai nhu sau: chi cdc service flow duge thifa nhin va duge kich
hoat {(xem cdc dinh nghia bén du6i} duge d4nh xa sang mét CID, nghia
1A mdt CID 16 bit. Néi cdch khde:

Service Tl e T Connection

- 1
Hinh 7.2: Su tudng Gng gida CI0 va SFID

# Mot SFID tuang hgp vdi zero (cac service flow dugc du trir} hoac vai
mot CiD (service flow dugc thira nhén hodc dugc kich hoat).

a Mot CID anh xa sang mot service flow identifier (SFID) von dinh
nghia cac tham s6 QoS cua service flow dugc két hgp véindi ket do.

Céc dinh nghia cia connection va service flow trong chuin 802.16
cho phép cde 16p QoS khac nhau duge tim thdy dé dang trong mot
phan t& nao @6 (SS hoic BS) vdi cac cdp kich hoat khde nhau (xem
hinh 7.3).

Service Flow 1

fService Flow2 7

Classmer

. Service Flow 3

Service Flow 4

Service Flow 5 b

Hinh 7.3: Minh hoa tdc service flow va cennection
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1.2.1Connection dentifier (CID)

Connection IDentifier (CID) nhidn dang mét ndi két ma moi MAC
SDU clia mdt dich vy truyén thong nao dé duge dnh xa vao. CID la
mot gid tri 16 bit, nhan dang no6i két mot chiéu gilfta ecdc peer tuong
duong trong cdc lép MAC ciaa mdt BS va mot SS.

Moi tuu lugng 802.16 duge tdi trén mét ndi két. Sau dé, CID ¢6 thé

duge xem 1la mdt dinh danh néi két (connection indentifier) tham chi
cho luu lugng khdng ndi két mot cdach danh dinh nhu IP, vi né dugdc sk
dung lam mot pointer dan sang cdc dich va théng tin ngt canh. Viéc
st dung CD 16 bit cho phép téng cong ndi két 64K trong mdi kénh
downlink va uplink. Cé mot s6 CID duge dinh nghia trong chuin (xem
béng 7.1). Mot s6 CID ¢é mot y nghia riéng biét. Mot s8 thi tuc duge
gigi thiéu trong bang nay, chang han nhu xdc dinh pham vi (ranging),
quan ly c¢o ban, chinh va phu. AAS va nhitng diéu khdc sé dugce giéi
thiéu trong cdac chuong khac sau dé trong sdch nay.
Bang 7.1: Cac day CID nhv duge dinh nghia trong phan tham khao. Cic gid tri gida
0000 (16 bit béing zero) v& FFFF (16 bit bing mét). Dudng nhy khd nang BS quyél dinh
¢ho m6t s6 m CID cho ting ndi k&t quan Iy co ban va chinh vn co thé dugc yéu cdu,
nghia 13 téng ndi két 2m. Gid tri CID cia cdc ndi k&t quan Iy co ban, chinh va phy cho
mdi CS dugc gan trong mdt théng hde xdc dinh pham vi (xem chueng 11).

CID Gia tri Mo ta
Initial ranging 0 x 0000 Puoge su dung bsi 88 va BS

trong ti€n trinh xde¢ dinh
pham vi ban daiu.

Basic CID 0x 0001l -m Mol 88 c6 mot CID co bdn
vil ¢6 mot thai gian tré ngin.
Cung mot gia tri CID duge
gan cho cde ndi két down-
link va uplink.

Primary management m+ 1-2m N&i két quan ly chinh duge
sif dung dé trao déi cac thong
bdao qudan ly MAC dai hon,
cd kha nang chiu dung théi
gian tré nhiéu hon.

Cdc CID van chuyén va 2m + 1 - 0 x  Duge sit dung dé truyén dir

CID quan ly phu FE9QF liéu va cho néi két quan ly
phu.
Cac CID multicast 0 x FEOF - 0 x Pdi vdi dich vuo multicast
FEFE downlink, cing mot gid tri

duge gdn vao L4t ca SS trén
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AAS initial ranging CID

Multicast polling CID

Multicast CID ché

dé normal

CID multicast ch& dp sleep

CID multicast ché d6 idle

Broadcast CID c6 thé

prhian doan

0 x FEFE

0 x FFOO -
0 x FFI'9

0 x FFFA

0 x FFFB

0 x FFFC

¢ x FFFD

cing mdt kénh von tham gia
néi két nay.

M6t BS héd trg AAS (ad-
vanced Antenna Svstem:? su
dung CID nay khi cdp phéat
mét khodng thol gian xdc
dinh pham vi AAS (st dung
AAS _Ranging Allocation_IE).

Mot SS ¢ thé duge dua vao

mé6t hosic nhiéu nhém kiém
tra vong multicast cho cde
muc dich nhén ducgc bang
thong bing viée kiém tra
vong {polling). Nhitng néi
két nay khéng cé service
flow két hop

Buge s dung trong DI-MAP
dé& biu thi cac chép tin hiéu
truyén phdt thong tin dai
ching downlink dén SS ché
d6 normal.

DPuge s dung trong DL-MAP
dé biéu thi cdc chdp tin hidu
truyén phdt théng tin dai
ching downlink dén SS ché
dé sleep. Ciing c6 thé duge
st dung trong cdc théng bao
MOB_TRF-INO.

Bugce st dung trong DL-MAP
dé bifu thi cac chdp tin hidu
truyén phat thong tin dai
chung downlink d&n SS ché
do idle. Cing ¢6 thé dugce si
dung trong cdc théng bdo
MOB_PAG-ADV.

Buge sit dung bdi BSS dé
truyén phdt théng tin dai
ching qudn 1y ¢dé sy phén
dean. Subheader (tiéu dé con)
doan nén su dung mét FSN
dai Il-bit trén néi két nay.



Chudng 7: Convergence Sublayer (CS) 105

Padding CID 0 x FFTFE Pugc sd dung dé truyén
théng tin padding bé&i SS va
BS

Broadcast CID 0 x FFFF Duge sit dung cho théng tin

truyvén _phdt dai ching ma
duge gdi trén mot downlink
dén tat ca SS.
Cé security associations (SA) gita ndi dung khéa va cdc CID nhu
duge md ta trong chugng 15.

1.2.2 Cic Service Flow

Service Flow (8F) 1a mét dich vu vén chuyén MAC, cung cdp su
van chuyén cdc géi theo mot chiéu trén uplink hodc downlmk Né
duge nhan dang bdi mot SKFID (Service Flow IDentifier) 32 bit.

Mot service flow duge mé td bdi mét tap hop tham s& QoS. Céc
tham s6 QoS bao gdm nhing chi tiét vé cdch S8 c¢d thé yéu cdu cdc sy
cdp phat bang théng uplink va hanh vi mong dyi cia bé lap thai bidu
(scheduler) uplink BS. Cédc tham s& QoS chinh cia chuidn 802.16-2004
dugce cho trong muc 7.4 bén dudi. Cdc thude tinh service flow bay gio
dugc trinh bay.

7.2.2.1 Cdc thugce tinh Service Flow

Mot s6 service flow duge md ta mdt phan qua nhiing thude tinh sau
day:

m Service Flow ID. Mot SFID dugc gan vao mdi service flow hién ¢o.
SFID dugc s dung lam dinh danh (identifier) cho service flow trong
mang.

m CID. Viéc anh xa mét CID sang mat SFID chi hién hiu khi ndi két
c0 mét service flow duge thia nhan hodc dugc kich hoat (xem bén
dusi).

B ProvisionedQoSParamSet. Thuéc tinh nay dinh nghia mdt tham sé
QoS duy trif qua nhiing phuong tién ma chudn gia dinh 1a ndm bén
ngoai pham vi clia n6. Chudn néu rd rang day co thé la mdt phan
cla hé thong quan ly mang. Vi du, tén 16p ddng hé (hoac QoS) la
m@t thugc tinh cua ProvisionedQoSParamSet. Co ndm 16p QoS,
I6p thit nam da dugc thém bdi diém siia ddi 802.16e.

® AdmittedQoSParamSet. Thuéc tinh nay dinh nghia mdt tap hop tham
56 QoS ma BS, va ¢d 18 S8 la nhiing tai nguyén danh riéng. Ngudn
tai nguyén chinh can dugc danh riéng 1a bing théng, nhung diéu
nay clng bao gom bat ky tai nguyén dyua vaoe bd nhd hoic thgi gian
khac dugc yéu cau dé kich hoat dong sau do.
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B ActiveQoSParamSet. Thudc tinh nay dinh nghia mét tAp hop tham

56 QoS xac dinh dich vu that sy dugc cung cap cho service flow. Chi
mot service flow active {dugc kich hoat) 6 thé chuyén tiép cac goi.
Trang thai kich hoat cda service flow dugec quyét dinh bdgi
ActiveQoSParamSet. Néu ActiveQoSParamSet réng thi service flow
khdng dudgc kich hoat.

Authorisation module. Day 1a mdt chic nang logic trong BS von chap
nhan hodc t& chdi moi thay ddi d&i véi cac tham sé QoS va cac
classifier (b® phan loai) dugc két hgp vai mdt service flow. Do do. no
dinh nghia mot “dudng bao” vén gidi han nhiing gia tri c6 thé c6 cla
AdmittedQosParamSet va ActiveQoSParamSet (xem muc 11.5.4 dé
biét thém chi tiet vé authorisation module).

7.2.2.2 Cic loai Service Flow

Chuan dd dinh nghia ba loai service flow:

m Provisioned service flows. Loai service flow nay dugc biét thdng qua

viec duy tr, vi dy hé thdng quan ly mang. AdmittedQoSParamSet
va ActiveQoSParamSet clia no déu rong!

Admitted service flow. Chuan hd trg mét méd hinh kich hoat hai giai
doan thudng dugc sl dung trong cac Ung dung dién thoai. Trong
mé& hinh kich hoat hai giai doan, cac tai nguyén cho mét cudc ggoi
thudng dugc “chap nhan” (admitted} va sau do, mét khi sy thuong
lugng ti ddu nay dén ddu kia dugc hoan tat, cdc tai nguyén dudc
“kich hoat”.

Active service flow. Loai service flow nay co cac tai nguyén dugc
cam két bdi BS cho ActiveQoSParamSet cha nd. ActiveQoSParamSet
cda no khéng réng.

Mdi 16p service flow duge két hgp véi QoSParametersSets tuong
tng. Ba loai service flow niy ¢d thé duge thdy la bd sung. Hinh 7.4
minh hoa nhitng chuyén ti€p giita ba service flow khdc nhau. Mot BS
¢6 thé chon truc tiép mot service flow dy phong, hodic ¢6 thé chon di
dén cdc service flow duge kich hoat bing cdch chuyén cdc service
flow dugc thira nhian. Cau trdc mé hinh cua ba loai service flow nay
duge minh hoa trong hinh 7.5 dugce 18y tir chudn.
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Provisioned service tlows

(SEH1IDs)

Admitted serviee low
(ST and ClDsy

Hinh 7.5; C4u tric md
hinh clia cdc loai sesrvice
flow,

Acuve servicee flow
(SIS and Active ClDs)

Nhu duge dinh nghia trong chudn, su phan loai (cla551ﬁcat10n) la
ti€n trinh ma qua d6 mot MAC SDU duge dnh xa sang mot ndi két cu
thé dé truyén giita cdc peer MAC. Ti&n trinh dnh xa két hgp mot
MAC SDU v6i mdt néi két tao nén sy két hgp véi cdc dic diém
service flow ctia ndi k&t d6. Tién trinh nay cho phép BWA 802.16 gai
cde MAC SDU cé cac rang bude QoS thich hop.
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Co cdce cd clu phén loai va 4nh xa trong uplink va downlink. Trong
trudng hgp cua mot sy truyén downlink, classifier sé hién dién trong
135S va trong trudong hgp cia mdt sy truyén uplink. né hién dién trong
55,

Classifier 124 mét tap hgp tiéu chudn tuong hgp duge 4p dung cho
mdi gdi di vAo mang WiMAX/802.16. Tap hgp tiéu chudn tuong hop
gom mot s6 tiéu chuin tuong hop géi danh riéng cho giao thic (vi du
mot dia chi IP dich), mét quyén uu tién classifier va mot tham chiéu
dan sang CID. Néu mdt goi tuong hgp véi tidu chudn tuong hop goi da
xiac dinh thi né duge goi dén SAP dé phan phéi trén noi két dugc
dinh nghia bgi CID. Cac dic diém service flow cia néi két cung cdp
QoS cho géi dé. Co cAu phan loai duge minh hoa trong hinh 7.6.

Uppaer Layer Enity Upper Liyer Enbly
ety L bnde outior, host) - (g brndas rawmer baan
|juby i o
S Pshu
i sap ot : SAP
. . CID
o : !’[ u !
: T o ey : Beconstition
i . . Xy[ cn w2 | counsliuto
i L B : . iy undo PHS)
i N ! : i
Lo Classiter B s ‘i CID & | i AN
| : . | SN
o ©CiYun l : :
iSoU.CIo by i o : S CID
| SAP ) ll N L SAP
802 16 MAC CPS E 802 16 MAC CPS

High 7.6: Phdn loai va dnh xa CID. Nguyén !y nhv nhau ¢ho ca hai chidu: BS dén SS
vd SS d&n BS.

MAC cda 802.16-2004 dinh huéng ndi két ma tai dé cdc ndi k&t thi
do, D31 v6i cde muc dich 4nh xa cdc dich vu khéc nhau déng thoi va
k&t hop cde cAp QoS khdce nhau, moi sy truyén dir lidu n&m trong ngi
canh cia mdt noi két. Cae service flow cé thé duge du trit khi mot SS
duge cai datl trong hé thong. Ngay sau khi ding ky SS, cdc ndi két
duge két hop vdi nhilng service ndy (nén nhd riang cé mot ndi két
trén moi service flow) dé cung cdp modt tham chi€u cho ti€n trinh yéu
cau bang thong. Ngoai ra, cdc ndi két mdi ¢6 thé duge thist lap khi
mot dich vy SS can thay déi. Mat ngi két dinh nghia su d4nh xa gitra
cdc tién trinh hoi tu peer von tdn dung MAC va service flow. Service
low dinh nghia cdc tham 86 QoS cho cde PDU duge trao ddi trén néi
k{t.
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Tém lai, MAC CS phan loai méi ing dung. Mot 16p QoS duge gan.
Su phan loai nay 14 mét tién trinh quan trong béi vi mdi BS ¢6 thé
phuc vu mét s6 ngudi dung twong dsi 16n truyén cdc dng dung khéc
nhau. Sy phan loai nay cho phép mét sy thich dng lién k&t tt bdi vi
né sé cdp phdt nhing tai nguyén cdn thi€t cho mai ing dung. K&t
qua, sy phan biét QoS, vi du gita mot sy truydn email va mbt su
truyén tiéng néi rat d& thue thi.

Hé théng quan ly Dynamic Service Addition (DSA) MAC cho phép
tao mot service flow mdi. Cdce thong bdao quan 1y MAC duge gidi thieu
trong chuong 8. Viéc sif dung thong bdo DSA dé tao mot service flow
mdi duge néu chi ti¢t trong chuong 11. Cdc thude tinh clia QoS dugc
trinh bay bay gio.

7.4 CS va QoS

Trong qua trinh tao mét service flow, théng s6 CS ma néi két duge
thiet 1ap sé su dung duge dinh nghia. Cdc Jua chon thong s6 CS ¢o
thé ¢6 1a No CS, Packet IPv4, Packet [Pv6, Packet 802.3/Ethernect,
Packet 802.1Q VLAN, Packet IPv4 trén 802.3/Ethernct, Packet [I’v6
trén 802.3/Itthernet, Packet IPv4 trén 802.1Q VLAN, Packet IPv6 Lrén
8021QQ VLAN va ATM.

Tinh nang dau tién cua quin ly QoS 1a dinh nghia thi ty truyén va
lap thoi biéu trén giao dién khong khi. Vi 1y do nay, cdc g6i di qua
giao dién MAC dugc két hgp v6i mot service flow duge nhan dang bdéi
CID. :

Cdc tham s6 QIS duge két hop véi vide lap thei bidu uplink/down-
link cho mgt service flow. Danh sdch toan di¢n cde tham sé QoS cua
mot service flow ¢6 thé duge tim thdy trong phan tham khio, phin
11.13. Cdc tham s6 QoS chinh duge md ta sau day:

W [oaidich vu lap thdi biéu cén duoc geila lop QoS. Gia tri clia tham
56 nay xac dinh dich vy lap thdi bidu (scheduling service) von dugce
bat cho service flow duge k&t hgp. Bdn loai dich vy I1ap thai bidu
dugc dinh nghia trong chudn 802.16 1a (xem phan 11.4 dé biét cac
loai dich vy lap thdi biu) BE (mac dinh), nrPS, rtPS va UGS. Mot
loai dich vu 1ap thai biéu thi nam da dugc thém vdi 168e: ertPS.

m Uu tién luu lugng. Gia tri cha tham sé nay xac dink quyén uu tién
dudc gan vao mét service flow. Vdi hai service flow gidng hét tat ca
tham s6 QoS bén canh quyén uu tién, service tlow cé quyén uu tién
cao hon sé dugc cho thdi gian tré th&p hon va uu tién dém (buffer-
ing) cao hon.

Toe do luu thong duy tri t8i da. Tham s6 nay dinh nghia toc do
thong tin dinh cda dich vu. Téc d6 duge biéu dién bing cdc bil mbi
gidy.
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M Chdp tin hiéu luu lugng 10i da. Tham s nay dinh nghia kich ¢d chdp
tin hiéu tai da vén dugc dap ung cho dich vu.

m T&c do tuu lugng danh riéng t8i thi€u. Tham s& nay xéac dinh toc dd
181 thiéu dugc danh riéng cho service flow. Téc d6 duge biu dién
bang cac bit mdi giay va xac dinh lugng di liéu téi thi€u can dugc
van chuy&n thay mat cho service khi dugc tinh trung binh theo thai
gian.

m Cactham s6 QoS danh riéng cho nha cung cap. Biéu nay cho phép
céac nha cung cdp ma hoa cac tham s& QoS danh rigng cho nha
cung cip. Vendor ID phai dugc nhing bén trong cac tham s6 QoS
danh riéng cho nha cung cap.

® Su rung chiu dyng dugc. Tham sé nay dinh nghfa su bién déi do tré
(su rung) t8i da cho né&i két,

® Do tré t8i da. Gia tr{ ca tham s& nay xac dinh do tré toi da gilia vigéc
nhan mot goi bdi BS hoac SS trén giao dién mang cua no va viéc
chuyén tiép géi dén giao dién RF.

® B6 chi bao SDU co chidu dai ¢é dinh vai bo chi bae SDU ¢o chiéu
dai kha bign. Gia tri cta tham s6 nay xac dinh viéc cac SDU trén
service flow c6 mot chiéu dai cé dinh hodc chiéu dai kha bién hay
khong. Tham s& nay duge sif dung chi néu viéc dang géi nam trén
service flow.

m Kich ¢& SDU. Gia tri cha tham s& nay xac dinh chiéu dai clla SDU
cho mét service flow SDU ¢é mét chigu dai ¢d dinh. .

W Chinh sach yéu cau/truyén, Gia tri cia tham s& nay cung cap kha
nang xac dinh cdc thudc tinh nhat dinh cho service flow duge k&t
hgp. Nhitng thude tinh nay bac gom nhiing tay chon cho sy hinh
thanh PDU va déi vdi cac service flow uplink, nhiing gidi han vé cac
loai tOy chon yéu cau bang thong nao duge sU dung.

7.5 Payload Header Suppression (PHS)

Cde géi duge gdi d€n 16p hai mé hinh OSI c6 thé ¢6 cdc header rat
I¢n, d6i khi dai d&€n 120 byte. Pay 1a trudng hdp cho mt s6 géi RTP/
UDP/IPvE (RTP, Real-Time Protocol, UDP, User Datagram Protocol).
Biay 1a thong tin thugng rai lap lai (du thira) va do d6 khdng nén
duge truyén trén mol tai nguyén hiém hoi, chdng han nhu kénh v8
tuyén cho thong tin hitu dung. Ti€n trinh nay duge goi !4 nén va giai
nén header trong cdc hé théng di dong 3G. Trong chudn 802.16, tién
trinh PHS khif cdc phdn 1ap lai {du thira) cia header tai trong trong
MAC SDU ctia 16p cao hon. Thue thé nhan phuc héi cac phan duge
khu. Viée thue thi tinh nang PIS thi tuy chon.

Ilinh 7.7 minh hoa co cdu PHS tai thuc thé gdi. Vige nén cdc phan
cua header ddn dén mot header duge nén. Bd nhan phai phuc hoi
header truge khi st dung ding géi nhan duge (hinh 7.8).
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Hinh 7.7: Nén header tai thyc thé nhan. Viée nén cdc phin cla header din dén mot
header dugc nén. Diéu ndy che phép tiét kiem mot tai nguyén vd tuy@n quy gid ma
cé 1@ da dugc sif dung cho thdng tin du thira.
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Hinh 7.8: Co cdu khir header 1ai thyc th& nhan. B nhan phai phuc hdi header trude
khi sir dung diing gdi nhin duge.
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DPé biéu thi xem PHS ¢ hién dién hay khong, trudng hd trg PHS
duge s dung. Tham s6 nay biéu thi mde dd hé trg PHS. Trudng hé
trg PHS 14 mo6t trudng trong mdt sd théong bdo quan 1y MAC, Regis-
tration Reguest va Registration Response, dugc trinh bay sau dé trong
muc 11.6.1. Bdng 7.2 minh hoa cdc gid tri ¢6 thé ¢o cia trudng ho trg
PHS. Gia tri mic dinh 1a 0 (khdng cé6 PHS).

Bang 7.2:Cdc gia tri co theé co cla trudng hd trg PHS

Gia tri M3 ta

0 Khong c6 sy ho trg PHS
1 ATM PHS

2 Packet PIIS

3 ATM va Packel PHS

Trong trudng hgp cua ATM CS va ngoai thong bdo dang ky, ¢6 mdt
kha nang khae dé biéu thi PHS. Trong thdng bdo quén ly DSA MAC,
mot trudng (field) ¢é6 thé bao hiéu ngam dinh vige st dung PHS.

7.5.1Cac quy tac PHS

Viée tng dung va bdo hiéu cdc quy tde PHS khde nhau cho hai
thong 58 CS duge dinh nghia: ATM CS va packet CS.

Chuan ATM dinh nghia hai ¢hé& do6: ché d¢ chuyén mach VP (Vir-
tual Path) va c¢hé d4 chuyén mach VC (Virtual Channel). Ciing mét
hoat dong PHS duge dp dung cho hai ch& d@; su khde bigt duy nhat
gitra ching 12 kich c& header tdi trong sau khi khi. Khi PIS duge tét,
khong ¢6 phdn nao cGa bat ky header cell ATM ké ca trudng Header
f2rror Check (HEC) duge khu.

Trong ch& dd Packet CS, néu PHS dugc bat tai ndi két MAC, méi
MAC SDU bdt diu vdi mot Payload Header Suppression Index (PHSID),
mot trudng 8 bit von tham chidu Payload Header Suppression Field
(PHSK) dé khda. Mot khi mot PHSFEF dd duge gan vao mét PHSI, né
khong thé duge thay déi. Dé thay doi gid tri cua PHSE trén service
Tow, mdt quy tdc PHS mdi phai duge dinh nghia. Hinh 7.9 minh hoa
hoat dong cda PHS trong mét Packet CS.
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Hinh 7.9: Minh hoa hoat dong PHS. Trong ¢h& a3 Packet CS va d6i vdi mbi MAC SDU,
PHSI {Payload Header Suppression Index) tham chi€u PHSF (Payload Header Suppres-
sion Field) dwge khir

Thye thé dich vy 16p cao hon ¢6 trach nhiém tao mdt quy tdc PHS
vén nhan dang duy nhdt header duge khi trong service flow. Thue
thé dich vu 16p cao hon clng c6 trach nhiém bao ddm ring cdc chudi
byte von duge khir khong déi ti géi ndy dén géi khdc trong thai gian
cua service tlow dugc kich hoat.

Nhu da dé cip, thuc thé géi sit dung classifier d€ 4nh xa céc gdi
vao mot service flow. Classifier 4nh xa duy nhat cac g6i sang quy tic
PHS duge két hgp vdi service flow nay. Thuc thé nhan sd dung CID
va PHSI dé phuc héi PHSF.

PHS ¢6 mét tay chon Payload Header Suppression Valid (PHSV)
dé kiém tra header t&i trong trudc khi khit né. N6 ciing ¢6 mot tuy
chon Payload Header Suppression (PHSM) dé cho phép lua chon cde
byte von khong thé dugc khi.

Quy tic PHS cung cap PHSF, PHSI, PHSM, PHSS (Pay load Header
Suppression Size) va PHSV.

7.5.2 Truyén tin hiéu cdc quy tac PHS

Cdc quy tdc PIS duge tao vdi cde thong bdo quan 1y DSA hodc
Dynamic Service Change (DSC) MAC. BS dinh nghia PHSI khi quy
tdc PHS duge tao. Cdce quy tdc PHS bi x6a biing cdc thong bdo quin ly
DBSC hoic Dynamic Service Deletion (DSD) MAC. Khi mét classifier
bi x6a, bat ky quy tdc PHS di kém cing bi x6a.

Hinh 7.10 minh hoa viéc si dung mét théong bdo DSC dé truyén tin
hig¢u viéc tao mot quy tdc PHS va viée quy tdc nay cé duge khdi tao
boi BS hodc SS hay khéng. Trong hinh nay, viéc st dung cdc théng
bao DSC MAC sau diy duge gidi thiéu:

B DSC-REQ. Mét DSC-REQ dugc gbi bdi mot SS hodc BS dé thay

déi déng cac tham sé ciia mdt service flow hién ¢6. N6 co thé dugce
sU dung dé tao cac quy tic PHS.
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® DSC-RSP. M6t DSC-RSP dugce tac dé phan héi lai mot DSC-REQ

dugc nhan.
B DSC-ACK. Mot DSC-ACK dugc tao dé phan héi lai mot DSC-RSP
dugc nhan,
I35 ehaled SSomnated
B AN [E AN
I CEatier s leie e - Uil e her e -
| PUST - PHSE + PHSS TN :
”H(_'_I{l-,{‘} SO P l——— - = S REG !
Ty |
I)\( R\I) ol e V. P 1)\( R\li |
I)\(‘ _J’\(‘I\. ................................................... '_ ‘.\M_ C—— s l)\!‘« \(~!\ ':
Lo .. R i

Hinh 7.10: Thong bdo quén Iy DSC MAC dugs sit dung d€ truyén tin higdu mét quy tic
PHS.

Cac tham s thong bdo DSC chinh la SFID {(chi cho DSC-RSP va
DSC-ACK), CID, tén lép dich vu, thong 88 CS... (xem chuong 11 dé
biét chi tiét vé viée quan ly Service dong).

7.5.3 Nén Header trong WiMAX

PHS 14 mdt co cdu khir header. Cling ¢6 cdc thuat todn khd header
von nén céc header géi bang nhitng phudng tién ngoai trir khit header
lap lai. Pi€m sia d6i 802.16e dé cip riang Convergence Sublayer (CS
hé trg cac SDU bing hai dang nhiim lam dé& dang viée nén manh mé
IP va cdc header 16p cao hon. Cdc danh nay (tuong dng véi cac thuit
toan nén heade) la:

m ROHC (RObust Header Compression), \ETF RFC 3095. ROHC ciing
dugc sif dung trong cac hé théng di ddng UMTS 3G d& nén header,

B ECRTP (Enhanced Compressed Real-Time Protocol) hodc En-
hanced Compressed, RFC-3545. ECRTP la mdt sy phat trién clia
CRTP, Compressed RTP, RFC 2508 dugc dinh nghta cho cdc header
goi IP/UDP/RTP dudng truyén c8 dinh ¢ toc dd dit liéu thap.

Hai dang CS PDU nay dugc dinh nghia trong 802.16e dugc gei la
dang CS PDU nén header IP.
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Cdc classifier Compressed-IP-Header hoat dong trén cdc trudng
ngl canh cua cdc g6i nén ROHC va ECRTP. 802.16e cung cip cdc kidu
ma héa service flow nén duge dua vao cdc géi CS cho ROHC va
ECRTP. 802.16e biéu thi chde ning nén khéng duge hoat déng trén
cac header frame IEEE 802.3/Ethernet dé header frame Ethernet van
nguyén ven,
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Chuong 8

Cac chuc nang MAC
va Frame MAC

8.1 Gidi thiéu

Chuong nay mo td mot sb chie ning MAC 802.16 quan trong va
nhitng tham s6 MAC khic. NhUng chitc nang va tham sé nély sé duge
st dung trong ba chuong tiép theo, ma sau d6 16p MAC cha WiMAX
sé duge md td day dd. Pbai khi nhiing chdc ndng nay co6 thé phuc tap.
Pay 1a do di nhin thidy trude hai muc dich chinh. Co mdt hidu sudt su
dung bing théng cao va cung cdp tinh dé udn nan ddy di cho viée
quan ly QoS.

PAu tién cde dia chi MAC va dang frame MAC duge md ta. Sau dé,
mdt 85 thd tuc MAC chidng han nhu phan doan (fragmentation}, déng
g6i (packing) va ghép (concatenation), ARQ va HARQ dugc xem lai.
Céc néi k&t quan Iy co ban (basic), chinh (primary) va phu (secondary)
duoc gidi thiéu. Kidu ma héa TLV thudng duge st dung trong 802.16
cing duge gidi thiéu.

8.2 Cac dia chi MAC va Frame MAC

8.2.1 Cac dia chi MAC va nhifng dia chi khac

Mé&i 8S ¢6 mot dia chi MAC chung 48 bit nhu duge dinh nghia trong
chudn. Leai dia chi nay thuirng duge goi 14 dia chi MAC IEEE 802. N6
dinh nghia duy nhat SS cho tat ca cdc nha cung cdp va cdc loai thigt
bi ¢6 thé c6. N6 duge st dung trong tién trinh xéc dinh pham vi ban
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dau (initial) dé thiét lap cdc ndi k&t thich hgp c¢ho mét SS. N6 ciing
duge s dung 1am mét phan cla ti€n trinh xdc thuc ma qua d6 BS va
SS ki€ém ching dinh danh ciia cdi kia (xem chuong 11 dé bigt vé
initial ranging va chuong 15 d€ bi€t vé sy an ninh). Pay cing 1a
trudng hgp trong ché d6 Mesh noi mbi nit ¢6 mét dia chi MAC IEEE
802 duy nh4t.

Mot BS 802.16 cé mgt Base Station ID (BSID) 48 bit. Didu nay
khac véi dia chi MAC cda BS. N6 c6 mét bd chi bdo todn tir 24 bit.
Sau d6, BSID ¢6 thé duge si dung dé nhan dang todn td. Vi du, né

duge st dung cho théng bdo qudn ly Downlink Channel Descriptor
(DCD).

Trong ché& do Mesh, mét dia chi khdc ngoai dia chi MAC ra duge su
dung. Khi dugc quyén s dung, mét nit SS dng e nhan mot Node
[Dentifier (Node ID) 16 bit sau khi yéu cidu dén mét SS duge nhén

dang dudi dang Mesh BS. Node ID 1a co s& nhan dang nit trong ché
dé Mesh.

8.2.2 Cac Frame MAC

Mot MAC PDU duge goi la frame MAC. Né c¢é dang chung duge
minh hoa trong hinh 8.1. Méi frame MAC b#t ddu vdi mdt header
MAC c¢6 chiéu dai ¢§ dinh. Header nay c6 thé duge theo sau béi tai
trong (payload) cia MAC PDU (MPDU). Mgt MPDU c¢6 thé chira mot
CRC (Cyclic Redundancy Check). Néu hién dién, payload (tai trong)
MPDU chita mét ho#dc nhiéu diéu sau day:

B zero hodc nhiéu subheader dugc dua vao payload.
B zero hoac nhiéu MAC SDU

B doan {hodc cac doan) clla mdét MAC SDU

Vo4 .
MAC Header Payload (optional) CRC (opticnal)
{6 bytes} s (4 bytes)
V4

Hinh 8.1: Dang chung cia mjt frame MAC hodc MAC PDU.

Théng tin payload cé chiéu dai khdc nhau. Do dé, mot chiéu dai
frame MAC 14 mot s6 byte kha bién. Dang nay cho phep MAC truyén
cac loai luu lu'o'ng 16p cao hon khdc nhau ma khdng cdn biét cdc dang
hosic mau bit cda nhitg théng bdo dé.

8.2.3 Dang Header MAC

Hai dang header MAC duge dinh nghia trong chudn:

B The Generic MAC Header (GMH). Pay |a header cQa cac frame
MAC chua cac thong bao quan ly MAC cla dir liéu CS. DT ligu CS
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c6 thé 1a di liéu ngudi ddng hodc di liéu quan ly I6p cao hon khac.
Frame header MAC generic la frame duy nhat dugc sU dung down-
fink.

B Header MAC khéng cd payload ngi hai loai dugce dinh nghia: Type |
va Type Il Bdivdicac frame MAC ¢ loal dang header nay, header
MAC khéng dugce theo sau bdi bt ky payload MPDU va CRC. Tén
frame nay da dugc gidi thidu bdi diém slra di 16e. Trudc do, trong
802.16-2004, header yéu cdu biing thdng da dugc dinh nghia dé
yéu cau thém cdc bang théng (xem chuang 10). Véi 16e, header
yéu cau bang thong trd thanh mbt trudng hgp riéng biét cta cac
dang header MAC khong cé payload.

Trong uplink, trudng Header Type (HT) mét bit & dau header MAC
(xem bén dudi), phan biét gitta header MAC generic va header MAC
khong c¢6 cdc dang payload: zero cho GMH va m{t cho mot header
khéng cé payload.

8.2.3.1 Dang ciia Header Generic MAC

Dang header frame Generic MAC dugc minh hoa trong hinh 8.2 va
cdc trudng cua header nay trong bang 8.1. Trong bang nay, trudng
LEN (gia tri length) vén 14 chiéu dai tinh bAng byte clia frame MAC
(MAC PDU), dai 11 bit. Piéu nay cho mét chiéu dai t6i da 2048 byte
cho frame MAC. Viéc s dung cdc tham 56 mi héa (trudng EKS) sé
dugc md ta trong chuong 15. Pdi vdi ca hai 16p PHY OFDM va OFDMA,
cdc théng bdo quan ly phdi ¢c6 mdot CRC vén la mdt trudng 4 byte
duge tinh nhu dugc dinh nghia trong IEEE Std 802.3 va duge thém
vao payload cia MAC PDU. CRC phdi dugc tinh sau khi mé héa,
nghia 14 CRC bao vé GMH va payload dugc ma héa,

[ MAC Header Pavlo d7(/€/tional) CHC{optionat)i
| Gbyes) | TIROETT | dbyes)

T
]

‘ T T T TS T 117§ :
112 Type(6) |3]4] 5 6] 1N | LENLSB (@) | CIDMSBS) | CIDLSB(8) [ HCS 8
1: HT=0 FESF 5. EKS
2. EC 4. Cl 6 Reserved

Hinh 8.2: Dang header cia frame Generic MAC. SO trong cdc ddu ngodc don 13 sb bit
frong truding d3 xic dinh.
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Tén
HT

EC

Type

ESF

CI

EKS

LEN

CID
HCS

Bang 8.1: Mat s8 trudng cha header generic frame MAC.

Chiéu dai (bit)
1

11

16

Mo ta
Loai Header. Zero cho header MAC ge-
neric

DPiéu khién méa héa {(Encryption Control):
0 = payload khong duge ma héa; 1 = pay-
load duge mi hoéa. D81 vdi mét header
MAC khéng cé payload, bit nay bidu thi
né la Type I hoac Il

Trudng nay bifu thi cdc subheader va
céc loal payload d4c biét hién dién trong
payload thong bdo {(xem bén dudi).
Extended Subheader Field. Néu ESF = 1,
subheader mdé rong hién dién va theo
sau header MAC generic ngay tidc thi (¢
thé dp dung trong cd downlink va up-
link}.

CRC Indicator: 1 = CRC duge duwa vao

(xem dang frame MAC); 0 = CRC khong
duge dua vao.

Encryption Key Sequence, Chi s8 cla Traf-
fic Encryption Key (TEK) va vector khdi
tao duge s dung dé& ma héa payload. R
rang, trudng nay chi ¢6 ¥y nghia néu
trudng EC duge xdc lap sang mot.
Length. Chiéu dai tinh bing byte cla
MAC PDU ké& cd header MAC va CRC
néu hién dién.

Connection IDentifier (xem chuong 7).
Header Check Sequence. M&t truong 8 bit

. duoc sif dung dé phat hién cdc 18] trong

header.

8.2.3.2 Cdc Subheader Header MAC Generic (triing Type)

Payload (tdi trong) frame MAC generic c6 thé bit ddu bing mét
hosic nhiédu subheader (xem hinh 8.3). Trudng type trong header MAC
generic 1A mot gid tri 6 bit, noi mdi bit ¢6 mdt § nghia riéng biét nhu

dugc trinh bay trong bang 8.2.
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MSB
Generic MAC Header 7~ . CRC (Optional) |
MAC Payload {Opt
(6 Byles) & /\C ayload (Optionnel) (4 Bytes) l
R w}\ e e
Zero. one or
many ;
i SubHeaders i

Hinh 8.3; Frame MAC Generic ¢6 thé ¢6 mat hodc nhiu subheader

Bang 8.2: Ma hda cdc hit ciia trvgng type trong header MAC generic.

Bit type
5 (MSB)

4

1

¢ (LSB)

Gia tri

Mesh subheader: 1 = hién dién, 0 = thiéu
vdng

Tai trong phén hdi ARQ: 1 = hién dién,
0 = thiéu vdng

Extended Type. Bidu thi viéc cdc
subheader déng goi (packing} hoéc phan
doan (fragmentation} hién dién cé duge
md rong hay khong: 1 = duge md rdng
(extended), biéu thi cdc ndi k&t noi ARQ
duge bat; 0 = khong dude md réng.
Fragmentation subheader: 1 = hién dién,
0 = thidu ving

Packing subheader: 1 = hién dién, 0 =
thiéu vdng

Downlink: subheader ¢dp phdt FAST-

FEEDBACK; uplink: subheader qudn 1y
cdp phat; 1 = hién dién, 0 = thidu ving

Fragmentation va packing 1a hai chie niing MAC dugc mé ta trong
muc 8.3. ARQ (Automatic Repeat reQuest) 14 mdt tha tuc thiét lap
quan hé cta ldp lién k&t dir liéu ma bd nhan d& nghi bd phat gdi lai
mét khoi dit Héu khi cdc 18i duge ph4t hién (ARQ duge néu chi tidt
thém trong muc nay 8.7). N&u bit payload phan héi ARQ trong trudng
type header MAC duge xé4c lap sang 1, payload phan hdi ARQ dugc
van chuyén. Bit leai md rong (bit 3) cha trudng header MAC generic
biéu thi viéc cde subheader packing hodc fragmentation hién dién c6
sit dung cdc ndi két duge bat ARQ hay khéng. Bit nay duge xdc lap
sang 1 néu packing hoic fragmentation duge 4p dung trén cdc noi két

ma ARQ dugc bat.
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8.2.3.3 Dang Header khéng ¢6 Payload

Header khéng ¢d payload (Type I va II), chi duge st dung trong
uplink ¢é cing mét kich ¢& nhu header frame MAC generic, nhung céc
truong khac nhau. Dang header MAC khong ¢6 payload Type [ duge
minh hoa trong hinh 8.4 va trong bang 8.3. Trong header MAC khong
¢6 payload, trudng ndt dung header (19 bit ¢6 thé ¢6 nhitng céng dung
khdc nhau. Cdc ki€u ma héa trudng Type cho header truyén tin hiéu
MAC Type I dugce trinh bay trong bang 8.4 (tir diém sita déi 802.16e).
Trong bang nay Bandwidth Request (BR} gdm cdc frame yéu cdu bing
théng chuyén dung. Trudng BR xdc dinh 58 byte dude yéu cau; CID
bigu thi két ndéi ma bing théng uplink ducge yéu cdu. Cdc loai BR
aggregate (t4p hgp) va incremental (gia tang) s& duge trinh bay trong
chuong 10. Header bdo cdo SN duge géi bdi SS trong framework clia
thu tuc ARQ.

Bang 8.4: Dang header khdng ci payload Type | duge St dung.

Trudng type (3 bit) Loai header MAC (vdi HT/EC=0b10)
000 BR incremental]

001 BR aggregate

010 B#o cao kénh PHY

011 BR vdi bdo cdo cong suat UL Tx

100 Y&u cdu bang théng va bido cdo CINR
101 BR véi su didu khién sleep UL

110 Bao cdo SN

111 Yéu cdu cAp phat CQICH

Trong dang header MAC khong ¢6 payload Type II, header duge
thay d6i déi véi Type 1. N6 dugce skt dung trong mdt s6 phdan hdi danh
riéng cho OFDMA (MIMO..)

| MAC Header o

aylos - NoCRG |

(6 bytes) Mo Payload . o CRC ,'

T TIIET LTI T R [ TR TTTT I [ f 1':“"“l

12 ‘%éﬁ HCM&»B(H} | HCLSB(8) | CIDMSB (8) | CIDLSB (8 | chm; i

NN : .;
1 HT =1 2:EC=0 HC : Header Conlant

Hinh 8.4: Dang header khdng cé payload Type 1.



122 Chudng 8: Cac chidc ndng MAC va Frame MAC
Bang 8.3: Mdt 50 trwdng clia header MAC khéng cd payload Type 1.

Tén Chiéu dai (bit) Mo ta

HTT 1 Loai Header. Mét cho heder khéng c6
payload

EC 1 bsi vdi mot header MAC khong cé pay-
load, bit nay biéu thi né la Type 1 hoac
1§

Type 3 Biéu thi loai header khéng cé payload
(xem bén dudij

Header 19 N&i dung header, ham cia gia tri trudng

content Type

CID 16 ConnectionlDentifier

HCS 8 IHeader Check Sequence (giédng nhu dai

vl header MAC generic)

8.2.3.4 Cdc Frame Generic: Cdc Frame vdn chuyén hodc quén ly?

Payload ¢6 thé chia m@t théng bdo quan 1y hodic dit liéu van chuyén.
Céc ndi két rieng biét duge dinh nghia 1a cac nél két qudn ly (xem
bang 7.1). Nhitng néi két nay tdi chi cdc thong bdo quan 1y. Tdt ca cdc
ndi két khac tai dir lidu ngudi dung hodc dit liéu quin ly MAC phu
(16p trén).

8.2.4 Cic Subheader MAC vi cac Payioad dic biet

Viée st dung cdc bit Type con lai caa frame MAC generic (xem
bang 8.2) duge mdé td bay gid: subheader Grant Management,
FAST FEEDBACK_Allocation va subheader Mesh. Viéc st dung céc
subheader tuong dng duge néu chi tiét.

Cac yéu cdu biang théng khong duge géi duy nhdt vdi mdt header
khéng c6 payload Tyoe I trong cdc frame header yéu cAu bang thong.
Subheader Grant Management vén ¢6 thé hién dién chi trong uplink
dugc st dung bdi SS dé€ chuyén cdc yéu cdu quan ly bing théng dén
BS trong mdt frame header MAC generic. Pay 1a cdi dugce goi la “yéu
ciu piggybacking” vi yéu ciu dit lidu xdy ra trén mgt frame noi di
litu ciing duge truyén. Céc tign trinh yéu cdu bang théng duge md té
trong chuong 10, noi trinh bay cde chi ti€t vé viéde st dung subheader
Grant Management (cu thé trong muc 10.2.2).

Céc slot phdn hdi nhanh 1a cdc slot duge cdp phét riéng 1é cho SS
dé truyén théng tin vé PHY vén yéu cAu mdt sy phan hdi nhanh tit
SS. Sy cdp phat nay duge thuc hién bing mot cdch unicast théng qua
subheader MAC FAST _FEEDBACK va duge truyén tin hiéu bdi bit
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trudng Type Generic Header 0. Su cdp phat FAST _FEEDBACK ludn
la subheader cudi cung trén méi PDU. Subheader c4p phdt FAST-
FEEDBACK cé thé chi duge sit dung trong viéc truyén downlink va
véi thong s§ OFDMA PHY (thuong véi MIMO).

Khi duge iy quyén cho mét mang Mesh, mdt nat SS ¢ng cif nhin
mdt Node IDentifier (Node ID) 16 bit sau khi yéu cau dén Mesh BS
{(xem muc 3.6 dé bié&t chi tiét vé Mesh BS). Node ID 13 ¢¢ s& dé nhéan
dang cdc nat trong hoat dong ch& dé Mesh binh thudng. Subheader
Mesh chita mé6t théng tin don, Node ID. N&u subheader Mesh dugce
biéu thi, ndé dung trudc tit ca subheader khic.

8.3 Fragmentation, Packing va Concatenation

Nhu trong hau hét tat cd hé thdng khong day gin day khac, that
tha vi khi ¢6 thé phan doan mét MAC SDU trong nhiéu MAC PDU
hosic nguoe lai déng géi nhiéu MSDU trong nhiéu PDU. Uu diém cua
su phan doan (fragmentation) 14 gidm rui ro lam mat toan b{ mot
MSDU dén rdi ro 1am mat mot phdn cta né, mdt doan (fragment). Su
bat,tién 1a c6 nhiéu théng tin header hon. Diéu nay tha vi khi kénh
vo tuyén tuong ddi kém hozc déng g6i qud 1au. Trai lai (packing) cho
phép ciAn dén it header hon véi rdi ro lam méat tat cd géi duge déng
g6éi. Piéu nay tha vi khi kénh v tuyé€n tudng d6i tot. Concatenation
(ghép) la viéc truyén nhidu PDU trong mdt cd hoi truyén duy nhat.
Fragmentation, packing va concatenation duge dua vao chuan 802.16.

$.3.1Fragmentation

Fragmentation (phédn doan) 1a ti€n trinh ma qua dé mét MAC SDU
dugc phan chia thanh hai ho#ic nhidu MAC PDU. Khi kénh v tuyén
tuong doi kém, tién trinh nay cho phép sl dung higdu qua bang thong
¢6 sin trong khi xem xét cic yéu cdu QoS cia mdt service flow ndi
ké&t. Vide hién dién cla su phan doan dugc biéu thi bdi bit 2 cda
truong Type (xem muc 8.2) cia mdt frame MAC generic. Sy phén
doan thudng quan tim dén cdc g6i tuong ddi dai (chdng han nhu cédc
géi IP). Sy phan doan cia mdt g6i duge minh hoa trong hinh 8.5.
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MAC SDU :
o A A Fe
ST Y )
Fragment #1) 1 Fragment #2  ,Fragmanl #3

e e e A SR
i Generw | Fragmen | Orptonal ;. Genenc | Fragment S
I EAAC Sub-Header, MAC SD CRC L MaAC Sub-Headr, MAS SDU A
| Header lend Fraqmenl #1 |74 bytesy * Heade (AT Fragmenl #3 i |.‘-h’|'i"5-|.
{6 Lylush byles) 1 = : 16 byt Tyl : E .
| Ao L] e e R :
L — pre— -
' u, : ¥
1 .
MPDU #1 3 . MPOU #3
Payloagd .
tk Il
: *\I
Genene § Fragmem | IO:"llOr\al
MAL  |SubeHeadar MAC SD CRC
!laader trer2 0 praoment 42 |44 nytes)

4

MPDU #2

Hirh 8.5: Minh hga sy phdn doan mft MAC SDU cho ba MAC PDU (hodc cic frame
MAC).

Ba MPDU c¢6 dugc trong vi du duge minh hoa méi MPDU chia mét
subheader Fragment. Do dé bit 2 cda truéng Type trong header MAC
generic sé& dugc xdc lap sang 1 (xem muc 8.2.3) Subheader Fragment
s& chda théng tin chdng han nhu doan la doan thi nhat, gitta hoic
cudi...

Kha ning phin doan va tdi tdp hdp la bit budec.
8.3.2 Facking

Khi chitc nang déng géi (packing) duge bat cho mot ndi két, 1dp
MAC ¢6 thé déng géi nhidu MAC SDU thanh mét MAC PDU don. Khi
kénh vd tuyén tuong d&i tot, diéu nay cho phép st dung tét hon céc
nguén tai nguyén cé sdn. Phia truyén c6 diy di quyét dinh xem cé
nén doéng géi mHt nhém MAC SDU trong mit MAC PDU hay khéng.
Sy hién dién cla packing dugc biéu thi bdi bit 1 cla trudng Type clia
frame MAC genenic (xem muc 8.2.3).

Packing dic biét hidu qué cho cdce géi tuong ddi ngén. Mat géi duge
déng g6i duge minh hoa trong hinh 8.6. Payload cua frame s& chia
nhiéu subheader déng géi va mdi subheader s& dugc theo sau béi
MAC SDU clia né. Téng cdc header duge déng géi sé nhd han tong
cde header cia cdc SDU binh thudng. Pay 13 1y do tai sao packing tiét
kiém cdc tai nguyén bang thong. Mat khéce, néu PDU duge déng goi bi
mat, tdt cd SDU thanh phan bi mat (trong khi chi mat SDU c¢6 1& sé
bi mat n&u packing da khong duge thuc thi).
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Header MAC Sub-Header MAC SDU  Sub-Header MAC SDU GRC tuy chon
Generic Packing Packing {4 byte)
(6 byte) {2 hoac 3 byts) {2 hodc 3 byte}

Hirth 8.6: Minh hpa sy déng géi cdc MAC SDU trong mdt MAC POU

Néu co cdu ARQ duge bat, cdc subheader phan doan va déng géi
duge mé rong. Vi du, cdc subheader cia mot goi duge déng géi gom 3
bvte thay vi 2.

Kha nang unpacking {(md géi) 1a bit budc.

8.3.3 Concatenation

Concatenation {(ghép) 1a thi tuc ghép nhiéu MAC PDU thanh mét
ndi dung truyén don (xem hinh 8.7). Ghép cé thé thue hign trong ca
uplink {&n downlink. Vi méi MAC PDU duge nhin dang bdi maot CID
duy nhat, thuc thé MAC nhén ¢é thé trinh bay MAC SDU cho ding
instance cua MAC SAP. Sau d6 co6 thé gdéi cac MPDU cia cic CID
khéac nhau trén cung mgt chdp tin hidu vat ly. Sau d6, cac thong bdo
quan ly MAC, cic MAC PDU yéu ciu dit liéu ngudi dung va bang
thong c¢6 thé duge ghép thanh ndi dung truyén. Ro rang, trong uplink
tdt cd MPDU dudc truyén béi cing mot SS.

Uplink Burst n “‘“- ‘.;' Uplink Burst n+1 T
S P —
Bandwidth Management User
User PDU Request 9 User PDU .
FDU PDU
| p o PDU !
CID = 0x2301 0x0199 CiD = OxOEF1  CID = 0x5F3E CID = 0x2310

Hinh 8.7: Minh hoa sy ghép cho mdt cudc truyEn chdp tin higu uplink.

8.4 Cac ndi két quan ly Basic, Primary va Secondary

Nhu duge dé cdp, cde ndi két duge nhan dang bdi mot CID 16 bit.
Luc khéi tao S8, xdy ra tai dudng vio mang SS, hai cip ndi két quan
ly (cdc ndi k&t uplink va downlink) duge thiét lap giiva SS va BS, va
mét cap ndi k&t quén 1y tha ba ¢6 thé duge thiét lap tay y. Ba cdp ndi
k€t nay phan dnh viée ¢6 ba cdp QoS khdc nhau d€ quan ly lwu lugng
gitta mot SS va BS.

m N3&j két basic (co ban) dugc sf dung bdi BS MAC va SS MAC dé
trao i cac thong bao quan Iy MAC ngdn, cé thdi gian khin cép.
N&i k&t nay c6 mot Basic CID (xem bang 7.1).
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Béng 8.5: Danh sdch tat ca thng bdo quan Iy MAC 802.16-2004. Xem ghy luc A dé
tham khdo cdc md tA4 ngén gon vé mbi théng bio.

Loai

I

wooe =1 Mo

11

12

13

14

156

16

17

18

19

21
22
23

Tén thong
bao

ucon

DCD
DL-MAP
UL-MAP
RNG-REQ
RNG-RSP
REG-REQ
REG-RSP
Danh riéng

PKM-REQ
PKM-RSP
DSA-REQ
DSA-RSP
DSA-ACK
DSC-REQ
DSC-RSP
DSC-ACK
DSD-REQ
DSD-RSP
Danh riéng
Danh riéng
MCA-REQ

MCA-RSP
DBPC-REQ

Mé ta

Uplink Channel Descriptor
Downlink Channel Descripton
Downlink Access Definition
Uplink Access Definition
Ranging Request

Ranging Response
Registration Request

Registration Response

Privacy Key Management
Request

Privacy Key Management
Response

Dynamic Service Addition
Request

Dynamic Service Addition
Response

Dynamic Service Additien
Acknowledge

Dynamic Service Change
Request

Dynamic Service Change
Response

Dynamic Service Addition
Acknowledge

Dynamic Service Deletion
Request

Dynamic Service Deletion
Response

Multicast Assignment Request
Multicast Assignment Response

Downlink Burst Profile Change
Request

Na&i két

Broadeast
Broadcast
Broadcast

Broadcast

Initial ranging ho#c basic
Initial ranging hoac basie

Primary management

Primary management

Primary management
Primary management
Primary management
Primary management
Primary management
Primary management
Primary management
Primary management
Primary management

Primary management

Primary management
Primary management

Basic
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4

25
26

iy

i
28
29
30
31

39
40
41

46

47

48

49

DEPC-RSP Downlink Burst Profile Change
Response

RES-CMD  Reset Command

SBC-REQ S5 Basic Cupability Request.
SBC-RSP 88 Basic Capability Response
CLK-CMP S8 network Clock Comparison
DREG-CMD De/Re-register Command
DSX-RVD  DSx Received Message

TFTP-CPLT Configuration File TFTP
Complete Messate

TFTP-RSP Configuration File TFTP
Complete Responze

ARQ- Standalone ARQ Feedback
Feedback

ARQ- ARQ Discard message
Discard

ARQ-Reset ARQ Reset message

REP-REQ Channel measurement
Report Request

REP-RSP  Channel measurement Report
Response

FPC Fast Power Control

MSH-NCFG Mesh Network Configuration
MSH-NENT Mesh Netwerk Entry
MSH-DSCH Mesh Distributed Schedule
MSH-CSCH Mesh Centralised Schedule

MSH-CSCF Mesh Centralised Schedule
Configuration

AAS. AAS Feedback Request

FBCK-REQ

AAS- AAS Feedback Respoense

FBCK-RSP

AAS- AAS Beam Select message

Beam_Select

AAS. AAS Beam Request message
BEAM_REQ :

AAS- AAS Beam Response message
BEAM_RSP

DREG-REQ S8 De-registration Request
message

50-255 Danh riéng

Basic

Busic

Basic

Basic

Broadcast

Basic

Primary management
Primary management

Primary management
Basic
Basic

Basic

Basic
Basic

Broadcast

Broadcast
Basic
Broadcast
Broadcast
roadcast

Basic
Basic
Basic
Basic
Basic

Basic



128

Chugng 8: Cac chic ndng MAC va Frame MAC

m NGi két quan |y chinh (primary management) dugc sif dung bdi BS
MAC va S8 MAC dé€ trao ddi cac thang bdo quan Iy MAC dai hon,
cd kha nang chiu dung su tré nhi€u han. N&i k&t nay cé mét Primary
Management CID (xem bang 7.1). Bang 8.5 va 8.6 liét ké tat ca
théng bao quan ly MAC 802.16-2004 va 802.16e. Xem phu luc A dé
tham khao cdc md ta ngan gon vé méi thong bao. Bang 8.5 va 8.6
xac dinh cac théng bao quan Iy MAC nao dudc chuyén trén mai
trong hai ndi két nay.

Bang 8.5: Cdc théng bdo quan 1§ MAC duge thém béi diém sia d8i 802.16e.

Loai

50
51
62
53

X

]
o

65

66

Tén thong Mé ta Né&i kit
bao
MOB_SLP-REQ  SLeep REQuest Basic
MOB _SLP-RSP SLeep ReSPonse Basic
MOB_TRF-IND  TRaffic INDiication Broadcast
MOB_NBR-ADV  Neighbour ADVertisement Broadeast va
primary
management
MOB_SCN-REQ  SCanning interval allocation Basic
REQuest
MOB_SCN-RSP  SCanning interval allocation Basic
ReSPonse
MOB_BSHO- HO REQuest Basic
REQBS
MOB_MSHO-REQ MS 1O REQuest Basic
MOB_BSHO-RSP BS HO Response Basic
MOB_HO-IND HO INDication Basic
MOB_SCN-REP  Scanning resulf REPort Primary
management
MOB_PAG-ADV BS broadcast PAGing Broadcast
MBS_MAP MBSMA MA
PMC_REQ Power control Mede Change Basic
REQuest
PMC_RSP Power control Moede Change Basic
Response
PRC-LT-CTRL Set-up/tear-down of Long-Term Basic
MIMO preceding
MOB_ASC-REP  Association result REPort Primary
management

67-256 Danh riéng
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® NGikétquan ly phu (secondary management) dugc sl dung bdi BS
va 8S dé chuyén cac théng bao cé kha nang chiu dyng su tr&, dya
vao cac chudn. Nhiing chuin nay Ja Dynamic Host Configuration
Protocol (DHCP), Trivial File Transfer Protocol (TFTP), Simple Net-
work Management Protocol (SNMP)... Cdc théng bao secondary
management dugc tai trong cac géi dit lidu IP, nhu duge dé cap sau
dd trong chuong 11 {do dé cac théng bdo secondary management
khong phai la cac thong bao quan ly MAC). Viéc sl dung néi k&t
secondary management dugc y&u clu chicho cac SS dugc quan ly.

Mot SS hé trg mot Basic CID, mot Primary Management CID va
zero hodic nhiéu Transport CID. Mgt SS dugce quan 1y ciing hd tro mat
Secondary Management CID. Gi4 tri t6i thiéu ela s6 CID uplink duge
hd tro 1a ba 461 vdi cdc SS duge quan ly va hai d6i véi cdc SS khong
duge quan ly.

Cdc CID cho nhing ndi két nay duge gan trong tién trinh initial
ranging (xdc dinh pham vi ban dau), noi ba gia tri CID duge gan. Ciing
mot gid tri CID duge gdn vao cd hai thanh vién (uplink va downlink)
cia mdi cap ndéi két. Tién trinh initial ranging duge mé td trong
chuong 11.

8.5 Cac thing bao quan ly dif liéu ngudi dung vd MAC

Mot noi két van chuyén (transport connection) la mt ndi két duge
st dung dé van chuyén dit lidu ngusi dimg. Cdc thong bdo quan ly
MAC khong duge tai trén cdc ndi k&t vin chuyén. Mét ndi két van
chuyén duge nhan dang béi mot dinh danh n6i k&t van chuyén, mot
dinh danh (identifier) duy nhAit duge 14y tir khéng gian dia chi CID
vén nhan dang duy nhat néi két van chuyén.

M4t tdp hgp thong bde qudn ly MAC duge dinh nghia. Nhitng
théng bao nay dugce tai trong payload ctia mét MAC PDU bidt dau vt
mot header MAC generic. T4t cd théng bdo quan 1y MAC bdt dau vai
mot trudng Type thong bdo qudn ly va ¢ thé chira thém cdc trudng.
Trudng nay dai 1 byte. Dang cla théng bdo quidn 1y MAC duoc cho
trong hinh 8.8.

Loai théng bdo quan ly (1 Byte) Payload thdéng bdo quin ly

Hinh 8.8: Dang chung cia mft thGng bdo quan Iy MAC (payload chia mot MAC PDU)

Cac thong bdo qudn ly MAC trén cdc ndi két basic, broadcast va
initial ranging ¢6 thé khong duge phan doan ciing khong duge déng
goi. Cdc théng bdo quan ly MAC trén ndi két primary management
va ndi két secondary management c¢é thé duge déng géi va/hoac duoe
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phén doan. P61 vdi SCa, cdc 16p PHY OFDM va OFDMA, cdc thing
bdo quan ly dugc tai trén cAc ndi két initial ranging, broadcast, basic
va primary management phai ¢6 mdt trudng CRC.

Danh sich cdc thong bdo quin 1y MAC 802.16-2004 va kiéu méi héa
cua trudng Type théng bdo quan ly cua chang duge trinh bay trong
bang 8.5. Didm sita ddi 802.16e di bd sung mdt sb thong bdo méi duge
trinh bay trong badng 8.6. Cdc théng bdo méi lién quan dén phin
mobility bdt ddu véi MOB. Trong phu luc A, cdc tap hop thong bdo
quan ly MAC khdc nhau va phdn md ta vé nhitng thong bdo nay duge
trinh bay. Nhidu thong bao nay sé dugc sit dung trong cdc chuong ticp
theo. ‘

Cac thong bdo quén 1y MAC rat thudng ¢6 kiéu ma héa TLV. Kiéu
méa hoéa TLV dugce gidi thidéu trong muc tiép theo.

8.6 Ki€u ma héa TLV trong chuan 802.16

Mdt ki€u ma héa TLV gdm ba trudng (mét tuple): Type, Length va
Value. TLV la mdt phuong phdp dinh dang vén thém mot thé (tag)
vao mdi tham s& duge truyén chita loai tham s& va chiéu dai clia tham
s6 duge ma héa (gia tri). Type chita ngdm dinh cdc quy tic ma héa.
Kiéu ma héa TLV dugc s dung cho cdc tham sd trong cdc thing béo
quan 1y MAC. Né ciing duge st dung dé cdu hinh dinh nghia cia cdc
tham s& nhu cdc ban cdp nhit phdn mém, phién bdn phén cing,
Vendor ID, DHCP...

Chidu dai cha trudng Type 1a 1 byte. Cédc chidu dai cla cde truong
con lai duge gidi thich trong phan dugi day.

Néu chiéu dai cia trudng Value nhd hon hodc biing 127 byte thi
chigu dai cda trugng Length la 1 byte, noi bit ¢6 nghia nhat duge xde

lap sang 0. 7 bit khéc cla trutng Length duge sl dung dé biéu thi
chiéu dai cia trudng Value tinh bing céc byte.

Né&u chiéu dai cla trudng value hon 127 byte thi chiéu dai cda
trudng Length hon mic cin thiét 1 byte dé xdc dinh chiéu dai cla
trudng Value tinh bing cdc byte. Bit ¢6 nghia nhit duge xdc ldp sang
1. 7 bit khéc cGa byte ddu tién cia trudng Length dugc sit dung dé
biéu thi thém so byte cla trudng Length (nghia 12 loai trif byte dau
tién nay). Cdc byte con lai (nghia 14 ngoai trir byte ddu tién) cia
truong Length duge st dung dé biéu thi chidu dai cia trudng Value,

Céc tap hop TLV rdi nhau duge tao tugng (ng vdi mdi nhém chic
nang. Méi tap hgp TLV vdn duge dinh nghia mdt cdch tudng minh la
cdc thanh vién cta mot cdu tric TLV phie tap hinh thanh thém mot
tap hgp. Céc gia tri Type duy nhat duge gdn vao cdc kiéu md héa
TLV thanh vién cia mdi tdp hop. Tinh duy nhit cia cde gid tri TLV
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Type sau dé duge bdc ddm bing cdch nhén dang cdc thuc thé IEEE
802.16 (cac thong bao quan ly MAC va/hodc file c&u hinh) vén chia sé
cdc¢ tham chiéu dan sang nhitng kiéu ma héa TLV riéng biét.

8.6.1 Mé haa TLV

Bang 8.7 mé t& ngin gon cdc tdp hop mi héa TLV trong chuin
802.16. Ddi v6i mdi tAp hgp méa héa, phan cla chudn duge trinh bay 6
noi ¢6 thé tim thay cde chi ti&t cua kidu ma héa nay. Dai véi mot so
tdp hgp TLV. chudn dinh nghia cdc tham sé ma héa TLV cho mbi
thong sé PITY.

Béng 8.7: Mo ta ngin gon vé cdc tdp hop md héa TLV trong chudn 802.16. MGt s&
gid tri Type chung cho cac tdp hgp khac nhau nhung khong thé c¢o sy nhim 1da.

Tap hop cdc kidu ma héa Type Mé ta

Cdc kidu ma héa chung 143-149 Dinh nghia cde tham s& chdng han
nhu céng sudt truyén (transmit
power) hién hanh, bé md ta service
flow downlink/uplink, théng tin
HMAC (xem chudng 15)... Mot s&
tham s& nay duge st dung béi cie
tap hgp ma héa TLV khac. Xem muc
11.1 cda chuén.

Cic kiéu ma héa file cdu hinh 1-7 Chi cho ciu hinh {(phan 9 cGa chudn).
Binh nghia cidc tham s& nhu cdc ban
cap nhat phian mém, phién ban
phdn cing, Vendor 1D... Xem muc
11.2 cia chuin.

Cac kiéu ma héa théong bdo 15 Dinh nghia cdc tham s& uplink ching
quan ly UCD han nhu uplink burst profile von cé

thé duge st dung (xem chuong 9).
Muec 11.3 cia chuin.

Cac kiéu ma héa thong 1-17 Dinh nghia cde tham s8 downlink

bdo quén 1y UCD chdng han nhu downlink burst pro-
file v4n ¢é thé duge s dung (xem
chuong 9), Muc 11.4 cia chuin,

Cic kidu ma héa thong 14 Binh nghia cde tham sé Ranging

bde quan ly RNG-REQ Request ching han nhy downlink
burst profile duge yéu cau. Muc 11.5
cua chuan.

Cac kiéu ma héa thong 1-13 Dinh nghia edc tham s8 ranging

bao quan 1y RNG-RSP response, Vi du: Basic CID va Pri-

mary management CID 14 cdc théng
bdoc duge ma héa TLV RNG-REQ,
Muc 11.6 cia chuén.
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Céc ki€u ma héa thong bao  1-17 Binh nghia cdc tham s8 Registration

quan ly REG-REQ/RSP Request chng han nhu cdc kha nang
CS, cdc tham s6 ARQ... (xem chuong
11). Muc 11.7 cia chudn.

Cdc kiu ma héa théng - 14 Binh nghia cdc tham s& SS Basic

bdo quan Iy SBC-REQ/RSP Capability Request ching han nhu
cde tham s8 vat 1y duge hé tro va
viéc ho trg cdp phat bang thong (xem
chuong I1). Muc 11.8 cia chuin,

Cac kiéu ma héa théng 6-27 ngoai  Pinh nghia cdc tham s6 lién quan
bde quan ly PKM-REQ/RSP  trit 14,25  dén an ninh nhu SAID (Security As
va 26 sociation IDentifier). chiing nhin

{certificate) 88... (xem chuong IS) muc
11.9 cita chuén.
Céc ki€u méa héa théng 1-6 Pinh nghia cdc tham s& Multicast
béo quan Iy MCA-REQ Assignment Request nhu Multicast
CID, loai cap phat dinh k¥ (periode
allocation type)... Muc 11.10 cia

chuén.
Cdc kiéu ma héa thong 1 DBinh nghia cdc tham sé lién quan
bdo quan Iy REP-REQ dén yéu cau b:ﬁid cdo do kénh. Muc
11.11 cua chuin,
Cdc kiéu ma héa thong 1va2 Pinh nghia cdc tham 56 lién quan
bdo quin ly REP-RSP dén bdo cdo do kénh vén 1a phan

héi d8i vdi yéu cdu bdo cdo do kénh,
Muc 11.12 ctia chuan.

Cic kidu ma héa quan 1-28 ngoai  Pinh nghia cdc tham s& két hgp vdi

1y service flow trir 4 va vigc 1ap thai biéu uplink/downlink
27,99-107  cho mdt service flow nhu SFID, CID...
va 143 Muc 11.13 cla chuin.

Trong bing ndy, ¢6 thé thay nhitng gid tri Type cda cdc tdp hgp
ma héa TLV chung thi duy nhat (khi so sanh vdi cdc tap hgp khac).
Péy 14 tap hgp duy nhit bdo ddm tinh doc nhdt cho méot tdng thé,

Phu luc B clia sach nay trinh bay mét vi du chi tiét vé viéc sit dung
kiéu ma hoa TLV trong 802.16.

8.7 Automatic Repeat Request {ARQ)

ARQ (Automatic Repeat reQuest) 14 mét cd cAu didu khién cia ldp
lién két dir liéu nai bd nhan yéu cdu bd phat gdi lai mot khai dir lidu
khi cdc 16i duge phat trién. Co cdu ARQ dua vao cdc thdng bdo bdo
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nhan (ACK) hoac khdng bdo nhan (NACK) dugc truyén béi bé nhan
dén bo phat dé biéu thi mét s nhan (ACK) t6t hosic kém (NACK) ciia
cdc frame truGe. Mot cta so truot ¢ thé duge dua ra dé€ ting téc do
truyén. Hinh 8.9 minh hea co cdu ARQ tich lay.

e L Fra'ne rrl
— e Frame e
- L 1A
; B Sliding
S . .. _ Frame #k ‘ ; Window = K
Cumufaive ACK .. s
- T Ac,.lvzr'-é;.vludgment lat the I
PrevIows bnck trames i
o e oo o Frame #h+1 !
R - B -
Transmiltar - Frame #k+k Recowver
R !
E
Cumuldlwe NACK . - - .
- T TNg Ackncwlcdqment for the
previous ock lrames i
_____ _F rame ﬂkn i
Frdme Ihuk

- - T A(,knuwlsdgmem for lhe i
previous block ramas ‘

Hinh 8.9: Minh hea tign trinh ARQ tich liy

Khéi ARQ 1a mét don vi dit lidu riéng biét duge tdi trén mdt néi
két duge bat ARQ. Mgt khéi ARQ duge gan mét s6 trinh tu (SN) hoic
mot Block Sequence Number (BSN) va duge quan ly dusi dang mot
thye thé riéng biét bdi cdc bd mdy trang thai (state machine) ARQ.
Kich ¢& khoi 1a m§t tham sé duge thuong lugng trong sy thiét lap ndi
ké&t.

Mot hé théng hd trg ARQ sau d6 phii cé thé nhan va xd 1y céc
théng bao phdn hdi ARQ. Thong tin phan héi ARQ cé thé duoc gdi
du6i dang mét théng bdo quan ly MAC dbc 14p (xem Type 33 trong
bang 8.5) trén ndi két quan ly basic thich hgp hodc duge piggyback
(lap nguge) trén mot néi két hién cé. Sy hdi tiep ARQ duge 14p nguge
duge gdi nhu sau: subheader payload héi tiép ARQ ducgc gidi thidu
trong muc 8.2.3 (xem bit Type 4 trong header frame MAC generic), ¢6
thé duge st dung d€ géi cde bién thé ARQ ACK: eumulative (tich liy),
selective (chon loc), chon loc véi tich lady, tich liy vdi khai. Khi duge
gdi trén mot ndi két quin 1y basic thich hgp, sy hét tidp ARQ khong
thé dugc phan doan.
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ARQ la mdt co cdu MAC tuy chon dé thyc thi trong chuin 802.16.
Khi duge thuc thi, ARQ c6 thé dugc bat trén co s& mdi ndi két. ARQ
mdi néi két duge xde dinh va duge thuong lugng trong qué trinh tao
ndi két. Mot ndi k&t khong thé ¢6 hdn hop luu lugng ARQ va luu
lugng khéng phai ARQ.

8.7.1 Dany ghan hoi ARQ

Thong bao Standalone ARQ Feedback ¢6 thé dugc st dung (ngoai
viéc 1dp nguge ARQ) dé truyén tin hidu ARQ ACK khdc nhau: cumula-
tive, selective va selective with cumulative {chon loc véi tich liy).
Bang 8.8 trinh bay ARQ Feedback Information Element (IE) dugc su
dung b3i bé nhan cia mdt khdi ARQ dé géi tin hiéu cdc thong bdo
nhan duong hodc dm. Map ACK la mdt trudng noi mbi bit bidu thi
trang thdi (duge nhan chinh xdc hay khéng) cha khoi ARQ dugce tham
chiéu.

Bang 8.8: Cac nji dung ARQ Feedback Information Element (IE} (danh sach khong

toin dign).
Trudéng Kich c3d Ghi chu
CID 16 bit ID cta ndi két duge tham chiéu
Last 1bit 0 = nhiédu IE phin hdi ARQ hon

trong danh sach; 1 = IE phan hoi
ARQ sau ciing trong danh sdch

ACK Type 2 bit 0x0 = Muc ACK lua chon, 0x1 =
muc ACK tich liy, 0x2 = muc ACK
tich lay véi lua chon, 0x3 = ACK
tich liay vdi mot thyc thé ACK
trinh ty khéi

BSN (Block Sequence Nurmber) 11 bit Dinh nghia cita trung nay la mot
ham ctia ACK Type. Bdi véi ACK
tich lity, gid tri BSN biéu thi riing
khoi va tat ca khéi tuong dng cia
chiing co cac gia tri kém hon trong
cita sd truyén da duge nhan thanh
cong

Number of ACK maps 2 bit Néu ACK Type = 01, trurng dugce
danh riéng va duge xdc lap sang
00. Néu khong trudng nay biéu thi
50 map ACK: 0x0 = 1, 0x1 = 2, 0x2
=3valdxd=4

(D&} vdi cdc loai ACK lya chon) 16bit mdi  Mbi bit duge xdc lap sang mot bigu

mdt hodc nhiéu ACK Maps map ACK  thi riing khéi ARQ tuong dng da

lua chon duge nhan ma khong ¢6 161 nao.
Bit tuong Gng véi gia tri BSN trong
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IE la bit c¢6 nghia nhait cia muc
map dau tién
Né&u ACK Type=0x1 (ARQ tich liy), gia tri BSN biéu thi ring khoi
tuong ung cta né va tdt ca khdi c6 cde gid tri kém hon trong cira sé
truyén dd dugc nhan thanh céng. Hinh 8.9 tugng trung cho co ciu
ACK ARQ tich lay.

8.7.1.1 ACK lvta chon va ACK tich liiy voi lia chon

Maéi bit duge xdc lap sang médt trong ACK MAP Iya chon biéu thi
khéi ARQ tuong ing da duge nhin thanh ¢éng. Bit tuong dng véi gia
tri BSN trong ARQ Feedback Information IE 1a bit ¢6 § nghia nhat
cua muc map dau tién. Céc bit cho cdc sé khoi ti€p theo duge gdn tr
trdai sang phai (MSB - L5SB) trong muc map.

ACK tich lily v4i lua chon két hgp cde ¢o cdu tich lay (cumulative)

va lua chon (selective): sy bdo nhidn (ACKnowledgement) dugce thuc
hién cho mét s6 khdi ARQ.

8.7.1.2 ARQ va Packing hodc Fragmentafion

Ca cdu ARQ cé thé duge 4p dung vac cic MAC SDU duge phin
doan hosic MAC PDU dugce déng géi. Trong trudng hgp, bit Extended
Type trong header MAC generic phai duge xdc ldp sang 1 (xem muc
8.2).

8.7.2 Cd ¢du Hyhrid Automatic Repeal Reguest {HARQ)

Co cdu Hybrid ARQ (HARQ) st dung mdt ma kiém soat 161 ngoai
phuong phép truyén lai dé bdo ddm viéc truyén cac goi dit liéu (tuong
ing vdi ARQ) mdt cach ddng Lin cdy hon. Su khéc biét chinh giifa mét
phuong phdp ARQ va mot phuong phdp HARQ la trong HARQ, cdc
lan truyén lai ti€p theo dugc két hgp véi cde lan truyén lai dugce
nhan cé 10i trudc d6 dé nang cao dd tin cdy duge xdc dinh va duge
thuong lugng trong thu tuc khdi tao. Mgt burst (chép tin hi¢u) khong
thé ¢6 hén hgp luu lugng HARQ va luu lugng khong phai HARQ.
Phuong phdp HARQ 13 mét phan tiy chon clia MAC chudn 802.16.
HARQ c6 thé chi duge hd trg bdi giao dién PHYsical OFDMA.

b6i véi HARQ downlink, cdn dén mét sy trac d6i ACK/NACK
nhanh. Uplink slots ACK (ULACK) trong frame OFDMA cho phép sy
phdn héi nhanh nay (xem frame OFDMA trong chuong 9).

Hai loai HARQ chinh dugc ho trg:
m Incremental Redundancy {IR) cho CTC va CC. Ldp PHY ma hoa
g6i HARQ tao mdt sd phién ban cdra cac goi con dugec mé hoa
(xem hinh 8.10). M&i géi con (subpacks:t) duge nhan dang duy nhat
b&i mét SubPacket [Dentifier (SPID)Y. B&n géi con ¢o thé dugc tao
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cho mét gdi can duge ma hoa. B&i véi mai ldn truyén lai, khdi duge
ma héa (SPID) khdc vé&i khdi duge ma héa dudce truyén trude do.

. _| FEC""]_..! P, | (5PID = 1)
- ]_-—ICEE:}—HFE’MJ (SPID = 2)
o rEc Py JsPo=3)

| (SPID = 4)

.

|_1" FEC‘,r ______ _,{ﬁmm

e Decoding of
n
NA%--—-* Packet P

LPHs 1_:.::;_ | based on:

Hinh 8.10: Incremental Redundancy {IR} HARQ

®m Chase Combining (CC) cho tdt ca phuong phap ma héa. Viéc truyén
lai gidng hét nhu khdi dugc truyén ban dau. Ldp PHY mé héa gdi
HARQ tao chi mdt phién ban cla géi duge ma héa (khong doi hoi
SPID).

Mbt SS cé thé hd trg IR va mot SS c6 thé hd trg CC hosc IR.
8.8. Lap thoi biéu va s thich iing lién két

Viéc 14p thdi biéu (scheduling) sé duge md td trong chuong 11. Vao
giai doan ndy, mét s6 nguyén tic lap thai bidu s& duge gisi thidu va
58 duge stt dung trudc chuong 11. Cédc dich vu lap thdi biéu 1a nhing
¢o cdu xi 1y dir lidu cho phép phan bé cong bang cie tai nguyén giita
nhitng ngudi dung WiMAX/802.16 khdc nhau. Mdi ndi két duge két
hop véi mot dich vy dir lidu va mdi dich vu di lidu duge k&t hop véi
mot tAp hgp tham 58 QoS von dinh lugng nhifng khia canh vé hanh vi
cua chung, duge goi 1a mét ldp QoS.

Bén 16p QoS dd duge dinh nghia trong chudn 802.16-2004 (va sau
dé trong WiMAX)la:

m Unsolicited Grant Service {UGS)

W real-time Polling Service {rtPS)

# non-reai-time Polling Service (nrtPS)
B Best Effort (BE)



Chuong 8: Cac chic ndng MAC va Frame MAC 137

Mat 16p thd nam da duge bé sung vdi 802.16e: 16p extended real-
time Polling Service (ertPS).

Muc dich 14p thoi bidu 1a cho phép moi ngudi ding néu c6 thé cé
QoS thich hgp dugc yéu clu cho dng dung cda minh. Vi du, mot ngusdi
ding géi mét email khong doi héi ludng di lidu thai gian thue, khéng
giong nhu ngudi dung khéc ¢6 mot ¢ng dung Voice over IP (VolP).

Co cau chinh dé cung cAp QoS 1a k&t hop cde gbi di qua giao dién
MAC vao mét service flow nhu duge nhan dang béi CID. Nhu da dé
cap trong chuong trude, 16p MAC CS phin loal cdc ing dung ngusi
dung khdc nhau trong nam loai dich vy nay. Mét khi hoat déng dé
duge tién hanh, vai trd cia 16p MAC CPS la cung cdp viéc thidt lap
va duy tri noi két gita hai phia. Hinh 8.11 minh hoa cédc c¢o cdu lap
th&l biéu trong mét tram (BS hodc SS).

Tram
MAC M
!
C(TUEY Gl ues
VoIP, Video N o5
..................... - S rt
R R
TETP
[ .h\_\“
"‘u\‘_ nriPS
HTTP
__._.__......__._..__._..’— -
, BE
E mall ”_._._' ......................................
Lt
b e 1

Hinh 8.11: Cdc¢ co cdu I4p thai bi€u trong mo1 tram (BS hodc SS).

Trong ché& dé¢ PMP, BS diéu khién viéc lap thoi biéu uplink va
downlink. Viéc lap thdi biéu yéu cdu/cap phat uplink (xem chuong 9)
duge ti€n hanh bdi BS véi muc dich cung cdp cho mdi SS thi cdp mot
bang théng cho cdc cudc truyén uplink hodic cdc co hot dé yéu cdu
bang thong.

Su thich dng lién két (link adaptation) cung c¢dp mdot hiéu suat kha
t6t cho nhitng Ung dung khdc nhau va mgt sy t81 uu héa tdt vide su
dung cdc tai nguyén vd tuy€n, nhan ra QoS duge yéu ciu dé truyén
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cdc ludng dir lidu. Sy thich dng lién k&t la mat sy chinh sda thich dng
cGa burst profile, chii y&u 14 su diéu bi&€n va cédc loai ma héa kénh vén
x4y ra trong lién két vat iy dé lam cho luu lugng thich dng véi mot
diéu kién kénh vo tuyén mdéi. N&u CINR gidm, su thay déi duge thue
hién d6i v6i mot sy didu bign va sy mad héa manh mé& dé nang cap
hiéu suat (thong lugng dit lidu); néu khong, mdt profile kém manh mé
hon duge chon. P& bist thém chi tiét vé sy thich tng lién két va
nhirng chuyén tiép burst profile, xem chuong 11.
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Chuonyg 9

MO ta su da truy cap
va Burst Profile

9.1 Gigi thiéu

Muc dich clia chuong nay 12 mé ta sy da truy edp (multiple access)
cia WiMAX/802.16. Ching ta c¢6 thé thdy ring cdc co ¢&u da truy cdp
va chia sé tai nguyén vb tuyén thi kha phic tap. Cé thé néi ching
phite tap hon nhing dich vu wireless da bi&t khdc chdng han nhu dich
vu GSM, WiFi/IEEE 802.11 ho#ic thdm chi UMTS. Tuy nhién, ndéi
chung sy da truy cdp WiMAX la m{t F/TDMA (Frequency va Time
Division Multiple Access) cuc k¥ linh hoat.

Khai niém vé service flow trén mét néi k&t 1a trung tdm cho hoat
dong cia giao thic MAC. Cadc service flow trong chuén 802.16 cung
cdp mot co cdu dé quin 1y QoS trong uplink va downlink. Céc service
flow khong thé thi€u dugce cho tién trinh cdp phdt bing théng. Trong
tién trinh ndy, mot SS yéu cdu mot bing thong uplink trén co sé moi
ndi k&t (nhan dang service flow mét cdch ngdm dinh). Bang théng
duge caAp phdt bdi BS cho mot SS nhim phéan héi lai cdc yéu cau mdi
néi két tir S8, WiMAX da duge goi 14 mot hé théng Demand Assigned
Multiple Access (DAMA).

PAu tién, cdc khd néing song cong (duplexing) dugc md td trong
muc 9.2. Cdc frame vat 1y duge md ta trong muc 9.3. Cdc cude truyén
WiMAX xay ra trén cac chdp tin hiéu (burst) hoan toan dong. Khai
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niém vé su da truy cdp lién quan chit ché dén burst profile. Cdc noi
dung frame dugc biéu thi trong cdc thong bao DL-MAP va UL-MAP
duge mo ta trong muc 9.4. Khdi niém vé mot burst (chép tin hiéu)
trong chuan 802.16 va cdch cédc burst profile duge thong bao trong BS
dugc néu chi tiét trong muc 9.5. Trudng hgp cu thé cia ché do Mesh
dugc gidi quyét trong muc 9.6.

9.2 Song cong: Ca FDD va TDD déu c6 thé thuc hién dugc

Chuan WiMAX/802.16 bao gom hai ky thuit song cong (duplexing)
chinh: Time Division Duplexing (TDD) va Frequency Division Duplexing
(FDD). Viéc luya chon mot ky thuat song cong nay hoidc ky thuat song
cong khéc c6 thé danh huéng dén nhitng tham s6 PHY nhat dinh cang
nhu tdc dong dén nhitng tinh niang vén c¢6 thé duge hd trg. Tiép theo,
ting ky thuat song cong nay sé duge thao luan.

9.2.1 Ché do FDD

Trong mot hé théng FDD, cdc kénh uplink va downlink dugc dinh
vi trén cdc tAn sé riéng biét. Mot khung thoi gian ¢6 dinh duge sl
dung cho céc cudc truyén uplink va downlink. Diéu nay lam dé dang
st dung céc loai diéu bi&n khdc nhau. N6 ciing cho phép st dung dong
thoi cdc SS toan song cong (full-duplex) vén c6 thé truyén va nhan
dong thoi va tuy chon cdc SS ban song cong (H-FDD cho Half-duplex
Frequency Division Duplex), vén khéng thé. Mot SS toan song cong
¢6 kha nang ling nghe lién tuc kénh downlink, trong khi mot SS ban
song cong (half-duplex) ¢6 thé ling nghe chi kénh downlink khi né
khong truyén trén kénh uplink. Hinh 9.1 minh hoa céc trudng hop
khdc nhau cia ch& do hoat dong FDD.

| i

Frame

. Broadeast %’iﬁg H-FDOD 88 1
Full duplex Capable SS #3 Bl rooss e

Hinh 9.1: Minh hoa céc hoat ddng ch& d§ FDD khdc nhau: broadcast, full duplex va
half duplex. Céc SS bdn song cdng dudi dang SS 1 va 2 trong hinh nay ¢ thé 1ing
nghe kénh hodc gdi thong tin (mot cach doc quyén).
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Khi cde SS ban song cong duge sit dung, bo didu khién biang thong
khéng cdp phdt bang théng uplink cho modt SS bdn song cong cing
thoi diém véi cdi sau dugc mong dgi nhan dir liéu trén kénh down-
link, bao gom cho phép tré dich chuyén truyén uplink/downlink.

9.2.2 Che df TDD

Trong trudng hgp cda TDD, cdc cudc truyén uplink va downlink
chia sé cing mot tdn s6 nhung ching xdy ra vao cdc thai diém khac
nhau. Mét frame TDD (xem hinh 9.2 va 9.3) ¢6 khodng thai gian ¢§
dinh va chita mét frame con downlink va mdt frame con uplink. Frame
duge phdn chia thanh mdgt s6 Physical Slot (PS) s8 nguyén vén giup
phén chia bang théng mdt cdch dé& dang. Péi véi cdc 16p PHYsical
OFDM va OFDMA, mét PS dugc dinh nghia 1a khodng thoi gian cia
bén ky hidu diéu bidn. Frame khéng nhat thiét duge phan chia thanh
hai phdn bing nhau. Viéc tao frame TDD mang tinh thich ¢ng trong
do bang thdong duge cdp phat cho downlink so vdi uplink ¢é thé thay
doi. Sy tdch gida uplink va downlink 14 mét tham s hé théng va
chudn 802.16 cho biét rang né duge diéu khién tai cdc 16p cao hon
trong hé thong.

Downlink Subframe Uplink Subframe

dimb T
. HIRRRHE
F‘

i T b e

- l'l.l“'ll' l..‘

Famie -1 Frime | Fram +1 Fiane [+ J vew

Hinh 9.2: Frame TDD: cdc cudc fruyén uplink v& downlink chia sé ciing mgt tdn sd
nhung cd cdc thii gian truyén khdc nhau.
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Hinh 9.3: Dang chung cta mt frame TDD (OFDM PHY). Trong ché d§ FDD, frame con
downlink vA cdc frame con uplink dugc truyén trén hai t4n s6 riéng biét dudi dang
frame uplink va frame downlink. Cic¢ ndi dung nhyu nhau cho FDD v& TDD.

Tépd mesh (mang 1udi) hé trg chi song cdng TDD.

So sianh hai ch& d6, mdt khung thoi gian ¢8 dinh dugc st dung cho
cdc cudc truyén uplink vaA downlink trong FDD trong khi sy phén
ph&i TDD thi ¢6 tinh thich gng. Do 86, song cong TDD thich hop han
khi céc tdc do di lidu khéng d61 xidng (gitta uplink va downlink), vi dy
cho mét cude truyén Internet. \

Sau khi gidi quyé&t cau héi vé song cong (duplexing), nhidu ngudi
dung phai chia sé tai nguyén bing théng trong mdi leai truyén.
9.3 Truyén cac Frame con Downlink va Uplink

Cdc cude truyén downlink va uplink cing tén tai theo mdt trong
hai ch& d9 song céng: TDD hodc FDD. Ching duge géi qua cdce frame
con downlink va uplink. BAy giv nhiédu théng tin cu thé hon dugc
trinh bay vé médi trong hai frame con nay cho OFDM PIIY. Cau tric
cua cdc frame con downlink va uplink giéng nhau c¢ho TDD va FDD.

9.3.1 Frame con Downlink OFDM PHY

Mot frame con downlink OFDM PHY gém chi mét downlink PHY
PDU, PDU nay ¢6 thé duge chia sé bdi nhidu SS. Mot downlink PHY
PDU b#t ddu véi mdt preamble dai von cho phép déng bé héa PHY
dé ling nghe cdc SS. Mot SS ldng nghe ddng bd héa véi downlink s
dung preamble (xem muc 9.3.5 va chuong 11). Theo sau preamble la
mot chdp tin hiéu Frame Control Header (FCH). FCH chia Downlink
Frame Prefix (DLFP) vén xdc dinh burst profile va chidu dai cia toi
thiéu mét chdp tin hidu downlink theo sau ngay FCH. Mot s& burst
profile va chiéu dai downlink 1én dén bén sau FCH, c6 thé dugc xac
dinh trong DLFP. Mot truding HCS chi€m byte cudi cing clia DLFP,
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D6i vé6i OFDM PHY, chudn xdc dinh ring DLFP la mét ky hiéu
OFDM c¢6 sy diéu bién va phuong phdp ma héa manh nhat. Su diéu
bién va phuong phdp ma héa c¢6 thé duge xem 1a BPSK véi téc do ma
hoa la 1/2. Trong DLFP, nhitng diéu sau day dugc xdc dinh:

B Vitriva profile cia chdp tin hiéu downlink diu tién (ngay sau FCH)

W Vitri va profile cia s6 chdp tin hiéu tiép theo i da. Vi tri va prohle
clia cac chdp tin hiéu khac dudc xac dinh trong théng bao quan ly
MAC DL-MAP (xem muc 9.4). Profile dugc xac dinh bdi mot Rate_ID
4 bit (d6i v&i cac chdp tin hiéu dudc biéu thi bdi DLFP) hoéac bdi
DIUC (trong cac DL-MAP).

Mbi chép tin hiéu downlink ¢6 thé duge géi d6n mot (unicast) hodc
nhiéu SS (multicast hoic broadcast). Mot thong bao DL-MAP (bd chi
bdo vige st dung frame downlink, xem bén dudi), néu duge truyén
trong frame hién hanh (mét trudng hcp noi khong can dén DL-MAP.
DLFP xdc dinh tat ca burst profile cia frame con downlink), phai la
MAC PDU dau tién trong chép tin hiéu theo sau FCH. Mot thong bao
UL-MAP (b6 chi bdo viéc st dung frame uplink, xem bén dudi) theo
ngay sau thong bdo DL-MAP (néu c6 mdt) hodc FCH. Né&u cédc thong
bdao UCD VA DCD duge truyén trong frame, chiing theo ngay sau céc
thong bdo DL-MAP va UL-MAP. Theo sau FCH la mét ho#ic nhiéu
chdp tin hiéu downlink. Cung mt hodc nhiéu burst profile c¢6 thé
duge su dung nhiéu lan (day 1a mot ban cAp nhat 16e cha 802.16-2004
von da yéu cdu mdi chdp tin higu duge truyén véi mot burst profile
khéc). Nhitng chép tin hiéu downlink nay dugc truyén theo thi tu
tinh manh mé gidm dan cla cdc burst profile ctia ching. Dang chung
cua mdt frame con downlink dugc minh hoa trong hinh 9.4. Cdc bd chi
bao burst profile 1a DIUC va UIUC, duge méd ta theo trinh tu.

DL Sublame cation

Ll PHY PDU 1L Subtramie)

Mét hay nhiéu chép duodc truyén trong mdt DL
PHY PDU. Méichdp co kiéu diéu bién va tao
ma riéng ctia nd. Cac chdp dugc phan loai theo
thy ty dd manh gidm dan.

Fresaenblee FiH DL tastat DL buarst #2 © DL Burst #m

| i 1 - .
DLFP ! Broadcast Renuiar WMAC . ! I Feqular MAC

Paddng b Padding
Message: PLUS G s Ny

[ ".‘h\( GRC
R ITRI] F s LS TSI IEST

Hinh 9.4: Cdc chi tiét vé frame con downlink OFDM PHY Mﬁl l:hﬂp tin h|Eu downlink
co the ﬂm;fc gdi d&n mgt SS (unicast) hodc rhiéu SS (multicast hodc broadcast).
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9.3.2 Erame con Uplink OFDM PHY

Hinh 9.5 tugng trung cho cdu tric cia mot frame con uplink. Mgt
frame con uplink OFDM PHY gdém ba phan chung theo thit ty sau day:

-

; Contention S10t tor |

B Cac slot tranh chdp cho phép initial ranging (xac dinh pham vi ban

dau). Théng qua Initial Ranging IE, BS xac dinh mdt khoang thdi
gian trong dé cac tram {station) mdgi co thé gia nhap mang {xem
chuong 11 dé bigt v& th( tuc initial ranging). Cac go6i dugc truyén
trong khodng théi gian nay s dung théng bao quan ly RNG-REQ
(Ranging Request) MAC va dudc truyén bang cach sif dung mot
thii tuc tranh chdp vi nhiing xung dot cé thé xay ra véi cac SS dén
khac {xem chudng 10 dé biét cac thl tuc tranh chép).

Cac slot tranh chidp cho phép cac véu cdu bang thdng. Théng qua
Request IE, BS xdc dinh mdt khoang thdi gian uplink trong do cac
yéu cdu co thé thuc hién cho mdt bang théng dé truyén dir liéu
uplink {xem chudng 10 dé biét chi tiét vé yéu cau bang thang).

Mot hoac nhidu PHY PDU uplink, mdi cai duge truyén trén mdt chép
tin hiéu. Ting PDU nay 1a mot frame con uplink dugc truyén tir mot
S8 khac. Mot PDU c6 thé truyén trong mét thdng bao SS MAC.

UL subframe duration

e e e e

Contenlion Slol tor ¢

UL PHY PDU UL PHY POU

N~ . Banawidth {(BW) | ) : |
al i t # o C "
: Initial Ranging Requests ]' coming from 58 . coming from 55
M1 uplink PHY PDU ¢6 burst profile riéng ]
cua no duge truyén vai mdt kiéu diéu bién Preample UL burst

va tao ma danh réng cho S35 da cho tai mot ! !
thoi khodng cho trudc. : o !

| mACMsg 1 ! MAC Msgn
| MACPDU 1 { | (MACPDUny | ©390ng
MAC . | MAC Payload CRC
Header {6 (Optonal) ' {Optional)
Bytes) T

Hinh 9.5: Cdc chi ti€l v frame con uplink OFDM PHY,

9.3.3 Frame OFDMA PHY

P3i véi 1¢p PHY OFDMA, dang frame thi khde nhau roé rang, xem
xét sut 4nh xa dit liéu duge thye hién trén hai chidu: thoi gian va cdc
séng mang thtt cdp. Hinh 9.6 minh hoa mét vi dy vé frame OFDMA
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trong ch&€ 46 TDD. Hinh nay bao gém cdc phin ti frame OFDMA
khéng bat bube.
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Hinh 9.6: ¥i du v& m&t frame OFDMA trong ché d¢ TDD.

Sut chuyén ti€p gifta nhitng diéu bién vA ma héa xdy ra trén cée
bi¢én slot trong mién thoi gian (ngoai trif trong ving AAS) va trén cdc
kénh con bén trong m{t ky hiéu OFDMA trong mién tdn s5. FCH
duge truyén biing cach sd dung tdc d6 OPSK 1/2 véi bon 14n lap lai s
dung phuong phdp ma héa bat bude. Sau dé, thang tin FCII duge gdi
trén bon kénh con gan ké vdi cde s6 kénh con logic lién tuc trong mét
vung PUSC. FCH chia DLFP v8n xdc dinh chiéu dai cGa théng bdo
DL-MAP ding ngay sau DLFP va mé lép lai duge st dung cho thong
bao DL-MAP,

Frame OFDMA c6 thé bao gébm nhiéu vung (chdng han nhu PUSC,
FUSC, PUSC véi tdt cd kénh con, FUSC, AMC, TUSC1 va TUSC2 thy
chon). Chuyén tiép gitta cdc vung duge bidu thi trong DL-MAP bdi
STC_DL_Zone hosic AAS DL_IE. Ca hai DIUC nay 1a cdc phdn gdn
rieng biét DIUC (=15) mé rdng. Cdc phén cdp phiat DL-MAP va UL-
MAP khong thé trai réng qua nhidu ving. Hinh 9.7 minh hoa mjt
frame OFDMA ¢6 nhiéu ving. Trong viing PUSC d4u tién ctia down-
link (ving dau tién), trinh tif ddnh s& lai mac dinh duge st dung dé
danh s& logic cluster.
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Frame con Uplink Frame con Downlink
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Hinh 8.7: Minh hoa frame OFDMA vdi nhifu vang.

C&u trac frame duge s dung cho uplink bao gdm:

B Sy ¢ap phat dé xac dinh pham vi (ranging). K&nh con xac dinh pham
vi uplink dugc cap phat cho SS dé xac dinh pham vi (initial/periodic/
handover ranging) va cac yéu clu bang thong.

® Slot phan héi nhanh bao gém bén bit dif liéu payload c6 ki€u ma
hoa cé thé chua cac s6 do CINR, cac thong bao van hanh handover,
cac yéu ciu bang théng rtPS mad rong... BS ¢6 thé cdp phat mot
CQICH (Channel Quality Information CHannel) (con dugc goi la mot
kénh phan hdi nhanh) sitdung mot CQICH _IE (CQICH _allocation_IE
hodc CQICH_Control_IE) cho cac bao cao CINR dinh ky. Sy phan

" hdi théng tin trang thai k&nh upkink nay duge st dung cho mdt so
hoat déng handover (chuyén giao) va MIMO. CQICH ciing hién hitu
cho downlink.

® Cac phédn cap phat di liéu truyén tin hiéu tuy chon khac la cac kénh
con lién quan dén handover, cac k&nh con lién quan dén MO, kénh
con HARQ UL, kénh con HARQ ACK. Power_control_IE,
AAS UL_IE...

m Céap phat dé truyén dil liéu.
9.3.4 Khodng thoi gian Frame

Cdc gid tri ¢6 thé c6 cha khodng thoi gian phy thudc vao lép
PHYsical. Cédc giad tri khodng thoi gian frame cho l6p PHY OFDM
(WiMAX) duge trinh bay trong bang 9.1 véi cde ma khodng thoi gian
frame tuong Ung. D1 véi 16p PHY OFDMA, mét gia tri duge thém
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viio danh sdch nay: 2 ms. D&i vdi cdc profile hé théng mobile WiMAX
(OFDMA) chi mét khoang thoi gian 5 ms thi bdt bubec.

Bang 9.1: Cac gid tri cd thé co cha khoang 1hdi gian frame cho giao dién PHY OFDM

(WiMAX)
M3 khodng thé&i gian frame Khoang thdi gian frame (ms)
( 2.5
1 4
2 5
3 8
4 10
5 12.5
6 20
7-2556 danh riéng

Khodng thoi gian frame duge quyét dinh bdi BS. Gia tri nay duge
truyén trong théng bdo DCD trén ma khodng thdi gian frame (trén 8
bit), nhu duge thdy trong muc 9.5.2 va phu luc B. D6i v6i hai hé thing
song cdng, quy tic nhu sau:

B Trong mot hé théng FDD, cac kénh uplink va downlink duge dinh vi
trén cdc tan sé riéng biét. Mot khung thai gian ¢d dinh duge s dyng
cho cac cudc truyén uplink va downlink.

®m Trong trudng hgp clia TDD, cac cudc truyén uplink va downlink xay
ra tai cac khoang thgi gian khac nhau (b8 sung) trong khi chia sé
cung mot tan 6. Mat frame TDD chua mdt frame con downlink va
mot frame con uplink. Dang chung clia mbt frame OFDM PHY TDD
duge minh hoa trong hinh 9.3. B8i véi OFDMA PHY, dang rd rang
khac nhau, xem xét hai chiéu: thdi gian va cac séng mang thir cdp
(xem hinh 9.6).

9.3.9 Cic preamble

Mét preamble 802.16 12 mot diy ky hiéu (symbol)} duge dinh nghia
theo chudn duge bigt bdi bd nhan. Preamble nay duge s& dung bdi 16p
PHYsical d& déng bé héa va can bing. Preamble phai dugc xem xét
dé tinh todn chinh xdc téc dé d liéu hitu dung.

B&i véi PHY OFDM, tdt ¢4 preamble duge tao cdu tric dudi dang
mot (preamble ngén) hodc hai (preamble dai)-ky hiéu OFDM. Céc ky
hiéu OFDM duge dinh nghia bai nhitng gid tri cla cac séng mang tha
cap bién soan. Cyclic Prefix (CP) cha cdc ky hidu OFDM dé ¢6 cung
mot chiéu dai véi CP cia céce ky hiéu OFDM du lidu.
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Preamble dai dugce sit dung trong cdc trudng hop sau day:
B preamble dau tién trong downlink PHY PDU;
B preamble xac dinh pham vi ban d4u (initial ranging);
B preamble AAS,
Preamble ngdn duge s dung trong nhitng trudng hop sau day:
B preamble dau tién trong uplink PHY PDU, khi su phan kénh con
khéng dugce ap dung.

B trong cac chdp tin hig¢u downlink von roi bén trong viing duge ma
hoa bing STC, preamble dugc truyén tif ca hai anten truyén ctng
mét lGe.

® mot preamble chdp tin hiéu trén cac chdp tin hiéu downlink khi dugc
xac dinh trong DL-MAP_IE,

Trong trudng hgp su cdp phat uplmk chita cdc midamble, cdc
midamble gom mot ky hiéu OFDM va gidng hét véi preamble derc su
dung véi sy cdp phat.

Dai vé6i 16p OHY OFDMA, preamble 13 mot s& séng mang thd cap.
9.4 Cac Map cila sy da truy cap: DL-MAP va UL-MAP

Cdc théng bdo quin ly DL-MAP va UL-MAP MAC dugc truyén
phét dai ching (broadcast) 1dn lugt dinh nghia su truy cap dén théng
tin downlink va uplink. DL-MAP la mét théng bdo quin ly MAC xdc
dinh cdc théi gian bt ddu chép tin hiéu trén downlink. Tuong duong,
UL-MAP la mgt tap hgp théng tin xdc dinh toan bé§ sy truy cdp
(uplink} cho tdt ¢4 SS trong mot khodng thai gian lap thoi bidu. Sau
dé, DL-MAP va UL-MAP la nhitng thu muc duge truyén phdt dai
ching bdi BS ela cdc frame downlink va uplink. Hinh 9.8 minh hoa
mét vi du vé viée sit dung DL-MAP va UL-MAP trong ché do FDD.

Frame n-1 Frame n Frame n+1 Frame n+2

DL-MAP n-t DL-MAP n DL-MAFP ne ¥ PL-MAP m 2
F {UL-M.&P n l// UL-MAP n+ 1 /ULvMAP 2 4ULvMAP ™3
rame '

control

cubirame | JOOCINONTNR (NNONMOONG (NDOCNENERN (NONMNEREN]
sublrame __ ;

Updiok - ‘-
subframe

Hinh 9.8: DL-MAP va UL-MAP xdc dnh viée sif dyng cac frame con downlink v uplink
(ché& a§ FDD}.
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Do5i v6i cdc 16p PHY OFDM va OFDMA (cd WiMAX), sy cAp phat
truy cdp cua DL-MAP va UL-MAP tinh bing cdc don vi cla cdc ky
hiéu va cdc kénh con (ddi véi OFDMA). Théng tin thdi gian trong DL-
MAP va UL-MAP thi tuong ting. Cdc khodng thdi gian sau day duge st
dung lam tham chiéu cho théng tin thdi gian cho méi trong hai thei
glan nay:

B DL-MAP DL-MAP: bat ddu ky hiéu dau tién (ké ca preamble néu.
hién dién) cia frame ma théng bao da dugce truyén trong do;

® UL-MAP: bat d4u ky hiéu dau tién (k& ca preamble néu hién dién)
cla frame ma théng bdo da dugc truyén trong dé cdng vai gia tri
cla Allocation Start Time (¢6 gia tri dugc cho trong théng bac UL-
MAP, xem bén dudgi).

Théng tin trong DL-MAP néi vé frame hién hanh (frame ma théng
bde DL-MAP duge géi trong dé). Théng tin duge tai trong UL-MAP
quan tdm dén mot khodng th&i gian bit ddu tai Allocation Start Time
duge do tir diu frame hién hanh va k&t thic sau phdn cap phat da xac
dinh sau ciung. Do d6, ¢6 hai kha ning vé frame nao lién quan dén
UL-MAP (dugc phén biét béi truyng Allocation Start Time trong UL-
MAP}:

® UL-MAP n phyc vy frame n + 1 {nhu trong hinh 9.8), dugc nhan
dang la sy lién quan thdi gian tdi da clia DL-MAP va UL-MAP trong
phéan tham khao. o .
® UL-MAP n phuc vy frame n, dugc nhan dang bdi sy lién quan thgi
gian i thidu clta DL-MAP va UL-MAP trong phan tham khao.
Hai khodng thdi gian nay ¢6 thé dugc sit dung cho cdc loai hoat
déng TDD va FDD,

8.4.1 Thony haa DL-MAP

DL-MAP la mdt thong bdo quan ly MAC dinh nghia thai gian bit
dau va céc profile chép tin hi¢u trén downlink. M&i thoi gian bit diu
chép tin hiéu duge biéu thi béi mdt DL-MAP_IE (DL-MAP Informa-
tion Elements). Dang DL-AMP_IE phu thudc vao l6p PHY. Cdc BS
tao cac théng bdo OFDM PHY DL-MAP c¢6 dang dugc minh hoa trong
hinh 9.9, ké c4d tat cd tham s§ sau day:

B {oaithéng bao quén ly MAC (=2 cho DL-MAP) _

m Dé dang hoa PHY. Truding déng bd héa PHY phu thudc vao thdng
s& PHY dudc sif dung. Trudng nay réng (dai zero byte) di véi I6p
PHY OF[M.

m S0 lugng DCD. Gia tri clia Configuration Change Count {trudng CCC)

cua DCD, vén md ta cac downlink burst profile dudc quan tam bdi
map nay.
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B Base Station |D. Base Station 1D la mo6t trugng dai 48 bit nhan dang

BS. Base Station |D ¢6 thé tap trinh: 24 bit c6 y nghia nhat dugc gdi
dudi dang operator ID. Bay la mdt moe ndi quan ly mang dugc két
hgp vai Downlink Channel ID cla théng bao DCD dé xii ly cac tinh
huéng edge-of-sector va edge-of-cell. RS rang, day khéng phai la
dia chi MAC clia BS.

Loai théng béo 56 lugng Base ClDs, cib=y, iD=y, __
quén by cha DL- DCD(8  Station D DWE=;, Slan DIUC=y, Stad  DIUC=y, Stan
MAP {=2); (8 bit) bit} {48 bit) Tume =4, Time=t, Time=r,
DL-MAP IE, DL-MAP IE,, DL-

MAF
IE,

Hinh 9.9: Thang bao quan I DL-MAP MAC cho OFDM PHY. M&i DL-MAP [E bi€u thi
thdi gian bi1 ddu cha mdt chdp tin hiéu downlink va burst profile (cc chi tiét kénh

ké ca cadc thude tinh vat Iy) cda chdp tin hiéu nay.

Phin con lai cia mdt DL-MAP la kiéu mé héa cia cdc DL-MAP IE
vén phu thude vao thong s6 POHY. DL-MAP IE cia ldp PHY OFDM
c6 dang duge minh hoa trong hinh 9.10 va bao gdm tat cd tham 80 sau

day:

® Connection IDentifier (CID). Diéu nay nhan ra viéc gan ID vao

mot dia chi broadeast, multicast hodc unicast. Néu CID broadcast
hodc multicast duge sti dung khi cé thé ghép cac unicast MAC PDU
(c6 cac CID khac nhau) thanh mat chdp tin hig¢u downlink don. Trong
mot chdp tin hiéu downlink broadcast hodc multicast, BS ¢¢ trach
nhiém bdo dam réng bat ky MAC PDU dugc gdi dén mét H-FDD
5S khong phil chdng bt ky sy cap phat uplink che S8 dd. Mgt H-
FDD SS ma mdt DL-MAP DL-MAP_IE va UL-MAP-IE ph{ chéng
thdi gian s dyng sy cdp phat uplink va loai bd Iuu lugng downlink
trong khodng thai gian phli chéng.

DIUC. DIUC 4 bit xac dinh loai chép tin hiéu dugc két hgp vdi khoang
thi gian chdp tin hiéu. Phdn md ta burst profite 1a mét phéan clia
théng bao DCD cho méi DIUC dugc st dung trong DL-MAP ngoali
trif cac DOUC dugce k€t hgp vdi Gap, End of Map va Extended (xem
DIVC trong muc 8.5 bén dugi).

Preamble present. Néu dugc xac 1ap, chdp tin hiéu duge xac dinh
sé& bt dAu vSi preamble ngén (xem & trén dé biét vé cac preamble),
Trong downlink, mét preamble ngén co th& dugc chén tly chon &
d&u chdp tin hiéu downlink ngoai preamble dai vén hién hiiu theo
mac dinh & dau frame.

Start Time. Bidu nay biéu thj thdi gian bat ddu, tinh bing cac don vi
cla khoang thdi glan ky hiéu OFDM, tuong ting vdi phan dau cla ky
hiéu dAu tién cda PHY PDU (ké ca preamble) nai théng bao DL-
MAP dugc truyén. Khodng thdi gian dugce xac dinh bdi gia tri Start
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Time Y& khoang thdi gian truyén cla ky higéu dau tién cta chdp tin
hiéu k& c& preamble (néu hién dién). Phan cudi clia chop tin hiéu
dugc cap phat cudi cling dé biéu thi bdi vigc clp phat mét chdp tin
hiéu End of Map (DIUC = 14) v6i khodng thgi gian zero (xem phén
DIUC trong muc 9.5.5).

CID 16 bit

DIUC 4 bit

Preamble present 1 bit (0=khong hién dién, l=hién dign)
Start Time 11 bit

Hinh 9.10: Céc trudng DL-MAP 1E cho 16p PHY OFDM {WiMAX).

Né&u chidu dai cda thong bdo DL-MAP 1a mét s6 byte khong nguyén,
trusng LEN trong header MAC duge lam tron lén thanh so byte
nguyén ké& ti€p. Thong bao duge dém dé khdp véi chiéu dai nay,
nhung SS khong quan tam dén cédc bit pad (dém).

9.4.2 Thong bdo UL-MAF

Thong bdo UL-MAP cdp phéat su truy cdp dén kénh uplink. Dang
chung cia théng bdo UL-MAP gan nhu giong hét DL-MAP va duge
minh hea trong hinh 9.11. Chi ¢é6 mét trudng méi: Allocation Start
Time, von la thoi gian bdt diu cla sy cAp phat uplink. Don vi cia
Allocation Start Time la PS bit diu tir ddu frame downlink trong dé
thong bio UL-MAP duge dat. Psi véi OFDM PHY, gia tri t3i thidu
duge xdc dinh cho tham s6 nay duge dinh nghia la di€m trong frame 1
ms sau ky hiéu cudi cing clia UL-MAP. Trutng Start Time tinh bing
cdc don vi clia khodng thdi gian ky hiéu OFDM (ddi vdi cdc DL-
MAP_IE.

Logithéngbdoquan  S8lugng Base Allocation ClD=y, VILC=y, ClD=, UIUC=y, —
Iy cda UL-MAP UCQ 8 Slatiorj 1D Starl ime Stant Time=t, Slad T|me=f?
(=3): (B out) o) 8ol (32 bm) Duration=0), Curation=0,

UL-MAP IE, L

MAP

IE2

Hinh 9.11: Dang chung cla 1hdng bio quin 1y UL-MAP MAC. VI muc dich don gidn,
khong phai 14t ca trugng d8u duge trinh bay trong hinh ndy. M&i UL-MAP IE biéu thi
thdi gian bdt ddu cia mgt chdp tin hiéu uplink va burst profile {cac chi tiét kénh ké

¢d cdc thude tinh vat ly) cia chdp tin hiéu nay.
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UL_MAP IE ¢6 mét s& phian tff méi d8i véi DL-MAP
W Duration bi€u thj khoang thdi gian tin bang cac don vi clia cac ky
hiéu OFDM cla sy cdp phat. Khoang thdi gian tinh ca preamble,
cac midamble, va postambie chita trong phan cap phat.
® Subchannel Index tuong tng vdi cac chl 8 dich chuyén tan sé clia
cac song mang thu cdp clla kénh con dugc cdp phat (xem chuong 5
dé biét vé viéc phan kénh con OFDM).
B Midamble Repetition Interval xac dinh viéc cé mdt midamle hay khang
va, néu cd, khodng thdi gian lap lai midamble trong cac ky higu
OFDM (8. 16 hodc 32 ky hiéu di liéu). Khi phan cudi cung cda ky
hiéu sau midamble sau cung dai hon nira khoang thdi gian lap lai
midamble, m&t postamble phai duce thém vao cudi pnan cdp phat.
Khi dugce ldp dia chi cy thé dé cdp phat bing théng cho mat SS,
CID 1a Basic CID caa SS. Mgt vi du chi tié€t vé mét théng bdoe UL-
MAP cé cdc gia tri 86 duge trinh bay trong chugng 10. Cac slot tranh
chap & dau mét frame con uplink duge dua vao vi du nay.

Trong mot frame, su chuyén déi tit luu lugng khong phai AAS dén
luu Jugng duge bat AAS duge danh diu bing cach sif dung UIUC=15
véi AAS_IE dé biéu thi ring viéc cdp phat ti€p theo cho dén cudi
frame danh cho luu lugng AAS. Cdc tram khéng hé trg chitc nang
AAS bd qua phan cda frame duge dianh ddu cho luu lugng AAS.

9.4.3 Cic thong bao OFDMA PHY UL-MAP va DL-MAP

Cédc DL-MAP IE va UL-MAP IE phu thudc vao théong s6 PHY.
OFDMA DL-MAP IE dinh nghia mdt miu cdp phdt hai chiéu thay vi
mdt mau cho OFDM DL-MAP IE. Cdc tham s6 OFDMA DL-MAP IE
dugce trinh bay trong bang 9.2.

Bang 9.2: Cac tham s chink OFOMA DL-MAP IE

DRIUC Duge sit dung cho chdp tin hiéu
Khodng dich chuyén ky Khoang dich chuyén (offset) cia ky hidu
hiéu OFDMA OFDMA trong d6 chép tin hidu bdt dau

duge do trong ky hiéu OFDMA tir ddu
frame downlink ma DL-MAP dugc truyén

trong dé
Khodng dich chuyén kénh  Chi s§ thdp nhat cda kénh con OFDMA
con (subchannel offset) duge st dung dé tdi chdp tin hiéu, bdt

dau tir kénh con 0

Gia tang {boosting) Biéu thi viéc cdc séng mang thd cap cho
sy cdp phat nay c¢6 duge gia ting cong
suat hay khéng
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S6 bd ba ky hieu OFDMA S8 ky hidu OFDMA vén duge st dung
{day A0 hoidc mét phan) d€ tdi chép tin
hiéu PHY downlink. Gid tri cda truong
duge cho trong cdc bdi s la ba ky hiéu

S48 kénh con S6 kénh con v6i cac chi s6 tiép theo duge
st dung dé tai chép tin hidu

Su bidu thi ma héa lap lai  Bidu thi ma lap lai duge s dung bén
trong chép tin hiéu duge edp phdt
OFDMA-UL-MAP 1E ¢6 hau nhu cde tham s& giong nhu DL-MAP
fE.

Mgt tham s8 thich hgp cho OFDMA UL-MAP IE 1a tham s& Rang-
ing Method vén biéu thi mdt trong hai chép tin hiéu xac dinh pham vi
(ranging burst):

B |nitial Ranging/Handeover Ranging.
B BW Request/Periodic Ranging.

9.5 Su dung Burst Profile: Théng bao DCD va bd chi bae DIUC

Trong muc nay, co cdu dé truyén burst profile va cdc tham sé chinh
b1 bude cho hoat déong nay duge mé tad. Mot burst (chép tin hiédu) la
mdt phan gin ké cia ludng dif lidu st dung cdc tham s§ PHY tuong
ty. Nhirng tham s6 nay la loai diéu bié&n, loai Forward Error Correc-
tion (FEC), chiéu dai preamble... (xem bén duéi), va duge goi 13 burst
profile. Loai da céng (multiplexing) duge goi 1& TDM (Time Division
Multiplexing) trong 802.16. Mbi burst profile duge biéu thi bdi Down-
link Interval Usage Code (DIUC) hodc Uplink Interval Usage Code
(UIUC) cla né Idn lugt cho downlink va uplink.

9.5.1 Cac ngwdag Wia chon Burst Profile

Cac thudc tinh burst profile da dugec mé ta trong chuong 6. Tham
s6 chinh la Modulation and Coding Scheme (MCS) duge sit dung trong
chdp tin hiéu. Ngoai ra, va nhu da thdy trong chuong 6 va phu lue B,
hai gia tri s6 ngudng CINR dugc cung ¢dp v6i mbi mé ta burst profile:
ngudng thodt bit bude DIUC va ngudng vao bdt budc DIUC. Hai
ngudng nay duge sit dung dé chon mdt trong cdc burst profile duge
dinh nghia (trong thong bdo), dya vao CINR duge nhan. Tha tue duge
minh hoa trong hinh 9.12 va dudc néu ré bén dudi:

B Né&u ngudng thoat bég budc CINR £ DIUC - DIUC khdng thé cén
dugc st dung nita - bat bude chuyén sang médt DIUC manh hon.

B Néu ngudng vao 18i thiéu CINR > DIUC - DIUC nay cé thé dugc
st dyng - chuyén sang mét DIUC it manh hon.
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Hinh 9.12: Sif dung cac ngudng cho mot burst profile 43 an dinh

Cac gid tri ngudng cé thé ¢é cho cde burst profile lan can duge
minh hoa trong hinh 9.13. Burst profile downlink duge quyét dinh béi
BS theo chit lugng cia tin hiéu von duge nhdn bdi mdi SS. Trong khi
hoat dong trén mot burst profile dd 4n dinh, SS gidm sdt CINR dugc
nhén clia né va so sdnh gia tri trung binh véi pham vi hoat dong duge
phép. Bao quanh viing nay la hai mde ngudng cia burst profile duge
st dung. Tlai mic nguéng nay duge dinh nghia c¢cing vdi burst profile
trong thong bdo DCD.

Burst Profile 2

i — GCINRnNgudng vao i6ithidu Burst Profile
#Z d 151 dé s dung profile 2
Overlap unge
............................ 4--—  Ngudng thoat bat bugc Burst Profile #Z “Thip
hon? Bé nghi di dén profile ¥”
S Burst Profile Y
o '_
w .
R P Ngudng vao 151 thidu Burst Protile #Y
Overlap
I— a4~~~ Ngudng thoat bt budc Burst Protile #Y
|
" Burst Profile X
o - Ngudng vao tdi thidu Burst Profile #X

R ;\ .................................................... ‘__ Ngudng thoal bét bUQC BUI’SI PfOf"B “X

Hinh 9.13: Minh hopa cdc gia tri nguéing burst profile cho ba profile 1&n ¢dn. Burst
profile X manh nhat.
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Né&u CINR duge nhéan nam bén ngoai viing hoat dong cho phép (tir
trén cung hoitc tir dudi cing). SS phdi yéu cdu moét su chuyén sang
mdt burst profile mdi, theo nguyén tdc dudc cho ¢ trén trong phan
con nay va sif dung mét trong hai phuong phap duge dé xuat (duge md
ta trong chuong 11). Piéu nay phu thudc vae vide SS nay di dugc cho
mot su cAp phat dir lidu uplink hay khéng.

9.5.2 Thing bdo DGO {Downlink Channel Decriptor)

Thing bao DCD (Downlink Channel Descriptor) la mét thong bdo
quan 1y MAC duge truyén dai ching dugc phat béi BS tai mot khodng
thai gian dinh ky dé cung cép cde burst profile (cdc tAp hop tham so
vat ly) vén ¢é thé duge sit dung béi mot kénh vat ly downlink trong
mdt chép tin hiéu, ngoai nhilng tham s6 downlink hitu dyng khic.
Dang chung cua cac thong bao DCD duge minh hoa trong hinh 9.1.
N§i dung cia cdc trudng thong bdo DCD bay gid duge trinh bay.

| DCD Message (Broadcasted |

i N y
| MAL manageinant smosssge

S P s Dok,

! MAC management i Downlnk Configuratian For each downhink burst profile 110 0
! message Type {=1)| Chanael ID | Change Count | TLV encoded (Downhnk Borst Protke)

1 Downlink Burst | Downlink Gurst | Downhna Surst |
[ Profless | Prottes; | 1 Profien

Downhnk Burst
Pralle wencoding
!

Channel
| encodings
.

TLV encoded
rdonmgtion

DILG

Hinh 9.14: Dang chung ciia thong hdo DCD {Downlink Channel Descriptor)

Downlink Channel ID (ChID, dirng nhadm lan v4i CID) 14 dinh danh
ciia kénh downlink ma théng bdo nay tham chi€u dén. Binh danh nay
duoc chon thy ¥ béi BS va chi duy nhat trong mién MAC. Binh danh
nay dude s dung lam mdt dinh danh cue bd cho cdc giao tdc chéng
han nhu ranging (xdc dinh pham vi).
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Configuration Change Count (CCC) la mét trugng 8 bit duge gia
tdng lén 1 (modulo 256) bdi BS bat et khi nao bat ky gid tri cia théng
bao DCD thay déi. N&u gi4 tri cia s6 dém (count) nay trong DCD ti&p
theo van khong doi, SS c6 thé quyst dinh, sau khi doc trudng CCC
rang cic trudng con lai da khong thay di. Sau dé, SS ¢6 thé bd qua
phin con lai cia théng biao DCD.

Cdc truong Downlink_Burst_Profile mé td timg burst profile duge
su dung trong downlink cho dén théong biao DCD ké& tiép. Cde néi
dung trudng Downlink Burst Profile duge dinh nghia riéng biét cho
méi théng s6 PHY (Single Carrier. OFDM. OFDMA...). Bang 9.3 dinh
nghia dang cia ki€u ma héa Downlink_Burst_Profile von duge sd
dung trong théng bdo DCD cha giac dign OFDM (WiMAX). bay la
dinh dang duge minh hoa trong hinh 9.14. Downlink_Burst Profile
bao gdm mét kiéu ma héa TLV (xem muc 8.6) dinh nghia va két hgp
vdi mot gid tri Downlink Interval Usage Code (DIUC) cu thé, cdc dic
ditm PHY (burst Profile) duge st dung véi DIUC d6. Trong méi down-
link burst profile 1a mjt danh sdch cac thudc tinh PHY (cdc kiéu ma
héa burst profile) cho burst profile d6 dugc ma héa dusi dang cac gia
tr1 TLV,

Béng 9.3: Dang downlink burst profile cho profile OFOM (WiMAX)

Trudng Kich c&
Type = 1 8 bit
Length 8 bit
Danh riéng 4 bit
DIUC 4 hit
Thong tin duge ma héa bing TLV Khd bién

Théng tin duge ma héa cua TLV ciia mét burst profile gdm hai
truong (xem hinh 9.14):

W Cac ki€u ma héa kénh. Cac tham s6 chinh la BS EIRP (Eftective
Isotropic Radiated Power), TTG {Tx/Rx Transition Gap) va RTG
(Receive/transmit Transition Gap), BS 1D, khodng thai gian frame. ..
Xem vidy trong muc 9.5.4,

B Ki€u ma hoa downlink burst profile s6 i. Didu nay biéu thi loai diéu
bi€n va kiéu ma hoa kénh va cac ngudng tin hiéu dugc nhan dugc
yéu cdu d€ sl dung profile nay vén sé duqc bidu thi b@i DIUC #i.
Nhu d& dugc dé cap, bdn ki€u didu bign cé thé duge sif dung (BPSK,
OPSK, 16-QAM va 64-QAM) v&i ban kiéu ma héa co thé cé (RS,
CC, BTC va CTC). Bang 9.4 trinh bay cac gia tri ¢é thé cé cha mot
burst profile nhu duge dinh nghia bdi 802.16 cho giao dién PHYsical
OFDM.
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Bang 9.4: Mot s6 tham s6 cda burst profile OFDM PHY: FEC va cdc gid tri diéu bighn
¢d thé ¢, cac gid trj ngudng CINR bit hudc luong dng (xem chudng 6 dé bist vé
¢dc tham sd burst profile).

Tén Gid tri

Loaimia FEC 0=BPSK(CC)1/2 11 =64-QAM (BTC) 213 2/3
1 =QPSKI(RS + CC/CC) 1/2 12 = 64-QAM (BTC} 5/6
2=QPSK (RS + CC/CCY3/4 13 =QPSKI(CTC) 1,2
3 =16-QAM (RS + CC/CC) 172 14 = QPSK(CTC) 273
4 =16-QAM (RS + CC/CC13/M 15 = QPSK(CTC) 3/4
5 =64-QAM (RS + CC/CC)2/3 16 = 16-QAM (CTC) 1/2
6 = 64-QAM (RS + CC/CCY3/4 17 = 16-QAM (CTC) 3/4

7 = QPSK (BTC) 1/2 18 = 64-QAM (CT'C) 2/3
8 = QPSK(BTC)3/4 hoae 2/3 19 =64-QAM (CT(C) 3/
9= 16-QAM (BTC)3/5 20-255 = Danh riéng

Ngudng thodt CINR tai hoaic dugi noi DIUC nay khéng con duge sit dung nia

bat buge DIUC  va noi ddi hdi mét sy thay déi déi véi mot DIUC manh hon.
Buoe biéu thi bing cac don vi 0.25 dB. Xem muc 9.5.1.

Ngudng vao t6i  CINR t6i thidu duge yéu cdu dé bat dau st dung DIUC nay khi

thiéu DIUC viéc thay déi tir mdt DIUC manh hon duge yéu cau. Puge bidu
thi bang cdc don vi 0.25 dB. Xem muc 9.5.1.

9.5.3 Truyén thing hdo DCD

Doi véi tat ca 16p PHYsical 802.16, gid tri t6i da gida thoi gian
gitra cdc lan truyén hai thong bdo DCD lién ti€p (hoac hai théng bao
UCD lién tigp) la 10. P3i véi OFDM va OFDMA PHY, khodng thoi
gian frame l& gitta 2 ms va 20 ms (mé#c di tat ca cdc gid tri c6 thé cé
khong nhdt thist bit bude cho cde profile WiMAX).

Vay thi ¢6 thé k&t luan rding mdt frame bao ham khéng phai DCD
duge truyén thudng xuyén hon mét thong bdo DCD. Nhu da dé cép,
mdi frame c6 thé chia nhiéu chép tin hiéu, mbi chdép tin hiéu c6 mot
DIUC duy nhat. Do dé6, mbi théng bdo DCD s& quan tdm dén mot s6
I6n frame va thdm chi mdt s6 16n hon cac chép tin hiédu (xem hinh
9.15).
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Hinh 9.15; Minh hea khoang théi gian truy€n thong biao DCD va vige sif dung DIUC.
Gia tri 1000 frame giita hai thdng bdo DCD chinh la 4§ 1én.

9.5.4 M1 vi dy vé thong hao DED

Bay gio mot vi du vé& thong bdo quan ly DCD MAC sé& duge trinh
bay. Trong théng bdo ndy, hai burst profile duge dinh nghia va dugc
k&t hop vdi DIUC 0101 (co s6 thap luc phan: 5) va DIUC 1010 (co s&
thap luc phan: A).

Cac phan chung cta théng bdo nay duge trinh bay trong bang 9.5.
Céc chi ti€t ddy dG cha thong bdo nay, ké cd cdc chiéu dai trudng
duge trinh bay trong phu luc B. D&} véi thong bdo nay, cdac thong so
giao dién OFDM PHY duge xem xét. 802.16e da thém cdc théng s6
méi vao théng baoc DCD (chi yéu cho tién trinh handover); ching
khong duge xem xét trong vi du nay.

9.5.5 Cdc gia tej DIUC

DIUC (Downlink Interval Usage Code) la_bd chi bdo cua mdt burst
profile, 46 12 cdc dic diém PHY (sy didu bién, ki€u ma héa, diéu kién
sit dung burst profile...) cia mdt chdp tin hiéu downlink. DIUC 1a mgt
trudmg 4 bit. Gig tri cia DIUC phu thufe vao 16p PHY. Bang 9.6 minh
hoa cde gid tri duge dinh nghia cho 16p OFDM (WiMAX) PHY. Chi 11
gid tri duge sit dung dé chon burst profile. Sy tuong Ung giit: 20 kha
nang diéu bi€n va phudng phdp ma héa duge trinh bay trong bang 9.5
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va gid tri DIUC (mdt s6 t61 da 14 11 b chi bdo gia tri burst profile} 1

lua chon cia BS.

Bang 9.5: Vi du vé mdt thdng bdo DCD chira hai md 14 burst profile {céc chinh sifa
OFDM PHY 802.16e khong dugc dua vao). Cic chi tiet ddy dl dugc néu trong phu luc

Cac ndi dung truong
Loai thong bae quan Iy MAC (= 11}

Downlink Channel 1D Configuration
Change Count Type =1

l.ength Reserved DIUC = 0101

TLV cta downlink burst profile 0101
xdc dinh chiéu dai cia déi tugng nay

TLV eta cong sudt truyén BS

TLV cia TTG (transmit burst/reccive
burst transition gap)

TLV cha Base Station ID
TLV cua Frame Duration

Cdc TLV khac clia edc kidu ma héa
kénh downlink burst profile 0101

TLV cha tan s6 downlink

TLV cua phuong phdp ma hda va
diéu bién (dugc goi la ma FEC)

TL.V cia cdc ngudng chon DIUC

TLV khée cia cdc kidu méa héa burst
profile downlink burst profile 0101

Type =1
Céc trudng tuong Wy nhu 461 véi

downlink burst profile 0101
{véi nhimg gid tri khac nhau)

B

Mo ta

Nhan dang théng bao quan ly MAC = DCD
Xac dinh burst profile Start of downlink
0101 thay déi DCD (dang lép OFDM PHY)

Gia tri DIUC x4c dinh cdc kiéu ma héa
kénh Start of downlink burst profile 0101
burst profile nay (dang lép OFDM PHY)

Céc kidu ma héa burst profile burst project
0101 start of downlink (dang l6p OFDM
PHY)

Burst profile start of downlink 1010 (dang
l¢p OFDM PHY)
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Bing 9.6: Cdc pid tri ¢6 thé cb cia DIUC (duge ma hda trén 4 bit) cho IGp OFDM
PHYsical. Chi 11 gia tri duge si dung @& chgn burst profile

DIUC Cong dung

0 Ving STC

1-11 Cac burst profile
12 Danh riéng

13 Gap

14 End of Map

15 Extended DIUC

M&i khodng thdi gian, hofic cy th€ hdn, chdp tin hiéu (downlink
hoac uplink) s& c6 burst profile va thai gian bt dau cha né duge md
td béi mHt DL-MAP IE (Downlink MAP Message Information Ele-
ment) hoac mdt UL-MAP IE. DL-MAP va UL-MAP 13 cdc thong bdo
quan ly MAC md td viéc s dung khung thdi gian béi cdc SS khéc
nhau (xem & trén). Burst profile duge tham chigu béi gid tri DIUC.
Chi cdc chdp tin hiéu cé profile duge biét rd rang, day la trudng hgp
cho m¢t s6 chép tin hiéu diéu khién (vi du chép tin hiéu FCH, xem §&
trén), khong co mot gid tri DIUC burst profile.

Cac gid tri DIUC c6 thé chuong, ngoai trir cdc burst profile dugc
trinh bay tromg bang 9.6 nhu sau:

M STC (Space-Time Coding) 1a mot ki thuat truyén duge st dung dé
giam céc hiéu ung da dudng d&n (multipath). Su diéu bién dugc sl
duyng 1a QP3K.

B Gap la khodng thgi gian gitta chdp tin hiéu downlink va chdp tin higéu

uplink tiép theo ho#c gilia chdp tin hiéu uplink va chép tin hiéu down-
link ké& ti€p. Gap nay cho phép thdi gian cho BS hoéc S5 dé chuyén
ter cac cudc truyén sang ché do receive {nhan) va dao ngugc.

® Mot End of Map IE k&t thuc tat cd sy cdp phat trong mét danh séach
IE. Su két thuc chdp tin hiéu duge cdp phat cudi cung dugc biéu thi
b&ng cach cdp phat mot chdp tin hiéu End of Map.

® Extended DIUC. M6t gia tri DIUC 15 xac dinh rang |E tai thdng tin
dac biét, M6t trudng Extended DIUC, trén 4 bit, sau dé hién dién,
trinh bay y nghia DIUC md& rdng {xem bang 8.7 cho lép OFDM
PHY sical).

Bang9.7: Cdc gid trj Extended DIUC cd thé co cho IGp OFDM PHYsical

Gia tri Extended DIUC  Céng dung

0 x 90 Pugc cap phat bdi BS dé yéu cdu mot
bdoc edo do kénh. Channel Measurement
IE duge theo sau bdi End of Map IE
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0x 01 Bidu thi riing cdc chép tin hidu ti&p theo
su dung mo6t preamble vén bi tré thai
gian mdt cdch tudn hoan bdi M mau
(Physical Modifier IE)

0 x 02 Chuyén tir luu lugng khdng phai AAS sang

luu lugng duge bat AAS. AASm Adaptive
Antenna System (xem chugng 12)

0x 03 X4c dinh mt chdp tin hidu cia mét tap
hgp chép tin hiéu downlink song song
dé truyén (dang IE truyén dbng thai)

0x 04 Xdc dinh rdng cdc cdp phat tiép theo
cho dé&n cudi frame duge ma héa bing
STC

0 x 05 Xdc dinh réng cdc cdp phét tiép theo si

dung su phian kénh con downlink (cho
mot BS duge bdc chie nang phan kénh
con downlink)

0x06-0x0F Nhitng gid tri DIUC md rong nay dugc

gol 12 Dummy IE, P& lai cho cdc dic ta
sau nay

Mot SS s& boé qua mot IE ¢6 mdt gid tri DIUC md rong ma tram
khang bigt (vi du mot SS khéng hd trg STC). Trong trudng hdp cla
mot gid tri DIUC md rdng da biét c6 mot trudng chidu dai (length)
dai hon mong dgi, SS x(f ly thong tin 1&én dén chiéu dai da biét va bo
qua phan con lai cha IE.

Bang 9.8 trinh bay cdc gid tri duge dinh nghia cho 16p OFDMA
(WiMAX) PHY. Mét khuyét diém cGa mdt cude truyén OFDM 1a né cb
thé ¢6 mdt PAPR (Peak to Average Power Ratio) cao. PAPR 14 gid tri
dinh cla cdc séng mang thd cdp duge truyén tuong ng vdi tin hiéu
truyén trung binh. Mot PAPR cao tugng trung cho mdt rang budc khé
trong mét s8 thiét bi (chdng han nhu cde bd khuy&ch dai). DIUC = 13
¢6 the duge sit dung dé cdp phdt cdc kénh con cho cdce phuong phdp
giam PAPR. Cdc séng mang thit cdp trong cdc kénh con nay ¢é thé
duge st dung bédi tidt cd SS dé gidm PAPR ciia cdc cude truyén cua
ching. 8S s& b6 qua tin hiéu duge nhan {cdc séng mang thd cap) trong
vung giam GAP/PAPR.

Bing 9.8: Cdc gid 1rj ¢ thé ¢d cha DIUC cho !&p OFDMA PHYsical

DIUC Céng dung
0-12 - Céc burst profile
13 Gap/FAPR
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14 Extended-2 DIUC
15 Extended DIUC

9.5.6 Thdng bao UCD (Uplink Channel Descriptor) va hd chi baa UIUC

Théng bdo UCD (Uplink Channel Descriptor) 1a mét théng bdo
quan ly MAC dugc truyén dai ching do BS truyén tai médt khodng
thoi gian dinh ky dé cung cdp phidn md ta burst profile (cdc tdp hop
tham s6 vat 1y} von ¢6 thé duge st dung bét mét kénh vat 1y uplink
ngoai cdc tham s& uplink hitu dung khédc. N6 hoat dong rat giong nhu
DCD do dé sé khong duge md td chi tiét.

Mot théng bao UCD ph&i duge phat BS tai mét khodang thoi gian
dinh ky dé xdc dinh cdc dic diém cta mét kénh vat ly uplink. Gié tri
cho phép t6i da cho khodng thoi gian nay 1a 10 s (d6i véi DCD).
Thong bao UCD clia OFDM PHY bao gom nhitng tham s sau day:

m Configuration Change Count. Tham s6 nay giéng nhu déi vdi DCD.

m Ranging Backoff Start va Ranging BackoffEnd (8 bit méi tham s0).
Pay la cac kich cd clia sé backoff ban dau va sau cung (ho&c t6i da)
cho su tranh chap xac dinh pham vi ban dau (xem chuadng 11), dugc
biéu dién dudi dang liy thira 2. Cac gia trj cla cac s6 mi nay ndm
trong day 0-15.

8 Request BackoffStart va Resquest BackoffEnd (8 bit mbi tham sd).
Pay la cac kich cd clia s8 backoff ban dau va cudi ciing (hodc 18i
da) cho cac yéu cau BW (bang thong) tranh chap (xem chucng 10),
dudc bidu dién dudi dang mét Iy thira 2. Céc gia tri cda nhiing s
mi nay nim trong day 0-15.

B Pai véi moi burst profile uplink dugc dinh nghia trong thong bao UCD,
Uplink_Burst_Profile vén la mét kiéu ma héa TLV phuc hgp von
dinh nghia va k&t hgp véi mot UIUC cy thé, cac dic diém PHY vén
phai dugc sif dung véi UIUC. Céc gia trj dugc ma hoa bang TLV clia
mot burst profile tuong ty mét cach téng thé vdi cac gia trj clia cac
burst profile downlink trong théng bao DCD, Cac tham s sau day la
cac tham s6 burst profile riéng biét cho UCD.

¥ Timeout dua vao sy tranh chip. Day la s6 UL-MAP dugc nhan trudc
khi mot suf danh riéng dya vae sy tranh chdp duge thir lai cho cung
mot ndi két.

® Kich ¢ co hdi yéu cdu bang thong, DAy 1a kich ¢ (tinh bang cac
don vj clia PS) cua payload PHY ma mét SS c6 thé st dung dé dinh
dang va phat mét thong bao yéu ciu bang thong trong mét cd hi
y&u cdu tranh chdp. Gia tri bao gém tat ca hao phi PHY ciing nhu
cho phép dif liéu MAC ma thong bao ¢é thé chua.

® Kich cG co hdi yéu cau xdac dinh pham vi (ranging request). Bay la
kich ¢8 (tinh bang cac don vi cda PS) clia chdp tin hiéu PHY ma mot
SS ¢ thé sif dung dé phat mdt théng bao Ranging Request trong
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mét ¢ hoi yéu cu xac dinh pham vi tranh chédp (xem chuong 11).
Gia tri bao gdm 4t ca hao phi PHY va (ngoai ndi dung kich ¢d cd hoi
yéu cdu bang thdng) sy tré do lan truyén khi hdi SS/BS tdi da.

B Subchannelisation REQ Region-Full Parameters. Day {a s ké&nh
con dugc su dung bdi méi cd hdi phat khi REQ Region-Full dugc
clp phat trong mot ving phan kénh con. Cac gia tri ¢6 thé ¢6 nidm
gita 1 va 16 kénh con (xem muc 10.4).

®m Cdac ma tranh chap hoi ty phan kénh con. Day la s6 ma tranh chap
(CSE) vdn cd thé dugc sU dyng dé yéu cdu mot sy cip phat dugc
phan kénh con. Gia tri mac dinh 1a 0 (khéng ¢o sy tranh chap hoi ty
dugc phan kénh con). Cac gia tri cho phép la gilta 0 va 8. Sy tranh
chép hoi ty dugc md ta trong myc 10.4.

bdi véi DIUC va DCD, UIUC (Uplink Interval Usage Code) dugc
dinh nghia la mét bd chi bdo cia mét trong cdc burst profile uplink
duge md ta trong UCD. UIUC 1a mét trudng 4 bit tuong Ung véi 16 gia
tri c6 thé cé. Gid tri cda UIUC phu thudc vao lép PHY. Bdng 9.9
trinh bay cac gia tri UIUC - UIUC dugc dinh nghia cho 1¢p OFDM
(WiMAX) PHY. Chi tam gid tri duge si dung cho viéc chon burst
profile. UL-MAP IE dé cdp phdt bang théng nhim phdn héi lai mdt
tin hiéu vao mang duge phan kénh con (xem chuang 10), trong phin
duge phédn kénh con cia UL-MAP dugc nhidn dang bdi UIUC = 13.
Mot 8S phan héi lai mot sy cdp phdt bang thong s dung IE vao
mang dugce phdn kénh con bit dau chép tin hiéu cia né véi mét
preamble ngén va st dung chi burst profile bdt buge manh nhdt trong
chdp tin hiéu dé.

Hinh 9.9: C4c gi4 trj c6 thé ¢6 cha UIUC (dugc ma hoa trén 4 bit) cho OFDM PHY

UIucC Coéng dung

0 Danh riéng

1 Initial ranging

2 REQ (Request) region full

3 REQ (Request Region focused

4 Focused contention IE

5-12 Burst profiles

13 Subchannelisation network entry
14 End of Map

15 Extended UIUC

Cé 20 phuong phdp diéu bién va md héa cho cdc burst profile
uplink. Manh nhat la BPSOK v6i mdt téc d0 ma héa kénh 13 1/2 va
kém manh hon la 64-QAM v6i mét tdc dé ma héa 5/6 (cd hai lép
OFDM va OFDMA). Su tuong dng gita 20 phuong phédp didu bign va
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ma héa ¢é sén cho cdc burst profile uplink va gid tri UIUC Ia viéce lua
chon BS. Chi taém gid tri UTUC ¢6 thé duge st dung lam chi bio eda
edc burst profile uplink (tuong duong chi tdm burst profile uplink ¢6
thé duge dinh nghia trong mjt UCD).

Nhiéu gid tri UIUC dugc trinh bay trong bing 9.9 s& duge st dung
trong cdc chuong tiép theo. ti€n trinh initial ranging duge mé ta
trong chuong 11. Cdc thi tuc yéu ciu bing théng uplink (quan tdm
dén cde gia tri UIUC 2 dén 4) duge md ta trong chuong 10. Gia tri 13
cua UIUC tuong ung véi IE vao mang duge phan kénh con, duge s
dung trong thd tuc vao mang phdn kénh con. Extended DIUC cung
cdp thém cdc chife ndng. Vi dy, khi cAn thay ddi cong sudt cho SS,
UIUC = 15 dugc su dung vdi mét UIUC mé réng duge xdc lap sang 0 x
00 va v6i mot gid tri diéu khién cong sudt 8 bit. Gid tri didu khién
cong sufdt nay la mdt s6 nguyén cé diu 8 bit biéu thi viée thay ddi
mifc cdng sire (tinh bing cde don vi 0.25 dB) ma SS phai 4p dung dé
hiéu chinh cdng sudt truyén hién hanh cda né.

D31 v6i OFDMA PHY, vung phat 4&m thanh la mot vang gdm mot
hoac nhiéu khodng ky hiéu OFDMA trong frame uplink vén duge st
dung bdi SS dé phat cdc tin hidu 4m thanh nhim cho phép BS quyé&t
dinh nhanh sy thay d6i kénh BS va SS. BS c¢é thé ra 1énh mdt SS
phdat mot tin hiéu 4m thanh tai mét hoic nhiéu ky hiéu OFDMA
trong ving d4m thanh bidng cdch phdt théng bdo UL-MAP
UL_Sounding_Command_IE() d& cung cdp cdc huéng din phat a4m
thanh chi ti&t cho SS. P& md chirc ning phat 4m thanh uplink trong
UL-MAP, mét BS phdat UIUC = 13 v4i PAPR_Reduction_Safety_and_
Sounding_Zone_Allocation_IE() d& biéu thi su cdp phat mot viing phdt
am thanh uplink trong frame.

9.6 Frame Mesh

Topd PMP hd trg cic ché dé song eong TDD va FDD trong khi
tdpd Mesh hd trg chi ch&€ dd song cdng TDD. Trong trudng hgp cia
mang Mesh, trén phia d6i dién cda ché do6 PMP cd ban, c¢6 thé khong
¢6 cdc frame con downlink va uplink riéng biét vi tdt cd tram cda
cing mot hé thong phan cdp. Mot cdu tric frame Mesh (tuy chon)
duge dinh nghia trong chuin 802.16 d€ 1am dé dang cdc mang Mesh.
Hinh 9.16 minh hea cflu tric chung cha frame Mesh (TDD) nay. Ngi
dung cita frame Mesh nay dugc md ta bay gid.
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Hinh 8.16: C&u tric chung cda frame Mesh. Theo chugn, cdc mang Mesh cd thé chi
sif dyng ch& d§ TDD.

Mot frame Mesh gém mét frame con diéu khién va mét frame con
di lidu. Frame nay s& dung théng tin chda trong théng bdo qudn ly
MAC MSH-NCFG (Mesh Network Configuration) va Network Descrip-
tor 1L,

Frame con diéu khién phuc vy hai chifc ning co ban. Chic ning
dau tién duge dinh nghia la diéu khién mang va nhan biét viéc tao va
duy tri sy & k&t gidta cdc hé théng khac nhau. N6 duge mé ta trong
muc 9.6.1 bén dudi. Chifc niing con lai duge mé ta 1a didu khién thoi
bieu va nhéan bi€t viée lap théi bidu phdi hop cde cude truyén di lidu
gitta cdc h¢ théng. N6 duge md ta trong muc 9.6.2. Céc frame c6 mot
frame con diéu khién mang xay ra theo dinh ky, nhu duge biéu thi
trong Network Descriptor, duge dua vao trong frame con nay va dugce
néu chi tiét bén dudi. T4t cd cac frame khdc ¢6 mot frame con didu
khién thgi bidu. Chiéu dai clia frame con didu khién ¢é dinh va c6
chiéu dai MSH-CTRL-LEN x 7 OFDM ky hiéu, trong d6 MSH-CTRL-
LEN la mét tham s6 dugc bi€u thi trong Network Descriptor IE cia
MSH-NCFG.

9.8.1 Frame con Network Contrpl

Frame con Network Control gdm hai phdn va duge minh hoa trong
hinh 9.17. Cac MAC PDU cta hai phin nay, network entry va net-
work configuration chifa hai thong bdo Mesh: MESH-NENT va MSH-
NCFG:

B MSH-NENT (Mesh Network Entry) la mét thédng bao quan ly MAC
¢d ban vén cung cap phuong tién cho mot nut méi dé dat duge sy
ddng bd hoa va sy di vao mang ban diu vao mét mang Mesh.
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m MSH-NCFG (Mesh Network Configuration) la m¢t thong bdo quén

Iy MAC dugc truyén dai ching, cung cdp mdt clp do truyén thing .
¢d sd gilla cac not trong cac mang gan ké& khac nhau cho du t cac
nha cung cap thi€t bj hodc nha van hanh wireless tugng tu nhau
ho#c khac nhau. Trong s6 nhiing thd khac, Network Descriptor la
mot di liéu nhing cla thong bdo MSH-NCFG. Network Descriptor
cha nhiéu tham s6 kénh (cac phuong phap diéu bién va ma hoa,
cac gia tri ngudng...), lam cho né tucng iy nhu UCD va DCD.

N twm k
enlry

preamble (MSH _NENT) symbol symbaot symbuol

Long MAC PDU Guard Guard Crurd

Network
configuration

-

- -~
- -
- - -

- -

Long MAC PDLU Guard
preamble (MSH_NCFO) symbaol

Hinh 9.17: Hai phdn cda frame con Network Control cda frame con Mesh. £4u hinh

mang chifa Nelwork Descriptor

9.6.2 Frame con Schedule Central

Frame con Schedule Control gdm ba phin va duge minh hoa trong
hinh 9.18. Cdc MAC PDU cilia ba phdn niy, cdu hinh tap trung, lap
thoi bidu tap hop va 1ap thai bidu phan phdi chda ba théng bdo Mesh:
MSH-CSCF, MSH-CSCH va MSH-DSCH:

m MSH-CSCF (Mesh Centralised Schedule Configuration) va MSH-

CSCH (Mesh Centralised Schedule) 12 cac thdng bao quanly MAC
dugc truyén dai chung trong ché do Mesh khi st dung viéc lap thai
bidu tap hgp (centralised schedullng) Mesh BS truyén dai chung
nhiing thong bao nay dén tat ca doi tugng lan c&n vaino va tatca
nut chuyén ti€p chang (tai truyén dai ching).

Mesh BS c6 thé tao mot thdng bao MSH-CSCH va truyén dai chung
né dén tdt ca doi tugng lan can dé cdp phat bang théng cho mot nut
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nao dé, va sau do 14t ca nat cé mét sd budc nhay thap han mot
ngudng nao do chuyén tiép thong bao MSH-CSCH dén cac ddi
tugng lan can clia nod von ¢é sé bude nhay cac hon. Mat khac, cac
nut co thé sl dung cac thédng bao MSH-CSCH dé yéu cdu cac
bang thong tu Mesh BS. MG&i nut bao cac cac yéu cau luu lugng
riéng |& cla méi nit “con” trong cay con clia n6 vdi Mesh BS.

® MSH-DSCH (Mesh Distributed Schedule) la mdt théng bao quan ly
MAC dugce truyén dai chiing trong ché dd Mesh khi sl dyng viéc lap
thai biéu phan phdi (distributed scheduling). Trong viéc 1ap thdi bidu
phan phdi, tat ¢ not phat mot MSH-DSCH véi cac khoang thdi
gian déu din dé thdng bao cho tat ca dditugng lan can vé thdi biéu
clia tram phat, giao thie phdi hgp dugde cung cédp trong chudn. Hon
nita, cac thdng bao MSH-DSCH dugc sl dyng dé truyén tai thang
tin v& cac ngudn tai nguyén mién phi, xac dinh noi cac dai tugng lan
can co thé cap phat.

Centralised
configuration

Long . MAC p[)[jm Guard
preamble (MSH_CSCIH) symbol

-
-

l-ong MAC PDU Guard
preamble (MSH_CSCH) symbal

Distributed
scheduding

- -
. I
- —————————————————— . R

Long MAC PDU Guard
preamble (MSH_DSCH) syimbuoj

Hinh 9.18: Ba phdn cia frame con Schedule Control trong frame con Mesh.
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Chuong 10

Cac co cau cap phat va
yéu cau bang théng Uplink

10.1 Cap phat bang théng Downlink va Uplink

Nhitng cdp phdt bang thong downlink vA uplink hoan toan khde
nhau. Chuén 802.16 c6 mét cdu tric tap trung MAC ndi bd lap thoi
biéu (scheduler) BS diéu khién t&t cd tham s6 hé théng, ké cd giao
dién vO tuyén (radio interface). Nhiém vu cia BS Scheduler nay 1a
quyét dinh cdc truy cdp uplink va downlink. Cdc chi ti€t frame con
uplink va downlink da dugce néu trong chuong 9.

Cap phat bang théong downlink 12 mbt tién trinh duge thiét lap béi
BS theo nhifng tham s& kh4c nhau, y&u td quyét dinh trong sy cdp
phét bang théng. Bing cich xem xét 16p QoS cho ndi k&t va s6 lugng
luu lugng duge yéu cdu, BS scheduler gidm sat lién két va quyét dinh
SS ndo s& ¢6 chdp tin hiéu downlink va burst profile thich hgp. Trong
chuong nay, cdc ¢o cdu truy cap uplink cia WiMAX/802.16 duge md ta.
Chuong 11 trinh bay viéc lap thai bi€u va QoS.

Trong uplink cta mdi ving BS hodc tudng duong cell WiMAX, cédc
SS phai tuin theo mét giao thie truyén vén kiém soat sy tranh chdp
gifa chang va cho phép cdc dich vu truyén duge diéu chinh theo sy
tré va cdc yéu cAu bang théng cia mdi ing dung ngudi dung. Biéu
nay duge thuc hién biing cdch xem xét nam 1dp cdp dich vu uplink,
tugng Ung véi nam I6p QoS ma cde cude truyén uplink cé thé co.

Su truy cdp va cdp phat biang théng uplink dugc nhéin ra bing cdch
st dung mot trong bén phugng phép sau day:
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® cac cap phat bang thong khong dugce yéu ciu;

W yéu cau bang thédng piggyback; _

m ki€m tra vong (polling) unicast, doi khi duge goi don gian la polling.

® cac thd tuc dya vao tranh chap, bao gém kiém tra vong broadcast
hodc multicast, ndi sy tranh chép dya vao cac thii tuc yéu cdu bang
thdng ¢é cac bién thé phu thudc vao Idp PHYsical dugc st dyng:
OFDM hodc OFDMA (xem bé&n dudi).

Cdéc chuidn néu ré rang nhitng ¢ cdu niay duge dinh nghia d8 cho
phép cdc nha cung clp toi uu héa hiéu sust hé théng bing cdch sd
dung nhimg té hgp ky thudt cdp phat biang théng khdc nhau nay
trong khi duy tri kha néng lién vAn hanh nhit quén. Vi du, chuin dé
xudt viée st dung sy tranh chdp thay vi polling riéng 1& cho SS di
khéng con hoat dong trong mot khodng thdi gian dai. Tiép theo, vide
nhén biét nhitng phuong phdp nay duge mé ti, nhung trudc tién hai
di€m khdc biét v& mét yéu cau cdp phat uplink duge gidi thisu.

10.2 Cic loai yéu cau cap phat truy cép Uplink

BS quyét dinh cdc cude truyén trong uplink va downlink. D&i véi
su truy cdp uplink, mdt su cdp phat (grant) duge dinh nghia la quyén
cho mt SS dé truyén trong mot khodng thii gian nhét dinh. Céc yéu
cAu vé bdng théng phai duge thue hién béing s0 byte cdn thiét 8 tai
header va payload MAC, nhung khong phai hao phi PHY. Béi véi mét
S8, cdc ydu cidu bang théng tham chigu cdc ndi két riéng 18 trong khi
mdi phan cdp phdt bang théng duge géi dén Bacsic CID cha SS,
khong phdi dén CID riéng 18. Sau dé, nhiém vu cta SS la s’ dung
bang thong duge quy cho bat k¥ CID dé. Vi né khéng thé quyét dinh
yéu cau nao dang dugc tém trong, khi SS nhan mdt co hoi truyén
ngdn hon mong dg¢i do mot quyét dinh cia scheduler, sy mat thong
bdo yéu cau hodic mét 1y do khdc, 1y do ré rang khong duge dua ra.

Do d6, BS cho phép c¢dp phit sau khi nhan duge yéu cau tif mot SS.
Cé hai diém cin phéan biét cho yéu cdu nay. Nhitng diém phan biét
nay dugc mo td bay gio.

10.2.1 Yéu ciin hang thang gia tang va tap hop

Mot yéu clu cAp phdt (bdi mot SS) c6 thé gia tang (incremental)
hodc tdp hop (aggregate):

B Khi BS nhan modt yéu cdu bang thdng gia ting, né thém s& lugng
b&ng théng dugc yéu cau vao viéc né dang nhan biét cac yéu céu
bang thong clta ndi k&t

m Khi BS nhian mdt yéu cdu bang thong tap hop, né thay thé viac
nhan biét nhiing yéu cau bing thong cha ndi k&t béng lugng bing
théng dugc yéu cau.
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Ban chat tu hiéu chinh cda giao thic cdp phdt yéu ciu doi hdi cde
SS nén dinh ky s dung cédc yéu ciu bing théng tap hgp. Chudn néu
ré ring khodng thdi gian nay cé thé 13 mot chifc ning cla QoS cla
mdt dich vu va clia chat lugng lién két, nhung khong cho mat gia tri
chinh xdc cho né.

Yéu cau cdp phdt c¢é thé duge gdi trong hai loai frame MAC, duge
md ta trong muc nhé dudi day. Chi mét loai frame MAC d4u tién (yéu
cidu bang thong ddc lap) 1a tap hop hoidc gia tang.

10.2.2 Yéu cau bing théng dic Iip va Piggyback

Hai loai frame MAC cia chudn 802.16 da dugce dinh nghia trong
muc 8.2 ¢6 thé duge s dung bdi mot SS dé yéu cau viéc cdp phat
bang théng ti BS. Cu thé, muc 8.2.3 néu chi tiét cdc header MAC va
dua ra hai loai yéu cau duge md td bay gid.

Yéu cau bang théng ddc lap duge truyén trong moét frame MAC
chuyén dung cé mdt dang Header khéng c6 payload Type I, dugc biéu
thi bdi bit dau tién cda frame, bit Header Type biing 1. Mot trudng
Type trong header yéu cdu biang thong xdc dinh xem y&u cdu la gia
tang hodc tdp hop (xem béng 8.3). Trong header yéu cau bing théng,
mdt trudng yéu ciu bAng thang dai 19 bit, truyng Bandwidth Request
xdc dinh s byte cia bing théng uplink duge yéu ciu bdi SS cho mét
CID di cho cling duge cung cdp trong header nay.

Yéu cau bang théng déc 14p dude dua vao hai phuong phdp yéu cau
cdp phat chinh: unicast polling va polling dua vao su tranh chép.

D6i v6i bat k¥ su cAp phdt uplink, SS e¢6 thé tuy chon quyét dinh
stt dung su cdp phat cho:

W dii liéu;
B cac yéucau;
B cac yéu cdu dugc piggyback trong dir ligu.

Yéu cdu bang théng piggyback st dung header con quan ly ¢dp
phat von duge truyén trong mdt frame MAC generic (sau d6 ¢6 mit
header MAC generic). Diéu nay duge xac dinh biing bit diu tién cda
frame, bit Header Type bing 0. C6 thé trdnh SS truyén MPDU (header
MAC yéu ciu bang thong) ddy di véi hao phi cia mot header MAC
chi dé yéu cAu bang thong. Header con quén ly cap phdt, trong mot
frame MAC generic duge st dung bdi S8 dé€ truyén cdc yéu cau quin
ly bang thong dén BS. Bit Type trong header frame MAC generic
(xem bang 8.2) xdc dinh sy hién dién cé thé cé cda mdt header con
quan ly cdp phat.

Yéu cAu bing thdéng piggyback (header con qudn ly cdp phdt) la
mdt cdch nhe dé néi k&t mot bang théng uplink y8u cdu ma khéng
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cdn phdi tao va truyén mot MPDU day dd véi hao phi cla cédc header
MAC va CRC. Header con quan ly cdp phat dai hai byte. N6 duge su
dung bdi SS d€ truyén cdc yéu ciu quin 1y bing thong dén BS trong
mdt frame header MAC generic ngoai dif liéu khée duge truyén trong
cing mdt frame MAC. Phy thudc vao 16p ciia QoS cia néi két, ba loai
header con quan ly ¢iAp phat duge dinh nghia nhu dugc dinh nghia va
duge s dung:

1. Header qudn ly cdp phat (xem hinh 10.1). Pay la trudng hop
cho 16p QoS = UGS. UGS (Unsolicited Grant Services) 1&a mjt
16p QoS dugc thigt k& dé hd trg cic service flow thdi gian thitc,
noi SS ¢6 mdt sy truy cdp uplink déu din (xem chuong 11 dé
bi€t thém chi ti&t vé lép UGS). Bdi vdi 16p QoS nay, bit PM
(Poll-Me) trong header con qudn ly cdp phdt cé thé dugc siu
dung béi SS dé cho BS biét riing né cin dugc kiém tra vong
(poll) d8 yéu clu bang théng cho cdc ndi két khong phai UGS
(xem bén dudi).

Ganeric MAC GrantManagementl Oplional .
Header subheader Payioad CRGC
(6 bytes) 2bytes) L t4bytes)

............. 1, T T T T T T T T
& E Reserved
{14 bit)

Hinh 10.1: Header con quén Iy cap phal cho I16p QoS = UGS (Unsalicited Grant
Services)

Header con quan ly c¢dp phét chia chi hai bit hitu dung: SI (Slip
Indicator), duge st dung bdi SS dé xdc dinh mdt slip cua céc
phén cép phét uplink lién quan d&€n chiéu sau hang ddn uplink,
va bit PM (Poll-Me), dude sit dung bdi SS dé yéu clu mot sy
kiém tra vong bing théng c¢é 18 cho thém bang théng uplink
cdn thidt d6i véi su truy cdp déu din ma UGS 88 nay cé. Viée
stt dung bit Slip Indicator b&i SS nhu sau: BS ¢6 thé cung cdp
vide bi ddp dai han cde diéu kién kém, chang han nhu cdc map
bi m&t hodc nhing sy khdéng tuong hdp cha téc d6 dong hod
bing cdch phan phét thém cde phén cdp phat. Co SI cho phép
ngan vige du trit qua nhiéu bang théng bdi BS. SS xdc lap cd
nay mdt khi né phat hién réing service flow da vugt qud chiéu
sdu hang dgi eda né. Mot khi S8S phat hién hang doi truyén
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service flow trd lai trong gi¢i han d6, né x6a ¢& SI. Khéng cé
cdc gid tri chinh xdc cho nhitng gidi han nay duge néu trong
chuan,

. Header con y&u cau cip phat piggyback (xem hinh 10.2). Pay la
trugng hgp cho cac 1dp QoS UGS. Vi header con y&u cdu bing
thong dude piggyback khéng cé6 mét trudng Type, né sé lubn
gia tiang. Trutng yéu cdu piggyback la s6 byte cia bang thong
uplink duge yéu cAu bdi SS. Yéu cau bing thong danh cho CID
dugc xdc dinh trong header frame MAC (xem muc 8.2).

I Generic MAC !Gram Management, Opticnal
Heager |  subheader ! Payload CRC
{6 bytes) | {2 bytes) ' {4 byles)

. + L
)

i PiggyBack Reques!
(16bit)

Hinh 10.2: Header con quan 1§ cap phat cho I6p QoS = UGS {Unsolicited Grant

Services). Trudng y8u cdu piggyhack 1a s& byte cfia bang théng uplink duge yéu cdu

bgi $S

3. Yéu céu piggyback mé rong. Diéu nay duge dinh nghia blng

difm sfa d8i 16e ciing véi va cho 1ép ertPS (mdi duge dinh
nghia). 88 byte clia bang théng uplink (piggyback) dudc yéu ciu
bdi SS n&m trén 11 bit (thay vi 16). Yau cu thi gia tang. Trong
trubng hgp cha 16p ertPS, n€u MSB (Frame Latency Indicator
hodc FLI) cia header con qudn 1y cdp phdt 1a 1, BS thay ddi
kich ¢d polling cda né thanh kich ¢& duge xac dinh trong céc
LSB ctla trugng nay (trudng Frame Latency (FL)).

Chuén (16e) néu rd rang céc trudng FL va FLI c6 thé duge st dung
dé cung cdp cho BS thong tin vé viéc dong bd héa cda ing dung SS
von tao dit liéu dinh ky cho cdc service flow UGS/rtPS mé rong. SS
¢6 thé s dung trudng nay dé phét hién xem thdi gian tré ma service
flow nay g#p phai tai SS ¢é vugt qud mot gidi han nhat dinh hay
khong, vi du mot khodng thai gian frame. N&u FL xdc dinh thdi gian
tré qud mie, BS ¢6 thé dich chuyén cdc cdp phat duge lap thoi bidu
trude dé cho service nay (xem xét FL).
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Chuan néu rd kha ning cta yeu cau plggyback la thy chon. Diéu
nay c6 1& bao gdm header con quan 1y cdp phat PM.

Chu&n 802.16 dinh nghia hai phuong phap yéu clu cAp phat chinh:
B unicast polling (hoac polling);
B polling difa vao su tranh chip.

Ldp UGS cta QoS ¢6 cac phan cap phét bang théng khéng dugc
véu cdu, doi khi duge xem 13 mét co ciu yéu cdu cdp phét {ngadm dinh)
méc du né dya vao cdc slot danh r1eng duge &n dinh cho cdc SS lgp
UGS duge quan tdm. Nhing co cidu yéu ciu cdp phét nay bay giy sé
duge md ta bit dau véi mdt co clu don gidn nhAt, cdc phan cdp phdt
bang théong khong duge yéu cau.

10.3.1 Gt phin cap phdt bing 1hong khdng dige yéu cdn

Ky thuat cdp phdt biang théng khong duge yéu clu gdm cdc slot
danh riéng cho cde lgp SS UGS. Loai yéu cAdu bing thong nay hiu
dung cho cdc dng dung doi hdi mdt ludng dir liéu t6e d6 ¢6 dinh. Hinh
10.3 minh hoa co cdu cdp phat bing théng khéng duge yéu cdu trong
uplink va downlink. Loai cdp ph4t truy cdp nay duge s dung chi béi
lép UGS cia QoS.

Luu lugng dur ligu dum: nhan bcu SStrén

SS\ Luu lugng duge gdi d&n BS
trén mé1 slot uplink danh riéng

Hinh 10.3: Cdc phdn cAp phét biag thdng khdng duge yeu cdu trong uplink

18.3.2 Unicast Polling

Polling (kiém tra vdng) 14 tién trinh ma qua d6 BS cdp phét bing
théng cho cdc SS nh&m muyc dich thye hién cdc yéu cdu bing thong.
Nhitng cdp phat nay ¢6 thé dinh cho mdt SS riéng 1é hosic mdt nhém
S8. Viéc sut dung polling don gidn héa hoat ddng truy cAp va bdo dim
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rang cic dng dyng ¢6 thé nhan dich vu trén mdt co sd quyét dinh néu
né duge yéu cdu. K¢ thuat cdp phat nay duge si dung khi yéu cdu tai
nguyén bang théng khéng lién quan di dé c6 cdc cdp phat bing thong
khéng dude yéu cdu cho tdt cd ngudi dung; sau d6 PS ¢6 thé tryc tiép
gan luong yéu cidu dén cdc SS khi cdn thiét.

Khi mét SS duge kiém tra vdng mot cdch riéng 1é, né 1a mot
unicast polling. Trong trudng hgp cua unicast polling, théng bdo cu
thé khéng duge truyén dé kiém tra vong SS. Thay vao dé, S8 duge
cdp phéat, trong UL-MAP, bing théng diy di dé phan héi bing mét
yéu cdu Bandwidth (BW). Chudn xdc dinh riing d8i véi bat ky sy cdp
phat uplink riéng 1&, SS c¢é thé tiy chon quydt dinh sit dung viéc cdp
phat dir lidu, yéu cdu hodc céc yéu cau dude piggyback trong viée
truyén dir liéu. Biang cdch xem xét cdc yéu cdu truyén uplink dang
chd giai quyét khdc nhau clia né, SS scheduler quyét dinh xem mgt
yéu cdu bang thong phai duge thUC hién, dc l4p hode piggyback vdi
dit liéu (xem phan 10.2) ‘hay khéng. N&u 8S khéng cé dif lidu dé
truyén va sau dé khong cin bing thong, sy cap phdt duge dém (pad),
cudi ciing st dung mét padding CID (xem bang 7.1). Hinh 10.4 minh
hoa co cdu unicast polling.

Unicast Polling (c&p phét bang
thang cho mdt SS cho dich vy
S8 scheduler

quyét dinh xem

yéu cdu bang BS
thang phéi dugc
thue hién hay
khéng

Truyénva/
hoac yéu cdu

Hinh 10.4: Minh hga ¢d ¢4u unicasl polling. N&u §S khdng ¢ nhu ciu, cac slot dugc
cip phdt dugc dém

Chuén néu rd unicast polling thudng duge thuc hién trén co s§ mbi
SS bang cdch cdp ph4at mdt Data Grant IE (hoac Data Grant Burst
Type [E) dugc huéng din tai Basic CID cia né. Mot Data Grant IE
(hoac Data Grant Burst Type IE) 1a mdt UL-MAP_IE v6i UIUC xéc
dinh burst profile ciia khodng thdi gian truy cap uplink duge cdp phéat
cho mét S8.
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Cdc S8 v6i cdc ndi k&t UGS hién hanh c¢é thé xdc 1ap bit PM trong
header con quén ly cdp phat (xem hinh 10.1) trong géi MAC clia néi
két UGS clia ching dé& cho BS bi&t ring chang cdn duge kiém tra
vong cho bang théng yéu ciu cho mot hoic nhidu néi két khong phai
UGS. D€ gidm cdec yéu cdu bang théng kiém tra vong riéng 1é trong
downlink, cdc¢ SS ¢6 cdc ndi k&t UGS hién hanh cin duge kiém tra
vong riéng lé chi khi bit PM nay dugc xdc lap. Mot khi BS phat hién
véu cau kiém tra vdng nay, né ap dung ti€n trinh polling riéng 1é.

10.3.3 Kiém tra vang nhim (Multicas! hodc Broadcast) dia vae si tranh chip

Bang thong c6 sidn ¢6 thé khong di dé kiém tra vong riéng 1é tat
ca SS khdng dang hoat dong. Cdc co cdu yéu cdu cdp phat dua vao sy
tranh chép duge cdp phdat mdt phan nho cia mbi frame uplink {trong
ch& d6 FDD) hodc frame con {trong ché& d&é TDD) duygc goi la slot
tranh chdp cdc yéu cau bang théng (xem chuong 9, hinh 9.7). Kich c&
cia slot tranh chap nay dugc goi trong chudn 1a Request IE, duge biéu
thi bt BS (xem muc 10.3.7). Véi slot tranh chdp nay, mdt SS ¢é thé
truy cdp mang biing cdch héi BS vé mot slot uplink. N&u BS nhén yéu
¢du (nghia 14 khéng cé sy xung dét), né lugng gia yéu cdu SS trong
ngl canh chdp thuin cap dich vu cla né, trang thdi mang vd tuyén va
thudt todn ldp thdi biéu va c6 18 cdp phat mot slot ma SS cé thé
truyén dix liéu trong d6. Mot s6 SS ching han nhu cdc SS khang hoat
dong trong mol khodng thdi gian dai va/hode ¢6 quyén uwu tién truy
cap thap, sau dé c¢d thé kiém tra vong trong cdc nhém multicast.
Trong mot s& trudng hogp, mot broadeast poll ciing ¢6 thé duge thuc
hién. Do d6, multicast polling tiét kiém bing thong dé1 vdi phuong
phdp noi ma tdt cd 88 duge kiém tra vong mot cach riéng 18. Trong
trudng hgp viée kidm tra vong duge thuc hién d6i véi mdt nhém SS,
bang thong duge cdp phdt danh cu thé cho muc dich thue hién céc
yéu cdu bang thong.

Mot sd CID duge danh riéng cho cde nhém multicast va cho cdc
thong bdo truyén dai ching {xem bdng 7.1). D&i véi viéc kiém tra
vong (unicast) riéng 1é, poll khong phadi 1a mit thong bao rd rang
nhung la bang théong duge cAp phat trong UL-MAP. Su khac biét la
thay vi k&t hop mdt bang thong duge cdp phdt vdi Basic CID cta mdt
S8, viéc cAp phat 1a doi véi mot CID multicast hodc broadcast. Mot vi
du vé sy kiém tra vong BS duge cung cdp trong muc 10.3.7.

Group polling (multicast ho#ic broadcast) lam viéc nhu sau. Khi
cude kiém tra vong {(poll) dugc hudng din tai multicast CID ho#c
broadcast CID, mét SS thude vé nhém dugc kiém tra vong cé thé yéu
ciu bing théng trong bdt ky khodng thdi gian yéu cdu duge cap phét
cho CID d6 trong mdt UL-MAP. Hinh 10.5 minh hoa c¢ cdu kiém tra
vong nhém dua vao sy tranh chdp. Dé gidAm khad ning xung dot vdi
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vigc ki€m tra vong multicast va broadcast, chi SS ¢idn bang théng méi
tra 1oi. Nhitng SS tra li nay dp dung mdt thuat todn phin gidi tranh
chdp, duge md td trong muc 10.3.5 dé chon slot truyén y&u cdu bang
théng ban diu trong dé. Co cdu nay cho phép phan bé cong bing biang
thong gitta cdc SS khdc nhau ma khong cdp phdat mot khe chuyén
dung cho mbi SS.

$S #1,\\'\ Yo
A Tl veuciubang
SR el thang 1 SS #1
Yduclubingthdng PO _,BS
s wssez IR
N\ e T T v
"’Jl\\ l e T J— i o
/ s ! o= : B
T s cap‘phat bang thing cho 55 -
_.-'F % naoc thang sy tranh chdp, vi dy e
' S5 #2
" veuchu bang
théng it SS #3
S5 #3

Hinh 10.5: Minh hoa viéc kiém tra vong nhom (group polling) dwa vio sy tranh chép.

Ba SS dugc minh hoa I3 rhém duge ki€m tra vong {multicast hoic hroadcast). Ching

ddu c6 mft yéu cdu bing thdng. SS 2 thdng dugc sy tranh chip va sau dé nhdn mét
phan cap phat bang thing.

Mbt SS tra loi gid dinh riing viéc truyén da khong thanh cong néu
né khéng nhan duge su cdp phdt sau mot sé thong bdo UL-MAP da
cho. Tham s nay duge goi 1 timeout danh riéng dya vao tranh chép,
duge cho trong théng bdo quin 1y UCD MAC (xem chuong 9 dé tham
khao mdt thong bao UCD). Néu cdn, mdt SS truyén trong tong thoi
gian cta tdt cd phdn cdp phdt uplink cia né bing cdch s dung mat
co cdu padding (dém) da cho.

16.3.4 Quén 1y cdc nhim ki¢m tra vong Multicast

BS ¢6 thé thém mét S5 vao nhém kiém tra vong multicast dudgce
nhan dang bdi mot gia tri CID kiém tra vong multicast, bing cdch gdi
thong bdo quén ly MAC NCA-REQ (Multicast Poliing Assignment



Chudng 10: Cac cd cdu cdp phat va yéu cdu bang théng Uplink 177

Request) v6i 1énh Join. Mat khée, BS c¢6 thé loai bd mot SS ra khai
m{t nhém ki€m tra vong multicast bing cdch gdi théng bdo quan ly
MCA-REQ MAC vdi lénh Leave. Sau khi nhan théng bso MCA-REQ,
SS s& phdn héi bdng cdch gdi thong bdo quan Iy MAC MCA-RSP
(Multicast Polling Assignment Response). Cung v6i cdc tham s§ TLV
cua thong bdo quin ly MCA-REQ MAC la cdc muc sau diy: multicast
CID (ma SS phai gia nhap hodc roi khéi) va viée gan (roi khéi hodc
gia nhap). Cdc nhém multicast ¢6 thé ¢6 mot su cAp phat kiém tra
vong dinh ky sau s6 frame xdc dinh (va dugec ma héa bing TLV) trong
thong bac MCA-REQ. Loai kiém tra vong dinh ky nay (REQ Region
Full hoac REQ Region Focused, xem phadn 10.4) ciing nim trong gita
cdc tham s6 MCA-REQ TLV,

MCA-RSP duge gdi boi SS da phan hoi lai mét MCA-REQ va chda
chii y8u ma cdu hinh bing zero néu yéu cdu da thanh cbng va bang
khédc nhau khong trong trudng hgp thdt bai. Hai théng bdo nay su
dung néi k&€t quan ly chinh, nghia la chang duge géi trén CID quéan ly
chinh cua S8 (trong trudng CID header MAC MAC).

10.3.5 Gidi quy&?! tranh chp cho S kigm tra ving nhim (Eroup Polling)

10.3.5.1 Co Iéi truyén

Ca hoi truyén trong mét thi tuc dya vao su tranh chdp cGa 802.16
dugc dinh nghia la sy cdp phdt khong gian tranh chap trong mot UL-
MAP cho nhém SS8. Trong OFDM PHY, ¢6 cdc co hdi truyén danh
riéng cho viée truyén cdc yéu cdu bang thong va nhitng co hdi khéc
cho viée truyén initial ranging (x4c dinh pham vi ban ddu). Thd tyc
initial ranging dugc mé t4 trong chugng 11. Nhém SS nay ¢é thé bao
gom tat c¢d SS ¢6 mot muc dich gia nhap cell hoic tdt cd SS duge
dang ky hodc mdt nhém kiém tra vong multicast nao dé.

Quy md cua mot co hdi truyén riéng 1é danh cho méi loai IE tranh
chép duge xdc dinh bdi BS trong théng bao quan ly UCD MAC. Tham
$0 nay dugc goi 1a Bandwidth request opportunity size hosic Ranging
request opportunite size (xem chuong 9), 1a kich ¢¢ tinh bing cac don
vi PS (Physical Slot) cia payload PHY ma mot SS ¢6 thé sit dung dé
dinh dang va phat mot théng bdo yéu cau béng théng hodic mdt thong
bdo yéu cau initial ranging trong viing yéu cdu tranh chap. Gia tri bao
gom tdt cd hao phi PHY ciing nhu cung cdp dit liéu MAC ma thong
bado chita. Nén nhd réng ddi véi cdc 16p PHYsical OFDM va OFDMA,
mdt PS duge dinh nghia la khodng thoi gian cda bén ky hiéu OFDM.

BS luén cap phat bang thong cho cdc IE tranh chdp trong cdc boi
56 50 nguyén cua nhu’ng gia tri co hoi truyén riéng 1é duge xuit ban
niy. 88 cd hoi truyén duge két hgp véi mot UL-MAP_IE cu thé tuong
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dng véi mét khodng thdi gian yéu cdu initial ranging, hodc bing
théng sau dé6 phu thudc vao t8ng kich c¢§ cia sy cdp phdt khéng gian
tranh chdp nay ciing nhu kich ¢§ cia mot cuge truyén riéng lé. Xem vi
du s8 trong muc 10.3.7.

10.3.5.2 Thudt todn gidi quyét tranh chip

Cac xung 4ot c6 thé xay ra trong cédc khodng thoi gian yéu cdu
initial ranging va bang théng trong frame (con) uplink. Sy truyén
uplink va thuat todn gidi quyét tranh chdp giéng nhau cho ca hai tién
trinh nay. Vi mét SS cé thé c6 nhiéu service flow uplink hién hanh
(va sau dé tuong duong nhiéu CID), né dua ra cdac quyét dinh ranging
hodc yéu cAu nay trén ¢ s§ mdi CID ho#ic méi QoS dich vu.

Phuong phép gidi quyét tranh chép dugc yéu cdu bdi chuin 802.16
dua vao mdt backoff s6 mi nhi phan duge xén véi cira s6 backoff ban
dau va cdc gia tri cira s6 backoff tdi da dugc chon bdi BS. Hai tham s6
nay dugc xdc dinh trong théng bao UCD. Ching duge cho dudi dang
mot liiy thira hai gia tri -1 (dm 1). Vi du, gid tri 4 xdc dinh mdt clta 56
backoff giita 0 va 15; gid tri 10 xdc dinh mdt cifa s0 backoff gida 0 va
1023. P&i vdi bon cita s8 nay, didy gid tri cia n la 0-15; nghia 14 cdc
kich ¢ ¢6 thé cé 1a gilra 0 va 65535.

Thudt toan giai quyét tranh cha’p lam viéc nhu sau. Khi mt SS ¢é
théong tin dé go‘1 va mudn di vao tién trinh gidi quyet tranh chdp, né
xdc 1ap cia s6 backoff trong cia né biing véi ca sé backoff ban diu
request (hodc ranging cho initial ranging) duge dinh nghia trong théng
béo UCD. Bén than théong bdo UCD nay duge tham chi€u bdi s8 lugng
UCD trong thong bdo UL-MAP hién c6 hidu lyc.

SS ngéu nhién chon mdt s§ trong cla s6 backoff nay. Gia tri ngau
nhién nhan dugc xdc dinh s8 co hdi truyén tranh chap ma SS s& ti
chéi trudc khi truyén. Mot SS xem xét chi cdc co hdi truyén tranh
chdp ma viée truyén nay cé di didu kién. Cdc vung tranh chap duge
dinh nghia trong chudn 13 Request IE (hodc Initial Ranging IE cho
initial ranging) trong cde théng bdo UL-MAP dugc nhén dang bai céc
UL-MAP_IE thich hgp (xem muyc 10.3.7). Cha y rlng m01 IE ¢6 thé
gdm nhidu co hoi truyén tranh chip. SII dung cdc yeu ciu bang thong
lam vi du, xem xét mdt SS ¢é clta sd backoff ban ddu 1a 0-15 va gid
dinh né chon ngiu nhién s 11. SS phai tri hoéin tdng cdng 11 co hdi
truyén tranh chap. N&u Request IE ¢6 sdn déu tién danh cho sdu yéu
cdu, S8 s& khong st dung Request IE nay va ¢ thém nam co hdi na
dé tri hodn. Néu Request IE ké& ti€p danh cho hai yéu cau, SS c6
thém ba co hdi dé tri hodn. Néu Request IE tha ba danh cho tdm yéu
cdu, S8 truyén trén cg héi thit tu sau khi tri hodn thém ba co hdi niva
{xem hinh 10.6).
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Truyén trén e hai thii tu

Khang truyén (S5 tri hodn i
wuyén)
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Hinh 10.6: Vi dy vé m§t co cdu backofi. SS phai dgi 11 co hgi truyén (mdt s dugc
chon ngéu nhign gita 0 va clra s0 backo!f trong). Trong hinh ndy, chi Request IE
(slot tranh chap) dugc trinh bay chii khdng phai phdn con lai clha frame (con) uplink.

Sau mét cudc truyén tranh chdp, SS doi mét Data Grant Burst
Type IE trong mdt map k& ti€p (hodc Ranging Response (RNG-RSP),
thong bdo cho initial ranging). M6t khi duge nhan, viée gidi quyét
tranh chdp hoan tdt. P&i véi cdc yéu cAu bang thong, néu SS nhan
modt Request IE unicast hofic Data Grant Burst Type IE bat ¢ lic nao
trong khi tri hodn d6i véi CID nay, né dung ti€n trinh gidi quyét
tranh chdp va s dung co hdi truyén tudng minh. SS xem xét cude
truyén tranh chdp bi mat néu phan cdp phat du liéu da khéng duge
cho trong khodng thdi gian nao dé (hoéic khong c¢6 sy phdn héi rang-
ing trong mdt khodng thoi gian dd cho khde cho initial ranging).
Trong trudng hgp nay, SS ting clta sé backoff clia né 1én hé s hai,
mién 14 né nhé hon cia sé backoff t3i da. Sau dé SS chon ngiu nhién
mdt s méi trong clta s6 backoff méi cia né va lap lai tién trinh tri
hoan duge md ta & trén, Tién trinh thd lai nay ti€p tuc cho dén khi
dat duge 8§ lan thd lai t6i da (nghia 14 Request Retries cho cde yéu
cau bing thong va Contention Ranging Retries cho initial ranging).
Vao lic nay, doi vdi cdc yéu cAu bang théng, SS loai bé cude truyén
dang cho giai quyét. Gia tri t8i da cho Request Retries 1a 16. Do c¢é
khd nang xdy ra cdc xung dot, cdc yéu cdu bang thong duge truyén
sau mot cudc kiém tra vong broadcast ho#ic multicast phai 1a nhing
yéu ciu tap hop.

Cdc lua chon vé Request (hodc Ranging) Backoff Start hodc Re-
quest (hofc Ranging) Backoff End bdi BS cho ndé nhiéu su linh hoat
trong viéc kiém sodt viéc gidi quyét tranh chdp. Nhiing lya chon nay
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¢6 thé dude thay déi thudng xuyén nhu tin sudt thong bao UCD néu
can thiét.

Diém cén xdc dinh la thuat todn gidi quyé&t tranh chap nay duge sk
dung nhu nhau cho WiFi [EEE 802.11 WLAN cho mgt chic néing truy
cdp dugc phan phdi dua vao tranh chap, diy la ch& dé dugc sd dung
hiéu qud, cho d&n bay gid déi v6i cdc WLAN 802.11.

10.3.6 Danh cap bing thing

Mt bang thong ludn duge yéu cdu trén cd s§ CID va duge cdp phat
trén co s& S8 (d6i véi CID co sé SS). Tign trinh ddnh cdp bing thong
duge dinh nghia trong chudn 1a viée s dung bdi mot tram thué bao
($S) ctia phidn bing thong dugc cdp phat phdan héi lai mét Bandwidth
Request cho ndi két dé gdi Bandwidth Request khdc thay vi gdéi di
liéu (xem hinh 10.7). Ti€n trinh nay duge cdp phét cho mdt so 16p
QoS (xem chuong 11).

Yéucaubangthang M
fvidy tranh chip)
- Cap phal
Y &u céiu bang théng mdi (s -

dung phéan dugc cip phat)
Hinh 10.7: Ninh hoa nguyén Ij ddnh cdp bang théng

19.3.7 Vi dy vé su truy cap Uplink

Trinh ty théng tin cho viéc kiém tra vdong unicast, multicast va
broadcast by gid duge minh hoa trong mét vi du. Lép OFDM duge
xem xét ciing nhu 1y thuyé&t sé sau day:

® Bang thdéng = 3.5 MHz;
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W n = 8/7 (hé s6 1dy mau);

M G (hé s8 thdi gian bdo vé) = 1/8;

M Khoang thdi gian frame = 5 ms;

B Ché dd song cdng (duplexing) la FDD.

Bai véi nhimg gid thuyé&t nay, ¢é thé xdc minh s6 ky higu OFDM
moi frame 1a 69 (xem muyc 5.2.4). Chudn néu rd mét frame con uplink
gom khodng thoi gian tranh chdp duge 1ap thoi biéu cho initial rang-
ing, khodng thoi gian tranh chdp duge lap thoi biéu cho cdc muc dich
Bandwidth Request va mdt hodic nhidu PHY PDU uplink, méi PDU
duge truyén tir mot SS khac.

Bang 10.1 minh hoa mdt vi dy vé ndi dung théng bdo quan ly UL-
MAP MAC. Pac tinh cda mdi [E duge dinh nghia bdi mét UL-MAP [E,
thay d6i phu thudc vao loai CID duge s dung trong IE nay (xem cée
gia tri dinh nghia CID trong bang 7.1). Khi cdc gid tri CID duge dinh
nghia broadeast va multicast duge sit dung, day 12 mdt 161 moi cho tdt
cd (hodc mot s8) SS tranh gianh cdc yéu cdu. N&u mot CID co sé co
ban {sau dé CID cha méot 8S) duge st dung, day 1a mét 161 mai cho SS
cu thé truyén dir lidu va/hodc yéu cdu mét bing théng (xem muc
10.3.2). Trong bang nay, hai truong UL-MAP_IE, chi s6 kénh con va
khodang lip lai midamble khéng duge trinh bay d& don gian héa bing
nay. Dé8i v6i cdc tham s& lgp PHYsical OFDM (WiMAX c¢d dinh),
nghia 1a c¢dc dang UL-MAP_IE, cdce gid tri UIUC (xem bang 9.9)..., cdc
trudng Start Time va Duration duge thé hién bing cdc don vi cda
khoang thdi gian ky hiéu OFDM (ddi véi cac DL-MAP_IE).

Béng 10.1: Vi dy v€ ngi dung thong bao UL-MAP. Hai trudng UL-MAP_IE, chi sd’ kénh
con va khodng 14p lai midamble khéng dugc trinh bay trong bang ndy.

Trudng thong baoc UL-MAP M ta
Management message type of Binh danh clia kénh uplink ma thong
UL-MAP (=3) bao nay tham chi&u dén (khéng nhim

Uplink channel ID (8 bit) 14n v4i CID). Duge chon tiy ¥ béi BS,
ID nay duge skt dung lam mdt dinh
danh cuc bo cho mdt so giao tae

UCD count, (8 bit) S6 lugng thay déi cdu hinh cla UCD
(gidng nhau dai véi DL-MAP)
Base Station ID (48 bit) Dinh danh trudmg dai 48 bit cia BS

(giong nhau ddi véi DL-MAP)

Allocation start time (32 bit)  Thai gian bdt ddu higu dung cGa cdc
c&p phdt uplink dugc dinh nghia béi
UL-MAP, bt ddu tir ddu frame down-
link ma thing bde UL-MAP nay duge
dit trong do
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UL-MAP
IE1
UL-MAP
[E2

UL-MAPFP
IE3

UL-MAFP
IE4

UL-MAP
K5

UL-MAP
IE6

UL-MAP
IE7

UL-MAP
IE8

UL-MAP
1IE9

CID = 0x0000 UIUC = 1
Start time = 0 Duration = 16
CID = 0xFFFF UIUC =2
Start time = 16

Duration = 12

CID =xFF10UIUC =2
Start time = 28 Duration =8

CID = 0xFF20 UIUC=2
Start time = 36 Duration = 4

CID =0x0023UIUC =5
Start time = 40 Duration = 10

CID =0x00121 UIUC =7
Start time = 50 Duration =7

CID = 0x000A UIUC =7
Start time = 57 Duration = 7

CID = 0x0005 UTUC =9
Start time = 64 Duration =5

CID=0UIUC = 14
Start time = 69 Duration =0

Dinh nghia (Initial} Ranging IE

Binh nghia mét (Bandwidth) Request
IE duge k&t hop véi CID truyén dai
ching. Sau d6 day 13 mdt su kidm
tra vong truyén dai ching (broadcast
polling)

Dinh nghia mjt (Bandwidth) Request
1E dudc k&t hgp véi CID = OxFF10
{multicast CID, xem bang CID, bang
7.1). Sau dé diy 1a mdt multicast poll-
ing

Pinh nghia mdt (Bandwidth} Request

IE dugc k&t hgp v CID = 0xFF20
{multicast CID, xem bdang CID, bang
7.1). Sau d6 day la mt multicast poll-
ng

Cép phat uplink cho CID = 0x0023

(Basie CID cGa mdt SS ridgng bigt). Didu
nay tuong ung v6i mot uplink burst
{ho#c uplink PHY PDU), c6 thé chia
nhidu théng bdo MAC dugc truyén
trong su didu bi€n/ma héa (ngoai cdc
tham s& burst profile khéc) tueng ng
vdi UTUC = 5 (xem bang UIUC, bang
9.9)

Cap phat uplink cho CID = 0x00012
(Basic CID caa mdt SS riéng biét).

UICc=17

Cédp phat uplink cho CID = 0x000A

{Basic CID cia mot SS riéng biét).
UigC =7

Cap phat uplink cho CID = 0x0005

(Basic CID cha mdt SS riéng biét.
UluC =9

Su két thiic etia chép tin higu duge
cap phét cudi cung duge biéu thi bing
viéc cdp phdt mot chép tin hiéu End
of Map (bang UIUC, 9.9) vdi trudng
Duration =0va CID =0
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Cac cudc truyén initial ranging st dung mdt preamble dai (hai ky
hiéu OFDM lién tuc) va burst profile bt budc manh nh4t. Manh nhét
14 BPSK véi mot téec d6 Channel Coding 1a 1/2. Udc tinh riing thong
bao quan ly Ranging Request MAC dai hai ky hiéu OFDM. Vay thi
Initial Ranging Request PPDU dai bén ky hiéu OFDM. Trong trudng
hop cia initial ranging, sy tré do truyén lan khd héi SS/BS t6i da
cing phai duge xem xét. Bén ky hidu OFDM duge thém (diéu nay
danh cho mét cell 16n).

Burst profile Request IE phu thude vao loai y&u ciu bang théng vi
c6 ba yéu ciu uplink (xem bang UIUC, bang 9.9). Treng vi du nay,
REQ Region Full duge xem xét, day 1a yéu ciu uplink “d4c trung”. Do
d6, viée phan kénh con khong duge kich hoat. P&i véi nhing diéu
kién nay, mdi co hdi truyén gém mdt preamble ngin, nghia 1a mot ky
hiéu OFDM va mét ky hiéu OFDM truyén y&u cdu bing théng, su
dung burst profile bt buéc manh nhit. Ky hiéu nay (96 bit khéng ma
héa) di dé truyén 48 bit cia frame yéu cdu bang thong MAC. Burst
profile manh nhat 1a BPSK v6i mdt téc do ma héa kénh chiap Reed-
Solomon 1/2. Thye t&, toc d6 md héa chiap Reed-Solomon 1/2 ludn
duge st dung lam ché dé ma héa khi yéu cAu truy cdp mang ngoal tru
trong cdc ch& do phan kénh con (subchannelisation), v&n sit dung chi
vide ma héa chap 1/2. Sau d6, Bandwidth Request PPDU dai hai ky
higdu OFDM.

Kich ¢d clia mot co hdi truyén ridng 1é cho mdi IE tranh chdp duge
xdc dinh béi BS trong thong bdo qudn ly UCD MAC. Thong bdo nay
duge goi 1a kich c& co hdi yéu cAu biang théng hoic kich ¢d cg hdi
ranging request 13 kich ¢d tinh bing cdc dun vi clia PS (Physical Slot)
cua payload PHY ma mét SS cé thé st dung dé truyén mot thong bdo
véu cdu bing théng hodc thong bdo yéu cAu initial ranging trong mét
cd hdi yéu cdu tranh chap.

PS 1a don vi thdi gian co ban. Mot PS tusng dng véi bdn ky hiéu
(diéu bign) duge st dung trén kénh truyén (d6i véi cde 16p PHY
OFDM va OFDMA). Co hdi truyén riéng 18 (kich c¢& e¢o hdi ydu cau
bang thong hodc kich ¢& cg hdi ydu cAu ranging) bao gbm tdt ci hao
phi PHY ciing nhu viéc cho phép dir liéu MAC ma thdong bdo c6 thé
chita. D61 véi vi du nay, gia dinh ring:

B Kich ¢& ¢d hoi yéu cdu initial ranging dugc biéu thi bdi thong bao
quan ly UCD MAC béng tam ky hiéu OFDM. Initial ranging IE (cac
slot tranh chdp), dugc xac dinh bdithdong bao quan ly UL-MAP MAC
dai 16 ky hiéu (xem bang 10.1}.

B Kich ¢cd co hdi yéu cdu bang thdng dugc xac dinh bdi théng béo
quan !y UCD MAC bang hai ky hiéu OFDM {xem hinh 10.8). Band-
width Request [E (cac slot tranh chap), duge biéu thi bdi théng bao
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quén Iy UL-MAP MAC dai 12 ky hiéu (xem bang 10.1). Cac gia tri s6
nay dugc su dung cho hinh frame uplink.

Bandwidth Request IE = Bandwidth Request Contention Siots zone
{12 GFDOM Symbals)

Al e e e e n e+ o s mememsssssnsnnnns e+ e+ 5+ ssssimess s o -
g - - -
' i . Bandwidth request | Bandwidih request * Bandwidth request ;
' | | opportunity opporiunity opporlunity :
: ! | {2 OFDM Symbols. | (2 OFOM Symbols. (2 OFDM Symbols.
_ | i 144 PS) 144 PS} : 144 PS)
. e _ [ U
Preamble Bandwidlh Request MAC |

Managemant Message l
{1 OFDM Symbol}

{1 OFDM Symbol)

Hinh 10.8:; Vi dy v& Bandwidih Requesi IE (cdc sioi tranh chip y&u cdu biing théng).
BS phai ¢dp phat m{t bang théng cho Bandwidth Request IE trong bdi s§ s6 nguyén
ciia cdc gia tri cd hji truy8n riéng 18 (duge xdc dinh trong théng hdo UCD)

Cé thé kidm chdng chidu dai cda médt kich ¢d co hdi yéu ciu bang
thong hodc kich e¢d co hdi yéu cau ranging (trong PS, nhu duge xdc
dinh trong théong bdo UCD) 1a 144 PS (hai ky higdu OFDM).

Trudng duration trong UL-MAP_IE biéu thi khodang th&i gian tinh
bing cédc don vi cia cde ky hidu OFDM cdp phdt. Gia tri niy bao gom
preamble, cdc midamble va postamble chia trong phadn cAp phat.
Trong vi du duge ndu trong phan nay, gia dinh ring khong ¢6 midamble,
nghia 14 trudng midamble repetition interval (2 bit) & dau théng bdo
UL MAP (xem chudng 9 dé tham khio UL-MAP) bing 0b00. Chudn
xdc dinh rling tdt cd SS phai thu nhan va diéu chinh thdi gian cla
ching sao cho tat cd ky hiédu OFDM uplink d&€n BS tring hgp thai
gian véi su chinh xdc #50% cGa khodng th#i gian bdo vé t6i thidu
hodc tot hon. Hinh 10.9 minh hoa cdc chdp tin hiéu uplink trong
frame con uplink dugc md ta béi UL-MAP trong bang 10.1. '
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4
“*

Frame Duration = 5 ms

-1 I

DL-MAP {E. 'DL-MAP IE,'DL-MAF W' SN SRR
' Initial Ranging ' Bandwidih | 1E, (1) ' 5!t DL-MAP l% b=

1 IE (Contention | Request IE | EX B2y o+ & 0 G g

| Slots} . {Contention \ SI | L2 E | E \

Stot ed '

; TR R L2.5.8 .9,
o 16 28 36 40 50 57 64 OFDM
Symbol

{1) Bandwidth Request IE dugc k&t hgp vdi
polling, contention slots

{2) Uplink grant {cap phat) cho C1D = Dx0023
{Basic CID clia mat SS cu thé)

Hinh 10.9: Cac chdp tin hiév uplink trong frame con uplink duge mo t 1rong bing
101

Gia st Modulation and Coding Scheme (MCS) tuong dng véi UIUC
= 7 la 16-QAM, 3/4, ude tinh toc A0 dir liéu uplink cda S8 véi Basic
CID = 0x000A (trén khodng thoi gian cda frame duge xem xét)? Hiy
xét sy cAp phdt nay duge thuc hién cdch bén frame mdt lan (vi du déi
v6l mét 16p UGS), téc 4o lién két uplink cla SS ¢6 Basic CID = 0 X
000A 14 bao nhiéu?

M Toc do dir ligu: VIUC = 7-16-QAM, 3/4;

W 7 ky hidutrong 5 ms: 7 x 192 x 4 x 3/4 = 4032 bit trong 5 ning suat -
8086.5 kb/s;

B Mot frame trén bdn - 201.6kb/s

10.4 Yéu cau bang thong hdi tu dua vao sy tranh chap trong OFDM
PHY

Yéu ciu béng thong hoi tu hofic yéu cAu tranh chdp hoi tu trong
16p PHYsical OFDM duge md ta trong phén nay. Yéu cAu bing théng
sit dung chi mét phdn cla tat cd séng mang thi cdp OFDM (thay vi
tdt cd ching nhu trong yéu cdu tranh chap ddy da) cling véi cde ma
tranh chdp. P&i véi 1¢p PHYsical OFDM, hai ¢ cdu Bandwidth Re-
quest dua vao tranh chdp, mdi ¢g cAu tham chidu mét REQ (Request)
Region trong frame uplink, nhu duge dinh nghia trong chuén:

B Sy truyén tranh chap ddy du tuong Ung véi mdt khéng gian tranh
chép uplink dugc goi trong REQ Region Full chuén, dugc biéu thi
bdi mdt VIUC = 2 (xem bang UIUC, bang 9.9), va 1a co céu tranh
chap dugc sl dung trong muc 10.3.7 néu sy phan kénh con
(subchannelisation) khéng dudgc kich hoat.
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m Truyén tranh chap hdi tu tudng ing vai mét khdng gian tranh chép

uplink dugc goi trong REQ Region Focused chuin dugc biéu thj bdi
mdt UIUC = 3 (xem bang UIUC, bang 9.9). Su truyén nay gdm mat
Contention Code (ma tranh chap) dugc diéu bién trén mot Conten-
tion Channel (kénh tranh chap) gom bén séng mang thi cap OFDM
dugc chon nglu nhién bdi SS Ung cd. Thi tuc backoff ludn la thd
tic dugc mo ta trong myc 10.3.5. Phuong phap tranh chdp REQ
Region Focused rd rang cd mét xac sudt xung dét nhdé hon REQ
Region Full.

Sy truyén tranh chidp day did c¢6 tinh bdt bude. Khd ning truyén
tranh chap héi tu la tiy chon. Néu hai loai yéu cdu ¢6 thé thuc hién
dugce, SS ¢6 thé chon mot trong hal.

10.4.1 Sy tranh chip ddy di (REQ Region Full)
Trong mét REQ Region Full:

B Khi s phan kénh con (subchannelisation) khdng dugc kich hoat,

y&u cau bang thdéng la ¢g cau dugc thdy cho dén thdi diém nay
trong sach nay: méi Transmission Opportunity (TO) gém mét pre-
amble ngan (mat ky hidu OFDM) va mét ky hiéu OFDM s{t dung
burst profile bat budc manh mat (BPSK, téc 46 ma hoa 1/2).

Khi sy phan ké&nh con dugc kich hoat, sif cdp phat dugc phan chia
thanh cac TO trong tdn s& va thai gian. Chiéu réng (trong cac kénh
con) va chidu dai (trong cac ky hiéu OFDM) clia méi TO dugce dinh
nghta trong thédng bao UCD clng v&i phan mo ta cha burst profile
tugng ng véi UIUC = 2. S kénh con dugc si dung béi mdi co hoi
truyén cé thé la 1, 2, 4, 8 hodc 16. S8 ky hiéu OFDM vén phai dugc
sl dung bdi mdi co hdi truyén cing dugce cho trong théng bdo UCD.
Phéan truyén cha mdt SS phai chira mét preamble duge phan kénh
con tuong Ung vdi TO dudc chon theo sau 1a cac ky hiéu OFDM diU
liéu, st dung burst profile b&t budc manh nhat.

10.4.2 Tranh chdp hdi ty (REG Region Focused)

Trong REQ Region Focused, cg hdi truyén (d6i khi duge goi la co
hoi phat) gdm bén séng mang thi cdp hodc hai ky hiéu OFDM (xem
hinh 10.10). M&i co hdi truyén duge tao chi 58 bdi cde chi s& co hdi
truyén lién tuc, Opportunity (co hdi) truyén xdy ra lan dau tién dugc
tac chi s6 0. Mét SS ing ¢ (yéu ciu bing théng uplink} gdi mot mé
ngédn trén mét co hdi truyén nhu duge mo td bén dudi. Sy truyén nay
duge thuc hién trong mdt REQ Region Focused duge dinh nghia béi
BS sit dung mdt UL-MAP_IE UIUC = 3 (xem bang UIUC, bang 9.9).
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Cd hoitruyén
AT ——r—
OFDM  OFOM
Symbol nSymbol )
ey

xzxxsewwsd  S6ng mang thi cAp OFDM -79
*xx xmxxxxs SONG Mang thy cdp OFDM -42
[UPVIVINY S— Song mang thi cdp OFDM -22
v v vieeewy  SGng mang thd Ciip OFDM -79

Hinh 10.10: Vi dy vé cic sdng mang thi cap cia mot co hdi truyén tranh chip hbi
ty (chi s0 kénh tranh chdp = 20). S8 truyén zero bién 4§ trén tal ¢ séng mang thi
cép

Sy truyén hdi tu gom mdt ma tranh chdp duge diéu bién trén mot
kénh tranh chap gém b&n séng mang thd cap OFDM. SS truyén bién
d6 zero trén tat cd s6ng mang thd cAp khdc. Viée chon méa tranh chdp
dugc thuc hién vdi xdc sudt bing nhau giita t4m ma mdi ma bén bit.
Viéc chon kénh tranh chdp duge thuc hién véi xdc sudt béng nhau
gitta cdc cd hdi truyén thoi gian/tdn s ma SS quan tdm cé thé su
dung. Khong c6 théng bao MAC ¢ day, BS chi cdn phat hién mot ma
tranh chdp trén modt kénh tranh chép. Sau khi phdt hién, BS cung
cip mdt su cAp phdp uplink d& SS truyén mot Bandwidth Request
MAC PDU va tuy chon dir lidu bd sung, thay vi xdc dinh mot Basic
CID, mdét DL-MAP_IE duge gdi cang vdi mdt OFDM
Focused_Contention_IE (UIUC = 4), vdn xdc dinh kénh tranh chip,
mé tranh chdp v& co hoi truyén da duge sit dung béi SS. Diéu nay cho
phép SS quyét dinh xem né did duge cho mdt phdn cdp phdt hay
khéng bing cdch ké&t hdp cdc tham sd nay véi nhitng tham s6 ma né
da sif dung. Sau 46, SS c¢6 thé gdi mét bandwidth Request MAC PDU
trén phan cdp phat uplink duge cdp. Thi tuc nay dugc cdp phat trong
bang 10.2.
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Bang 10.2: Cac hudc cha thi tuc iranh chdp hdi tu (REQ Region Focused)

Budc Hanh djéng
0 Cac thong béo BS gdi mot UL-MAP_IE véi UIUC = 3,
truyén dai ching BS x4c dinh mdt REQ Region Focused (viing
Focused Contention Request trong frame
uplink). Cdc tham s& tranh ch&p hdi tu
REQ khac dugc truyén dai ching trén
thong bdo UCD.

1 SS-BS Mot SS dn o (mdt SS yéu cdu mdt bang
thong uplink} géi mdt ma ngdn (mdt ma
tranh chap, tap hop 4 bit duge diéu bién
trén mot kénh tranh chdp, mdt tap hgp
bén séng mang thi ¢dp OFDM) trén mjt
TO duge chon ngiu nhién giita cdc TO
(b8n séng mang thit cAp OFDM trén hai
ky hiéu OFDM) ma SS nay c6 quyén si
dung. :

2 BS-58 Né&u BS phdt hién mia duge hdi tu bdi
REQ, BS cung cdp mdt su cdp phat up-
link cho SS dé truyén mot Bandwidth
Request trong mot (DL-MAP) OFDM
Focused_Contention_IE (UIUC = 4) von
x4c dinh kénh tranh chdp, mé tranh chép
va ¢o hdi truyén da duge s dung bdi SS.

3 SS-BS 88 gbi mot Bandwidth Request MAC PDU
trén phan cdp phat uplink duge cdp

Trong mét co hdi truyén, bién dé cGa mdi trong bén séng mang thi

cdp phai duge gia téng trén bién 44 chudn cta né, nghia la bién dd

duge st dung trong mot ky hiéu OFDM khéng tranh chdp, ké ca viéc

hiéu chinh kiém sodt c¢éng suéit hién hanh. Viédc tang dB bing vdi gid
tri ciia tham sd Focused Contention Power Boost duge xdc dinh béi

BS trong théng bao UCD.

10.4.2.1 Tranh chdp héi tu (REQ Region Focused) véi sy phéin kénh
con

S6 ma tranh chdp do mot SS duge bat Subchannelisation (sy phan
kénh con) dé yéu cAu st dung cap phat duge phan kénh con duge bidu
thi bsi CSE trong chudn. Gi4 tri ndy dugc cho bdi BS trong thong bao
UCD. Gid tri mic dinh la 0 (dién hinh, d8i véi cdc BS khong hd trg
vidc phan kénh con) va day gia tri cho phép la 0-8.
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M4 tranh chap duge chon ngiu nhién véi xdc sudt bing nhau ti
tap hgp con tranh chap thich hgp theo gia tri nédu CSE BS hd trg viéc
phéan kénh con, chi cd¢c ma tranh chdp CSE cudi cing (trong s tam
mi tranh chdp ¢é sdn) duge sit dung bdi cde SS mudn nhén duge sy
cdp phédt duge phan kénh con. Pdp lai, BS c6 thé:

M cung cdp su cap phat dugc yéu ciu dudi dang mét phan cdp phat
dudc phan kénh con, nai UL-MAP |E cdp phat bang théng phan hai
lai mot tin hiéu vao mang dugc phan kénh con, trong phan dugc
phan kénh con cOa UL-MAP dugc nhan dang bdi UIUC = 13;

® cung cap sy cdp phat dugce yéu cdu dudi dang cdp phat ddy du
(mac dinh);

B khdng cung cap sy cap phat.
10.4.3 Tdm tal cac phudng phap yéu cau cap phat Uplink dya vae sy tranh chip

bé két thic phan nay, bang 10.3 tém tidt cdc phuong phép yéu cdu
cdp phat dva vao sy tranh chip OFDM PHY,
Béng 10.3: Tém 18t cdc phudng phdp yéu ciu cap phat uplink dya vao sy tranh
chap OFDM PHY

Tranh chip diy da
Tranh chap hdi tu Pudc truyén trong mot REQ

Region ddy du trong frame Region Focused trong frame
uplink uplink
Pugc truyén trong mét REQ Khoéng c6é sy phian kénh con
Cé sy phan Khong c6 sy con n
kénh con phén kénh kénh con

Cé s phan

Phuong phdp co m Sy cdp phdt Xem bang 10.2 @ M3 tranh chép

bdn cda yéu cAu  dugc phan chia dugc gdi bdi
cdp phdt uplink  thanh cdc co mdt SS ng ¢l
dua vao sy tranh  hditruyén (TO) duqgc chgn

chdp (xem vi du
trong muc 10.3.7)

trong t&n sd va
thgigian

ngau nhién vdi
xac sudt bing
nhau tu tap hgp
con thich hgp
clia t&t cd ma
tranh ch3p theo
gia tri CSE xac
dinh trong UCD
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m Chi€u rdng B D& phan hdi,

(trong cac kénh
con) va chiéu
dai (trong cdac
ky hiéu OFDM)
clia méi co hdi

BS c6 thé cung
cap su c&p phat
dugc yéu cdu
dudi dang sy
cdp phat dugce

truyén (TQ) phan kénh con:

dugc dinh nghia cung cdp sy

trong théng cdp phat day

bdo UCD dl hodc khéng
clp phat

10.5 Yéu cdu bang théng CDMA dua vao tranh chap trong OFDMA
PHY

OFDMA PHY hé trg hai co cdu yéu cdu bang théng (Bandwidth
Request) dua vao sy tranh chdp bit budc:

B S8 gdiheader yéu cdu bing théng nhu dugc xac dinh cho l6p OFDM.
Cac xem xét tranh chap hoi ty 1dp OFDM va sy phan kénh con
khdéng con 4p dung nilta cho OFDMA noi cac kénh con (song mang
thir cap) dugc phan bd thay vi cac ky hiéu OFDM.

B Trdilai, sl dung co cau dua vao CDMA dugc md ta bén dudi.

Nhu da néu trong chuong 9, OFDMA PHY xéc¢ dinh mot kénh con
ranging (xdc dinh pham vi). BS cung c&p trong théng bdo UCD mét
tdp hyp con cdc mé ranging danh cho cdc Bandwidth Request duta vao
sy tranh chap va initial ranging. BS c¢6 thé quyét dinh muc dich cia
ma duge nhan bdi tdp hgp con ma ma thude vé. Bang thong yéu ciu
ma S8 chon vdi xdc sudt bang nhau, mdt ma ranging tir tdp hgp con
ma dugc cdp phat cho cdc Bandwidth Request. Ma ranging nay diéu
bién kénh con ranging va sau d6 dudc truyén trong su cdp phdt up-
link thich hgp. Sau khi phdt hién, BS cung cdp mét sy cdp phat
uplink phy thuge vao sy thuc thi cho SS, nhung thay vi x4c dinh mot
Basic CID, broadcast CID duge gdi cing véi mdt CDMA_Allocation_IE
dé xdc dinh viing phdt v méa ranging nao ma 8S st dung. Piéu nay
cho phép mjt SS quyét dinh xem né da duge cdp phat hay khéng
bang cdch ké&t hgp nhing tham s6 nay véi nhirng tham s6 ma né da sir
dung. Sau d6, SS st dung phan cdp phat dé phdat mét Bandwidth
Request MAC PDU va/hodce dir liéu.

Néu Bandwidth Request khong din dén sy cap ph4t bing thong k&
tiép, SS gid dinh viéc truyén ma ranging da din dén mot xung dot va
sau d6 tuln theo co cdu gidi quyét tranh chap.
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Chuong 11

Quan ly su vao mang va chat
lugng dich vu (QoS)

11.1 Ranging

Ti€n trinh ranging duge dinh nghia trong chudn 802.16 1i tién
trinh cho phép cdc SS:
® Thu nhan khodng dich chuyén thdi gian chinh xac cla mang. Sau
do, SS dugc x&p thing hang vdi frame nhan dugc tif BS (ddi véi cac
Igp PHYsical OFDM va OFDMA,).
B Diéu chinh cong sudt yéu cdu va‘hoic thay ddi downlink burst pro-
file. Sau dd, SS ¢6 thé dugc nhan trong cac ngudng nhan thich hgp.

SS nhén ra ranging biing cach phat thong bdo quén ly RNG-REQ
MAC. Théng bdo RNG-REQ c¢6 thé duge gdi trong céc slot tranh chéap
uplink initial ranging (xdc dinh pham vi ban diu) (xem chuong 10)
hoac trong cdc khodng thdi gian cdp phat di lidu duge cdp phat béi
BS cho SS. Ranging dugc thuc hién bdi 8S lae khdéi tao vA mot cdch
dinh ky. Pidu ndy cung cidp hai loai tién trinh ranging:

| initial ranging (xac dinh pham vi ban dau).
| ranging dinh ky (déi khi don gian dugc goi la ranging).

Trong 1dp PHYsical OFDM, initial ranging s dung cdc slot tranh
chap uplink initial trong khi ranging dinh ky (periodic) si dung cdc
chdp tin hiéu déu din (khodng cAp phat uplink duge cdp). Thi tue
initial ranging 12 mdt phén cla tién trinh nhap vao mang dugc mo ta
trong muc 11.6.
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11.1.1Cdc thdng bido Ranging

Hai théng bao quan ly MAC dugc st dung cho initial ranging:
théng bdo Ranging Request (RNG-REQ) va thong bdo Ranging Re-
sponse (RNG-RSP). Nhirng théng bdo nay bay gid duge néu chi tiét.

Théng bao Ranging Request (RNG-REQ) duge phat béi 88 luc khdi
tao. N6 ciing c6 thé dugc st dung tai cdc thdi diém khdc dé quyét
dinh sy tré mang va d€ yéu ciu thay d8i cdng suat va/hodc thay déi
downlink burst profile. Gid tri trudng CID trong header MAC cia
théng bido RNG-REQ chia cdc muc sau day:

m CID initial ranging {0x0000) néu SS ¢ gia nhap vao mang hoac néu
SS di chua dang ky va thay déi cac kénh downlink (hoac ca down-
link 1&n uplink).

B Trong tat ca trudng hgp khac, Basic CID duge sl dung (nhiing trudng
hap khac gid dinh ring mét Basic CID da dugc gan vao SS).

Cédc tham s8 duge dua vao thong bdo RNG-REQ dugce trinh bay
trong bang 11.1.

Bang 11.1; Cac tham s& thdng bao RNG-REQ. Mot sé truing niy dugc ma hda bhing

TLV
Truong RNG-REQ Mo ta
Downlink channel 1D binh danh ctia kénh downlink ma trén

dé S8 da nhan UCD mé td kénh uplink
ma thdong bdo yéu cdu ranging nay dugc
phat trén d6

Requested downlink burst Duge xdc dinh bgi DIUe cia downlink

profile burst profile duge yé&u ciu bdi SS cho luu
luong downlink

S5 MAC address Puoc phat khi 8S cé gia nhap vio mang

MAC version

Ranging anomalies Sau khi 88 44 nhin mgt RNG-RSP duge

gdi dén S8S, x4c dinh ring SS di ¢6 cong
suat toi da, cong suat tdi thiéu...

AAS broadcast capability Théong bdo Ranging Response (RNG-RSP)
duge phat bdi BS dé phan hdi lai mot
RNG-REQ duge nhian. Ngoai ra, né ciing
c6 thé duge phdt mét cach khong ddng
bd dé géi cac phan hiéu chinh dua vao
cdc 58 do da duge thuc hién trén dir lidu
ho#c cdc thong bao MAC duge nhén khic.
Két qui, 88 duge chudn bl d€ nhan mot
RNG-RSP bdt ci lic nao, khéng phdi
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chi theo sau mdt cude truyén RNG-REQ.
M9t vai tham s6 duge dua vao trong thong
bdec RNG-RSP dugc trinh bay trong bang
11.2,

Bang 11.2: M6t vai tham s6 cia thdng bdo RNG-RSP. Mft s truiing nay dugc ma

Trudng RNG-RSP
Ranging status

Timing adjust

Power adjust

Offset frequency adjust

Basic CID

héa bing TLV

Mo ta

Xde dinh viéc cac théng bdo uplink cé
dugc nhén trong cdc gi6i han c6 thé chap
nhéan bdi BS hay khong. Trudng nay bit
bude. Cac gid tri c¢6 thé c¢6 12 1 = con-
tinue (ti€p tuc), 2 = abort (hiy bd), 3 =
success (thanh cdng), 4 = rerange (tdi
xdc dinh pham vi)

Thai gian duge y&u cau dé thic ddy viéc
truyén SS nhiim cho phép cdc frame dé&n
BS tai khodng thai gian mong dogi. Cac
don vi danh riéng cho 16p PHYsical. Bai
vdi lgp PHYsical OFDM (WiMAX), don
vi 1a khodng thai gian ky hiéu 1/fs). Né&u
trudng nay khong duge dua vio, viéc didu
chinh thoi gian s& khéng duge thue hién.

Biéu chinh khodng dich chuy&n cdng suit
truyén (c6 ddu 8 bit, trong cdc don vi
0.25 dB). Trudng nay xdc dinh viéc thay
ddi tuong ¥ng trong mifc céng sudt truyén
ma SS phai thyc hién d€ cdc cudc truyén
dén BS vdi cong sudt mong mudn. Néu
trudng nay khéng duge dua vao, vide didu
chinh céng suit sé khong duge thuc hién

Diéu chinh khodng dich chuyén tdn s¢
truyén (c6 ddu 32 bit, don vi Hz). Trudng
nay xdc dinh viée thay d6i tuong dng
tdn sd phdt ma SS phai thuc hién dé
tuong hgp BS tdt hon. Pay 1a mét sy
diéu chinh tdn s6 td8t trong mot kénh,
khdng phai 1a sy gdn lai vao mdt kénh
khac

Buge gdn béi BS lic truy cap ban dau.
Trong truong hgp nay, thong bdao RNG
GRSP dugce gdi trén CID initial ranging
nhim phan hdi lai mot thong bdo RNG-
REQ duge goi trén CID initial ranging
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Primary management CID Duge gan bdi BS lidc truy cdp ban diu,
trong nhiing tinh hudng gidng nhu Basic
_ CID
MAC adress Dia chi 88 MAC (48 bit)

Downlink operation burst X4c dinh DIUC it manh nhit v&n c6 thé
profile duge st dung bai { BS cho cdc cude truyén
dén SS
Frame number Trong ¢¢ thong bdo RNG-REQ tuong ing

(ddi voi OFDM/WiIMAX) da dude nhén.
Khi s6 frame duge dua vao, dia chi 8S
MAC khong xudt hién trong cuing mét

théng bdo.

Ranging subchannel Ch1 s6 kénh con ranging OFDM vén da
duge st dung dé phat théng bao initial
ranging

AAS broadeast permssion Hai thong bdoc qudn Iy MAC khae duge

su dung cho viéc xac dinh pham vi dinh
k¥ (periodic ranging}): Thong bio Down-
link Burst Profile Change Request (DBPC-
REQ) va théng bdao Downlink Burst Pro-
file Change Response (DBPC-RSP).

Théng bao Downlink Burst Profile Change Request (DBPC-REQ)
duge gdi bdi SS dén BS trén SS Basic CID yéu cdu mot thay déi
trong downlink burst profile duge st dung béi BS dé van chuyén dit
liéu dén SS. Burst profile bdt bude cho luu lugng downlink duge biéu
thi béi DIUC tuong dng cia né (nhu duge xdc dinh trong thdng bdo
DCD). Thong bdo DBPC-REQ duge gdi tai loai burst profile (dugc cdp
phat BS) hién hanh. N&u S8 phat hién fading (su mat tin hiéu) trén
downlink, SS s dung théng bdo ndy d& yéu cdu sy chuyén tiép sang
mél burst profile manh hon. Dang chung clia théng biao DBPC-REQ
dugc minh hoa trong hinh 11.1. Mot yéu cdu thay d8i cdv downlink
burst profile duge thuc hién bang théng bao DBPC-REQ (thay vi théng
bao RNG-REQ nhu duge mé t4 ¢ trén) néu SS di duge cdp phit mat
biang thong uplink, nghia 14 mdt sy cdp phat dir liéu cho SS Basic
CID. Néu khéng, SS st dung théng bdo RNG-REQ cho mét yéu cAu
thay déi downlink burst profile (xem muc 11.1.3).

Management message lype (=23) Reserved DIUC  Configuration change count

Hinh 11.1: Dang thdng bdo quan Iy DBPC-REQ MAC. Burst profile bat budc cho luu
lvgng downlink duge xdc dinh hdi DIUC tuong dng cla né (nhu dugc dinh nghla trorg
thong bdo DCD).
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Théng bao Downlink Burst Profile Change Response (DBPC-RSP)
duge phdt bdi BS trén SS Basic CID nhiim phan hdi lai mét thong
bao DBPC-REQ tir 8S. N&u tham s8 DIUC giéng nhu duge yéu ciu
trong thong bdo DBPC-REQ, yéu cdu da dugc chdp nhan. N&u khong,
néu yéu cau bi tir ¢hdi, tham s¢ DIUC 1a DIUC trude ma SS da nhan
dir liéu downlink & d6. Dang chung duge minh hoa trong hinh 11.2.
Hoat dong ecla cdc théng bdo yéu cdu va phan héi DBPC duge minh
hoa trong hinh 11.3.

Management message type (F24) Reserved DIUC  Configuration change count

Hinh 11.2: Dang thdng bdo quan Iy DBPC-RSP MAC. N&u tham s& DIUC giGng nhu
dugc yéu cdu trong thang bdo DBPC-REQ, yéu ciu di dugc chip nhin.

Prx g max = EIRxPg .« + BS_EIRP — RSS

DBPC-REQ

Yé&u cdu mot downlink burst
profile méi {DIUC)

SS BS

DBPC-RSP

giif lai DIUC co

Hinh 11.3: Minh hga hogt ddng cia cac théng bdo yéu cdu va phin héi DBPC

11.1.2 Initial Ranglng

Initial ranging cho phép SS gia nhap mang thu nhan cdc tham sé&
truyén chinh xdc, chdng han nhu time offset (khodng dich chuyén thgi
gian), tin s§ vA mdc cdng sudt truyén sao cho SS cé thé giao tiép véi
BS.

Trong 16p PHYsical OFDM, initial ranging si dung cédc slot tranh
chap uplink initial ranging. P4u tién, mot SS ddng bo héa véi down-
link sif dung preamble va sau d6 hoc cdc dac diém kénh uplink 48 tim
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mdt khodng initial ranging (cdc slot tranh chdp). Nhu duge mé td
trong chuong 10, BS cdp phat mdt khodng initial ranging gém mot
ho#c nhiéu co hdi truyén (initial ranging). Trong khodng nay, SS gdi
mét thong bdae quan ly RNG-REQ MAC vdi mét gid tri CID = 0 (xem
bang 7.1). P&i v6i OFDMA PHY, tién trinh initial ranging khdc nhau.
N6 s dung cdc mad CDMA initial ranging (xem muc 10.5). Trong
OFDM PHY, cdc cubc truyén initial ranging si dung mét preamble
dai (hai ky hiéu OFDM) va burst profile bit budc manh nhat.

Khi ¢d hdi truyén initial ranging xuidt hién, 8S gdi thong bdo RNG-
REQ (si dung mdt ma CDMA trong trudng hgp cia OFDMA PHY).
SS gdi théng bdo nhu thé né duge déng dinh vi véi BS, vi sy tré do
lan truyén dugc xem xét trong cd héi truyén initial ranging.

11.1.2.1 Gid tri cong sudt truyén ban ddu ciia théng bdo Initial Rang-
ing
SS tinh cng sudt truyén tdi da cho initial ranging, duge biéu thi
béi R TX_IR_MAX nhu sau trong 46

B BS_EIRP (Equivalent Isotropic Radiated Power) la gia tri cong suét
truyén BS dugc phat trong thong bao DCD.

B EIRxP IR, max la cong sudt thu ddng hudng t8i da tai BS. Gia trj
nay cé dudce tu thong bdo DCD.

W RBSSla Received Signal Strength Indicator (RSSI) dugce do tai SS.
Cé thé kiém chitng phuong trinh & trén 1a sy nhan ra:
m Cang sult truyén tdi da cho initial ranging
B = cdng suit thu téi da dugc 4n dinh tai BS + sy tdn that dudng dan
ude tinh gitta SS va BS
Cdc do khuy&ch dai anten SS duge dua vao cdng thitc ¢ trén. Trong
truvng hgp EIRxP, va BS_EIRP khong dugc bidt, SS bit dau tu
mifc cong sudt truyén tdi thiéu duge dinh nghia bdi BS.

11.1.2.2 Initial Ranging thanh cong

Céc CID cho cde nbi két quan 1y basic va primary (xem muc 8.4)
duge gédn trong cdc thong bdo REG-RSP. Tién trinh ranging bay gid
dugc md ta.

Mot khi BS di nhan thanh céng thong bao RNG-REQ, BS tra ve
mdt thong bao RNG-RSP st dung CID initial ranging. RNG-RSP nay
chita dia chi MAC ctia SS mdi nay. Trong thong bdo RNG-RSP, BS
ciing dat cdc CID quan ly basic va primary duge gdn cho SS nay.

Cung mdt gia tri CID duge gén vao cd hai thanh vién cia moi ciip
ndi k&t (uplink va downlink). Théng bdo RNG-RSP ciing chita thdong
tin v& su didu chinh mdc céng suat truyén va sy diéu chinh tidn s8
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dich chuyén cing nhu bit ky phin hiéu chinh dich chuyén thi gian.
Vao lic nay BS bdt ddu st dung cac khodng initial ranging dugce cap
phdt riéng 1é duge gdi d&n SS Basic CID d€ hoan t4t tién trinh
ranging, tri khi trang thdi cia théng bdo RNG-RSP la “success”,
trong trudng hgp nay thd tuc initial ranging duge hoan tat. C4c doi
thoai cda cdc thdong bdo RNG-REQ vd RNG-RSP ciing cung cap gi4 tri
CID che ndi két quin 1y phu (secondary).

Néu trang thii cda théng bao RNG-RSP 14 “continue”, 8S dg¢i mét
khodng initial ranging ban dau duge gan vao Basic CID cda né. Bing
cach st dung khodng nay, SS phat mét théng bdo RNG-REQ khac si
dung Basic CID cing véi bat ky mitc cong sudt va phan hiéu chinh.
khoang dich chuy&n thyi gian. BS gdi mot khodng théng biso RNG-
RSP khéc dén SS ¢6 bat ky sy tinh chinh b sung dugc yéu cdu. Céc
bude yéu cAwphdn hdi ranging dugc 1ap lai cho dén khi su phdn héi
ranging chita mét thong bdo thanh céng ranging hodc ranging hiy bd
BS. Mot khi dugc xdc dinh pham vi thanh cong (RNG-REQ nim trong
kha nang chiu dung cda BS), SS gia nhdp luu lugng dir liéu binh
thuéng trong uplink. Ti€n trinh nay duge minh hoa trong hinh 11.4.

b+ HN
UL UL_MAP
) Truyén cac tham
Phat géi Ranging trong cdc goi s6 k&nh uplink
tranh chdp Initial Ranging vdi RNG-REQ) {slot tranh chip
CID=0 {Initiai Ranging C1D=0} initial ranging...}
N&u khéng c6 RNG-RSP, g&i lai ANG- RNG.REQ
REQ vdi mt mue cdng sudt cao hen
mét budc {sy tranh chip mai}
""""""""""""""""""""""" Néu phat hidn mot
goi ranging khéng
NGRS thé dugc gidi ma
RN[}-RI"Q »
KNG-RuP
ANG-REQ
RNG RSP

Hinh 11.4: Minh hoa ti€n trinh -initial ranging
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11.1.2.3 Initial Ranging khéng thanh cong

N&u sau khi di gdi thong bdo RNG-REQ, SS khang nhéin duge su
phdn héi, né gdi lai thong bao RNG-REQ tai mdt co héi truyén initial
ranging khédc v4i mic cdng suft cao hon. Gid tri budc nay khéng cd
dinh trong chufn, mic di né xdc dinh khéng thé 16n hon 1 dB. Né&u
SS nhin mét théng bdo RNG-RSP chia s6 frame ma thong bdo RNG-
REQ cua né did duge phat trong d6, SS cho ring ¢t ging truyén da
khong thanh céong. Thong bdo RNG-RSP xic dinh BS da phat hién
mot cude truyén trong slot ranging ma né khéng thé gidi méa. Tuy
nhién, SS thuc thi cdc phin hiéu chinh duge xdc dinh trong théng bao
RNG-RSP va da phat ra mét thong bdo RNG-REQ khdc sau su tré do
backoff thich hgp.

11.1.3 Ranging (hodc Periodic Ranging)

Sau initial ranging ma cdc tham s6 vat Iy duge diéu chinh, periodic
ranging (xdc dinh pham vi dinh kj) cho phép cdc SS diédu chinh céc
tham s8 truyén sao cho S8 ¢6 thé duy tri chat lugng truyén thong véi
BS. Cdc ti€n trinh riéng biét duge s dung dé qudn 1y uplink va
downlink. Mot s8 ché do PHY hd trg cdc cd cdu ranging duy nhat cho
nhing khd ning cha ching.

11.1.3.1 Downlink Ranging

Trong. downlink,  n€u CINR duge nhidn nim bé&n ngoai vung hoat
dong cho phép, theo cg cdu thich ing lién ké&t, SS yéu ciu thay déi
sang burst profile méi bing cdch st dung mot trong hai phuong phéap:
théng bdo RNG-REQ hoidc thong bdo DBPC-REQ. Véi ca hai phuong
phép, théng bdo dudc gdi bing cédch st dung Basic CID cia SS:

W Théng bao DBPC-REQ. Néu SS da dugc cap mot bang thong up-
link, nghia la cdp phat dit ligu cho SS Basic CID, SS gdi mot thdng
bao DBPC-REQ st dung phan cdp phat d6. BS phan hdi bing mot
théng bao DBPC-RSP.

B Théng bao RNG-REQ. N&u mot phan cdp pual khdng ¢6 sin va
SS yéu cau mot burst profile méi trén downlink, SS gdi mdt thong
bao RNG-REQ trong mot khodng initial ranging (slot tranh chap)
bang cach s dung cung mot tht tyc nhu déi véi initial ranging.

Sy, thich Ung lién két (link adaptation) cia downlink duge mé ta
trong myc 11.2,

11.1.3.2 Upliak Ranging

Trong uplink, periodic ranging duge nhan bi&t nhu sau. P&i véi mbi
phédn cdp phat chép tin hiéu uplink (unicast) trong d6 mét tin higu
dugc phat hién, BS quyét dinh chdt lugng cta tin hidu uplink. N&u tin
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hiéu khdng nam trong céc gidi han chdp nhan duge, BS dua ra théng
bio RNG-RSP ké c¢a dit lidu hidu chinh thich hgp (xem dang RNG-
RSP ¢ trén) vd mot trang thai “continue”. Néu mgt s& thong bdo hidu
chinh ddy di dugce phdt ra khéng cé tin hiéu S8, ch&t lugng cé thé
ch&p nhan. SS géi thong bdo RNG-RSP véi mét trang thai “abort” va
sau dé két thdc viée qudn ly lién két cia SS. Do d6, SS xit 1y cdc
thong bdo RNG-RSP ma né nhén, thue thi bat ky phdn hiéu chinh lép
PHYsical vdn duge xdc dinh (khi trang théi la “continue”) hoac bit
dau khdi dong lai cdc hoat dong MAC (khi trang thdi la “abort”).

S8 phan héi lai mdi phan cdp phédt bang théng uplink ma BS gdi
dén né. Khi trang thdi ela thong bdo RNG-RSP cudi ciing duge nhan
boi S8 la “continue”, SS dua thong baec RNG-REQ vao chdp tin hiéu
duge cdp phat. Khi trang théi clia théng bio RNG-RSP cudi cing
dugc nhén la “success” (do viéc BS xét riing bay giv tin hiéu nim
trong cdc gi6i han cé thé chap nhan), S8 sit dung phan cdp phsat dé
phuc vu cdc hang dgi uplink dang chd giai quyé&t cla né. Néu dir liéu
khéng dang chdi gidi quy&t, SS phdn hoi lai phdn cdp phat bing cdch
truyén mot khéi dir lidu duge dém.

D61 v4i méi phin ¢dp phat chdp tin hiéu uplink (unicast), BS quyét
dinh xem mét tin hiéu truyén cé hién dién hay khéng. N&u tin hidu
khéng duge phat hién trong mdt s6 phan cap phdt lién tuc dude xac
dinh, BS ké&t thic viéc quan ly lién k&t cho S8 di kém.

Kha néng thay do6i cdc burst profile 1a c¢g s& ctia co cau thich dng
lien ké&t, cho phép s dung rat hiéu qua ngudn tai nguyén vé tuyén.
Su thich Ung lién két trong 802.16/WiMAX duge mé té trong muc tiép
theo.

11.2 Thich iing lién két

Thich ng lién k&t (link adaptation} ¢6 nhitng ¢ng dung khédc nhau
trong downlink va uplink. Nguyén tic luén nhu nhau: chon Modula-
tion and Coding Scheme (MCS) thich hgp nhat dé c6 tdc d9 dit lidu
cao nhdt e6 thé c6 trong khi hoan thanh nhing yéu ciu (chit lugng)
CINR.

11.2.1 Thich dng lién két kénh Downlink

Downlink burst profile duge quyét dinh bdi BS theo chit lugng cla
tin hiéu v6n dugc nhdn béi méi SS. P& gidm s6 lugng luu lugng
uplink, S5 gidm sdt CINR va so sanh gia tri trung binh vdi pham vi
hoat déng cho phép. Ving nay duge gidi han bdi cde mdc ngudng duge
xdc dinh trong thong bdo DCD cho méi burst profile duge dinh nghia.
Néu CINR da nhin ndm bén ngoai ving hoat déng cho phép (xem
chuong 9), SS yéu cau viée chuyén sang burst profile méi bang céch st
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dung mét trong hai phuong phdap: thong bdo RNG-REQ hoic thong
bdo DBPC-REQ. SS 4p dung mot thudt todn dé quyét dinh burst
profile t6i uu cda né tudng ting vdi cde tham 58 ngudng duge thiét lap
trong thong bao DCD. Thuit todn nay khdéng dugc xdc dinh trong
chudn va cé thé duge dé xuit bdi nha cung cap hofic nha van hanh.

Cac théng bdo duge trao déi gitta SS va BS cho mét thay ddi burst
profile khéng chinh xdc¢ nhu nhau cho du mdt SS di chuyén dén mot
burst profile hdu nhu manh. Hinh 11.5 minh hoa truéng hop mdt SS
di chuyén d&€n mét loai manh hon. Hinh 11.6 minh hoa mét sy chuyén
tiép sang mot burst profile kém manh hon.

=

44— Ti&p tyc gidm s4t dif lidy OL ——eo——Co
qua bluC ;
h 4
RNG-REQ ho#éc
Gdi dit ligu DL DBPC-REQ
tai DIVC Chuyén sang DIUC
Khdng
Dil liéu DL tai DIUG
RNG_RSP or DBPC_RSP
Giam sat di ligu
chi DL qua DIVC
Dir ligu DL tai DIUC —————
-
v Y

Hinh 11.5: Chuy€n ti€p sang mdt burst profile manh hon.
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D ligu B L tai DIUC

e —

SIR di cao
cho DIUC

RNG-REQ ho#c

' DBPC_REQ Co
Chuyén sang DIUC #
B4t ddu gidm sat
dir iéuD L qua
DIUG
Khéng
RNG_RSP hoic DBPC-RSP
e B —
GaiddliguDL
tai DIUC
Duligu DL tai DIUC
+—_—
v A 4

Hinh 11.6: Chuy€n ti€p sang mat burst profile kém manh hon.

11.2.2 Thich dng lién k&1 kénh Uplink

Trong uplink, burst profile ciing duge quyét dinh (déi véi downlink)
bdi BS. Théng bdo RNG-RSP duge st dung cho muc dich dé nhu duge
md ta trong mue 11.1.3.

11.3 Nam djch vu 1ap thoi bi€u hoéc I6p QoS

Chuéin IEEE 802.16 cung cAp nhitng cdng cu manh mé dé dat dugc
nhitng rang budc QoS khédce nhau, Lép MAC chudn 802.16 cho phép
phan biét QoS cho cdc loai dng dung khac nhau vén c¢6 thé van hanh
trén cdc mang 802.16, qua nam loai dich vu 14p th¥i bifu (scheduling
service) dugce dinh nghia, con duge goi 1a cde 16p QoS.

Sut phan loai thanh cdc 16p dich vu lap thoi biéu nay lam dé& dang
chia sé bang théng gitda nhiing ngudi dung khdc nhau. Moi ngudi diing
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c6 mot chat lugng 1dp dich vy ldp thdi biédu con duge goi l1a lép QoS.
Theo tham s& nay, bd 14p th&i biéu (scheduler) BS ¢dp phét lugng
biang thong can thi&t dugc yéu cdu cho mdi (ng dung. Co ¢du nay cho
phép phan bd hiéu qua va dugce diéu chinh cdc tai nguyén hién c¢é. Do
do6, mot ung dung thoi gian thue, chding han nhu ¢ng dung video, s& cé
quvén uu tién trong viéc cap phdt bang thong so véi FTP (File Trans-
fer Protocol) hodic cdc ang dung email. Pidu nay khong phdi nhu vay,
vi du v6i hé thdng WiFi (WLAN) dang duge st dung ma tat cd dich vu
c6 cung muc QoS.

Cac dich vy lap thdi biu tugng trung cho nhitng co cdu x ly dir
litu duge hd trg bai bo 1ap thai bidu MAC dé van chuyén dit liéu trén
mdt ndi két nao dé. Viéce lap thoi biéu yéu cdu (cdp phéat) uplink duge
thie thi béi BS dya vao loai dich vu ldp thdi biéu véi muc dich cung
cdp cho méi 8S phy mot bang théng cho cac cube truyén uplink va
cdc co hoi dé yéu cdu bang thong nay khi cidn thigt. Nhu da dé cap
trong sdch nay, mdi néi két duge két hgp véi mot service dit ligu va
moi service flow duge tdp hgp véi mot tham s6 tdp hop QoS. Nhiing
tham s6 nay duge quan ly bing cédch sit dung cdc hdp thoai thong bdo
quan ly DSA va DSC MAC (xem muc 11.4). Bon dich vu 1ap thai bidu
da duge dinh nghia trong 802.16e:

B Unsolicited Grant Service (UGS);
B real-time Polling Service (1tPS);
| non-real-time Polling Service (nriPS);
m Best Effort (BE).
Mot loai dich vu 1ap thai biéu thit tu di dude bd sung trong 802.16e:
B Extended Real-time polling Service (ertPS);

Ting dich vy 1ap thdi biéu nay ¢6 mdt tdp hop tham s§ QoS bit
bude phai duge dua vao dinh nghia service flow khi dich vy l4p thoi
biéu duge bat cho mot service flow. Cdc tham s6 QoS duge dinh nghia
trong chudn 802.16 dugc md td trong myc 7.4. Bdng 11.3 trinh bay céc
tham s6 QoS service flow bdt budc cho mdi trong bdn dich vu 14p thoi
biéu duge dinh nghia trong 802.16-2004. Néu hién dién, tham s6 téc
dd luu lugng danh riéng toi thidu (minimum reserved traffic rate) cda
UGS phédi c¢6 cing mét gid tri véi toc do luu lugng duy tri tdi da
(maximum sustained traffic rate). Dai véi ertPS, 802.16e xdc dinh céc
IE dich vy chinh ¢6 tdc d6 luu lugng duy tri t6i da, téc dd luu lugng
danh riéng t5i thidu, thai gian tré t8i da va chinh xdc¢ yéu cAu/truyén.
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Bang 11.3: Cdc tham sd QoS hdt budc ciia céc dich vu 4p thdi bifu duge dinh nghia
trong 802.16-2004. NEu hién dién, tham s minimum reserved traffic rate ¢iia UGS
phdi cé ciing mdt giad tri vdi tham sé maximum sustained traffic rate.

' Dichvy lap | T6cddluu | Tée do luu
| thoibidu |lugngduytri | lugngdanh
18 da riéng t6i thidu

Sj,r nung 1 Thdigian | Tinh uu
chiudung | & taida tien luyu
dugc

Chinh sach yéu
caustruyén

; i ' lugng
UGS . Cotng | I

! hign gién I E

|3 | | | IR

[nes N i l | |

e | | | | |

|

Viéc lap thai biéu yéu cAweap phdt uplink dudge thuc thi bdi BS dé
cung cap cho mdi SS mjt biang théng cho cdc cudc truyén uplink va
cdc co hoi d& yéu cdu mot bang théng khi can thiét. Bing cdch xéc
dinh mét dich vu lap thdi biéu va cdac tham s8 QoS két hgp cha nd, bd
lap thoi bigu BS ¢6 thé du tinh trude cac nhu cdu thong lugng va thai
gian tré cGa luu ligng uplink va cung c&p cdc cude kiém tra vong
(poll) va/ho#ic cdc phAn cAp phat tai cdc thoi diém thich hgp. Bang
11.4 t6m tdt cdc thy chon kiém tra vong/cdp phat (poll/grant) cé sin
cho timg dich vu 14ap thai biéu.

Bidng 11.4: Cdc tay chon poll/grant cho mdi dich vy 14p thdi bi€u

Dich vu lap Yéu ciu cap Ddnh cdp Unicast Polling {(kifm tra
thoi biéu phdt piggyback bang théng polling vong) dya viao su
tranh chap
UGS Buge phép Buge phép Bit PM (Poll-Me) Khéng cho phép
6 thé duge sit dung
KrtPs Piggyback Cho phép Cho phép Cho phép
maé rong

Rtl*S Khang cho phép Khéng cho Cho phép Khéng cho phép
phép

NrtPS Khang cho phép Khéng cho Cho phép Cho phép
phép

BE Khéng cho phép Khéng cho Cho phép Cho phép
phép

Cédc muyc ti€p theo s& trinh bay thém chi tigt vé mdi dich vy lap
thoi bidu.

11.3.1 Unsolicited §rant Service (UGS)

Loai dich vu 14p thoi biéu UGS duge thiét k& dé hd tro cde ludng
dir liéu thdi gian thyc, gbm cdc géi dir lidu ¢6 kich ¢& ¢& dinh dugce
phat ra tai cdc khoang thdi gian dinh ky. Pay 1A trudng hop vi du cho
truyén tin hidu dién thoai PCM (Pulse Coded Modulation) dic trung
TI/EL va Voice over IP khong ¢6 chitc ning khit khodng lang.
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Trong mdt dich vu UGS, PS cung cdp cdc khoang cdp phat dit lidu
c6 kich ¢& ¢6 dinh tai cac khodng thdi gian dinh ky. Piéu nay loai bo
hao phi va thoi gian tré cGa cdc y&u cdu SS. Hinh 11.7 minh hoa co
cdu UGS. BS cung cdp cde Data Grant Burst IE (UL-MAP IE, xem
chuong 10} cho S8 tai cde khodng thai gian dinh ky dua vao téc dd luu
lugng duy tri toi da cda service flow. Kich ¢d cia cdc khodng cdp phdt
nay di dé chaa dir 1iéu ¢é chidu dai ¢& dinh duge két hgp vdi service
flow, xem xét header MAC generic va header con quidn 1y cdp phdt di
kém.

Cécgoi Kich cdl cac
AUGE ruydn géi cé dinh
™ - ot - > Thdai gian
b AN w « ¥

— 5 v -

S - .
g

Céc khodng Ihai gian khdng a3 {dinh ky)

Hinh 11.7: Co c&u c4p phat uplink clia dich vy 153p thdi biéu UGS

Header con quén 1y cdp phdt (xem chuong 10) duge st dung dé
chuyén théng tin trang thai ti SS dén BS vé trang thai clia service
flow UGS. Néu bit SI (Slip Indicator} cia truding grant management
(quan 1y cdp phat) duge xdc lap, BS c6 thé cdp phdt 1&én dén thém 1%
biang thong dé bl ddp cho sy khdéng tuong hop cGa téc do ddong hd.
Cac SS ¢é noi k&t UGS hién hanh khéng duge kiém tra vdng riéng 18
(béi BS) trir phi ching xdc 1ap bit PM trong header (m§t cdch chinh
xde, trong header con quan 1y cdp phat) cia mdt géi trén néi két
UGS.

11.3.2 Extended Real-Time Polling Service (eriP3)

Ldp ertPS (extended real-time Polling Service) da duge b6 sung
b5i diém sia ddi 802.16e. Chudn &n dinh ertPS la co ciu lap thai bidu
dua vao hidu sudt cda cd UGS va rtPS. BS cung cdp cdc phan cép
phat unicast theo mét ki€u khong yéu cdu nhu UGS, do d6 tiét kiém
thoi gian tré clia mdt yéu cdu biang thong. Tuy nhién, trong khi céc
phan cap phat UGS cé kich ¢d ¢d dinh, cdc phdn cdp phat ertPS ¢
tinh dong. ertPS thich hgp cho cic ing dung thai gian thyc c¢é t8c 49
bign ddi v6i nhiing yéu ciu téc d¢ dit lidu va sy tré. Mot vi dy la
Voice over IP khéng ¢é chdce nang khit khodng lang,.
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11.3.3 Real-Time Polling Service (rtPS)

Loat dich vy 1ap thdi bidu rtPS duge thiét k& dé hd trg cdc ludng
dir liéu thoi gian thue, gdm cdc géi dit 1idu ¢é kich ¢& kha bién duge
phdt ra tai cdc khoang thoi gian dinh ky. Pay la trudng hop vi du cho
viéc truyén video MPEG (Moving Pictures Experts Group).

Trong dich vy nay, BS cdc co hdi yéu cdu (uplink) unicast theo dinh
ky vén dap Ung nhitng nhu cau thoi gian thyc cia dong va cho phép
SS xédc dinh kich ¢ clia phdn cAp phdt mong muén. Dich vu nay doi
hoi nhiéu hao phi yéu cdu hon UGS, nhung hé trg cdc kich c& cdp
phat kha bign dé dat dugc hiéu sudt van chuyén d¥ lidu thoi gian
thue t61 vu. Hinh 11.8 minh hea c¢ cdu rtPS.

Cac gbi

dugc truyén Caccohdiyaucdu

uplink dinty ky
Kich c@ goi
bign adt
—
- - - - P Thdigian
‘-_._‘_' K b J __.--'
‘\‘\‘\-..,_‘_“ \\ I// ~ e
e S T
s

Cdc khodng thdi gian khang ddi (dinh ky)

Hinh 11.8; Cd c4u phat va yé&u cdu cap phét uplink cha dich vy 13p thdi bi€u nPS

11.3.4 Non-Real-Time Polling Service {nriPS)

nrtPS duge thiét k& dé hd trg cdc ludng dit lidu c6 thé chiu dung
su tré, gdbm cdc géi dir liéu 6 kich cd khd bién ma téc 4o dit lidu t6i
thiéu duge yéu cdu. Chudn xét ring day 1a trudng hgp vi du cho mot
cudc truyén FTP. Trong dich vu lap thoi biéu nrtPS, BS cung cdp cdc
cudc kiém tra vong uplink unicast trén co s¢ déu dan nham bao dém
service flow nhan cdc ¢o hdi yéu cdu tham chi trong khi mang bi tdc
nghén. Chudn néu ré BS thudng kiém tra vong cdc CID nrtPS trén
mot khodng thoi gian 14 mdt gidy tré xudng. Ngoai ra, SS duge cho
phép d€ st dung cédc co hdi yéu cdu tranh chdp, nghia la 88 ¢6 thé st
dung cdc co hdi yéu cdu tranh chap cling nhu cdc co hdi yéu cau
unicast. Hinh 11.9 minh hoa co ¢du nrtPS.
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Kigm tra vang Ki€m tra vong uplink
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Hinh 11.9; Minh hga ¢o ciu cap phat va yéu cau sy cdp phat uplink cla dich vy 1ap
théti bidu nrtPS. SS ¢ thé sif dung cac co hdi yéu cdu tranh chip ciing nhu cac co
h§i y&u cdu unicast,

11.3.9 Best Effort (BE)

Dich vu BE dugc thi€t k& d& hd trg cdc ludng dit lidu ma khéng doi
hoi sy bdo dam dich vy t6i thiéy va do dé ¢é thé duge xi 1y trén co sé
tot nhat c6 sdn. S8 c6 thé sit dung cdc co hdi yéu cdu tranh chip cing
nhu cde co héi yéu cdu unicast khi BS géi bat ky. BS khong c6 bat ky
tréch nhiém kiém tra vong y&u cdu uplink unicast cho cdc SS BE. Do
d6, mot khoang thdi gian dai ¢6 thé chay ma khong truyén bat ky géi
BE, dién hinh khi mang dang & trang thdi tic nghén. Hinh 11.10
minh hoa cd¢ cdu BE.

e

e

-

As

Kiém tra vong uplink trén Klfon:];ra
cd sd tranh chip - Unicast

o=l

/

-

o

Kich c@ goi
bién déi

e

T / e o
\_‘ A

|

i

1

A ==

-

o

>
Thd gian

Cac khodng thdi gian hoan toan
chua xac dinh

Hinh 11.10; Minh hoa ¢o ciu cap phél va yeu cdu phan cdp phal uplink cia dich vy
I&p thei bi€u BE. BS khéng co bat ky trach nhiém kim tra vong yéu cdu uplink
unicast cho mdt BE SS.

11.4 Lap thdi bidu va trién khai céc dich vy trén WiMAX

11.4.1 Scheduler trorg BS!

Nhu da dé cap trong sdch, hai tépé duge dinh nghia: Point to
MultiPoin (PMP) va Mesh. Tréng ché d6 PMP, mang van hanh véi
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moét BS trung tAm va c6 1& v6i mét anten duge phan khu vuc c6 kha
nang xu 1y nhiéu vector ddc 14p cing mét lic. WiMAX/802.16 st dung
céu tric MAC tap hgp PMP noi bd 1ap thoi biéu (scheduler) BS diéu
khién tat cd tham s8 hé thong (giao dién v6 tuyén). Nhiém vu cia BS
scheduler 12 quy€t dinh burst profile va cdc khodng thdi gian truyén
cho mdi néi két; viée lua chon cdc tham s6 ma héa va didu bién 1a
nhitng quyét dinh vn duge dua ra bdi BS scheduler theo chat lugng
lién két va tai va yéu cau mang. Do dé, BS scheduler phai giam sat
thuong tryc cdc gia tri CINR duge nhéin (ctia cdc lién k&t khéc nhau)
va sau d6 quyét dinh cdc yéu cdu bang thong cla mdi tram xem xét
16p dich vu cho ndi k&t nay va sd lugng luu lugng duge yéu cAu. Bang
11.11 minh hoa hoat ddng cia BS scheduler.

Cac tham s8 QoS

|

Cac yéu chu biing thong Quyét dinh burst profile Cép phat burst
———# (cacthamsémahdavd f———— o0y bang
diéu bién)

]

Céac gia tri SIR duge nhan

Hinh 11.11: BS guyét dinh cip phat bing thing va burst profile theo nhiu tham s&
ddu vao

Bing cdch xdc dinh mgt dich vu lap thi biéu va cdc tham s6 QoS
di kém clia né, BS scheduler ¢6 thé dy tinh trudc cdc nhu cdu thong
lugng va théi gian tré cla luu lugng uplink. Pay 132 mét hoat déng bit
budc trong viéc quyét dinh burst profile thich hgp cho mdi ndi két. BS
¢6 thé phit ma khéng cdn phai phéi hop véi nhitng BS khdce, ngoai
trir ¢6 thé cho ché& dd Time Division Duplexing (TDD) vén c¢6 thé
phéan chia thoi gian thanh cdc khoang thdi gian truyén uplink va
downlink chung cho cdc BS khdce nhau.

Duya vao cdc yéu cdu uplink va xem xét nhitng tham sd QoS va cac
quyén uu tién cda dich vu lap thai biéu, BS scheduler quyé&t dinh cho
cdc phin c&p phat uplink. Nhiing quyét dinh nay duge chuyén dén cac
SS thong qua théng bdo quan 1y UL-MAP MAC. Hinh 11.12 minh hoa
hoat dong cia BS scheduler cho uplink. BS scheduler citng quyét dinh
cho downlink va chuyén quyét dinh bing céch s dung théng bdo
quan 1y DL-MAP MAC. Hinh 11.13 minh hoa hoat ddng BS scheduler
cho downlink.
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Hinh 11.13: Hoat d§ng BS scheduler cho downlink

Cing c6 mbt scheduler hién dién trong subscriber station (S5S). Vai
tro cda scheduler nay 1a phan loai tat ca géi dén thanh cdc ndi két
5SS khdc nhau.

Chudn khéng dinh nghia mét thuat todn lap thoi biéu vén phai
duge sit dung. Bat ky thuat todn 1ap thdi biéu da bigt c¢6 thé duge st
dung: Round Robin, Weighted Round Robin, Weighted Fair Queuing
va hodic thudt todn lap thoi biéu dugc biét khde ho#ic thuit todn sé
duge dinh nghia. Cédc thuit todn lap thdi bidu méi dd duge dé xuat cu
thé& cho vidc lap thoi biéu WIMAX/802.16 trong tai lidu.

11.4.2 Lap thisi bigu cac dich vu truyén khic nhay

Méi n6i két SS v6i BS (uplink) duge gdn mét loai dich vu lap thoi
biéu nhu 14 mdt phdn tao cla né. Khi cdc goi (packet) duge phan loai
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trong Convergence Sublayer (CS), ndi két ma chdng duge dat vao
duge chon dua vao loai bdo ddm QoS vén duge bat buje bsi ung dung
{(xem cdc hinh 11.12 va 11.13).

Mazc dit chudn néu tat ci chi ti€t vé cdc 16p QoS khdc nhau va cédc
phuong phap cdp phdt bang théng, nhung cdc chi tiét vé viée quin ly
lap thoi biéu va danh rleng khéng dugc chudn héa va sau d6 duge dé
lai cho cdc nha cung cdp va nha van hanh. Trong bang 11.5, loai dich
vy lap thoi bi€u duge trinh bay cé thé duge st dung cho mot sé dich
vy déc trung. Mot s6 dich vu nay duge dé cdp trong chuén.

Bang 11.5: Loai dich vy 13p thdi bi€u (hoge iép QoS) cho mot sd dich vu

Ung dung Ldp QoS mong dgi  Puge xdc dinh rd
' rang b&i chuin

TI/KI uGs Cé :

VolP khong ¢é chic UGS Cé

nidng khu khodng ling

VolP ¢é chic ning ertPS Cé

khi khodng lang

MPEG rtPS Co

FTIP nrtPS8 Co

TKFTP artPS Khéng

HTTP nrtPS Khéng

Emuail BE Khéng

11.5 B& sung va thay déi dich vu déng

11.5.1 Dy trdl va kich hoat Service Flow

Mot service flow cé6 mot ActiveQoS ParamSet khdng réng (non-
Null) duge goi la service flow hoat dong (xem muc 7.2.2). Service flow
nay c6 thé yéu cau va duge cdp phat mot bang thong dé van chuyén
cdc goéi dir liéu. Mot service flow duge thira nhin c6 thé duge kich
hoat bang cdch cung cdp ActiveQoSParamSet, truyén tin hiéu cde tai
nguyén mong mudn viao thoi gian hién hanh.

Mot service flow c¢é thé duge dy tri va sau dé duge kich hoat.
Hoae, mot service flow ¢ thé duge tao dong va duge kich hoat ngay
tie thi (xem hinh 11.4). Trong trudng hgp thd hai nay, su kich hoat
hai giai doan duge bé qua va service flow ¢6 sdn dé st dung ngay tic
thi sau khi cho phép.
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Cac service flow dugc
thira nhan (trang thai
Intermediate)

Cac service flow hoat

Cac service flow dy trd
déng {trang thai Final)

{trang thai Imitial)

Hinh 11.4: Cac chuy&n 1i€p co thé cé gilfa cac service flow. Mat BS cé thé chon kich
hoat mét service flow dugc dif trir trfc ti€p hoic co thé chon di d&n cdc service flow
hoat dong bang cdch 4i qua cdc service flow duge thira nhén.

Viéc du trir cdc service flow nim bén ngoai pham vi clia chuln
802.16. Day nén la mét phdn clia hé thong quén ly mang. Trong qud
trinh du trit, mot service flow duge x&p loai, véi mot loai flow “dy
trit” va mét service flow ID. Viée md cdc service flow sé theo sau viéc
truyén cde tham s6 hoat déng. Trong trudng hop ndy, loai service
flow ¢6 thé thay déi thanh “admitted” hodc “active”; trong trudng hgp
thii hai, service flow difge 4nh xa sang mot ndi két nhadt dinh.

Céc service flow cé thé duge tao, duge thay déi hodc xéa. Diéu nay
duge thue hién thong qua mot loat cde thong bdo qudn ly MAC:

m Cac thdong bao DSA (Dynamic Service Addition) tao mét service
flow mai;

w Cac théng bao DSC (Dynamic Service Change) thay ddi mot ser-
vice flow hién c6;

B Céac théng bao DSD (Dynamic Service Delete) xoa mét service flow
hién ¢6. Biéu nay dugc minh hoa trong hinh 11.15,
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Hinh 11.15: Cdc hoat dgng service flow dgng

D&l véi mt sd service flow, c6 thé xdc dinh ring thd tuc DSA
{Dynamic Service Addition) duge s dung cho viéc tao service flow
phai duge kich hoat béi thd tuc nhdp vao mang. Nhiing trigger ngoai
trif viée nhap vao mang cing cé thé gay ra viéc tao, thira nhan hoic
kich hoat cac service flow. Nhitng trigger nay dugc néi nim bén ngoai
pham vi cla chudn. Cdc kidu ma héa service flow chda mét dinh
nghia diy du vé cdc thude tinh dich vu hoic mdt tén 16p dich vu. Tén
I¢p dich va (service class) phai 14 mét chudi ASCII, duge nhan biét
tai BS va xdc dinh gidn tiép mét tdp hop tham s8 QoS.

11.5.2 Tao Service Flow

Viéc tao service flow cé thé duge bdt ddu béi mdt BS (khéd ning
bit bugc) hodc SS (kha nang tuy chon). Cdc théng bdo DSA c¢6 thé
duge si dung dé tao mdt service flow méi. Vi né 1a mot service flow
mdi, CIID quan ly chinh duge st dung dé thiét lap né. Gi4 tri CID nay
duge sit dung trong header MAC generic cua cdc thong bdo DSA,

Mot théng bdo quan ly DSA-REQ, DSA REQuest MAC tir mat SS
mudn tao mdt service flow uplink hodc downlink chita mét tham chidu
service flow va mot tdp hop tham s§ QoS dudge danh dau dé chi thia
nhén hodc dé thita nhan va kich hoat. Mot DSA-REQ tit mdt BS chda
mét SFID cho mt service flow uplink ho#ic mat service flow down-
link, ¢6 thé CID di kém cha né va mét tdp hgp tham s& QoS kich
hoat hoac duge thira nhan. Trong ca hai trudng hgp, BS kiém tra lién
tuc cdc diém sau day:

® viéc SS c6 dugc Uy thae cho dich vy hay khong;
m viéc QoS service flow c6 thé duge hd trg hay khong;
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va sau d6 tao SFID va néu AdmittedQoSParamSet khdng réng,
danh xa service flow sang mdt CID. BS hodc S8 phan hdi bing thong
bido quian ly DSA-RSP, DSA Response, MAC biéu thi sy chdp nhin
hodc tir chdi. Hinh 11.6 minh hoa cac théng bdo tha tuc tao service
flow.
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Hinh 11.16: C4dc 1hong bdo va thubc tinh thi tyc tao service flow thanh céng. MGt sd
tham s trong hinh ndy khdng dugc dua vao mét & thang bao DSx phu thude vio
viéc tao service duge bit dau bdi BS hodc SS.

D61 véi cdc théng bdo DSA-REQ va DSC-REQ dugce géi bdi mot
S8, thong bao DSX-RVD (DSx Received) duge tao bdi BS dé bao cho
S bigt ring BS da nhan chinh xdc thong bido DSx-REQ. Diéu nay c6
thé duge thue hidn nhanh truée khi géi théng bdo DSx-RSP dugce
truyén chi sau khi DSx-REQ duge xdc thue.

Dang chung cia cdc thong bdo DSA-REQ, DSA-RSP va DSA-ACK
duge minh hoa trong hinh 11.17, Théng bdo DSA-REQ khéng thé
cha cdc tham sd cho nhiéu service flow. 1D giao tac 12 mdt dinh danh
duy nh4t cho giao tdc nay duge gdn bdi bd gbi. Ma xdc nhén xdc dinh
trang théi cho cdc théng bdo dich vu dong (DSx-xxx). Céc gid tri c6
thé cé la: ok-success, reject, reject-service-flow-exists, reject-header-
suppression, reject-authentication-failure...
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Loai thong bdo quan 1y 1D giao tdc M4 xdc nhéan (chi Théng tin duge ma
(=11. 12 hoac 13 DSA RSP va ACK) | héa bling TLV

Hinh 11.7: Dang chung cta cdc thing bdo quan Iy DSA-REQ, DSA-RSP va DSA-ACK

MAC

Trudng théng tin duge ma héa béing TLV chita théng sé cla cdc dac
diém luu 1u’0rng cha service flow, cdc tham s& danh riéng cho CS va
cdc yéu cau l4p thai biéu. Cac tham s6 nay la:

CID xac dinh CID dugce gan bdi BS sang mét service flow. CID dugc

sU dung trong cac yéu cau bé&ng théng va trong cac header MAC
PDU

SFID: tham chiéu chinh clia mot service flow. Chl BS c6 thé phat ra
mét SFID trong cac théng bao DSA-REQ/DSC-REQ dugc bt dau
bdi BS va trong DSA-RSP/DSC-RSP dén cac théng bao DSA-REQ/
DSC-REQ dugc bat ddu bdi $S. SS xac dinh SFID cha mdt service
flow st dung tham s8 nay trong mét thong bao DSC-REQ.

Tén Igp dich vy; xem muc 11.5.1 & trén.
Loai xac tap tham sé QoS: provisioned, admitted hoac active.

Quyén yu tién luu lugng. Gia tri cla tham s6 nay xac dinh quyen v
tién dugc gan cho mot service flow. Vi hai service flow giéng hét
trong tat ca tham s& QoS ngoai viéc uu tién ra, service flow cé quyén
uu tién cao hon sé& dugc cho thdi gian tré thdp hon va uu tién dém
(buffer} cao hon. Bi vdi cac service flow khang giéng nhau, tham s&
priority (quyén uu tién) s& khong dugc uu tién hon bat ky tham s&
QoS service flow xung d¢t. Khong ¢é thuat toan cy thé cha viéc sl
dung tham s& nay dugc trinh bay trong chu&n.

Bai vdi cac service flow uplink, BS sit dung tham s& nay khi quyét
dinh thit ty uu tién trong dich vu y&u cdu va tao phan cép phat.

Loai dich vu tap thgi biéu. Pay Ia loai dich vy von sé duge md cho
service flow di kém gilta ndm loai dich vy 1ap thdi biu duge dinh
nghta: BE (mdc dinh), nrtPS, nPS, ertPS hodc UGS. Nhiing tham
s6 nay dugc bd qua, dich vy BE duge gia dinh. Mt loai dich vy 1ap
thdi bi€u khong duge xac dinh (phy thudc vao su thyc thi) ciing
dugc xac lap.

Nhiing tham s6 QoS khac: t6¢ do tuu lugng duy tri t&i da (maximum
sustained tratfic rate), chép tin hiéu luu lur,mg t8i da (maximum traffic
burst}, téc d6 Iuu lugng danh neng 18i thidy (mmlmum reserved traf-
fic rate), toc dé Iuu lugng ¢é thé chiu dyng t8i thi€u (minimum toler-
able traffic rate), cac tham s& ARQ cho cdc néi k&t duge bat ARQ...
(xem cac tham s& QoS trong muc 7.4).
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B Target SAID (Security Association IDentifier). Biéu nay xac dinh SAID
ma service flow dugc thiét lap sé duge anh xa sang. SAID la mt
dinh danh két hgp an ninh dugc ie gila BS va SS (xem chudng 15).

m Thong sé CS. Thong s& nay xac dinh CS ma ndi két dugc thiét lap
s& st dung. Cac lya chon co thé co 1a No CS, Packet IPv4, Packet
IPvB, Packe! 802.3/Ethernet, Packet 802.1Q VLAN, Packet IPv4 over
802.3/Ethetnet, Packet IPv6 over 802.3/Ethernet, Packet IPv4 over
802.1Q VLAN, Packet IPv6 over 802.1Q VLAN va ATM.

11.5.3 Chinh siia va xda Service Flow

Céc service flow duge dy tri¥ va duge tao dong duge chinh sia bang
théng bdo DSC von c6 thé thay ddi cdc tap hgp tham sé QoS admit-
ted va active cta flow. Mot su trao déi théng bdo DSC c¢é thé chinh
sifa cdc tham s& cua mdt service flow downlink hofic mot service flow
uplink.

Mot giao taec DSC thanh cong thay d6i cdc tham s QoS cia ser-
vice flow bing cdch thay th& cdc tdp hgp tham s§ QoS admitted va
active. N&u thong bdo chda chi tadp hop admitted, tdp hop active duge
xdc 1ap sang gid tri réng (nuil) va flow duge hdy kich hoat. Né&u thong
bao khdong chia cd hai tdp hgp nay thi ca hai tdp hop duge xdc 1ap
sang gid tri réng va flow dugc hiy thira nhdn (de-admitted). Khi
thdng bdo chifa cd hai tap hgp tham s0 QoS, tap hop admitted duge
kiém tra trude tién va néu viée kiém sodt sy thia nhan thanh cong,
tap hop active trong thong bdo duge kiém tra trén tip hop admitted
trong théng bdo dé bao ddm rang né la mot tap hop con. N&u tat ca
cudc kiém tra thanh céng, cdc tip hgp tham s QoS trong thong béo
tr¢ thanh cdc tap hop tham s6 QoS admitted va active méi cho ser-
vice flow. N&u mdt trong hai cudc ki€ém tra that bai, giao dich DSC
that bai va céde tap hgp tham s6 QoS service flow khong duge thay
d6i. Mot s6 tham s6 service flow, ké ca loai 14p thai biéu service flow
c6 thé khong duge thay déi véi cdc thong bdo DSC.

Mot SS muén xéa mdt service flow tao thong bdo DSD-REQuest
cho BS. BS xdc nhén ring SS that sy 12 mdt “chd sé h{u” service
flow” va sau dé loai bd service flow. BS phén hdi bing cich st dung
thong bao DSD- RSP Mat khdc, mét BS muon x6a mdt service flow
dong, khong con cAn dé&n nita, tao mdt yéu cdu delete cho SS di kém
sit dung mot DSD-REQUEST. SS loai bd service flow va tao mot
phan hdi bing cdch st dung mot DSD-RSP.

11.5.4 Authorisation Modale

Authorisation module 14 mét chide ndng logic trong BS chdp thuin
hodc tir chdi moi thay d6i d6i vdi cdc tham s0 QoS va cac classifier
két hgp véi mot service flow. Didu nay bao gém moi thong bdo DSA-
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REQ nhdm tao mot service flow va moi théng bdo DSC-REQ nhim
thay 461 mdtl tdp hgp tham s8 QoS cha mét service flow hidn cé. Céc
thay d6i nhu vay bao gdm yéu cdu mét quyét dinh diéu khién thira
nhéan (vi du xdc lap AdmittedQoSParamSet) va yéu ciu kich hoat mot
service flow (vi du xdc lap ActiveQoSParamSet).

Trong m6 hinh authorisation (uy quy'én) tinh, authorisation module
luu trit trang thadi provisioned cda tat c¢d service flow duge tri hodn.
Cac yéu ciu admission va activation che cac service flow dy trid nay
duoc cho phép mién la tap hgp tham s8 QoS admitted 14 mdt tdp hgp
con cta tap hgp tham s6 QoS du trit va tdp hgp tham s8 QoS active 1a
mét tdp hgp con cia tdp hop tham s8 QoS admitted. CAc yéu cdu thay
d6i tdp hop tham s8 QoS du irix bi ti chéi. Cdc yéu cdu tao cac
service flow déng méi bi tir chdi. Piéu nay xdc dinh mot hé thong
tinh noi tadt cd dich vu ¢6 thé ¢6 dugc dinh nghia trong cdu hinh ban
dau cua méi SS.

Trong m6 hinh Gy quyén ddng, authorisation module giac tiép qua.
mot giao dién riéng biét véi mot policy server doc ldp. Policy server
nay ¢6 thé bdo cho authorisation module bi&t trudc cdc yéu cau ad-
mission va actlvation sdp t61 va nd xdc dinh hanh déng dy quyen
thich hop can duge thuc hién trén nhitng yéu ciu d6. Cac yéu ciu
admission va activation td mdét SS sau dé dugc ki€m tra bdi
authorisation module dé bdo ddm riang ActiveQoSParamSet dugc yéu
cdu la mot tdp hop con cia tdp hgp duge cung cdp bdi policy server.
Céc ydu cdu admission va activation tit mdot 8S vén duge bdo hiéu
trude béi policy server bén ngoai duge cho phép. Cde yéu cau admis-
sion va activation ti mdt SS von khéng duoce bdo hidu trudc boi policy
server ngodi ¢é thé dan dén sy truy vdn thdi gian thuc dén policy
server hoic ¢6 thé bi ti chai.

Trude khi thidt 1ap néi k&t ban ddu, BS truy tim tdp hgp QoS du
trit cho mot SS. Tap hdp nay duge chuyén dén autorisation module
trong BS. BS luu tri¥ tdp trung tham s6 QoS du trit va s& dung thong
tin nay dé iy quyén quyén cdc flow dong von la mét tdp hgp con cua
tiap hop tham s& QoS du trit. Chudn néu rd BS nén thue thi cdce co cdu
dé ghi dé tién trinh chdp thuan dugc tu dong héa (chdng han nhu
duge md td trong md hinh Gy thac déng). Vi du né ¢é thé:

a. tir ch8i tdt cd yéu cdu cho du ching dd duge du trd trude hay
khéng;

b. xde dinh mdt bdn trong vdi mot ¢o cdu chinh xde phong pha
hon nhung duge lva chon bdi tdp hop QoS du tri;

c. 46 tat cd yéu cdu dén mdt policy server bén ngoai.
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11.6 Nhap vao mang

Cac hé thong phdi tudn theo mdt danh sdch cée thd tue d& nhap
vao va ding ky mot SS mdi hoic néi chung hon, mét nit mdéi di dén
mang. Cdc thi tuc nhip vao mang dugc mdé td trong phdn nay 4p
dung chi vao topé PMP. Thu tuc nhip vao mang cho Mesh (khéng
duge dua vao cac profile WiMAX liic nay) duge md td trong chudn.

"Hinh 11.18 minh hega trinh ty thd tyc nhap vao mang. Trinh ty tha
tuc nhdp vao mang dugc mod ta sau day:

1. Quét dé tim mot kénh downlink va thiét lap su déng bd véi
BS. Khi thiét lap ho#ic sau khi mAt tin higu, SS phai thu nhan
mdt kénh downlink. SS ¢6 su luu trir bat kha bién ma cdc tham
s6 hoat dong sau cing duge luu trit trong dé. Pau tién no ¢d tdi
thu nhan kénh downlink. N&u didu nay that bai, né lién tuc
quét cdc kénh chia ddi tAn sd downlink hoat dong cho dén khi
né tim thiay mot tin hiéu downlink hgp 18,

Preamble bAt ddu frame 12 mét mAu phéd bién lién tuc va S8 ¢
thé s dung né dé ddng b6 héa cdc tham sd thdi gian va tdn sd
voi BS. BS ¢6 thé tdn dung thém cdc phuong phdp quét chi
dong hoac phuong phap sy da dang dé€ ting tdc va cdi thién
ti€n trinh ddng bd héa clia downlink. Tai giai doan nay, S8 cdn
cdc thdong bdao DL-MAP, DCD, UCD va UL-MAP.

2. Béng bd hoéa. SS MAC tim ki€m thong bdo DL-MAP. SS hoan
thanh sy ddng bd héa MAC mot khi né da nhan tdi thigu mot
théng bdo DL-MAP. Mat SS MAC vin dugc déng bd héa mién
14 né tiép tuc nhin duge thanh cong cdc thong béo DL-MAP va
DCD ciia kénh downlink, Néu khoang th&i gian Lost DL-MAP
duge dinh nghia theo chuin tréi qua ma khéng cé6 mot thong
bdo DL-MAP hogp 18, mdt SS phdi cd tdi thiét lap su dong bd
héa. Khodng thoi gian Lost DL-MAP (dugc biéu thi 1a T21 trong

" chudn) = 11 s, nhu duge cdp nhat trong 802.16e.

Pat dugc cdc tham sd truyén (uplink) tir théng bdo UCD. Sau
khi déng bo héa, SS dgi mot thong bdo UCD tir BS dé ¢6 dugc
tap hop tham s& truyén cin thiét cho mdt kénh uplink. Cac
théng bao UCD va cdc tham s8 truyén uplink (UL-MAP) duge
truyén theo dinh kjy bdi BS (xem cdc chuong 9 va 10).

3. Thuyc thi initial ranging. Muc dich chinh cda initial ranging la
diéu chinh mdi tham s& dich chuyén thdi gian va cong sudt SS
trong giai doan khdi tao. Initial ranging (xem muc 11.1 & ddu
chuong dé bidt chi tiét vé thi tuc nay) xdy ra khi mdt SS mudn
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di vao mdt mang. SS géi mdt théong bdo RNG-REQ trong mdt
khodng initial ranging dua vao sy tranh chap. Trudng CID x4c
1ap sang gia tri SS khéng duge khdi tao (initial ranging CID=0).

Cac CID cho cac k&t néi qudn ly basic vA primary duge gin
trong thu tuc initial ranging nay {(xem muc¢ 11.1.2).

4. Thuong lugng cac kha niang co ban. Day 14 giai doan ma SS va
BS trao do6i cac tham s8 duge hd tr¢ cia chang. Sau khi hoan
thanh ranging, SS bio cho BS bi&t vé nhitng kha ning co ban
cia né bing cdch chuyén mét théng bae SBC-REQ (SS Basic
Capability Request) bing nhitng kh3 nang cGa né. Théng bdo
SBC-REQ dugc chuin bdi SS trong giai doan khdi tao {Net-
work Entry) dé bdo cho BS bi&t vé nhirng khd ning c¢o ban cia
né. Cde tham s sau day duge dua vao yéu ciu cdc kha ning cg
ban:

m Cap phat bang théng: hd trg sy song ¢dng tan s8 day di néu moi
H-FDD va FDD dugc hé trg {cho mot profile TDD néu khong co lya
chon khac).

# Cac tham s8 vatly: cong suét truyén tdi da (cho méi trong bén ki€u
diéu bién: BPSK, QPSK, 16-QAM va 64-QAM), céng sudt truyén
hién hanh {dugc st dung cho chdp tin hiéu vdn tdi thdng bao SBS-
REQ), suf hé trg tranh chap hoi tu (danh riéng cho OFDM PHY), ho
trg bd gidi diéu bién SS (64-QAM, CTC, BTC, STC va AAS), hd trig
bd diéu bién SS (64-QAM, BTC, CTC, sy phan ké&nh con va yéu
cau BW tranh chap hdituy), hé trg tranh chdp hoitu SS (xem chuadng
10) va hd trg I6p con SS TC, kich ¢d FFT {(danh riéng cho OFDMA
PHY), hd trg su chuyén vi,hd trg cac tham s& MIMO, hd trg cac
tham s8 AAS, hb trd cac tham s& an ninh, hd trg cac tham s8 kiém
soat cong sudt, hd trg cac tham sd tiét kiém dién, hd trg cac tham
s6 handover...

W Cacgiatrikich cd clia FSN (Fragment Sequence Number) dugc s
dung khi hinh thanh cac MAC PDU trén cac ndi két khéng phai
ARQ, chdng han nhu khd ning nhan cac yéu cdu dudc piggyback
b&ng di liéu...

BS phan hdi bing mdt thang bdo SBC-RSP (8S Basic Capabil-
ity Response) vdi su giao nhau cia cdc tinh nang S8S va BS.
Théng bdo SBC-RSP duge truyén bdi BS nhim phén héi lai
mdt SBC-REQ dugc nhan. Vai tro cia né la xdc nhén chd
khong phéi cdc tham sé dude dé xudt trong SBC-REQ. Néu BS
khong nhan bi&t mdt tinh ndng SS, n6 ¢ thé trd vé tinh ning
nay la “off” trong SBC-RSP.
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Hinh 11.18: Cac thil luc . LM B L0 s CI0)
35 Network Entry.

5. Uy quyén SS va thuc hién viéc trao d6i cdc khéa (key). K&

ti€p. SS phai trao ddi cac khéa bi mat v6n la mot phéan clia co
cdu xdc thue. Piéu nay dugc nhdn biét théng qua giac thdc
PKM. 88 gdi mit théng bdo PKM-REQ (Privacy Key Manage-
ment Request) dén BS. BS phan hdi bing mét théng bdo PKM-
RSP (Privacy Key Management Response). Sy trao déi nay dugce
néu chi tiét trong chuong 15.

. Thue hién viéc dang ky. Dang ky (registration) 1a ti€n trinh

ma qua dé SS duge phép di vio mang va cu thé, mot SS duge
quan ty nhan CID quan ly phu cua né va do d6 tré thanh mot
SS c6 thé quan ly. Phén nay cua tién trinh Network Entry
duge néu chi tiét trong muc 11.6.1 bén dugi.

Cac néi két quan ly MAC co ban va chinh dugce thiét lip trong
SS initial ranging (xem & trén). Nhiing ndi két nay khéng an
toan. Mot noi két qudn 1y phu duge thigt l4p khi thd tuc dy
thdc duge hoan tat trong quad trinh ding ky SS. N6&i k&t nay
duge sif dung dé thiét lap néi két TP va dé tdi cAu hinh file
Trivial File Transfer Protocol (TFTP) (xem cac budc dudi day).
N&i két quian 1y phu an toan. Hinh 11.9 minh hoa trinh ty gita
initial ranging va viée dang ky tién trinh SS Network Eniry.
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Hinh 11.19: Initial ranging (xdc dinh pham vi ban #du) cho dén phin ding ky cla
tién trinh SS Network Entry. Hinh ndy trinh bay trudng hgp clia mot SS duge guan Iy,

nghia 12 ¢6 mdt ndi ket quan Iy phu.

Su thue thi cdc giai doan 7, 8 va 9 tai SS 1a tiy chon. Nhitng
giai doan nay phai duge thye hién chi khi S8S da xdc dinh trong
théng bdo REG-REQ ring né 14 mdt SS duge quin ly.

. Thi&t lap kha ning ndi két IP. Vao lic nay, SS st dung céc co
c&u Dynamic Host Configuration Protocol (DHCP) dé ¢6 duge
mbt dia chi IP tir server DHCP va bat ky tham sé khdc cAn dé
thiét 14p khé nang két néi IP. Néu 8S ¢é6 mot file cdu hinh (vi
du chita cdc bang bd loc QoS), sy phan héi DHCP chia tén cla
mot file vén chia thém cac tham s8 cdu hinh. Cdc tham s IP
cia SS duge thiét 14p dua vao sy phan hdi server DHCP. Viée
thiét lap khd ning két ndi IP dugc table trén ndi k&t quan ly
phu 8S. Céc théng bdo qudn 1y phu duge tdi trong cdc goi du
lidu 1P (xem muc 5.2.6 cia chudn dé tham khéo cdc dang IP CS
PDU).

Thiét lap thoi gian trong ngay. SS cdn c¢é ngay thiang va thoi
gian hién hanh tit BS. Pidu nay duge yéu cdu dé dong tem thai
gian cdc su kién (event) dugc ghi chép. Vi du, né ¢6 thé can cho
mot s0 thudt todn ma héa. Giao thic ma qua d6 SS truy tim
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thoi gian cia ngay td mot time server qua BS (khong cin x4c
thuce) duge dinh nghia trong IETF RFC 868 v&n cho s§ gidy bit
dau tif nam 1900 trén 4 byte. Yéu cdu va phan héi duge chuy&n
bing cach sit dung User Datagram Protocol (UDP).

Thoi gian duge truy tim td st dung, Universal Coordinated
Time (UTC), phai duge két hgp véi khodng dich chuyén thai
gian dugc nhén tir phdn héi DHCP dé tao thai gian cuc bd hién
hanh S§8. Viéc thiét 1dp thoi gian trong ngay duge thue hién
trén ndi k&t quan ly phu SS.

. Chuyén cdc tham s& hoat déng. Sau khi thi tuc DHCP thanh

céng, SS download file cdu hinh clia né biing cdch sit dung
Trivial File Transfer Protocol (TFTP) trén néi k&t quin 1y phu
S5, nhy duge minh hoa trong hinh 11.20 n&u duge xdc dinh
trong phdn phdn héi DHCP (file server c4 nhan TFTP duge xdc
dinh trong phan phdn héi DHCP). TFTP la mot giao thie kha
don gian dugce sit dung dé chuyén cac file, hoat dong trén UDP.

SS BS TFTP Server

Chuyén file cdu hinh bing
cach st dung TFTP

55 bao cho BS biét vé vige hoan tat
ti€n trinh truyén

THFTP-CPLT

<TFTP-RSP

Hinh 11.20: Chuy€n file c4u hinh SS (thii tuc hoat adng)

Khi viéc download file cdu hinh di hoan t&t thanh cdng, 38
bdo cho BS biét béing cdch truyén mét thong bdo quan ly TFTP-
CPLT (Config File TFTP Complete Message) MAC trén néi két
qudn ly chinh SS. Viéc chuyén cdc thong bdo TFTP-CPLT béi
SS ti€p tuc theo dinh ky cho d&n khi mét théng bao quéin Iy
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TFTP-RSP (Config File TFTP Complete Response} MAC duge
nhan biang moét phdn hdi “OK” tit BS hosic SS két thic viée
truyén lai do su can kiét khd nang thit lai. File cdu hinh SS
chita nhiéu théng tin hé théng ching han nhu théng tin khai
dong.

9. Thiét l4p cdc ndi k&t. Sau khi chuyén cac tham s& hoat dong
{cho mét S5 duge quan 1¥) hodc sau khi dang ky (cho mot SS
khong duge quan ly), BS gdi cac théng bao DSA-REQ dén SS
dé thiét lap cdc ndi két cho cac service flow dy triy thudc vé
SS. SS phan héi bang cic théng bao DSA-RSP nhu duge néu
chi tiét trong muc 11.3 & trén.

11.6.1 Bényg ky

Biang ky (registration) la tién trinh ma qua dé SS dugc phép di
viio mang va cy thé, mét S8 duge quan 1y nhan CID quin ly phu cta
no va do d6 tré thanh mot SS ¢6 thé qudn 1y. P& ding ky véi mot BS,
S5 goi thong bdo qudn ly REG-REQ MAC dén BS. Dang chung cla
thong bdo REQ-REQ dugce minh hoa trong hinh 11.21.

! MAC ALoaeemen ‘ Y cncoded

Eomossaee 1ape T

1

i

1 RN ;
s L

s PN o v BN
| Numidw ol - b X { oy VIS

AR sy 1

[rara EInEanetient g nt

H)
. uplink € II)ic.q\.liwlulcxi Sublin et
versiog | ! Do :
Coanpperted | oepcodies l( apabalites
e T

BINIFAIN suppent o nuele

i
1
1
i
i

i
i !
i sUPPeTL
- ..

SRS Bl 1Ll

Hinh 11.21: Dang chung ciia théng bdo REG-REQ. T4t cd kifu m3 hda TLV déu dugec
trinh bay trong hinh nay

Trong théng bao REG-REQ, SS xdc dinh nhitng diéu sau day:
M Cdactham s& ARQ: cac tham s6 phan doan (fragmentation) va ARQ
dugc ap dung trong qua trinh thiét 1ap ndi k&t quan ly phuy.
W Hb trg quan Iy SS: cho dit SS ¢é dugc quan Iy bdi thong bao IP
dya vao chudn trén ndi két quan Iy phu hay khdng; néu “céd”, day la
cai dugc goi la SS dudgc quan ly.
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W Ché& dd quan ly IP. Ché dd nay bi€u thi rAng nha cung cap {pro-
vider) dy dinh quan ly SS trén mét ¢o so dang tién trién bang cac co
cau dua vao IP.

B IP version. Diéu nay xac dinh phién ban cia 1P dugc sl dung trén
ndi két quan ly phy: 4 (mac dinh) hoac 6. Khi SS chiia phién ban IP
trong REG-REQ. BS chira tham s6 phién ban IP trong REG-RSP
chia nd. BS quyét dinh sl dung mét trong cac phién ban IP dugc hd
Irg bdi SS.

m Cac kiéu ma hoa cac tinh nang SS: hd trg ARQ (xac dinh tinh co
san cﬂansu hé trg SS cho ARQ). ho trg MAC CRC (xac dinh viéc
S5 co hé trg CRC cdp MAC hay khéng), ho trg CiD nhém kiém tra
vong {multicast) (xac dinh s& nhém kiém tra vong déng thdi 16i da
ma S5 ¢é kha nang thude vé), hd trg chinh sach xac thuc {(xac dinh
viéc 88 ¢6 thé ap dung sy an ninh IEEE 802.16 hay khéng, hinh
thanh cac ching nhan k¥ thuat X.509 va thuat toan ma hoa khoa
chung RSA, dudi dang chinh sach xac thuc)...

B Ma héa Vendor ID: xac thuc nha cung cap.

Ma héa phién ban MAC.

B Sé k&t hgp an ninh dugce hé trg 18i da; xac dinh s8 k&t hgp an ninh
hd trg 18§ da cha SS.

B Cactinh nang Convergence Sublayer (CS) (cac tuy chon Classifica-
tion/PHS. ATM, Packet IPv4 ho_ac vB...; the_o méc dinh, Packet, IPv4
va B02.3/Ethernet nén dugc ho trg, cap hd trg PHS).

BS phdn héi bidng mét théng bdo REG-RSP (REGistration
RI$Sponse). Dol véi mot SS da xde dinh 18 SS duge quan ly trong
RIEG-REQ cua né, théng bdo REG-RSP chaa CID quan ly phu duge
cip phat bgi BS. Dang chung cia thong bdae REG-RSP duge minh hoa
trong hinh 11.22. Trudng response xdc dinh sy thanh c¢éng hodc sy
thit bai xdc thuc thong bdo. Viéc kiém chirng xdc thue théng bdo dua
vao HMAC hoéc CMAC (xem chuong 15 dé biét su xdc thuc thong
bdo).
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Hinh 11.22: Dang chung céa thdng bdo REG-RSP. Khang phai tal ¢ kifu ma hoa
TLV déu duge trinh hay trong hinh nay.

Trong thong bdo nay, BS xdc dinh ché dd hoat ddng quan ly SS,
phién ban MAC duge sit dung trong mang, Vendor ID Encoding cua
138, su phan hédi cho chi bao REG-REQ vé viée bd yéu ciu (requester)
¢6 muén chdp nhan luu lugng dya vao IP trén ndi k&t quén ly phu hay
khong, mét khi ti€n trinh khéi tao da duge hoan tat. Cang duge dua
vao trong REG-RSP 14 mdt sy phdn hoi d6i véi cdc kha ndng cua SS
yéu cdu duge cung cdp trong REG-REQ (néu yéu cau da chia thong
iin ¢de tinh nang) néu ching cé thé duge st dung. Néu mét tinh nang
khong duge nhén biét, su phan héi xdc dinh riing tinh nang sé khong
duge st dung bdi 8S yéu cdu. Tinh ning duge trd vé trong REG-RSP
khong thé duge xdc lap dé yéu cdu tinh ning cao hon clia SS yéu cdu
so véi nhitng gi duge 4n dinh trong REG-REQ.

11.8.2 Hily ddng ky va tdi dang ky

Théong bdo quan ly DREG-CMD (De/Re-register Command) MAC
dugc truyén bdi BS dé budc SS thay dbi trang thdi truy cép cia né:
dung st dung kénh k§ thuat, s dung né vdi cdc gidi han, quay trg vé
trang thdi binh thutng... DREG-CMD ¢6é thé khong duge yéu ciu holle
phin hdi lai mét thong bio SS DREG-REQ. Théng bdo quén ly MAC
hiy dang ky DREG-REQ SS dugc gdi bdi SS dén BS dé bao cho BS
v you cau hay dang ky SS tir BS va mang.



224 Chuong 11: Quan ty sy vao mang va chat lugng dich vy {QoS)
11.6.3 53 Resel

BS ¢6 thé chuyén théng bdo quin 1y RES-CMD (Reset Command)
MAC trén mét SS Basic CID dé bude SS nay ty xdc lap lai, khdi tao
lai MAC ca né va sau dé lap lai sy truy cap hé thong ban diu. Thong
bdo nay cé thé duge st dung néu mot SS khong phan héi lai BS, hoac
néu BS phdt hién nhing diém bat thudng lién tuc trong cdc cudc
iruvén cia moét SS.

Tham s6 chinh cia RES-CMD la su xdc thue théng bdo. Bidu nay

duge thye hién bidng sé trinh ty khéa HMAC duge ghép véi mét
HMAC-Digest (xem chugng 15).
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Chuotg 12

Su dung hiéu qua cac tai
nguyén vo tuyén

12.1 Gigi thiéu

Céc hé thdng WiMAX dugce thiét k& dé cung cdp hidu sudt phé cao
nham dua ra nhing téc dé dit lidu rdt cao cho ngudi dung. Lép vat ly
manh dua vao ky thuat OFDM/OFDMA va viéc st dung mé hiéu suét
cao phdn 16n la nguyén nhan cho hidu suat phd cao vita ¢ duge (xem
chuong 5 va 6).

Mét mat, hidu sudt phé duge cai thién bdi cdc co cdu WiIMAX
Radio Resource Management (RRM) (xem muc 12.3). Nhiing co cdu dé
duge xdc dinh trong cde chudn IEEE 802.16 bao gom ki€ém sodt su
thita nhan, kiém sodt cong sudt, thich dng lién k&t va chon tin s6
dong. Ngoai nhitng co cdu vd tuyén nay, WiMAX Forum dinh nghia
framework va su phdn chia chic ning cia céc thu tuc quan ly tai
nguyén vo tuyén trong mang truy cdp vo tuyén WIMAX (cdu tric
WiMAX duge md ta trong chuong 13). Framework nay that su téi uu
thém cdc thd tuc RRM (chi yéu dé kiém sodt sy thita nhan va sy
chuyén giao) va dac biét cAn thiét cho cdac hoat dong RRM nhét quén
irong mdt mang vd tuyén WiMAX giifa cdc nha cung c¢dp khdc nhau.

Mit khéc, hig¢u sudt phd cao va tinh uu viét hidu sudt so véi nhing
hé théng vé tuyén khdc cong dat duge bing vige st dung cédc hé
thong céng nghé anten cao cdp. Cdc chudn IEEE 802.16 va cac profile
WiMAX di kém hién dinh nghia va du trit mdt s6 lya chon cho viée
thuc thi cdc cong nghé anten cao ¢ap (xem muc 12.4). Trong cédc phién
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ban hién tai cua mobile WiMAX, céng nghé anten thich Ung vdi
beamforming (hinh thanh chum tia) va cdong nghé MIMO c6 thé c6.
Trong khi nhiéu cdng nghé anten chi duge chap nhan trong cdc phién
ban nang cao cho cdc chudn 3GPP va 3GPP2 vén lam cho sy trién
khai khéi cia ching tré nén thach thifc trong mang hoan chinh hién
¢6, nhing cdng nghé nay thit su duge hd trg tir ngay lan tung ra cdc
h¢ thong mobile WiMAX, 1am cho chidng trd thanh mét tinh ning
that su cho trién khai mang v tuyén WiMAX ddu tién va cudi cling
la nén tang chinh cho hiéu sudt v6 tuyén hoan hao.

Trong khi cde ky thuit trude ro rang nang cao hiéu sudt cia cdc hé
théng cho cdc néi két unicast gitta mdt BS va mot MS (Mobile Sta-
tion). WiMAX Forum cOng du trit viée hé trg hiéu qua Multicast/
Broadeast Services (MBS) trén giao dién khong khi WiMAX. Dé dat
dugc hiéu sudt cao, viée trién khai hé thong WiMAX phai tudn theo
m{t s6 huéng din duge dé cap tiép theo.

12.2 Xem xét ky thuat vé tuyén cho nhitng hé théng WiMAX

Nhitng gidai phdp WiMAX bao géom WiMAX co dinh va WiMAX di
dong. Theo loai thi€t bi ddu cudi duge cung cdp (CPE (Consumer
Premise Equipment) ngoai tréi, CPE trong nha tu 1ip dit, thiét bj
ddu cudi di déng - PCMCIA, laptop, cdc smamrt phone), mdi gidi
phédp ¢é6 mét phugng phdp trién khai khac.

12.2.1 84 lan truy2n LOS/NLOS

Vung phi séng tir mdt BS duge lién két véi mot vai tham s§ vo
tuyén. Tham s6 diu tién la méi trudng lan truyén. Phu thude vao vi
tri tuong dng cha BS va thiét bi dau cudi (terminal), mdt s8 model c6
thé duge str dung dé ddnh gid sy tdn that do sy lan truyén.

12.2.1.1 Sy lan truyén LOS va Near LOS

Cac sy lan truyén Line-of-Sight (Lo8) va Near Line-of-Sight (NLoS)
¢6 thé xay ra khi BS va MS dugce trién khai ngoai trdi, trén chidu cao
trung binh cia moi trudng. Piéu nay c¢6 thé 1A trudng hgp trién khai
mdt gidi phdp WiMAX c¢6 dinh trong méi trudng do thi véi BS duge
dat trén mét diém do cao (hodc tai dinh cia mot cdt thap) va SS (sau
dé CPE cho WiMAX & dinh) duge trién khai trén mai nha cta khéch
hang.

Su lan truyén LOS ddi héi vung Fresnel diu tién khong ¢6 bt ky
rao cdn nao. Trong trudng hgp d6, nhitng tén that do lan truyén ti lé
vi1 binh phuong khoang cdch gita BS va SS. Tuy nhién, trong su
trién khai thye tién, diéu nay rat hiém xdy ra. Vung Fresnel thudng
bi can trd va/hode ¢6 val cdn trd trén BS dén dudng truyén CPE.
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Trong truding hgp d6, cdc md hinh gan LOS duge st dung. Tuy nhién,
trong trudng hgp c¢é vai rao cdn (mdét toa nha, mot thac nude, mot
ngon dbi}, nhiing rao cdn duge md phdéng bing mép dao (knife-edge).
Mot vi du vé md hinh nay cé thé duge tim thdy trong phin tham
khao.

1.2.2.1.2 Syt lan truyén NLOS

Su lan truyén NLOS (Non-Line-of-Sight) xdy ra khi thi€t bi déu
cudi duge dit trong nha va/hoic ngang tAm mét dat. Trong tinh hudng
nay, trong hau hét cac trudng hgp, khong c6 dudng dan truc tiép gida
BS va thi&t bi dau cudi, c6 mdt s6 cao cdc rdo c¢dn trén dudng dan ti
BS d&én MS (cde tda nha, cdy cdi, xe hoi...) va bd thu c¢6 thé thu mot s8
ban sao cua tin hiéu vén da gap phai sy phdn chiéwkhic xa trén cac
rao can khdc nhau. Loai lan truyén nay dién hinh cho nhitng trién
khai di dgng.

Trong trudng hop clia WiMAX, su lan truyén NLOS tuong ding véi
viée trién khai mot WiMAX cé dinh hosc di dong sit dung cdc thiét bi
ddu cudi trong nha tu ldp dit (trién khai DSL khong day), hodc viéce
trién khai WiMAX di ddng véi cde thiét bi dau cudi di ddong (PCMCIA,
laptop ¢é chipset tich hgp, cde dién thoai di dong da ché& dj...).

Trong NLOS, nhitng tén that véi khodng cdch cao hon nhiéu so véi
trong LOS. 86 mi phan rd do khodng cdch la gitta 3 va 4. Mgt vi du
vé md hinh lan truyén dude st dung dé danh gid nhitng tén that do
lan truyén trong NLOS 14 md hinh Erceg.

12.2.2 Cdc tham s vo tuyén va céc 06 khudch dai hé thing

P& lugng gid pham vi hoat dong, doi héi them cde tham s&. Pau
tién, gid tri cla mot s& tham s¢ lan truyén phy thudc vao thém nhiing
tham s& vo tuyén chdng han nhu: o

m Daitan s4. WiMAX co thé dugc trién khai tai cac tan sé khac nhau
(2.3GHz, 2.5 GHz va 3.5 GHz); tin s6 cang cao, nhiing t8n thit do
lan truy&n cang cao.

B Chiéu cao anten BS, Cac tdn that do lan truyén giam di néu chiéu
cao anten dugc tadng l1én.

m Chiéu cao an cda thiét bj dau cudi. Thiét bi dAu cudi cang thap, cac
tdn that cang cao (d6i vdi su trién khai di ddng, chidu cao ciia thiét b
ddu cudi thudng dugc 18y gitra 1.5 va 2m).

Sau dé, phu thudc vao tinh huéng trién khai, mét gidi han (margin)
mo phéng nhitng dao ding cla mdi trudng vd tuyén can duge xem xét.
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Trong trudng hgp clia tinh hudng LOS/mear LOS, BS va MS la cd
dinh. Tuy nhién, sy t6n that do lan truyén dao dong (vi du theo nhing
tham s& dia khi hau). Do dé, dé danh gis pham vi hoat déng, mot gidi
han (margin) can duge lugng gid theo sy ¢6 sdn cua tin hidu dugc yéu
cau (vi du 99%) va cdc tham s¢ dia khi hdu. Mt phuong phéap dé danh
gid gidi han ¢6 sdn trong phdn tham khao.

Trong trudng hop cda tinh huéng NLOS, dé phdn anh sy phin bs
cua cdc rao cdn trong vang bao phl. mdt gidi han, duge goi la gidi
han che chdn can duge xem xét d€ ddnh gid pham vi hoat dong. Hiéu
suéit che chdn (shadowing) nay dugc mo6 phdng bdi sy phan bé lognor-
mal véi d9 léch chudn phy thudc vao méi trudng {thu’o‘ng tur 1048
trong mot méi trudng do thi dén 5 dB trong cdc méi trudng ndng
thon). Gidi han vita ¢6 dugce cling phu thudc vao tinh cé sdn xdc suit
tin hiéu trén vung cell (thudng gida 90 va 95%). Mot phuong phip dé
ddnh gia giéi han nay ¢ thé dugc tim thdy trong phin tham khdo.
Ngoai ra, nhitng gigi han khdc ¢6 thé duge dua vao nhitng that thodt
do lan truyén: giéi han trong nha {trong trudng hop cda cdc yéu cdu
bao phu trong nha), giéi han nhiéu (dé phdn 4nh mitc nhiéu duge tao
ra bdi cdc cell khdc phat tai cing mot tan sd), nhing tén that do vat
the...

Sau cung, dé ddanh gid pham vi hoat dong, d9 khuéch dai hé théng
¢6 thé duge ddnh gid. Do khuéch dai hé théng 1a hiéu mae tin hiéu
t61 da vén ¢6 thé duge chdp nhan trén dugng dén tir BS dén thiét bi
dau cudi sao cho bd thu cé thé gidi ma mat tin hiéu c6 di chat huong.
Cdc d¢ khuéch dai hé théng phu thude vao nhiéu tham so riéng biét.

B Cong sudt truyén clda BS/thiét bi dau cudi {terminal).

m Bo khuéch dai anten cha BS/thiét bi ddu cudi. Do khuéch dai tai
phia thiét bi dau cudi phy thudc vao loai thiét bi cudi. Cac CPE
ngoai trdi ¢6 thé c6 doé khuéch dai vugt qua 14dBi trong khi cac thiét
bi dau cudi di ddng co thé cé chi mdt dd khuéch dai anten 0dBi.

B D6 nhay cua bd thu. Pd nhay cGa bd thu phu thudc vae bang thong
tin hiéu, sy diéu bi€n va phuong phap ma héa. Cac chuin IEEE
802.16 cung cdp cac gia trj tham chigu t8i thi€u nhung cac nha cung
cap co thé dua ra cac gidi phap hiéu suat tét hon.

12.2.3 Cic tinh ndny va luy&n WiMAX cdi thién pham vi hoat ddng

béi vdi nhitng giai phap WiMAX c¢d dinh trién khai cdc CPE ngoai
trdi, ving hoat ddng ¢6 thé vai km (xem phan tham kh&o). Tuy nhién,
dé ¢6 duge nhing con s6 pham vi hoat dong phit hgp vdi mot hé
théng di ddng (cellular system) hién c6 cho cdc trién khai nhu di déng
WiIMAX, cdn thém nhitng tinh ning dé ba ddp cho nhitng tdn that
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phu do cdc d6 khu&ch dai anten thiét bi dau cudi thap hon, su xuyén
qua trong nha va hanh vi NLOS.

Tinh néng cai tién vd tuyén c6 thé dp dung cho cdc WiMAX cd
dinh va di déng 1a sy phan kénh con (subchannelisation). Day 1a kha
nang tap hop cdéng sudt truyén trén mot vai kénh con va do do dat
dugc sy hoa hdp gitta ving hoat déng va t8c d@ dir lidu toi da ma mot
thiét bi ddu cudi cé thé dat duge tai mép cell. Nhiing tinh ning cai
ti&n khdc chi ¢6 thé 4p dung cho WiMAX di dong la:

m Convolutiona! Turbo Coding (CTC).

M Repetition Coding. D&i vdi mai 1an truyén lai, ¢o thé dat dudc 1&n
dé&n doé khuéch dai 3 dB. Lan nita diéu nay cho phép mot su hoa
hdp giita pham vi hoat dong 16i da va tdc do di ligu tai mép cell.

® Hybrid ARQ (HARQ). Day la kha nang bd thu k&t hgp mot sd 1an
truyén cla cac MAC PDU tuchg tu.

m Cac coéng nghé anten cao cdp: beamforming va MIMO.
12.2.4 Cac idng ddn hoach dinh tén sd

Lén nita, theo tinh hudng trién khai, cdc hudng d4n hoach dinh tan
s6 1a khac nhau.

12.2.4.1 WiMAX c6 dinh

Trong trudng hop cia mot WiMAX cf dinh vdi CPE ng0a1 troi
dugc trién khai trong LOS/near LOS, duge hoach dinh tan s0 tuong tu
nhu tdn s6 cua cdc hé thdng Fixed Wireless Access (FWA) (vi du
Lruyon séng viba PMP) ¢6 thé duge st dung. Tai vi trf vo tuyén, mdt
s6 lua chon cho cdc cdu hinh sector ¢6 thé duge st dung (1, 3, 4 vA 6
sector mdi vi tri). Trong sy trién khai nhu FWA, CPE ¢6 mét anten
ngoai ¢6 d§ khué&ch dai cao va do d6 eé mot chiéu réng chum tia
anten gidm. Két qua anten cia CPE cung cdp khd ndng chéng nhiéu
ding ké&: do dé6 dé€ dat dugc muc tleu CINR trén viang dich vu, viéc
hoach dmh tAn s6 véi 3 va 4 tAn s§ ¢6 thé duge si dung. D8I vdi
WiMAX ¢d dinh véi mot CPE trong nha tu 14p dit cing c6 cdc anten
dan hudng, mdt k& hoach tin sb tuong tuf cé thé duge st dung.

Nhiéu sector (1én dén sdu) hosic nhidu tdn han mbi sector cé thé
dugc trién khai trén cdc phia hién c6.

12.2.4.2 WiMAX di déng

l‘rong trudng hop trién khai WiMAX di ddng ¢é cdc thiét bi dau
cudi di dong, khong ¢ sy gidm nhidu do anten MS (cdc anten mei
hudng). Tuy nhién, do viéc sit dung OFDMA va sy chuyén vi (von, tao
ra sy ngau nhién nao dé trong viéc slf dung cdc séng mang thit cap),
va do hidu sudt vd tuyén tdt hon (cdc khd ndng tac ma nhiéu hon,
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beamforming va/hodc MIMO), ¢6 thé trién khai mét hé théng hidu
qua véi mot phuong phdp tdi s dung ké hoach tan sd 1a 3 va tham
chi 1.

Trong trudng hgp cia MBS (xem bén dudi), kénh tan s8 duge gdn
dé truyén cdc néi két multicast/broadcast phdi duge trién khai theo
mot cdch Single Frequency Network (SFN).

B6i v6i densification, nhing k¥ thuat tuong tu duge s dung cho
cdac hé thong di dong hién ¢6 duge sit dung: nhidu tdn s hon mbdi site,
tach cell, 16p microecellular, viing hoat déng trong nha ti trong nha...

12.2.5 Ddny bd hoa Base Station

IEEE 802.16-2004 xdc dinh ring ¢é ba tuy chon dong bd héa BS:

m Cau hinh khéng déng bé (asynchronous configuration). Moi BS sd
dung su chuyén vi riéng cia nd. Cac chiéu dai frame va thdi gian
bt dau khong dugce déng b6 gilra cac base station. C4u hinh ¢6 thé
dugc s dyng lam sy trién khai chi phi thap doc lap.

M Cau hinh déng bd (synchronous configuration). Tdt ¢ BS sl dung
cung mot khdi tham chiéu (vi du bang cach si dung GPS, hodc
Global Positioning System). Cac khoang thgi gian va thdi gian bt
dau cling dudce déng b gilia cac BS, nhung méi BS ¢6 thé sir dung
cac chuyén vi khac nhau, Do sy ddng bd héa thdi gian trong tinh
huéng nay va khoang thdi gian ky hidu dai cla ky hiéu OFDMA, cac
sy chuyén giao (handover) nhanh ciing nhu cic su chuyén giao mém
¢é thé co. Cau hinh nay c¢6 thé duge sif dung Iam mot sif trién khai
BS doc lap véi mdt mirc nhidu duge ki€ém soat,

® Cau hinh d6ng bdé phdi hgp (coordinated synchronous configura-
tion). Tat cd BS hoat déng trong ché dd déng bd va sd dung cac
chuyén vi tugng ty. Mot idp trén cé trach nhiém xdr Iy cac cap phat
kénh con trong cac sector clia base station, bao dam x{ ly tét hon
bang théng va cho phép hé thdng x( Iy cac tai can bang gilia cac
sector va trong hé théng,

Chudn 4n dinh rang, d6i véi sy nhin biét TDD va FDD, t4t ca BS
nén (nhung khéng duge bdt bude) duge dong bd héa thdi gian vdi modt
tin hiéu thoi gian chung.

12.3 Cac thi tyc quan ly tai nguyén vo tuyén

12.3.1Kiém sodt céng sudt

Sy hé trg thd tuc kiém sodt cdng sudt thi bdt budc trong uplink.
Thi tuc bao gdbm mét tién trinh dinh chudn ban ddu va mét tién trinh
cép nhat dinh k3.
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Bang cdch do cong sudt nhan dude tai phia BS, BS ¢é thé gdi céc
chi bdo khodng dich chuyén cong sudt dén MS dé didu chinh muc
cong sudt truyén clia né mét cdch thich hgp. Phai chd ¥ phong hd noi
MS s dung chi mdt phan cia cdc kénh con, mat dé6 cong suat van
khéng déi bat ké sd kénh con that sy duge st dung {(trir phi dat dugc
muc cdng sudt t8i).

Su chi bdo khodng cdng sudt duge gdi béi BS nhit quan véi MCS
that sy vén s& dugc sit dung cho viéde truyén uplink. Cdce diéu chinh
cong sudt lién quan dén viéc sif dung mét phuong phdap diéu bién
khac sau dé duge xem xét. Sau eing, khoang dich chuyén céng suat
cing nhat quan vdi cdng suat toi da ma MS c6 thé truyén (duge biéu
thi trong théng bdo SBC-REQ MAC).

Sau khi nhdn théng tin khodng dich chuyén cong suidt, MS diéu
chinh ¢dng sudt truyén cda né theo phuong trinh (12.1) biing cich don
gidn céng khodng dich chuyén (offset) véi gid tri cudi ciung duge s
dung dé truyén;

Prew = Prag + Offset (12.1)

trong dé6 P, 1a cdng sudt truyén dugc st dung sau cung, P_ la
cdng sudt truyén mdi va “Offset” 1a sy tich liiy céc gid tri khodng dich
chuyén duge gdi béi BS ké tir 14n truyén sau ciing. Théng tin khodng
dich chuyén cong suit truyén duge gdi trong cdc thong bdo RNG-RSP
bang cdc don vi 0.25 dB. Ti€n trinh nay cho phép cdc dao dong cdng
sudt voi toc do toi da 30dB/s véi chidu sdu tdi thidu 10dB.

Trong trudng hgp cia cdc hé thdng WIMAX dua vao OFDMA, sy
diéd khién céng suat khdc nhau cho mdt s6 loai ¢hdp tin hidu uplink.
Déi véi cde ving chép tin hiéu uplink duge st dung cho kénh hdi tiép
nhanh (UIUC = 0), viée xdc dinh pham vi CDMA (UIUC = 12) va [E
¢dp phat CDMA (UIUC = 14), céng thifc cdp nhit céng suit truyén
cua MS nhu sau:

Last

PNcw = PL:N + (C".Nncw - ClNlna.l) - IO[IOg(Rncw) - log(Rh\l)] + OffSCf (122)

trong dé
P, .. va “Offset’ nhu dugc dinh nghia trong phuong trinh {12.1),

u PNew = Last

m C/N_ la C/N (Carrier over Noise) dugc chudn hoa clia MCS mgi
- dugc sU dung trong ving,

®m C/N_ 14 C/N duge chudn hoda clia MSC dugc slr dung sau cung,

m R__ lasé Ian I3p lai cha MCS mdi dugc st dyng trong ving,
R, |a s lan lap lai cha MCS sau clng.
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Céc gid tri C/N dugc chuan héa 1a nhiing gia tri mac dinh duge cho
béi chuan (xem bang 12.10). Tuy nhién, BS ¢6 thé ghi dé nhitng gig tri
nay bing cach st dung mot TLV théang bao UCD chuyén dung.

Bang 12.1: Cac wid tri C/N dugc chufn hda cho cac thi tuc ki€m sodt cong sual cha
cac thiét bi ddu cudi WiMAX dya vao OFDMA.

MCS C/N(db) duge chuin héa
Ving ACK -3
Viung phan héi nhanh 0
Ma CDMA 3
QPSK 1/3 0.5
QPSK 1/2 )
QPSK 2/3 7.5
QP5K 3/4 9
16-QAM 1/2 12
16-QADM 2/3 14.56
16-QAM 3/4 15
16-QAM 5/6 17.5
16-QAM 1/2 18
16-QAM 2/3 20
18-QAM 3/4 21
16-QAM 5/6 23

Co cdu kiém sodt cong sudt cang ¢6 thé duge thuc thi trong down-
link (vi du béng cdch gi6i han sy nhiéu duge tao ra cho nhitng cell
khéc). Tuy nhién, viéc thue thi né n&€u ¢é6 danh riédng cho nha cung
cap.

12.3.2 Dynamic Frequency Selection (DFS)

Céc co cdu DFS ¢6 theé duge yéu cAu trong trudng hgp trién khai
mot hé théng WiMAX trong dii tdn s mién ban quyén (vi du dai tin
s0 5.8 GHz). Trong trudng hgp dé, BS va MS thuc thi mdt tdp hgp co
cdu von cho phép:

® phat &m thanh méi trudng vo tuyén trudce khi st dung mot kénh;,

& dinh ky phat hién “nhitng ngudi ding phé cu thé" (mét ngudi ding
phé cu thé la mét ngusi dung von da dugc nhan dang bdi b diéu
chinh (regulator) khi déi hoi sy bao vé chit ché khodi nhidu ¢é hai),

B gian doan hoat dong trén moét kénh sau khi phat hién mdt ngudi
ding phd riéng biét;
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B 14p thdi biu cac khodng thdi gian test &m thanh dinh ky (t0 BS va
MS):
m chon/chuy&n sang mét kénh méi
Trong bat ky trudng hgp, BS khoéng thé st dung mét kénh ma
khéng test kénh cho nhitng ngudi diing khdc, ké ¢d nhitng ngusi ding
phé riéng biét.

Mot vi du vé ddng tién trinh duge don gidn héa trong hoat dong
DFS duge minh hoa trong hinh 12.1. Lac khai tao, BS phdt Am thanh
cdc kénh dua vao cdc tham s8 thai gian duoge 8n dinh sin. Trude khi
¢6 thé sit dung mot kénh méi, BS phdi phit Am thanh kénh nay trong
to1 thidu mot “khodng thoi gian test khéi doéng” trén nhitng nguwi
dung khdc. Sau khi hoan tdt viéc quét cdc kénh, BS ¢6 thé chon hoat
déng trén mot kénh vén khong duge sit dung bdi nhitng ngudi dung
phé& cu thé va sau do co thé thist lap mot ndi két véi MS trong viing
hoat dong cia no6. Cac co cdu dé phdt Am thanh cac kénh, dé do
nhiédu, dé phat hién nhitng ngudi dung phd riédng biét va dé chon mot
kénh hoat dong duge dé lai cho nha sdn xudt.

Testcac : Chon mdtkénh | BS théng bao | | Lap thdi bigu
kénh cho : khang dugic si t MS dugc két '! testvaobao
nhUng nguf:ii _ R dung bfjl nhl:fng % ................... hgp cia sy d6| CAD CAC KENR ..‘ i
dung khac ngutidong phd kénh ¢ (BSvaMs)
¢. . PR — .__,*....,_.... T S — — ———— : [ H .
. ". Khéng
i Ke&nh hign hanh
i co dugc slf dung
co bdi ngui dung
trong phd nhdt
dinh khdng?
Khong : Co
L S
C6 s&n kénh Ngathoat |
_ _| nac khac duge |, | dengldn
kiém tra gdn i kanhhign
day khdng? : hanh

Hinh 12.1: Vi dy v& mdt luwu d8 tién trinh duge don gidn héa cho hé thdng WiMAX
thyc thi DFS

Trong qud trinh hoat déng trén mot kénh, BS c¢6 thé duge hd trg
bdi MS dé do viéc st dung mdt hodc nhiéu kénh bdi nhitng ngudi
dung khéc. Viéc lap thoi biu tién trinh nay c¢é thé duge thue hiédn
trong mo¢t khoang thoi gian yén lang trong cell hoidc trong qud trinh
hoat ddong binh thudng. Khi BS yéu cdu hd tr¢ MS, BS bdo cho MS
biét bang mot IE do kénh trong DL-MAP. Sau d6, néu kénh can dugc
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do la kénh hoat dong, BS treo tdt c¢d viéc ldp thoi biéu truyén cua
MAC PDU sang bat ky MS trong ving cell trong khoang thoi gian do.
Trong tién trinh test, MS luu trit mdt s6 tham s8: s6 frame tuong {ng
vdi 56 do dau tién, thoi gian do tich liy va sy hién hitu ¢iia mot ngudi
dung phé cu thé trong kénh. Nhitng tham sd dugc bao cdo tré vé BS
trong su phdn héi bdo cdo s6 do. Tuy nhién, néu MS phdt hién mét
ngudi dung phé cu thé, né sé gdi mdt théng bdo REP-RSP khéng yéu
cau dén BS cang sém cang tot.

Sau khi phat hién mét phé ngudi dung riéng biét trén kénh hoat
déng (bdi BS hoidc MS), BS phai gidn doan viéc truyén cdc MAC PDU
duo lidu va MAC PDU théng bdo qudn ly MAC trong cdc khodng thoi
gian 4n dinh sdn (“Max Data Operation Period” va “Management Op-
eration Period”).

Khi hoat déng can dugc gian doan, BS bit ddu chon mdt kénh méi
dé hoat déng tir mdt kénh duge test gan day va hgp 18 duge xac lap
hode bang cdch ti€p tuc mot ti€n trinh tuong tir véi tié€n trinh duge si
dung lic khdéi tao. Sau khi chon mdt kénh mdi, BS bdo cho cdc MS di
kém cia nd bisdt vé& sy thay déi kénh bing cdch dua vao théng bio
NCD s6 kénh mdi va sd frame ndi su chuyén ddi xay ra.

Trong truong hop cha DFS, regulator authority xdc dinh cdce timer
¢6 lién quan trong kénh tha tuc phdt 4m thanh (trong sudt qud trinh
phat 4m thanh ban dau hodc phdt am thanh dinh ky) ciing nhu céc
ngudng dé ngan su nhidu c¢6 hai cho nhitng ngudi dung khie.

Cudi ciing, mdt co cdu don gidn ¢é thé duge thue thi cho nhitng muc
dich khéac véi DFS va e¢6 thé duge 4p dung cho bat ky nhiing trién
khai WiMAX trong ¢dc mdi trudng kénh chia sé.

12.3.3 £ac thi tuc quan Iy 13i nguyén v tuyén khac

Dé t8i uu héa hiéu suat cia cic hé thong dua vao IEEE 802.16, cdc
thi tuc qudn 1y tai nguyén vb tuyén khdc duge thue thi. Kiém sodt sy
thira nhin cdc ndi k&l méi 12 mdt phan ciia hoat ddng RRM. WiMAX
Forum dinh nghia mét framework dé hd tr¢ va tdi uu héa viée kiém
soat sy thira nhan (xem muc 12.3.5). Cde thuat todn quyét dinh kiém
s04t sy thita nhin duge dé lai cho cdc nha sdn xudt,

Cac ¢d cdu thich dng lién két cing duge thuc thi. Lan nita, cdch
tién trinh hoat ddng va viéc chon MCS tuy thudc cde diéu kién kénh
va tiéu chudn cuc bd khdc dé lai cho nha cung c&p. Chudng 11 cung
cdp thém chi tiét vé cdc 461 tugng nguyén thiy hd trg cho sy thich
tng lién két.
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12.3.4 Gdc so do kénh

Pé BS dua ra nhitng quyét dinh cho viéc quan 1y tai nguyén v
tuy&n (kiém sodt ¢bng suit, chon phuong phdp diéu bién va ma hoa
va su dung céng nghé anten cao cdp), chuan dinh nghia mét tap hop
bd chi bdo chat lugng kénh. Cé sdn hai ho bo chi bso:

B RSS! (Received Signal Strength Indicator) vén cung cdp thong tin
vé muc cong suat nhan dugc;

B CINR (Carrier-to-Interference-and-Noise Ratio) von cung cap théng
tin vé cac mic séng mang vdi nhiéu duge nhan.

Thiét bi vo tuyén WiMAX (MS va BS) c6 thé thyc thi phuong tién
dé do, tinh todn va bdo cdo nhitng bo chi bdo nay. Ngoai ra, dé phan
anh nhing dao ddng cua kénh v tuyén ding lic, hai s6 liéu théng ké
cua cdc bé chi bdo duge ddnh gid va duge bdo cdo: gid tri trung binh
va do léch chudn.

12.3.4.1 Received Signal Strength Indicator (RSST)

Cédc RSSI duge dan xudt tit cac miu mic cdng sudt di nhin duge
do. Cde RSSI duge bdo cdo 1a mdt gid tri trung binh (trong thang
tuy€n tinh, vi du tinh badng mW) cla cdc miu mitc cdng sudt duge do
{(viéc tinh trung binh duge thye hién bédi mét bd loc s6 md véi mot hé
58 quén duge cung cdp nhu 14 mét tham sé cdu hinh bdi BS).

RSSI trung binh dugc tinh tir

R[0] Néu k=0
(]_ad\!)#il\‘ﬂ{k-l]‘i‘a RI'(] Néu k>0

avg

Hasy K] = { (mW) (12.3)

trong dé R[k] la cdng sudt duge do trong thong bdo k va %awg 12 hé
50 tinh trung binh. Chi 6 mAiu k dugc gia ting cho moi frame v cong
sudt duge do trén frame preamble. Hé s6 tinh trung binh duge truyén
boi BS trong mdt TLV théng bdo DCD ho#c trong mdt théng bdo
REP-REQ MAC. Néu khong, gi4 tri mic dinh 1/4 s& dugc xem xét bdi
MS.

B§ léch chudn cia RSSI duge din xudt tir s§ lidu thong ké binh

phuong mong d¢i cda cdc mic iin hidu duge do X%, dugc tinh bdi

| RIOT? | NEu k=0

. W2
(= btk — 1+, [RUP| Neu k>0 ™) (12.4)

xiss:[klz{

uvg
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Phuong phdp dé do cudng do tin hiéu duge nhan danh riéng cho
nha cung cdp. Tuy nhién, cdc s§ do vin ndm bén trong mot 15i tuyét
dsi =4 dB.

Cac gia tri duge bdo cdo duge gdi trong théong bido MAC REP-REQ
s dung thang dBm (dB} cho RSSI trung binh (tuong ing la dé léch
chuan). nhu duge xdc dinh béi

st amm 1K ] = 1010l s 1A]) {dBm)

"
st anm [ K ] = Sll‘)g(l -"-Iztsmlkl_(ﬂus\‘llkng |} {dB) (12.5)

Céc gia tri duge dinh lugng véi mot gia s6 1 d B va méi gid tri duge
gGi trong mot trudng 1 byte trong thong bdo MAC REP-REQ. Day cia
RSSI md rong tir -123 dBm dén -40 dBm.

12.3.4.2 Carrier-to-Interference and Noise Ratio (CINR)

B6i v6i cdc hé thong dua vao IEEE 802.16-2004 (st dung OFDM),
cdc bd chi bdo CINR duge bdo cdo la cdc b chi bdo CINR vat ly. Khi
BS yéu cau mot bdo cdo do CINR tir MS, MS sé tra 16i lai bing cdch
dua vao thong bao REP-RSP MAC cdc uGe tinh cua gid tri trung binh
vi cde dd léch chudn ciia CINR. Cdc gid tri CINR duge bdo cdo trong
mdt thang dB véi cdc bude 1 dB, bdt ddu tir -10 dB dén 53 dB.

Céc gia tri CINR dudc bdo cdo duge tinh trung binh bing cdch s
dung cung mdt phuong phdp tinh trung binh nhu phuong phdp tinh
trung binh cho RSSI. Phuong phdp dugc ddanh gida CINR danh riéng
cho nha cung cdp. Cdc mau s6 do ¢ thé dugc ldy tir cdc mAu duge
phat hién ho#ic cdc miu dAn hudgng,

b8i v6i cdc ho théng dua vao IEEE 802.16-2005 (si dung OFDMA),
cdc tuy chon bd sung duge xdc dinh. Mét mét, cdc s6 do CINR khiac
nhau duge dinh nghia: cde s6 do CINR vat ly va hiéu dyng. Mit khdc,
céc bdo cdo CINR ¢6 thé duge gdi qua thong bdo REP-RIEQ MAC (gi4
tri trung binh va/hodc d6 léch chudn cia CINR) hofic qua mét kénh
phdn héi nhanh (chi CINR trung binh).

Mot s0 bdo cdo CINR vat 1y ¢é thé duge yéu cdu tir MS:

W Cdacsd do CINR vat ly trén preamble. Trong trudng hgp clia 3 mang
tai st dung tan s8, CINR dugce do trén cac séng mang dugc diu
bi€n cla preamble, hodc trong trudng hgp clla 1 mang tai s dyung
tan s6, CINR dugc do trén tdt cd song mang thir cdp (duge didu
bi€n hay khong, ngoai trit cac dai tAn s6 bao vé va kénh DC).

m S8 do CINR véat ly tr mot vung chuyén vi. Trong trudng hgp nay,
cac mau CINR dugc do tif cac miu dan hudng trong ving chuyén
vi.
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Ngoai ra, BS ciing ¢6 thé yéu cdu cédc 8 do “CINR hiéu dung” tir
moOt ving chuyén vi trén cdc séng mang thit cap diéu khién. CINR
hiéu dung 14 mét chie nang cia CINR vat 1y, xem xét cac diéu kién
kénh va cdc gidi han thye thi (su thuc thi phu thudéc vao nha san
XUAt).

Véi tuy chon nay, MS ¢6 thém kha nang xéc dinh MCS vén thich
hop nhat che mite dé sia 16i mue tiéu da xdc dinh cho BS.

12.3.5 Ho tro su qudn Iy tai nouyén vo tuyén trong WiMAX RAN

12.3.5.1 Phan chia clufc ndng RRM trong WiMAX RAN

WiMAX Forum eiing dinh nghia mdt framework dé tdi uu héa hoat
d9ng cua RRM trong moét mang truy cdp vd tuyén WiMAX (con duge
gol 1la mot Access Service Network (ASN), xem chuong 13), va cing
hé tr¢ kha ning lién vaAn hanh cda edc thd tuc RRM giita cac nha
cung cAp trong thoi han dai.

Nhu duge xde dinh béi WiMAX Forum, chic nang RRM trong mang
¢6 thé cung cdp cdce tién ich bdo cdo va hd trg quyét dinh cho mét so
chie nang mang, ching han nhu:

® kiém soat sy thua nhan, vi dy bao ddm rAng co san dl tai nguyén
v tuyén tai phia BS dé phuc vu thich hgp mét MS ho#c néi két
hoac service flow mdi (theo yéu cau dich vu hodc sau mdt handover};

B chuin bj va kiém soat handover (sy chuyén giao), vi dy tdi uu hoa
viéc chon BS dich theo cac bd chi bao vé tuyén va tai BS.

RRM cing c6 thé tuy chon tham gia viée quan ly tai nguyén mang
van chuyén.

Framework nay dya vao mét sy phén chia chiic nang cia céc chie
ning RRM thanh hai phan (Radio Resource Agent (RRA) va Radio
Resource Controller (RRC) vén giao tiép qua cac ddi tugng nguyén
thiy (primitives) duge chudn héa.

P4&i tugng nguyén thiy duge trao doi dé bdo cdo thdng tin (tir RRA
dén RRC hoidc giita cdc RRC) hosc thong tin hd trg quyét dinh giao
tidp {1t RRC dén RRA). Thong tin nay bao gbm cdc bao cdo sd do mébi
MS va dung lugng du phong mdi BS.

12.3.5.2 Cdc cdi tién tiiong lai ciia chiic ndng mang RRM

Ké tir hém nay, BS thuce hign cdc thi tuc kiém soat cong sust va
quan ly nhiéu mét cdch doc l4p. Tuy nhién, framework RRM ducc
dinh nghia bdi WiMAX Forum dé cita mé dé cai tién thém nhimng tha
tue RRM. Nhimg cdi tién ¢6 c¢6 thé duge thuc thi bing cach trao déi
thém thong tin (vi du trén cdc cdu hinh kénh) giifa cdc thuc thé RRM
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dé 161 uu héa tong thé tai nguyén vo tuyén va khong chi mot BS trén
moi su tdi uu héa BS.

12.4 Cac cong nghé Anten cao cip trong WiMAX

P& cai thién cong suit vd tuyén. cdc cong nghé anten rat thuong
dugc s dung trong cdc hé théng di dong (cellular system). Mot gidi
phap rit phé bién trong mét hé théng truyén khong day la si dung
su phdn tap cda bd thu tai phia BS. Cdc tin hiéu duge truyén bai thiét
bi dau cudi duge thu tai BS bdi nhiéu anten (thudng 1a hai hodc bén)
va cdc tin hiéu ti cdc dung din duge thu khdc nhau duge k&t hop.
Mot k§ thudt rdt phd bién dé két hgp cdc tin hiéu khdc nhau nay la
ky thuit Maximum Ratio Combining (MRC) vén két hgp (hodc gia
trong) cung mot ky hiéu dugc thu tif méi nhanh theo chit lugng thu
cua ching. K&t qud 1A viéc tang d6 nhay cha bd thu tai BS va két qua
md rong pham vi hoat dong va/hoiic kha ning st dung mdt ché d§
truyén vd tuyén kém manh hon trong mot téc d6 truyén cao hon. Bg
I¢n cdi tién 1a dé 1é6n phan tdp vi du trong mot hé thdng ¢ hai anten,
do khuéch dai thudng khoang 3 dB.

Phuong phédp phan tdp thu rdt hiéu qua né€u cdc tin hidéu dén ti cdc
anten khde nhau khong duge tuong quan. Sy tugng quan caa anten phu
thudc chl y&u vao khodng cdch gilta cdc anten (mdt su tach biét tur 10
dén 20 thuding duge yéu cdu trong mot méi trudng macrocellular): day
duge goi 14 su phan tdp khong gian. Mot lua chon thay thé cho cde
ciu hinh anten nhu vay 12 sif dung cdc anten duge phan cuc chéo; didu
nay gi6éi han su tdc dong nhin thdy dugce ddi véi mdi trudng.

Viéc thuc thi vA hd trg sy phén tdp thu don gidn trong mot BS
danh riéng cho nha cung cdp va khéng ddi héi bat ky co ciu chudn.
Hién tai, cting ¢6 nhiéu ky thudt anten cao cAp hon: eéng nghé anten
thong minh v6i beamforming (tao chum tia) va cdc anten MIMO. Mbi
cong nghé ¢6 nhitng wu diém riéng cla né va nhing rang budc trién
khai hé thong duge phat trién thém trong cdec muc nhd tidp theo.

Ca hai cong nghé cing doi hoéi hd trg chuian dé dat duge day 40 lgi
ich hoat ddng cua ching. Céc chudn IEEE 802.16, dic biét diém sia
déi IEEE 802.16 cung cAp tat cd diém moée ndi cho sy hd trg cd hai
cong nghé¢ anten.

12.4.1Céc cdng nohé Beamforming hodc AAS

Céc cdng nghé beamforming (tac chum tia) ¢6 thé duge gip phai
ding sau mdt s6 tir; anten thdéng minh, beamforming va Adaptive
Antenna System (AAS). Trong phan sau day, beamforming sé dugce s
dung.
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12.4.1.1 Cde diém co ban vé Beamforming

Muc tiéu chinh ca céng nghé beamforming 1A tidn dung ti ban
chdt khéng gian/thoi gian cia kénh truyén phat. That vay. do nhiéu
su phan chi€u, sy khic xa va su phdn tdn trén dudng dan bo phat
dén bd thu trong mdt mdi trudng di dong, nang lugng tién dén BS
dén tir nhiéu huéng, mét huéng bi anh hudng bdi mot su suy giam va
pha khac nhau,

Trong mdt mébi trudng macrocellular (nghia 1A anten cia BS nim
trén mai nha) cac tin hiéu tién dén BS nim bé&n trong mdt hinh nén.
Pd md rong gdéec cuia tin hidéu phu thudc vao mdi trudng. Trong mot
mbi trudng do thi, d0 md rong géc 1a 20 4. Trong mot méi trudng md
hon nhuy mdt mbdi trudng ndng thon, dd mo rong goéc la mot vai dg.

Trong uplink, nguyén ly céng nghé beamforming la két hgp ro
rang nhirng tin hiéu duge thu cho N phan tif anten cua mdlL mdng
anten. Mot so d6 beamforming chung chung dugc minh hea trong hinh
12.2. Mot so d6 khdi cia mot bd thu beamforming (tuong dng la bd
phdt) vdi mdét mang anten N phan tf duge minh hoa trong hinh 12.2
(tuong dng hinh 12.3). Trong trudng hgp clia mdt so dé khdi cia mot
b6 thu beamforming véi mot mang anten N phan td, mét don vi xit 1y
tin hiéu phan tich cuing mot tin hiéu duge thu tir N phin t& anten va
tinh todn cdc trong s6 (Wi) voén duge 4p dung trén mbi dudng dan dé
két haop.

Beamtorming Receiver Aalenna
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Hinh 12.2: Vi du vé m&t so d6 khoi cha bd thu beamforming vdi mdt mang anten N
phén ti
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Hinh 12.3: Vi du v8 mot s¢ d6 khoi cha bd phat beamforming vdi mdl mang anten N
phan ti

Trén downlink, viéc x{ 1y rit tuong tu nhu uplink. Dya vao thong
tin duge do trén tin hidu dugc thu trong uplink, cé thé udc tinh
Direction of Arrival (DoA) ti tin hiéu uplink vA 4p dung cdc trong s6
khdc nhau, Z, (bién dé va pha) vao cdc duding dan truyén khdc nhau
cua cung mét tin hiéu sao cho dé thi bic xa anten vira cé duge tdp
trung dé&n hudng clia ngudi dung.

Vi céc trong sé trong downlink phy thude vao cdce tin hiéu uplink,
diéu nay gid dinh tinh thudn nghich kénh nh4t dinh giita cdc tin hiéu
uplink va downlink vi BS khéng biét sy phan héi kénh khéng gian
downlink. That sy, tinh thudn nghich cé thé dugc gid dinh thue tién
hon trong trutng hop cia hé thong TDD vi cdc tin hidu uplink va
downlink s dung cing mét tdn so tai cde khadng thd¥i gian khidc
nhau. Trén hé théng FDD, tin thuidn nghich kh6 ddnh gid hon.

Th4t ra, cong nghé beamforming bao gdm mot s6 ky thuat. Cac
thue thi ddu tién cta beamforming dd duge dya vao cdc cd ciu chuyén
anten don gidn: trong phuong phédp 46, cdc phan td cha mang anten
noi don gian duge md ho#ic tdt theo cde tin hidu duge thu. Piéu nay cé
tu diém 14 sy don gidn nhung khd nang beamforming bi giéi han.
Ngay nay, beamforming s dung mdt mang thich dng: bién d¢ va pha
cha mbi phan td anten cé thé duge xdc lap doc lap. Diéu nay c6 uu
diém 13 ¢6 kha nidng dat dudc tinh vd han cia cdc chum tia.
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Véi beamforming thich ing, mdt 8 chién luge t8i uu héa c¢6 thé
dugce s dung. Pon vi x{t 1y tin hidu phéi ting t6i da CINR duge thu,
Piéu nay ¢é thé dat duge bing cach ¢6 mdt db thi bire xa anten vira ¢6
duge sao cho ming anten tac mdt gid tri réng theo hudng dén cia
mot interferer manh. Tuy nhién, s8 interferer vén ¢é thé duge hay bi
g161 han béi s6 phan tif hinh thanh mang: véi N phan t anten, ¢6 thé
¢6 t6i da N-1 interferer réng. Ngodi ra, k§ thudt nay ddi héi hiéu biét
t6t moéi trudng vo tuyén (dm chi thém cdc hao phi). Piéu nay giai
thich tai1 sao trong nhiéu hé théng duge thue thi phuong phdp nay
duge s dung trong uplink, ngi BS ¢6 thé hiéu biét tdi da vé mbi
truting vé tuyén.

Sau cing, mdt sy thyc thi beamforming ning cao c¢6 thé kich hoat
SDMA (Spatial Division Multiple Access). Mién 14 hai ho#ic nhiéu
ngudi dung duge tdch biét ddy du trong khdng gian, ¢é thé géi ching
cung mdt lic trén cling tai nguyén vat 1y, thong tin khdc nhau trén
cdc chum tia khdc nhau. Tuy nhién, viéc st dung SDMA rat kho trong
mot mdi trudng di déng noi cde MS von duge tdch biét tét vao bat ky
thoi difm nao ¢é thé o trong cing mdt hudng vao thoi diém ké tiép.

12.4.1.2 Nhitng lgi ich ciia Beamforming

Nhing 1gi ich cia beamforming gédm nhiéu phan: ting pham vi
hoat dong va tiét kiém cbng suit tai phia MS, gidm nhiéu va ting
dung lugng.

Thi nhét, beamforming cdi thién ngan sdch lién két cho viée truyén
dif liéu cho cd downlink lin uplink. Thuc vAy, bing cdch tap trung
nang lugng trong mot hudng, d6 khu€ch dai anten vita ¢6 duge trong
mét huéng duge ting dédng ké (xem hinh 12.4). B§ khuéch dai bé sung
nay cé lgi cho viée cdi thién tdm hoat déng ciia BS (it vi tri hon cdn
cho mét sy trién khai) vd/ hoic dé gidm cs ma MS cdn dé& truyén cdc
tin hiéu (ti€t kiém cdng suit).

] B3 thi bdiec xa anten vdi
] beamiorming va méng anten

Hlnh 12.4: M& rfng pham vi hoat &bng vdi heamforming
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Céc dd khuéch dai )y thuyé&t so v6i mdt anten thdéng thudng, déi
véi mdét mang anten N phan t& c6 10xlog(N) cho uplink va 20xlog(N)
cho downlink. Vi du, véi mot mang anten bdn phan ti cde do khuéch
dai lan lugt la 6 dB (12 dB) cho uplink {tuong dng cho downlink). D$
khué'ch dai trong downlink cao hon vi ngoai d¢ khuéch dai
beamforming, ¢dng tit méi by phat ting rd rang. Gia tri caa nhing dé
khuéch dai nay da dugc hiéu luc héa trong nhiéu cude thi nghiém va
dugc ching minh phii hgp vdi 1y thuyét. Ciac dé khuéch dai b8 sung
duge do trong uplink do d6 khuéch dai phan tap khéng gian bd sung.

Thi hai, béi vi ning lugng duge hdi tu theo hudng cha ngudi dung,
e6 mot s gidm nhidu téng qudt trong mot hé thong di dong st dung
beamforming. That vay, khi beamforming duge trién khai trén BS cda
mot ving dia 1y nao d6, cdc chum tia duge dinh huéng nhu 1a mét
chic nang cua viéc phén chia lai nhing ngudi dung duge phuc vy
trong mot cell; vao mdt thdi diém, trén mot ngudn vd tuydn dd an
dinh, mdt ngudi dung duge phuce vu. K&t qua, sy nhiéu duge tao ra bdi
su truyén théng clia ngudi ding nay chi 6 mdt géc giéi han so v6i viée
trien khai anten duge phan khu vue (xem hinh 12.5).

. ///\\\\\,

Hinh 12.5: Gidm nhiéu vdi beam!orming

P$ md réng géc cia bap chinh thi xdp xi la tdng géc cia sector
(khu vuce) duge chia cho 8 phan ti anten N. Vi du, véi mét mang
anten bdn phdn t va mot anten 90 d9, chiéu rong bip chinh (tai -3
dB) 1a khodng 220 d3. Do 46, vi nhiing ngudi diing duge phan bd ngiu
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nhién, cdc huéng chum tia thay d6i theo cdc vi tri ngudi dung, diéu
nay tao ra thém d9 khuéch dai phan tdp nhiu. Viée gidm nhiu duge
cdi thién thém bang vidc s dung cdc thuat todn triét tiéu nhidu rd
rang.

Hai k&t qud tryc ti€p cla viéc gidm nhidu 12 mét chit lugng tin
hiéu t8t hon va tinh c6 sdn qua ving cell va mdt dung luong t&t hon
trong cell cho cac hé théng s dung su thich dng lién két. That vay, vi
cdc gid tri CINR t8t hon, khd ning s dung mot phuong phap diéu
bi€n v4 mé hoéa t6t hon thi cao hon.

12.4.1.3 Hé trg Beamforming trong cdc chudn IEEE 802.16

Beamforming duge dinh nghia trong IEEE 802.16-2004 va 802.16e,
Tinh niang nay khoéng nim trong tap hop cdc of WiMAX c¢é dinh. Déi
vGi cac profile WiMAX di déng. Tinh néng nay bat budc duge hd trg
hdi MS va tay chon cho BS. Ddi v6i WIMAX di dong, mot s8 co ciu
nhim cdi thién hiéu sudt va hoat dong ciia beamforming dugce du trir.

Trong downlink, dé c6 thé beamform (tao chim tia) mdt s& ngudi
dung tai cung cdc kénh con va trén cdc kénh con khiac nhau, mot
viung dugc danh riéng (dugce biéu thi trong DL-MAP). Vung nay dugc
ghi nhén 124 (2) trong hinh 12.6 chia nhitng su chuyén vi vdi cdc kénh
diéu khi€n chuyén dung. Didu nay ¢6 nghia ring mét MS nhan mjt
chép tin hiéu trong vung nay chi lay 1am céac kénh diéu khién hgp 1é
cdc kénh diéu khién duge két hgp véi kénh con ma né da dugce cap
phat.
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Hinh 12.6: Vi du v& mdt trame c6 cdc vong hd trg hoat ding AAS
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Trong uplink, nhu duge dé cap trude dé, cdc co cdu beamforming c6
thé dugc 4p dung trén bat ky MS. Tuy nhién, dé cii thién hiéu suit
va dé glup BS trong viéc phdt hién/do sy nhidu ma nhitng ngudi diung
né mudn phuc vu gip phdai, mdt ving truyén tin hiéu rleng biét ¢é
thé duge cdp phdt: ving phat Am thanh uplink (dugce biu thi bgi
UIUC=13). That vay, BS ¢6 thé dé nghi mét MS nao dé6 phat mét tin
hiéu trong vung nay dé BS cé thé ddnh gid sy nhidu tren mot s8 séng
mang thit cdp cho nhimg MS d6.

Sau cing, d& giéi han hao phi truyén tin hiéu, gidi phdp WiMAX
tdn dung beamforming ¢6 thé sf dung cdc map nén va map con dé
phéat nhitng théng b4o truyén tin hiéu chung (DL-MAP/UL-MAP). Th4t
vay, diéu nay cho phép 4p dung cdc phuong phép didu bién, ma héa
va lap lai khdc nhau vao mdt s6 ving trong thong bdo DL-MAP/UL.-
MAP. Giai phdp nay ciing c6 thé dugc tdn dung trong trudng hop cia
MIMO hoéc sy hé trg cha HARQ.

12.4.2 Gidi php MIMD (Multiple-tnput Multiple-Dutput)

12.4.2.1 Cdc diém co bdn vé MIMO

Céc hé thong MIMO st dung nhiéu anten vao va nhiéu anten ra
hoat ddng trén mét kénh (tan s8) don. Tai phia bo pha4t, tin hidu duge
ma héa khong gian-thoi gian va duge phét tir N, anten. Tai phia thu,
cdc tin hiéu duge thu tir N_ anten (xem hinh 12.7). B gidi ma khéng
gian-thdi gian k&t hgp tin hiéu duge thu bdi N, anten va dugce phat tir
N, anten sau khi di udc tinh ma trin kénh (N, x N).
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Hinh 12.7; So ad kh&i MIMO generic cho downlink

Muc dich cua gidi phap MIMO la khai thdc sy phan tip khéng gian
va thoi gian cda cdc kénh trén cde dudng ddn vé tuyén khdc nhau
gila moi t6 hop anten phat/thu dé cii thién dé nhay thu va/hoic dé
cai thién dung lugng kénh. C6 mdt s6 ho gidi phap MIMO. Hai gidi
phap tt cing 1a cdc phuong phap MIMO phan tap khéng gian va cdc
phuong phdp MIMO da c6ng khéng gian.
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MIMO phan tap khong gian néi dén nhitng giai phdp ndi cing mét
thong tin dugec phdt (sau khi ma héa khéng gian-thoi gian) trong
khéng gian va thdi gian. Dy khuéch dai phan tép ly thuyét ciia mét
gidi phap nhu vay la mot chic nang sdn phdm cla cdc anten phat/thu
va bang N, x N. Vi du, mét hé thong MIMO thue thi bdn anten tai
phia BS va hal anten tai phia MS c6 mét dé khué&ch dai phén tap 1a 9
dB. Mét vi du vé mét phuong phdap nhu vdy 14 mé Alamouti khong
gian-thai gian (STC). Ma khong gian - thoi gian cia gidi phap 2x1 nay
duge cho bai ma trdn sau day:

R
A= ~
S, S (12.6

Trong ma tran A, S, va S, 1a nhiing ky hiéu cdn dugc phdt trén
khéng khi. Tai ky hiéu k, ky hiéu S, dugc phdt tif anten 1 va S, duge
phdt tir anten 2. Tai ky hiéu k + 1, ky hig¢u S,* dugc phdt tir anten 1
va ky hiéu S* duge phat tir anten 2. 5* 1a lién hgp phic ¢ha ky hiéu
S). '

Spatial Multiplexing (SM) MIMO néi dén céc gidi phdp ndi trong
mot khodng cdch ky hiéu, théng tin khdc nhau ducc gdl song song
trén cdc anten khdc nhau. V6i phuong phap nay, vé ly thuyet dung
lugng tang tuyén tinh dudi dang modt ham cGa N, N 1a mitc tdi thiéu
gitia N, va N, Mot vi du vé ma khong gian-thdi gian cia mét giai

phdp nhu viy du’o‘c cho bdi cong thic sau ddy cho mét phuong phép
SM 2 x 2:

J— .S‘I
b=l (12.7)

Vi ma SM, dung lugng cia kénh va tée d phat chép tin hidu duge
tang. Tuy nhién, didu nay chi xdy ra trong diéu kién CINR rat t6t va
mot kénh khéng duge tugng quan cao.

Ngoai ra, ¢6 mdt s& phuong phdp MIMO vén 14 sy hon hgp giira
SM va cdc phu’dng phdap phan tdp khéng gian. Tht ty phan tip va
viée ting dung lugng phu thudc vao mé khong gian-thoi gian va SO
anten.

GAn day hon, cdc phuong phap MIMO st dung sy ma héa trude da
duge dinh nghia. Trong nhitng trudng hgp nay, ma khéng gian-thdi
gian phy thudc vao sy phan héi tif bg thu trén cdc trang thai kénh.
Théat vay, gidi phdp nay doi héi mét hoat dong vong kin va su truyén
tin hiéu bd sung gitta bd thu v& b phat. '
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Cufi eiing, MIMO ciing ¢6 thé duge tao tir cdce tin hidu phat tir cdc
BS khdc nhau (MIMO 30). Diéu nay doi hdi sy déng boé héa thdi gian
cia BS nhung ciing sy dong bé héa cia scheduler cia BS cé lién.quan
trong viéc truyén phat.

12.4.2.3 Cdc lgi ich ciia MIMO

Phu thudc vao phuong phdp, nhitng lgi ich cia MIMO c6 thé 1a cai
thién do nhay cda bé thu va/hoac khuéch dai dung lugng va céac téc
d6 dinh. Tuy nhién, nhu da néu trude d6, dé dat duge hidu suit tdt
nhat td MIMO, cac kénh thuw/phat khdc nhau nén khéng duge tugng
quan cao. Diéu nay duge thue hién trong méi trudng cé sy phéan tdn
ratl cao va cdc tin hidu dén tir mdt dd mé rong goc rat 16n (vi du trong
mét mbi trudng microcellular).

Bac biét, cdc phuong phdp SM rit nhay vdi su tugng quan vi trong
trudng hgp cia mot kénh tuong quan, phuong phdp SM tao ra thém
nhiéu.

12.4.2.3 H6 trg MIMO trong cdc chudn IEEE 802.16

Chudn IEEE 802.16-2004 cung cdp mét vai hd trg cho MIMO. Chi
phuong phdap Alamouti nhu duge dinh nghia bdi phuong trinh (12.6)
duge dinh nghia va khong bit budc trong profile cho cdc hé thong
WiIMAX ¢6 dinh/chuyén vang. Tr4i lai, IEEE 802.16e hé tr¢ md rong
cho MIMO.

Ngoai nhitng phuong phdp duge dinh nghia trong chuidn, WiMAX
Forum 44 chon hai phuong phdp MIMO cho downlink véi hai anten
tai phia BS va hai anten tat phia MS. Cac phuong phdp la cdc phuong
phdp duge dinh nghia trong cdc phuong trinh (12.6) va (12.7). Hb trg
MIMO downlink trong IEEE 802.16e duge minh hoa trong hinh 12.8.
Trong downlink, gidi phdp WiMAX di doéng ¢ thé cé loi tir 46 khuéch
dai phan tdp bd sung hodc dung luong va tdc do dinh duge tang gap
déi.
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Hinh 12.8: H8 trg MIMO dawnlink trong IEEE 802.16e. STTD=Space Time Transmit
Diversity, SM=Spatial Multiplexing ch& 4§ *SM ddi hdi tdi thiéu hai anten tai phia
MS), FHCD = Frequency Hopped Diversity Coding, FRFD = Full Rate Full Diversity,
SFTC = Space Freguency Time Code vd H-SFTC = Hybrid SFTG.

Trong uplink, trong s tdt ca tiy chon duge dua vao chudn (xem

hinh 12.9), chi mdt phuong phdp duge chon cho WiMAX di dong: SM
cong tdc. Véi SM cong tdc, hai MS dudce trang bi mdt bd phéat, gdi
théng tin dd liéu khdc nhau cing mét lic trén cde kénh tuong tu
. nhau. Trong modt ché d6 nhu vay, ngudi dung c6 thé duge phan biét
bing sy trg gidp clia cdc ky hidu diéu khién vén st dung céc tone
khdc nhau cho mdi ngudi dung (mbi MS phédt mét nia trong téng céc
ky hidu didu khién c6 s&n).

S wilh 2 antennas 2 MSs with 1 antennae
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Hinh 12.9: H@ trg MIMO uplink trong IEEE 802.16e-2005
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Trong uplink, MIMO c¢6 thé cai thién dung lugng cda hé théng
WiMAX di déng bing cdach cung cap dG chat lugng tin higdu. Di nhién,
vi viéc st dung SM nhay vdi diéu kién vd tuyén. Mét gidi phap MIMO
¢6 thé bao gém gidi phdp chuyén sang ch& d6 MIMO t&t nh&t phuy
thudc vao chat lugng tin hiéu.

That vay, hoat d6ng MIMO ngam dinh ring cdc tin hiéu duge ph4t
trén khéong khi ¢6 mét dang riéng biédt. P€ tron cdc ngudi ding van
hanh vdi MIMO véi nhitng ngudi dung khdc trong mét frame, céc
vung MIMO duge dinh nghia (duge xdc dinh trong théng bdo DL-
MAP). Vi dy, hinh 12.10 12 mt vi du vé mot MIMO trjn frame va cac
vung khong phai MIMO. Trong hinh nay, ving (1) chita cdc kénh
truyén tin hiéu chung va mét s6 chép tin hiéu downlink (s dung mét
sy chuyén vi PUSC). Vung (2) 1a ving MIMO cho downlink. Viing (3)
la vang trong uplink cho nhitng ngudi ding v8n khéng thé s dung
MIMO céng tdc (vi dy bgi vi mite tin hidu véi nhiéu ude tinh cia ho
qua y&u). Viang (3) cing chia cdc théng bdo truyén tin hiéu uplink
chung cho ranging (xdc dinh pham vi), phdn héi nhanh... Sau cung,
vung (4) la ving MIMO uplink.

MO SU sone o1 YSTC e 2 I LY Illl{.t‘ lJ Se sers
‘ .................... .’. 4 WW,’ *.___ ______

————— P PR T bl T

=

b :

= . | .
. 5 &
: ¢! &
i =i ' >

s
£

A = STC enabled 2o | 1] STC erablad
. by 5 7 ! e Ttk soe
= 2 z : s
| E = 2 byt
Ll el | 2
: S
i = -
i a 3
| E £

i z

7z L

E -

E ; -
’ £ ; £
i -
i i
[ SO SR SRS SR | A

Hinh 12.10: Vi dy vé mdl frame \fﬂ'l eac viing hﬁ frg- hoat dt)ng MiMo

12.5 Multicast Broadcast Services {MBS)

Multicast Broadcast Services (MBS) c¢6 thé duge yéu cdu khi nhidu
MS két ndi véi mot BS thu cing mét thong tin ho#c nhiéu BS ph4t
cung mot thong tin. Thit vay, diéu nay cho phép tigt kiém tai nguyén
bidng cdch cdp phdt mét 6ng din vd tuyfn cho tat cd nhirng ngudi
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dang da dang ky ciing mét dich vy thay vi cAp phdt nhiéu 6ng din
tby thudc s6 ngudi dung. Piéu nay dic biét ¢6 1gi cho loai ing dung
TV truyén thanh ndi dong thoi mét s6 ngudti dung trong cing mot
vung hoat ddng dugc k&t ndi vdi cing mot dich vu (trong trudng hgp
nay la mét kénh TV).

12.5.1 Muiti-BS Access MBS

Hé thong WiMAX di dong hd trg MBS nhu 14 mét tinh nang tuy
chon che BS. Khi tinh nang MBS duge ho trg, ché do Multi-BS Access
duge thue thi nhu duge dinh nghia trong chuan IEEE 802.16e.

Trong mét hé thong Multi-BS MBS, mdt s§ BS trong cung mot khu
vire dia Iy phat cling cdc théng bdo broadcast/multicast déng thoi trén
cung mdt kénh tdn s8. Nhitng BS nay thudng thugc vé MBS_ZONE,
MBS _ZONE la mot dinh danh duy nhat dugc phat t& moi BS cua tip
hgp trén thong bdo DCD. Mét vi du vé sy cdp phdt MBS_ZONE dugc
trinh bay trong hinh 12.11. Ph&i ltu ¥ rdng mét BS cé thé thude vé
cdc MBS_ZONE khac nhau.

By S BS6 ) ............ . :
. // \\} MBS ZGNE -1
1351 R Bsa : ................ { BSH / ) .

S BS3 L oBsT }—-—‘\5310 \ i MBS ZONE = 2
L BSS el BS® Y

Hinh 12.11: Vi dy v& sy 1ri€n khai ving MBS v3 sy cap phdt MBS_ZONE. T4l cd MS
dugc 8ang ky mdt MBS_ZONE c6 th€ thu cdc tin hi€u MBS tif bat ki BS cila
MBS_ZONE

Mot hoat dong Multi-BS MBS ddi héi tif cdc BS thude vé cung mdt
MBS_ZONE:
B ddng bo hoa thdi gian (s8 frame va muc ky hiéu);
B s dung cang mét CID cho cdc thdng bao broadcast/multicast;
® sU dung cing mdt Security Association (SA) dé ma hoéa cac théng
bao broadcast/multicast.

Str dung mdt gidi phdp Multi-BS MBS mang lai hai lgi ich chinh.
Thit nhat, cdc MS vén dang ky thanh cdng mét dich vy MBS cé thé
thu thong tin MBS ti bat ky BS cia MBS_ZONE ma khéong can dang
ky mot BS cu thé cla ving dé (tham chi MS trude d6 trong ch& 39
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Idle). Thi hai, MS thu cdc tin hiéu MBS tir nhiéu BS cung mét lac.
Diéu nay cung cdp mot dd khuéch dai phan tdp vi md va su ning cao
hiéu sudt cho cdc tin hiéu MBS. Diéu nay tuong tu nhu khdi niém
Single Frequency Nejwork (SFN) trong cdc hé thong DVB-H.

12.5.2 Frame MBS

Khi MBS duoc kich hoat trén mot BS, né c¢é thé st dung mét tan
s6 chuyén dung hoic né ¢é6 thé si dung chi mét vung ehuyén dung
trong frame, nhu duge minh hoa trong hinh 12.12. Cdc phdn mo ta cia
cac vung MBS hién c6é trong mot frame dugc xdc dinh bing cdch si
dung DL-MAP trong truéng DIUC 2 md réng (DIUC = 14) bdi
MBS_MAP_IE, bao géom (trong s6 nhing thd khédc) dinh danh
MBS_ZONE, khodng dich chuyén ky hiéu (symbol offset) ma vung
MBS bit dau, su chuyén vi can dugc st dung (PUSC hodc su chuyén
vi khac) va kich ¢& caa vung MBS (trong cdc ky hiéu va kénh con).

DI PUSC zone MBS PUSC sone UL PUSC zone
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Hinh 12.12: Vi du vé frame 802.16 vGi ving dich vy MBS. Sy hién dién cia viing
MBS dugc biéu thi trong thdng bdo DL-MAP (trong mgt trudng MBS_MAP_IE). Céc chi
tiét chinh xdc ciia ving MBS sau d6 dugc mé ta trong théng bdo MBS_MAP & ddu
viing MBS

Mbi ving MBS bét dau vé6i MBS_MAP vén md ta cdc néi két MBS
¢6 sdn trong ving MBS. Dic biét, trong sé nhitng thd khéc, né chia
cde CID duge sit dung bdi cdc noi k&t multicast/broadeast, cdc cdu
hinh kénh (su diéu bién, ma héa va cudi cung 1a sy ma héa lap lai) va
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channel ID logic. Céc channel 1D logic duge sit dung dé phan biét céc
ndi k&€ MBS khdc nhau bén trong mét ving MBS vén thude vé cung
mét MBS CID (vi dy, diéu nay cé thé dugc sit dung dé phan biét gita
cac kénh TV khdc nhau vdi cde quyén dang ky khde nhau).

Cac MBS PDU trong ving MBS tuin theo t6 hgp multicast CID va
channel CID logie, nhu duge md ta bdi sy két hgp dich vu giita MS va
BS. Di nhién, tir thoi gian khi MS di vao ché d6 Idle hoac khi MS di
chuyén qua cédc¢ vung BS khac nhau cia cing mét MBS_ZONE, khong
can MS dang ky BS dé nhan noi dung MBS. Su 4nh xa gidia multicast
CID va channel CID logic phdi giéng nhau trong cac cell thudc vé
cung MBS_ZONE. Tha tuc dé€ cung cdp tinh nhdt quén cta cdc dinh
danh dugc sit dung bdi cdc kénh MBS ndm ngoai pham vi eGa chuén
IEEE 802.16.
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Chuong 13
Cau truc WiMAX

13.1 Nhu ciu vé mot cau triic WiMAX chudn héa

13.1.1 Cac nhom cing tac va tai tiéu hd trg

Chuan IEEE 802.16 chi dinh nghia cdc 16p PHY va MAC. Két qua
dé€ bae ddm kha nang lién van hanh gita cdc mang va cdc nha cung
cdp khdc nhau, d6i v6i cdac hoat dong ching han nhu roaming, diéu
quan trong l1a phai dinh nghia cdc chudn trén pham vi giao dién va
thiét bi réng nhat nhu trong cdc chuén di dong 3GPP va 3GPP2. Sau
dé, ngoai viéc lidt ké nerng tinh nang truy cdp vo tuyén cho su néi
mang nhiéu nha cung c4p gitta cdc base station va thist bi ddu cusi
dya vao cdc chuin 802.16, WiMAX Forum ciing nhim phan phéi mot
framework cho cfu tric mang IP end-to-end higu sudt cao dé hé trg
nhiing nguti dang ¢§ dinh, chuyén viing, va di dong (xem bang 13.1 dé
tham khado cdc dinh nghia loat dich vu).

Bang 13.1: Cdc dinh nghia dich vu WiMAX

Loaidich vu Ving Téc dd Handover Chu giai

Co dinh BS don Tinh Khang, tuy nhidncé  Thudng 14 cde thigt bi
th& dbi hai chon lai dau cudi ngoai trési cd
BS do c4c diéu kién  dinh
lign két

Chuyén ving Bat k¥ BS Tinh Khong, tuy nhiéncé  Sit dung trong nha/

thé doi héichenlai  thudng tur 1dp dat
BS do cdc didu kién
lién kot
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Mang Bat kv BS Diddng Cé Tinh lién tuc phién cho

chuvén duge cae img dung khéng nAm
trong thai gian thue

Di dong Bat kv BS Diddng Cé Hiéu sudt cho cac ing

don gan dung khéng thi gian

thue va hd tro cac dng

dung théi gian thue
Didéng Bat ky BS Diddng Ca Tinh lién tuc cda phién
dav du lam viée cho cdc ing

dung théi gian thye

Thu tuc WiMAX dua vao viée sit dung céc giao thiic API chudn héa
va tuong thich véi cde framework ching han nhu IP Multimedia Sub-
avstem (IMS). Hai nhém céng tédc tit t6 chite WiMAX Forum (xem
chuong 2) dinh nghla cdu trae va nhitng tinh ning di kem: Network
Working Group (NWG) tao nhiing théng s6 mang va Service Provider
Working Group (SPWG) gigp dinh nghia cde yéu cdu va guyén uu
tién.

Tap hgp théng s8 duge phdt hanh bédi hai nhém nay bao gom mjt
56 lya chon dé dnh xa s chde ning bt budc cho cic thiét bi vat ly,
cho phép ddng thdi cac lua chon thyc thi phu thude nha sdn xudt gid
tri gia ting va cing cdc di€m lién van hanh tai cAp mang nhd dén cde
giao diéh md& dugce chudn héa (hodic cdc diém tham khao trong tai lidu
WiMAX). Cdc ban phdc thio NWG mdi nhdt cé thé truy clp cong
cong tai http//www.wimaxforum.ogr/technology/documents.

Cdc tham s8 duge td chie theo phién bdn va gdm mot bd tai liéu ba
giai doan:

B Tailiéu giai doan 1 dinh nghia cac yéu cdu cho ciu tric WiMAX.

m Tailiéu giaidoan 2 md tA mé hinh tham chi€u mang, cac diém tham
chidu va ciing bao gém mat s& phan thong tin d€ lam viéc [an nhau
gilta mdt mang WiMAX va mét mang khac (vi du mang DSL). Céu
tric mang WiMAX rd rang ciing thé ap dung cho cdc trién khai
chudn (khéng phai chi cho nhitng tinh hudng lam viéc 1an nhau),

®m Tai liéu giai doan 3 dinh nghia cac chi ti€t cha nhiing giao thic va
nhiing c8u truc khac can duge thyc thi trong mét mang end-to-end
WIMAX.

13.1.2 Cac yéu ciiw cdp cao
C&u trac tham chidu WiMAX da duge tao cé cdc loal yéu cdu khéc
nhau trong ¥ nghia:

m Mot mang dya vao goi dif liéu (packet) hiéu sudt cao véi sy phan
chia chita néing, bao ddm sy linh hoat t8i da dua v&o cac giao thtic
chuén tu |IEE va IETF.
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m H trg ddy d0 cac Ung dyng roaming va lam viéc Jan nhau véi cac
mang cd dinh/di déng khéc.

Béi v6i cdc dich vy va dng dung, mot mang WiMAX duge thidt ke
dé co6 thé ho tro:
B Thoai (s( dung VoIP) da phuong tién (s dung IMS) va nhizng dich
vu quy dinh khac chang han nhu céc cudc goi khan cap.
B Truy cap mét lugng Ién cac nha cung cap dich vu (ing dung.

B Giao dién véi nhiéu céng ndilam viéc J&n nhau va media dé chuyen
déi cac dich vy thira k€ (vi dy circuit voice, MMS) va dé van chuyén
ching trén cac mang truy cap WiMAX.

® Phan phdi P MBS, cac dich vy multicast va broadcast (xem chugng
12).
Ngoai ra xem xét vigc ndi mang 1dn nhau vio roaming, mot s& tinh
huéng trién khai phai duge hd trg:
® ghép doi cac mang ty do vdi cac mang hitu tuyén {vi du DSL) hoac
vd tuyén (vi du cac mang di déng 3GPP hoac 3GPP2) hién co.
® Mot roaming hién ¢é gilia cdc nha van hanh WIMAX (viéc nay baa
gém s dung nh&t quan AAA, Authentication Authorization and

Accouting trong s8 cac nha van hanh WiMAX cho viéc xac thuc va
lap hda dan trong s6 nhitng thu khac).

W Nhiéu phudng phap xac thyc khac nhau (username/password, cac
chiing nhan ky thuat s&, dya vao SIM).
Cdu trac tham chi€u va sy phan chia chde nang vita ¢6 duge trién
khai thém trong cdc muc tiép theo cia chuong nay.

13.2 M6 hinh tham chiéu mang

13.2.1Tdng quan va cdc dinh nghfa

M6 hinh tham chiu WiMAX (xem hinh 13.1) gbm ba thanh phan
duge k&t ndi v6i nhau bing cdc giao dién dugc chudn héa ho#ic bing
cde diem tham chigu R1 dén R5. Ba thanh phédn la:

B MS (Mobile Station);
B ASN (Access Service Network);
B CSN (Connectivity Service Network).
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Hinh 13.1: M8 hinh tham chigu WiMAX vdi cdc thanh phdn (MS/ASN/CSN), cic diém
tham chiéu R1 d&n R5 vi cdc aclor (NAP/NSP/ASP).

Mobile Station (MS) 14 mét thiét bi di déng generic cung cdp kha
nang két nodi gitta mot thigt bl thué bao va mot BS WiMAX. Access
Service Network (ASN) bao gédm mét tdp hgp chic ning cung ¢dp sy
ndi k&t truy cdp vb tuyén cho cdc thué bao WiMAX ASN, dugc lién
théng qua diém tham chiéu R4, ¢é thé dugc trién khai béi Access
Service Providers (NAP). NAP cung ¢dp ha tdng truy cdp vd tuyén
c¢ho mdt hodc nhiéu Network Service Providers (NSP). NSP la mgt
thyc thé doanh nghiép cho phép két noi API va dich vu WiMAX cho
nhing thué bac WiMAX phi hgp véi cée Service Level AgreeMents
(SLA) duge thiét lap. NSP trién khai Connectivity Service Network
(CSN) dé cung cdp khd ning ké&t ndi [P cho nhitng thué bao WiMAX.
Trén phia mang truy cip vd tuyén, cac dich vu WiMAX duge cung cdp
qua cdc hgp déng véi mdt hodic nhidu NAP.

Trén phia tng dung, cdc dich vu WiMAX dugc phan phéi nho cic
hop dong vdi cdc Application Service Providers (ASP) va/hodc qua
cdc ndi k&t truc tuyén véi Internet. Ngoai ra, NSP trong mdt quéc gia
nao d6 ¢6 cdc hgp ddng roaming v&i nhiéu NSP khdc ma ¢ thé &
trong cdc qudc gia khdc. Do d6, thué bao WiMAX c¢é thé két ndi véi
Home NSP (H-NSP) hoic vdi Visited NSP (V-NSP), mdt NSP ma
lHome NSP cia né c¢6 hgp ddng roaming.
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13.2.2 Md hinh tham chigu ASN va cic Profite

ASN bao gém tit ¢d chdc niing cho phép k&t ndi vb tuyén cho cdc
thué bao WiMAX. K&t qud ASN chi y&u cung cdp:

B Kha néng két ndi Layer 2 cho cac thué bac WiMAX (qua giao dién
khong khi WiMAX).

B Cac co cdu Radio Resource Management (RRM) chidng han nhu
diéu khién va thuc thi handaver.

W Paging va quan ly vj tri (trong trudng hdp clla cac thi&t bj mang
chuyén dudce / di dong).

B Cac chuc néng relay (ti€p van) cho CSN dé thiét 1ap kha ning két
ndi Layer 3 vdi nhiing thué bao WiMAX (vi du cdp phat dia chi IP,
cac thd tuc AAA).

M Tao dudng hdm dir liéu va truyén tin hiéu giita ASN va CSN qua
diém tham chiéu R3.

B Phat hién mang va chon NAP/NSP uu tién.

ASP thudng bao gém méjt s§ base station (BS) két ndi véi mot sd
cong n6i ASN (ASN-GW) nhu duge minh hoa trong hinh 13.2. Bén
trong ASN, thém hai diém tham chiéu duge md td trong théng sé cau
tric Release 1 nhung chi theo cdch mang tinh théng tin: R6 gitta BS
va ASN-GW va R8 gilta cdc BS khdc nhau. Nhung giao dién nay 1a
nén tdng cho cdc diém lién van hanh hon nita giita BBS va ASN-GW
cia cdc nha cung cdp WiMAX trong cdc phién ban ciu tric ti€p theo.

F11 . ASN- .
: b
R = T S — . 3
ASN-GW
T - . b MY
bt 135
| R4
A =19 W N
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Hinh 13.2: M& hlnh tham chi&u ASN Generic. R3 ndm giita ASN v CSN trong khi R4
ngoai ndm giita cac ASN.
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13.2.2.1 Base Stafion (BS)

BS 1a thyc thé thuc thi nhitng tinh ning PHY va MAC nhu duge
dinh nghia trong cac chuidn IEEE 802.16. Nhu duge dinh nghia bdi cdc
nhém WiMAX Forum, BS cing c¢6 tdc dung lap thdi bi€u cdc thong
bdo ngudi dung va truyén tin hiéu duge trac déi véi ASN-GW qua giao
dién R6 (xem bén dudi d€ tham khdo R6). N6 cling bao gém céc chic
ning truy cidp khac theo profile ASN (xem bang 13.2).

Trong mét mang truy cap WiIMAX, mét instance BS duge dinh
nghia bdi mot sector va sy gan tdn s6. Trong trudng hgp gdn nhiéu
tan s6 cho sector, sector chifa bao nhiéu instance tuy thudc sé tian s8
duge gan. Piédu nay tudng tu véi cdc mang 3GPP UMTS hodc 3GPP2.

Kha nang k&t ndi vdi nhidu ASN-GW c¢6 thé dugc bit bube trong
trudng hop cidn bing tdi hodc trong nhitng muc dich du thia.

13.2.2. ASN Gateway (ASN-EW)

ASN-GW la mot thuc thé logic, bao gém:

m Cac thyc thé chic nang diéu khién dugc ghép ddi véi mdt chic
ning tuang ung trong ASN (vi dy trong mét instanc BS), mét chuc
nang thudng tri trong ASN hodc mot chic néng trong mét ASN
khac.

m Chc nang lap tuyén bearer plane routing hodc chiic nang tao cau
néi.

ASN-GW c¢6 chifc nang nhy mjt diém quyét dinh cho cédc chic ning
khong phai bearer plane routing (vi du qudn ly tai nguyén v6 tuyén)
va nhu mot diém thi hanh cho cdc chifc ning bearer plane. B8i véi
cde mue dich thuc thi, viée phan chia cde chie nang ASN thanh hai
nhém nay 1a tuy chon. N&u viéc phén chia nay duge thuc hién, hai
nhém duge tach biét bdi nhém R7. Nhu trong bdt ky hé théng vién
thong, ASN-GW ¢6 thé duoc thigt k& d€ cung cdp sy du thia va su
can biang tai gida cdc hdp ASN-GW khédc nhau.

13.2.2.3 Cdc profile ASN

>6 ba lua chon thuyc thi ASN: Cdc profile ASN A, B va C (xem hinh
13.2). Theo cédc profile nay, mdt s§ chde nang duge thuc thi béi BS
hoaic ASN-GW (céc profile A va C, xem bang 13.2) va bdi bat ky hop
trong trudng hop ctia mat ASN profile B. Cy thé, sy thuc thi A bao
gom:

[ ] E)iéu khién handover bén trong ASN-GW v&n cho phép kiém soat
dé dang hon céc tai nguyén vo tuyén trong thi tuc handover va
chuan bi tai dinh tuyén dudng dan Layer 3.

m Radio Resource Control (RRC) bén trong ASN-GW (can bang tai
c6 thé thuc hién gilia cac BS).
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" Hinh 13.3: Cac profile ASN A, B va C

Bang 13.2: Phin chia cdc chic ndng gida BS vd ASN-GW cho ASN profile A va profile C.
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Di déng layer 3 MIP FA Client MIP il ASN-GW
Quéin Iy tai RRC @ Céc d6i tugng nguyén  R6 ASN-GW BS
nguyén vo tuyén thily RRM
RR!*! Cédc déi tugng nguyén R& BS BS
thiy RRM
Faging Paging agent Paging va céc déi tugng Ré BS BS
nguyén thuy ché do Idle
Paging Paging va cdc 451 tugng R& ASN-GW ASN-GW
controller nguyén thiy che da Idle
QoS SFA ™M Céc doi tugng nguyén R& ASN-GW ASN-GW
thiy QoS
SFM (g] BS . BS

faJAK = Authentication Key (duge chuyén trong qud trinh nhdp vao mang ban ddu).

{bJSA-TEK = Security Association Tracffic Encryption Key (trong mot tha fuc thiét lap
quan hé ba chidu gita MS va BS lic nhép vao mang ban ddu.

[fc]MIP FA = Mobile IP Foreign Agent (duge sit dung cho su di dong trong ASN-GW).
{d]RRC = Radic Resource Controller (thuc thé thite hign cdc quyét dinh vé viéc chinh sia
cde tai nguyén vé tuyén dia vio edc s6 do vé tuyén hay bat ky thong tin khdc).

fe]RRA = Radio Resource Agent (thyc thé duge dgt trong mét BS vén duy tri mét co s du
lidu cdc bo chi bde tai nguyén vé tuyén),

{ISFA = Service Flow Authorisation (xem phdn QoS).

[g]SFM = Service Flow Management (xem phdn QoS).

Cac diém di dong duge néu ASN trong s6 BS duge thuc hién qua
cdc tham chidu R4 va R6. Tinh di déng ndi d&€n cdc handover noi diém
neo (anchor} cho MS trong ASN khong thay ddi (xem chu’dng 14 dé
biét vé handover trong chuin IEEE 802.16).

Phan thuc thi profile C ¢6 cung mét cau tric nhu profile A véi
diém khac biét chinh la cdc BS c6 nhidu chitc nang hon. Mot phéan
thue thi profile C bdo gdm:

® Diéu khién handover bén trong BS.

B Radio Resource Control (RRC) bén trong BS.

W Cac diém di dong dugc néu ASN gilta BS dugc thyc hién qua cac
diém tham chi€u R4 va R8 nhu trong profile A.

Profile B khong xac dinh bat ky sy phén chia chdc nang. Viéc phan
chia cdc chife nang giifa cdc hdop néu ¢6 duge dé lai cho nha cung cap
lua chon. K&t qua khong thé ¢é khd ning lién vdn hanh trong ASN
vdi profile B.

13.2.3 M hinh tham chiéu CSN

Connectivity Service Network (CSN) gém tit ¢4 chdc nang / thiét
bi vén cho phép k&t ndi IP cho cdc thué bao WiMAX. Két qua CSN
bao gdm cdc chic ning sau diy:

m (y quyén ndi két ngudi diing va truy cap Layer 3 (cdp phat dia chi P
cho cac user sessions, proxy server va cac chic nang AAA).
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Quan ly QoS (policy va kiém soat sy thia nhan dya vao cac user
profile).

H6 trg tinh di ddng dua vao Mobile 1P [HA (Home Agent), chic nang
cho tinh di déng trong ASN).

Tao dudng ham (dua vao cac giao thuc TP) v&i thiét bi / cac mang
khac (hé trg tao dugng ham ASN-CSN, tao dudng ham trong SCN
cho roaming).

Tinh héa don thué bao WiMAX.

Cac dich vy WIMAX (truy cap Internet, cac dich vy dya vao vi tri, két
n&i cho c4c dich vu peer-to-peer, du tri, 0y quyén va / hodc két ndi
vdi IMS, cac tién ich cho cac dich vy nghe trém hgp phap chéng han
nhuy CALEA {Communications Assistance Law Enforcement Act).

Pé hoan thanh nhimg chite nang dé, CSN duge trién khai bdi NSP
¢6 thé bao gom thiét bi sau day:

Cac router (vdi mdt chuc ndng HA cho tinh di déng gateway trong
ASN).

Cac server DSN (Domain Name System}/ DHCP cho phan giai dia
chi IP va c&u hinh dia chi IP ngudi dung.

Proxy/server AAA va cd sd d{ lidu ngudi dung cho sy xac thyc / Oy
quyén / ké toan va du tri truy cap ngudi dung WiMAX vai mot so
bdo cdo dé cap dé&n ngudi sif dung mdt Home Location Register
(HLR) (trung tAm) nhu trong mdt 56 hé théng di ddng khac (vi du
GSM, UMTS) dé thyc thi cac chiic ning AAA.

Cac gateway (c8ng néi) 1am viéc vdi nhau dé tich hgp / lién van
hanh mot mang WiMAX vé&i mdt mang khac (vi dy mdt mang khéng
day 3GPP hodc mét PSTN).

Céc firewall dé cung cdp sy bdo vé cho cac mang WIMAX bing
cach thi hanh cdc chinh sach truy c&p va loc trén luu lugng qua lai
mat mang ngodai (ddc biét duge s dung d€ phat hién / ngin chan
sy ttr chdi dich vu).

13.2.4 Cdc digm tham chiéu

Mé hinh tham chidu mang WiMAX dinh nghia mét s§ diém tham
chiéu (RP) gitta mot s8 diém thuc thé trong mang WiMAX (xem céc
hinh 13.1 va 13.3). Cdc RP dé gidi thiéu cdc diém lién van hanh gita
cdc thiét bi tir cdc nha cung cdp khdc nhau. Trong pham vi cliia cdu
tric mang WiMAX Release 1, ¢6 6 RP bét budc (R1 dén R6) va hai RP
thong tin (R7 va R8).

13.2.4.1 Pi¢m tham chiéu RI (chudn héa)

Piém tham chi®u R1 ndi dén giao dién vd tuyén giita MS va ASN.
Két qud nd bao gdm tat cd tinh ndng vat Iy va MAC dugc duy tri
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trong cdc prfile WiMAX tif chuidn IEEE 802.16. R1 tai luu lugng ngudi
diing va cdc théng bao 1én dieu khién ngudi dang.

13.2.4.2 Piém tham chiéu R2 (chudn héa)

Piém tham chidu R2 1a mot giao dién logic gita MS va ASN. Né
chda tat cd giao thdc va nhiing tha tuc khédc von ¢é lién quan viée xdc
thue (ngudi diing va thigt bi), iy quyén dich vu va qudn ly c&u hinh
Home IP. Giao dién logic nay dugc thiét 1dp gitta MS va H-NSP va
mdt s6 giao thite (chdng han nhu quén 1y dia chi Home IP) ¢6 thé dugce
thue hién béi visited NSP trong trudng hop roaming.

13.2.4.3 Piém tham chiéu R3 (chudn héa)

Piém tham chiéu R3 la giao dién logic gita ASN va CSN. Né
truyén tai cdc théng bdo plane diéu khién (cdc phuong phdp AAA,
phuong phdp thi hanh chinh sdch cho end-to-end QoS, cdc thong bdo
quan ly tinh di dong vi du cho sy tdi dinh vi MS) va théng tin plane
dir lidu théng qua viéc tao dudng ham gida ASN va CSN.

13.2.4.4 Piém tham chiéu R4 (chudn héa)

Piém tham chigu R4 két néi hai ASN (ASN profile B) hodc hai
ASN-GW (ASN profile A hoac C). né truyén tai cdc théng bdo plane
diéu khién va plane dit lieu dic biét trong qué trinh handover (chuyén
giao) cia mdt ngusi ding WiMAX gitta cdc ASN/ASN-GW hodc trong
cac thi tue cdp nhat vi tri trong ch&€ d6 Idle. RP nay hién la diém duy
nhét c6 kha nang lién van hanh giita cdec ASN tif cdc nha cung cip
khac nhau.

Phuong phap tao dudng hdm (tunnelling) duge dé nghi 1a st dung
IP trong ché& do tao dudng hdm IP cho R4 dua vao giao thic GRE
(Generic Routing Encapsulation).

13.2.4.5 Pidm tham chiéu R5 (chudn héa)

Diém tham chiéu R5 1a giao dién ké&t ndi hai CSN lai véi nhau. N¢
gém tap hop phuong phdp plane diéu khién va plane di liéu trong
CSN trong vsited NSP va trong Home NSP.

13.2.4.6 Piém tham chi¢u R6 (chudn héa cho cdc profile A va C)

Diém tham chidu R6 dugc chufin héa trong cdu tric WiMAX Re-
lease 1 trong ngit cdnh cla cde profile ASN riéng biét. Trong Release
1, cdc profile ASN A va C phén tich Asn thanh BS va ASN GW. Trong
cdc trudng hop, cdc thi tue chuén héa duge xdc dinh trong Release 1.
Di nhién, Router 6 khéng thé dp dung cho profile B.

DPi€m tham chidu R6 k&t ndi BS va ASN-GW. N6 truyén tii cac
théng bao diéu khién (cho viéc thi&t 1ap, chinh sita, didu khién, giai
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phéng dudng déan di lidu pha hop véi tinh di déng MS) va thaong tin
plane dir lidu (dudng din dit liéu trong ASN giida BS va ASN-GW),
Phuong phdp tao dudng him dugce sit dung 12 GRE, MPLS hosc VLAN
tcac phuong phdp tao dudng hiAm khdc ciing ¢ thé duge dé xuit trong
giai doan sau). Giao dién nay clng truyén tai cung v61 R4, thong tin
trang thai MAC dugc tai bdi diém tham chiéu R8 khi khd ning lién
van hanh gidfa cac BS khong co sén.

13.2.4.7 Cdc diém tham chiéu théng tin khdc

Trong Asn, hién ¢6 thém hai giao dién qua (R7 va R8) duge dinh
nghia cho thém cdc diém lién van hanh trong pham vi cda cdc phién
ban ké& tiép WiMAX. Nhitng giao dién d6 chi mang tinh théng tin
trong frame cQa cau tric WiMAX Relsase 1.

Diém tham chi€u R7 la mét giao dién logic tuy chon giita chiec
ning quyét dinh va chde niing thi hanh trong ASN-GW,

Piém tham chigu R7 13 mét giao dién logic giita cdc BS. N6 truyén
tdi sy trao d6i dong plane diéu khién duge st dung dé& cho phép mét
handover {chuyén giao) nhanh va hidu qua gitta cdc BS. R8 ciing ¢é
thé tuy chon truyén tdi théng tin plane dit liéu trong giai doan
handover. Nén chi y riing mot giao dién vat ly truc tiép khong thue
su duge bdt budc giifa cac BS. Thue ra cdc phan phdi R8 truyén tai
gua vi du ASN-GW.,

13.3 Cac chiic nang mang

Phan nay mé ta cdc chifc ning chinh dat duge bdi hé thong WiMAX
end-to-end.

13.3.1 Phdt hién va chon mang

Chiic ning nay duge yéu cdu cho cdc dich vu WiMAX chuyén ving,
mang chuyén dugc va di ddng (xem bang 13.1) ma trong cing mét khu
vue dia Iy MS c6 thé cé sy truy cap ving hoat ddng vd tuyén dén mot
ASN duge qudn 1y béi NAP don va dugdce chia sé béi mot s6 NSP hode
sy truy c¢dp vung phl séng dén nhidu ASP dugc quin ly béi mot s6
NAP/NSP. P& thuc hién su phdt hién va chon mang, MS (vén da duge
du trit sn v6i théng tin cdu hinh lic ding ky) thuc hién mot tién
trinh 4 budc:

B Phat hién NAP. Trong qua trinh guét DCD cla cac BS khac nhau
trong vung hoat déng toy MS, MS phat hién “operator ID" trong trudng
MSID.

W Phat hién NSP. MS phat hién NSO cé sln théng qua danh sach
NSP 1P v8n dugc truyén dai ching bdi ASN nhu ta mdt phan cla
thdng bao nhan dang théng tin hé théng. Sy phat hign NSP cling
cé thé duge thyc hién qua cac théng bao yéu cau / phan héi.
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B Liét ké va chon NSP. Dya vao thong tin déng coé dugc trong vlng
hoat dong va thoéng tin cau hinh tor dang ky, MS chon NSP thich
hgp. C&u hinh thi céng clta NSP ciing co thé cé san trong truding
hgp cha mot visited NSP.

Binh kém ASN. Sau khi chgn NSP va ASP di kém, ASN xdc¢ dinh
lua chon cia né bing céch gdi mét théng bdo NAI (Network Access
[dentifier) duge s dung bdi ASN dé quyét dinh AAA budc nhay k&
ti€p ma mot g6i MS AAA sé duge chuyén dén.

13.2.2 Tgo dia chi IP

Cac ban WiMAX hd trg cdc c¢o ciu tao dia chi IPv4 va IPv6. Cudi
thu tuc, mgt dia chi IP PoA (Point of Attachment) dugc géi dén MS.
Cdc ch& d¢ dia chi cdp phép IP phu thude vao cdc loai dich vu truy
cdp WiMAX.

Trong trudng hgp clia IPv4, cdu hinh PoA déng dua vao DHCP.
Proxy DHCP ¢6 thé thudng tri trong ASN va server DHCP trong
CSN. Trong trudng hgp cua IPv6, viéc cAp phat dia chi IP ¢é trang
thai (stateful) dua vao DHCPv6. Server DHCP thudng tri trong CSN
va proxy DHCP c¢6 thé thu’é‘ng trd trong ASN. Dd&i véi CoA (Care of

Address) ¢6 trang thdi, cdc cap phdt dia chi IP RFC 2462 va RFC
3041 dugce s dung.

Cac phudng phdp dia chi PoA IP theo cdc dich vu truy cap WiMAX
va phién ban IP duge tém tdt trong bang 13.3.

Bang 13.3: Phugng phép dia chi PoA IP theo cac dich vu truy cdp WiMAX v3 phién

bén IP.
Loaidich vu Phuong phdp dja chi Phuong phap dia chi PoA IP
PoA IP (IPv4) {(IPv&)
Truy edp ¢d dinh Tinh ho&c déng Ty ddng cdu hinh tinh hoac ¢é
trang théi
Truy cdp chuyén ving  Dong Céu hinh c6 trang th4i hosc khéng
trang thai
Truy cdp di dgng DHCP cho cac thigt bj ddu Ty ddng cau hinh ¢6 trang thdi
cufi P-MIP[a] hode khéng trang thai

MIP dua vao cdc thist bi
d4u cudi C-MIP[b]

{a}P-MIP = ché& d¢ IP Proxy-Mobile
{B]C-MIP = ché dé IP Client-Mobile

13.3.3 Framework AAA

Framework AAA tudn theo cdc tham s8 IETF vi ¢6 nhitng dich vu
sau day:
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B Xac thyc (authentication); Xac thyc thiét bi, ngudi dung hodc két
hgp ngudi dang / thiét bi.
m Uy quyén (authorisation): Gdi théng tin user profile cho cac seesion,
tinh di dong va QoS.
m K& toan (accounting) gdi théng tin cho cac dich vy tra trudc / tra sau.
Cdc thi tuc va Oy quyén-dya vao EAP (Extensible Authentication
Protocol). Gitta MS va ASM (chic nang xdc thuc) EAP chay trén PK
Mv2 vén cho phép xac thuc cd ngudi dung lan thiét bi. Giita server
AAA va ASN, EAP chay trén RADIUS.

Accounting cling dya vao cdc thong bao. WiMAX Release 1 cung
cAp accounting ngoai tuy&n (trd sau) va true tuyén (trd truge) trong
trudng hop cta accounting ngoai tuyé&n (offline), ASN tao ciac UDR
(Usage Data Records) vén la mot 16 hgp cdc tham s& danh riéng cho
radio va cdc tham s6 danh riéng che IP. Sau d6, ASN phuc vu géi
DR dén server RADIUS.

13.3.4 Tiah di ddng

B CAac thd tyc di déng dugc phan chia thanh hai mic do: Cac th tuc
di dong dugc nec ASN. Di€u nay ndi dén MS ndi khéng can cap
nhat dia chi CoA cdn duge goila micromobility {tinh vi di déng).

B Cac thl tuc di ddng neo CSN. Macroobility {tinh di déng vi mé) gidla
ASN va CSN dua vao cac giao thuc IP di déng chay qua giao dién
R3.

Tinh di déng dugc neo CSN 4m chi rdng trong trudng hgp cda
1Pv4, MS chuyén sang mdt FA (Foreign Agent) neo mdi. Cde hé théong
WiMAX hd trg t6i thidu mot trong cdc phuong phdp IP di déng sau
day:

W Proxy-MIP. Trong truéng hgp nay MS khong biét cac hoat déng
qQuan iy tinh di dong CSN va khéng ¢ thém sy truyén tin hiéu / hao
phi trén khéng khi dé hoan tat tinh di dong CSN.

® Client MIP (CMIPv4). Trong trudng hgp nay, cilent MIP trong M3
tham gia tinh di déng giira ASN.

| 13.3.9 End-To-End Quality ol Service

Chuin IEEE dinh nghia framework QoS cho giao dién khong khi
(xem chuong 11). Cdc thong s0 cdu tric WiMAX mé rong framework
QoS sang mang hoan chinh noi ¢é thé cé nhiéu lua chon cho viée thi
hanh QoS trén Layer 2 hofic Layer 3.

Framework end-to-end QoS phu thude vao cdc chidc nang duge
thue thi trong CSN (PF (Policy Function) va AF (Application Func-
tion)) va trong ASN (SFM (Service Flow Management) va SFA (Ser-
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vice Flow Authorisation)). Trong CSN, AF kich khéi m{t trigger ser-
vice flow dén PS dua vao thdng tin duge g&i bdi MS ma né giao ti&p
vil. Sau dé, PF ddnh gid cdc yéu cAu dich vy dya vao mot cg sé di
liéu policy trong NSP. Trong ASN, SFA giao tiép va né cé trdach
nhiém dénh gid cdc y&u ciu dich vu dya vao céc profile QoS ngudi
dung. SFM (dugc dat trong BS va ¢é trach nhiém tao, thira nhan,
chinh sua va giai phdng cdc service flow 802.16) chi y&u bao gém mot
chitc nang kiém soat sy thira nhan ma quyét dinh dua vao ngudn tai
nguyén vo tuyén cé sin va théng tin cuc bd, vidc mot lidn két vo
tuyé&n (radio link) c¢é thé duge tao hay khéng.
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Chuonyg 14

Tinh di dong, Handover va
cac che do tiét kiem nang
lugng

14.1 Cac van dé xem xét vé handover

Mét trong nhiing muc tiéu chinh cia diém sia d6i 802.16e la gidi
thiéu tinh di dong (Mobility) trong WiMAX. Két qua, cdc profile WiMAX
di déng dua vao 802.16e. Tinh di déng diya vio Handover (chuyén
giao). Hoat dong Handover déi khi duge goi 14 "handoff’ 1a viéc mét
ngudi dung di ddng di tir cell ndy dén cell khdc ma khéng lam gidn
doan phién lam viéc dang dién ra (cho di mdt cude goi dién thoai,
phién di liéu hosic phién lam viéc khdc). Handover ¢é thé do thué
bao di déng chuyén dong, do cdc thay dai diéu kién kénh vé tuyén
hoic do nhiing xem xét dung lugng cell. Handover 1a2 mét tinh ning
bit budc clia mang di dong (cellular). Trong chudng nay, handover
(HO} duge md td nhu duge dinh nghia trong 802.16e.

Trong 802.16¢, hai loai handover chung dugce dinh nghia:

B Handover clng con duge goi la ngét réi déng. Mobile station {MS)
thué bao dung lién két vo tuyén clia néd dau tién trude khi thiét lap
lien k&t vd tuyén cla nd véi BS mdi. Bay 1a mot handover kha don
gian,

B Handover mém con duge goi la ddng rdi ngdt. MS thigt lap lién két
vO tuyén clta nd vdi BS méi trudce khi ding lién két vo tuyén cliand
vdi BS d4u tién. MS ¢cé thé co hai hodc nhiéu lién k&t véi hai hodc
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nhiéu BS v8n cung cdp trang thai handover m&m. Handover mém
rO rang nhanh hdn handover cing.

Hai loai hanover mém dugc dinh nghia trong 802.16e

N FastBS Swnchmg (FBSS). Bay la mét trang thai ma trong do MS
c6 thé chuyén déi nhanh tu mot BS nay sang BS khac. Sy chuyén
ddi nhanh bdi vi MS thuc hién diéu dé ma khéng nhan biét thi tuc
nhap vao mang day di déi véi BS mai.

® Macro Diversity HandOver (MDHO). Cac cubc truyén nadm gitia MS
va BS.

Trong cdc profile WiMAX di dong, chi handover ciing thi bt budec.
FBSS va MDHO thi tuy chon. Chudn 802.16 cing xdc dinh ring viée
hé tr¢g MDHO ho#c MBSS tby chon cho ¢d MS va BS.

Handover c6 nhiing mue tidu diy thach thic (xem muc 13.1 d€ bidt
cdc yéu cau handover nhu 14 mét chic nang cGa loai truy cap WlMAX)
Pau tién né phai da nhanh, 50 ms hosc 100 ms. Cling ¢ cdc yéu cidu
an ninh vi c¢6 thé x4y ra mét sd cude tidn cong trong thu tuc handover.
Sau cung, handover khéng chi ¢6 rihitng van dé xem xét Layer 2. Céc
vdn dé xem xét Layer 2 ciing cdn d&n nhu duge dé cédp trong chuong
13, do d6, handover khéng doc 1ap véi cdu trie.

14.2 Thu nhin tépé mang

14.2.1. Quang cdo tdpé mang

Mgt BS truyén dai ching théng tin vé tépd mang bing cach sk
dung thong bdo quin ly MOB _NBR-ADV (Neighbour ADVertisement)
MAC. Thong bdo nay cung cdp thong tin kénh vé cdc BS lan cén
thl.rcmg duge cung cdp bdi cic cude truyén thong bdo DCD/UCD riéng
cua moi BS. MOB _NBR-ADV khéng chifa tdt ca thong tin clia cdc BS
lan ¢dn, UCD va DCD. Chudn xdc dinh ring mét BS c¢6 thé nhan
dugc thong tin d6 trén mang xudng séng va tinh c6 sdn cia théng tin
nay lam dé dang viéc dong bo héa MS v6i BS lan cin biing céch loai
b6 nhu cdu gidm sdt su truyén tir BS 14n can (muc tién handover) cho
cdc thong bdo truyén phat DCD/UCD. Céc BS s& ti&p tuc anh xa cde
bang dia chi BS MAC lan cén va cde chi s§ BS lan can duge truyen
qua théng bdo MOB _NBR-ADV cho méi sd lugng thay ddi cdu hinh
von ¢6 eing mdt chife nang nhu d8i véi théng bdo DCD.

Cdc BS ho trg chitc nang mobile, ¢6 chite ning truyén mét thong
bdo quan ly MOB _NBR-ADV MAC tai mot khoang thoi gian dinh ky
dé nhan dang mang va xAc dinh cdc dic diém ciia BS 1an can cho mét
MS tiém én dang tim ki€m viéc nhap vao ban diau hodc handover.
Chuan xdc dinh ring gid tri t6i da cda khodng th&i gian nay 1a 30
gidy.
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14.2.2 MS quét tim cac BS lin cin

Mot khodng thoi gian quét duge dinh nghia 1a théi gian ma MS
quét dé tim mot BS c6 sdn. Mot BS ¢6 thé cap cdac khodng thoi gian
cho MS v6i muc dich MS tim kiém va gidm sat tinh thich hgp cla cdc
BS lin c¢dn nhu 14 muc tiéu trong mdt handover. Viéc MS quét tim
cdc BS 1an edn dua vao cdc thong bdo quan Iy MAC sau day: MOB_CSN-
REQ. SCaNning interval allocation REQuest, MOB_CSN-REQ,
SCaNning interval allocation. MOB_CSN-REQ va SCaNning result
REPort.

Théng bao MOB_CSN-REQ dugc géi bdi MS dé yéu cau mot khodng
thdi gian quét nhidm muc dich tim ki€m cde BS ¢6 sdn va quyét dinh
tinh thich hgp cia chang nhu 1a cdc myc tiéu trong HO. Trong thdng
bdo MOB_CSN-REQ, MS xdc dinh mdt nhém cac BS 14n cdn ma chi
Scanning hodc Scanning with Association dugc yéu cdu bdéi MS.
Neighbour BS_Index cua théng bdo MOB_CSN-REQ tuong dng v6i vi
tri cua cdc BS trong théng bdo MOB _NBR-ADV. Trong théng bdo
nay, MS cing c6 thé yéu cdu cdp phdt quét Scanning allocation dé&
thuyc hién viéc quét hodic Association ranging (xdc dinh pham vi két
hop) khoéng tranh chdp. Association la modt thd tue initial ranging
(xdc dinh pham vi ban dau) tiy chon xdy ra trong khodng thoi gian
quét d6i véi mot trong cdc BS 1an cdn (xem muc k€ tiép).

Sau khi nhén thong bdo MOB_CSN-REQ, BS phin héi bing mét
thong bdo MOB_CSN-RSP. Théng bao MOB_CSN-RSP ciing ¢6 thé
khong dugc yéu cdu. Thong bao MOB_CSN-RSP cdp phat cho MS yéu
cdu mot khodng thoi gian quét tdi thiéu dai nhu khodng thoi gian
duge yéu cdu bdi MS hodc tif chdi yéu ciu cda né. Trong théng bdo
MOB_CSN-RSP, BS x4c dinh mdt nhém BS 14n cdn ma chi Scanning
hoac Scanning with Association duge dé nghi bdi BS.

Theo sau viée nhan mdt théng bio MOB_CSN-RSP cip phat yéu
cAu, mot MS ¢é thé quét dé tim mot hodic nhiéu BS trong khodng thoi
gian duge cAp phat trong thong bdo. Khi mdt BS duge nhan dang
thdng qua viéc quét, MS cé thé c6 ddng bs héa véi cdc cude truyén
dinh downlink cia né va udc tinh chit lugng cia kénh PHY.

BS ¢6 thé thuong luong trén mang xudng séng véi mét BS Recom-
mended for Association (tréng thong bdo MOB_CSN-REQ) viée ¢dp
phal cde co hoi unicast ranging. Sau d6, MS s& dudc théng bdo trén
Rendez vous time dé thyc hién Association ranging véi Recommended
BS. Khi tién hanh unicast ranging cho mét BS Recommended for
Association, MS s& dung mét co hoi unicast ranging duge cAp néu cé
SArt.
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BS phuc vu ¢6 thé dém di lidu vao duge gdi d€n MS trong khodng
thdi gian quét va truyén dir liéu dé sau khoang théi gian quét trong
bat k¥ khodng thdi gian xen ké (interleaving) hodc sau khi thoat khéi
ché d§ Scanning. Khi ché dé Report 1a 0b10 (nghia la duge kich khéi
bdi event) trong MOB_CSN-RSP duge nhan gan diy nhat, MS quét
tdt cd BS trong danh sich Recommended BS cia théng bdo niy va
sau d6 truyén mot thong bdo MOB_CSN-REP dé bdo cdo k&t qua quét
cho BS phuc vu cha né sau moi khodng thdi gian quét tai thgi gian
duge xdc dinh trong théng bdo MOB_CSN-RSP. MS cé thé truyén
mot thong bdo MOB_CSN-REP dé bdo cdo cdc k&t qud quét cho BS
phuc vu cia né bat ct lic ndo. Thong bdo sé duge truyén trén Pri-
mary Management CID.

14.2.3 Thi tug Association

Association 14 mdt thd tuc initial ranging tiy chon xay ra trong
khodng thdi gian quét ddi véi mdt trong cdc BS lan can. Chie ning
ctia Association 1a cho phép MS thu nhan va ghi chép cdc tham s8
ranging va théng tin tinh ¢6 sén cda dich vu vdi muc dich chon luc
thich hgp mét BS muc tiéu handover va / hofic xic tién mot handover
tuong lai tiém n#éng cho mét BS muc tiéu. Cdc tham s6 ranging duge
ghi chép cGa mot Association BS cé thé duge st dung thém dé thié&t
lap cdc gid tri initial ranging trong cdc sy kién ranging tugng lai
trong mdt handover.

Sau khi hoan tAt mét MS initial ranging thanh cong clia mot MS,
néu thdng bdo RNG-RSP dugc gdi bdi BS chia mét tham s6 du dodn
cap dich vu duge xdc lap sang 2, MS c6 thé danh ddu BS 1a Associ-
ated trong ban dinh danh Association cuc b6 MS clia né, ghi chép céc
phin t& cia ANG-RSP sang ban Association cuc bd MS va xic lap
mot timer (b dinh thoi gian) 140 héa thich hop.

Cé6 ba cdch Association nhu sau:

B Association Level 0: Scan/Association khéng ¢é sy phdi hgp. BS
phuc vy va MS thuong lugng thdi han va cac khodng thdi gian Asso-
ciation (théng qua MOB_CSN-REQ). BS phuc vu cdp phat cac
khoang thdi gian dinh ky noi MS ¢é thé gange (xac dinh pham vi)
cac BS lan can. BS muc tiéu khéng biét vé MS. MS st dung cac
phdn c&p phat ranging dua vao tranh chip BS mug tiéu.

m Association Level 1: Association ¢c6 sy phdi hgp. Sau khi yéu cdu
MS théng qua thong bao MOB_CSN-REQ, BS phuc vy cung cap
cac thong s6 Association cho MS va phéi hgp Association gitia MS
va cac BS lan can. BS muc tiéu danh riéng mat mé initial ranging
CDMA va mot slot initial ranging {cc hoi truyén) trong mot viing ranglng
chuyén dung di xac dinh (1hd| gian ty hop). BS 1an can cé thé gin
ciing mét mé hodc co héi truyén vao nhiéu MS nhung khdng ca hai.
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Khong co kha nang xay ra sy xung dot cla cac cudc truyén tis nhiing
MS khac nhau.

m Association Leve! 2: Bao cao sy két hgp dugce hé trg bang mang.
MS cé thé yéu cau thyc hién Association vdi viéc bao cao Associa-
tion duge hé trg bdi mang bang cach g&i théng bao MOB_CSN-
REQ ké ca mét danh sach cac BS lan can cho BS phuce vu vdi ki€u
guétbang 0b011. BS phyc vy clng c6 thé yéu cdu loai Association
nay mot cach don phuong bang cach gdi théng bao MOB_CSN-
RSP vgi sy chi bao thich hgp. Sau dé BS phuc vy s& phdi hgp thl
tuc Association vdi cac BS lan can dudc yéu cau theo mét kiéu
tuong tu nhu Association Level 1. V3i Level 2, MS chi dugc yéu c_éiu
truyén ma ranging CDMA dén c4c BS [4n can. MS khang dgi RNG-
RSP tir cac BS [an cdn. Thay vao doé thong tin RNG-RSP trén cac
khoang dich chuyén PHY dugc gdi bdi m&i BS 1an can dén BS phuyc
vy trén mang xuong séng. BS phuc vu ¢é thé tAp hgp tat ca théng
tin ranging thanh métthéng bao MOB_ASC-REPORT, MOB_ASC-
REP, Association result Report.

14.2.4 Handover Ranging CDMA va diéu chinh 1§ ddny

Dai v6i OFDMA PHY, 802.16e dinh nghia handover ranging. Mgt
MS muén thuc hién viée handover ranging phai ldy mdt tién trinh
tuong tuf nhu ti€n trinh duge dinh nghia trong phén initial ranging véi
cdc chinh sta sau diay. Trang ti€n trinh handover ranging CDMA, ma
handover ranging CDMA dugc st dung thay vi mé initial ranging. Ma
nay dugce chon tif mién handover ranging. C4c mi handover ranging
duge st dung cho viéce ranging véi mdt BS muc tiéu trong qua trinh
handover, n&u MS dugc théng bao trugc cho handover MS sdp t6i, né
c6 thé cung cip thong tin cdp ph4t bang théng cho MS bing cach sir
dung Fast_ Ranging IE dé gdi mot thong bdo RNG-REQ.

14.3 Tién trinh Handover

Chudn 802.16 néu ro rang thuat todn quyét dinh handover nim
ngodi pham vi cua nd. Cde tai liéu WiMAX Forum ciing khong chon
thuit todan handover. Chi framework dugc dinh nghia. MS, s dung
théng tin hién hanh cda né trén BS lan can hodc sau mét yéu ciu
nhan thdng tin nhu vy (xem muc trudc), danh gia viéc quam tdm coa
né 486 véi mdt handover tiém ndng v6i mot BS muc tidu. Mot khi
quyét dinh handover duge tién hanh bdi BS phuc vu hodc MS, mdt
thong bdo duge gdi trén cdc thong bdo quan ly MOB_BSHO-REQ (BS
Handover REQuest) hoac MOB_MSHO-REQ (MS Handover REQuest)
MAC phu thude vao d6i tugng dua ra quyét dinh handover, BS hoiic
MS. Cac bué6c tién trinh handover duge mé td trong phdn dusi day:
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Tién trinh handover gébm 5 giai doan dugc md td tém tdt trong
hinh 14.1. cdc giai doan tién trinh handover duge mé ta trong cdc muc
ti€p theo.

Hoat ddng binh
thuang g

1- Chon trudc cell
bang cach quetcac
B85S lan can

2-Quystdinh  \ Khéng
HO

3- Béng bd héa vdi downlink BS myc tiéu
4- Ranging va tai nhap vae mang
5- Kétthue ngl cdnh MS

Hinh 14.1: Minh hoa cdc giai doan ti&n irinh handover.

14.3.1 Chon lai cell

Chon lai cell néi d&n ti€n trinh mot MS quét va / hodc két hgp
(association) vé6i mdét hodc nhiéu BS dé quyé&t dinh tinh thich hgp cda
ching cing vdi nhitng xem xét hiéu sudt khdc nhu la mgt muc tiéu
handover. MS ¢é thé sir dung théng tin BS 1an cdn dugc thu nhan 't
théng bdo MOB_NBR-ADV duge gidi ma hodic ¢6 thé yéu cau lap thoi
biéu cdc khodng théi gian quét hay cdc khodng thoi gian sleep (ngi)
dé quét, BS lan cdn nhim muc dich danh gia viéc MS quan tAm dén
handover déi véi mot BS muc tidu tiém ning.
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14.3.2 Quy@1 dinh va khdi tan hamioven

Handover bit ddu v6i mét quyét dinh cho MS d€ tién hanh handover
td BS phuc vy sang BS muc tidu. Quyét dinh c¢6 thé khdi ngudn tai
MS hoac BS phuc vu. Cdc két qud quyét dinh handover trong mot
théng bdo cGa muc dich MS dé thuc hién handover théng qua théng
bio MOB_MSHO-REQ (MS HO REQuest) (quyét dinh handover bdi
MS) hoac thong bidc MOB_BSHO-REQ (BS HO REQuest) (quyét dinh
handover bdi BS). '

BS c6 thé truyén mot théng bdo MOB_BSHO-REQ khi né mudn
bdt ddu mdt handover. Yéu cdu nay cé thé duge dé nghi hodc béit
bude. Trong trudng hgp no bi bit bude, t6i thidu mat BS bit bude phai
hién dién trong thong bdc MOB_BSHO-REQ. Né&u bit bude, MS phan
hoi biang théng bdo MOB HO-IND, xdc dinh viéc cam két déi vdi
handover trir khi MS khong thé thuc hién handover sang bit ky BS
duge dé nghi trong thong bdo MOB_BSHO-REQ ma trong trudng hgp
nity, MS c6 thé phdn héi bing théng bao MOB HO-IND véi cdc tham
s6 thich hop hién thi sy tir chéi HO. Mot MS nhén théng bdo
MOB_BSHO-REQ cé thé quét cdc BS lin cian duge dé nghi trong
théng bao nay.

Trong trudng hgp mot handover duge khéi tao bdi MS, BS truyén

mét théng bdo MOB_BSITO-RSP sau khi nhdan dugc théng bdo
MOB_MSIO-REQ.

14.3.3 Biny bo vdi mdt Downtink BS myc tiéu

Viée déng bd véi mdt downlink BS muc tiéu phai duge thuc hién,
Néu truge 46 MS da nhan mot théng bdo (quan ly MAC) MOB_NBR-
ADV bao gom mét BSID muc tiéu, tan sé vat 1y, DCD va UCD, tién
trinh nay cé thé duge rat ngédn. Trudc dé BS muc tidu da nhan théng
bdo handover tit mot BS phuc vu trén mang xudng séng thi BS mue
tidu ¢6 thé cdp phat co hoi initial ranging dua vao sy khong tranh
chdp.

14.3.4 Ranginy va viéc tai nhap vao many

MS va BS muc tidu tién hanh hgp déng handover ranging. Viéc tdi
nhip vdo mang tién hanh ti bude initial ranging trong tién trinh
Network Entry (xem chuong 11): Thuong lugng cde khd ning cd ban,
giai doan xdc thye PKM, giai doan thiét lap TEK, dang ky (BS cé thé
gdi mdt théng bido REG-RSP khéng duge yéu cdu véi thong tin cdc
kha ndang cdp nhit hofc bo qua thdng bio REG-RSP khi khong ¢é
thong tin TLV cdn duge cap nh4t) va cdc bude tiy chon Network
lintry ti€p theo khdc (kha néng két nai IP)...
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Viée t4i nhidp vao mang c¢6 thé duge rit ngdn bdi viée BS muyc tiéu
cé thong tin MS nhén duge tit BS phuc vy trén mang xuong sdng. Phu
thuge vao lugng thong tin d6, BS muc tiéu c6 thé quyé&t dinh bd qua
mdt hodic mdt s6 bude Network Entry (hinh 14.2). Sau d6 Handover

ranging ¢é thé 14 mdt phién bédn initial rangimg duge don gian hoéa.
Pé théng bdo 6 mdt MS dang tim kifm handover vé viée ¢6 thé bo
qua cic thong bdo quan ly tién trinh tai nhap vao trong no lyc handover
hién hanh (do tinh c6 sdn cua dich vu MS va thong tin ngif canh hoat
dong co duge trén mang xuong sdng), BS muc tiéu phai dit trong
thong bao RNG-RSP mot HO Process Optimisation TLV biéu thi edc
théong bdo quan ly viéc tdi nhip ndo ¢é thé duge bo qua. MS hoan
thanh viée xtt Iy tdt cid thong bao duge chi dinh trude khi di vao hoat
dong binh thudng (Normal Operation) véi BS muc tiéu.

Cac budc tai nhdp vao mang.

" Thudng lyong cac kha nang cd bin Mbt 56 budc ¢ thé dugc rat ngén bdi

* Uy quyén vidc BS mue tiéu cd thdng tin MS
“Dang ky nhan duge tu BS phuc vy trén mang
xuong $6ng.

* Thigt lap cac service flow

Hinh 14.2: Tém ta1 cdc budc 1di nhdp vao mang

BBat ké viee nhan thong tin MS tir mot server phuc vy, BS muc tiéu
¢6 thé yéu cdu thong tin MS tif mang xuong sfng.

14.3.5 Két thic agid cdnh MS

Pay 1a bude cudi cung cua mét handover. Su’ két thac nglt cAnh MS
duge dinh nghla 1a su k&t thac BS phue vu cha ngit cdnh tat ca ndi
k&t thude vé MS va loai b ngii cdnh két hgp véi ching nghia la
thong tin trong cdc hang doi, mdt bd mdy trang théi (state machine)
ARQ, cdc bd dém (counter), by dinh thoi gian (timer), théng tin khir
header.. Pidu nay duge hoan thanh bing cdch géi thong bdo MOB_HO-
IND véi gia tri HO_IND-type biéu thi mdt phién ban BS phuc vu.

14.3.6 Hity Handover

Mot MS c6 thé hiy 110 bat cit lie nao trude khi két thic khoang
thoi gian Resource_Retain_Time sau khi truyén thong bao MOB_HO-
[ND. Resource Retain_Time 1a mot trong cac tham s§ dugce trao doi
trong thu tuc dang ky (phan Network Entry). Chudn an dinh ridng
Resource Retain Time la mot b s6 100 milli gidy va 200 milli gidy
duoe dé nghi la thoi gian méc dinh.
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14.4 Fast BS Switching {(FBSS) va Macro Diversity Handover (MDHO)

14.4.1 Tip hgp phin tap

Co6 mot s6 diéu kién bat bude déi véi cde BS phan tap trong cdce
thu tue FBSS va MDHO. Nhitng diéu kién nay dugce liét ké bén dudi:
B Cac BS dugc dong bé va dya vao mdt ngudn thdi gian chung va ¢é
cdc frame dugc déng bd.
M Cac frame dugc gdi bdi cac BS tr ta4p hgp phan tap dén MS trong
khodng tién 18, nghia |& tién t6 sy tré do truyén nhd hon cyclic.
M Hoat dong tai cong mét kénh tan s6.
® Cac BS dugc yéu clu chia s& hodc chuyén ngif cAdnh MAC. Ngi
canh nhu vay bao gém tat ca théng tin ma MS va BS thudng trac
d8itrong qua trinh Network Entry (nhap vao mang), d&c biét 14 trang
thai xac thuc d& mdt MS dudce xéc thuc / dang ky v&i mot trong cac
BS tu cac BS tap hgp phan tap dugce ty déng xac thuc / ddang ky vdi
nhitng BS khac tif cung mot tap hgp phan tap. Ngir ¢canh cling bao
gbm mot tap hop service flow va anh xa tuong ung sang cac ndi két
dugc két hgp vai MS, cac khoa xac thyc va ma héa hién hanh dude
k&t hgp v&i nhitng néi két. Cling c6 cac diéu kién BS danh riéng cho
MDHC (xem muc dugi).

Mét MS c6 thé quét cdc BS lan cdn va cé thé chon cdc BS thich
hop dé duge dua vao tap hop phan tap. MS bdo cdo cdc BS duge chon
va thd tuc cdp nhat tdp hop phin tap duge thue hién bdi MS va BS.
Sau khi mot MS hodc BS da bat ddu tap hop cAp nhat phan tidp bang
cdich st dung MOB_MSHO/BSHO-REQ, MS cé thé hily viéc cip nhat
phidn tip ba&t c¢ hic nao. Viée huy nay duge ti€n hanh bing cdch
truyén mot MOB_HO-IND véi cdc tham s8 thich hgp. BS cé thé tai
cdu hinh danh sdch tdp hop phén tidp va td&i truyén théng bdo
MOB_BSHO-RSP dén MS.

Trong mét tdp hop phan tip MS, mét dinh danh thanh riéng (mem-

ber identifier), TEMP_BSID dugc gan cho mai BS trong tap hgp phan
tap.

14.4.2 Cac logi BS khac ahau cho mat MS

Trude khi di vao chi tiét cdc thuit todn handover déng rdi ngit,
FBSS va MDHO, cdc loai BS khdce nhau cho mdt MS da cho mét MS
nic dé duge tém LAL:

B Serving 8BS (BS phuc vu). La BS ma MS da hoan 1at viéc dang ky

gan day nhat luc nhap vao mang (Network Entry) ban dau hodc
trong sudt mdt qua trinh handover,
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Neighbour BS. BS lan can 1a mét BS (ngoai trir BS phuc vy) ¢o noi
dung truyén downlink ¢6 thé dudgc nhan (tudng d8i t8t) bdi MS.
Target BS. Pay la BS ma mdt MS dy dinh dugc dang ky vao cudi
mdt qua trinh handover,

Active BS (chi ddng). Active BS dugc thong bao vé nhiing kha nang
MS, cdc tham s8 an ninh, service flow va ddy di théng tin ngli canh
MAC. B3i vdi mdt Macro Diversity HandOver (MDHO), MS truyén /
nhan di liéu qua lat tat ca active trong tap hgp phan tap.

Anchor BS (BS neo). B6i vdi MDHO hodc FBSS hé trg cac MS, day
moét BS noi BS duge ddng ky, duge dong bod hda, thyc hién vide
ranging va giam sat downlink cho thang tin diéu khién (xem hinh
14.3). PSiv8i mdt FBSS hd trg MS, day 1a BS phuc vu dude &n dinh
dé truyén / nhan dif liéu qua lai MS tai mét frame nao do. Do do ¢é
thé kiém chung ring mdt Anchor BS 1a mét trudng hgp riéng biét
clia mot BS phuc vyu. Mot MS dugce bit budc lién tuc giam sat cudng
do tin hidéu cla cac 8BS vdn duge dua vao tap hgp phan tap. MS
chon mot BS tf tap hgp phan tap hién hanh clia né dé trd thanh
Anchor BS va bao cac Anchor BS dugc chgn trén théng bao CQICH
(xem chucng 9) hodc MOB_MSHO-REQ. Cac MS va BS c¢6 thé si
dung phugng phap phan héi nhanh dé cap nhat tap hgp phan tap:
Khi MS ¢6 nhiéu BS trong tap hdp phan tap clia no, MS truyén
théng tin chon anchor BS nhanh dén anchor BS hién hanh béng
cach s dung kénh phan héi nhanh OFDMA (xem frame OFDMA
trong chuong 9).

Taphgp phantapcoa MS

BSp,

BS - Anchor BS cla MS,
D

BS,

Hinh 14.3: Minh hoa m@1 anchor BS trong 14p hgp phén tép.

14.4.3 FB38 (Fast BS Swilchiny)

Mot handover FBSS bit diu v6i quyét dinh cho mét MS nhén /
phat dit liéu qua lai anchor BS vén cé thé thay déi trong tap hop
phan tdp. Mot handover FBSS ¢é thé duge kich khdi bdi cdc théng
bio MOB_MSHO-REQ hoac MOB_BSHO-REQ.
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Khi hoat dong trong FBSS, MS chi giao ti&€p vdi anchor BS cho cdc
théng bdo uplink va downlink (cdc néi k&t quin 1y va luu lugng). MS
va BS duy trl mdt danh sdch cdc BS ¢6 lién quan trong FBSS véi MS.
Piy la t4p hop phén tap FBSS. MS quét cdc BS 1an cian va chon céac
BS thich hgp dé dua vao tap hgp phan tap. Trong s3 ciac BS trong tap
hop phan tap, mdt anchor BS dugc dinh nghia da dugc xde¢ dinh. Mot
handover FBSS 1a quyét dinh cla mdét MS nhan hoac phat di liéu tir
moét anchor BS mdéi trong tdp hgp phan tip.

MS lién tuc gidm sat cuong dd tin hidu cda BS cda tdp hgp phan
tap va chon mét trong cdc BS nay dé trd thanh anchor BS. Su chuyén
ti¢p anchor BS nay sang mdt anchor BS khac nghia 13 chuyén ddi BS
dugc ti€n hanh va khéng trao ddi cdc thong bdo truyén tin hidu
handover r6 rang. Mt yéu ciu quan trong cGa FBSS la dit lidu duge
truyén dong thoi d&€n tat cd thanh vién clia mét t4p hop phéan tap cla
cdc BS vén ¢6 kha ning phuc vu MS.

FBSS hé trg cdc BS truyén dai ching théng bdo DCD bao gém
H_Add Threshold va H_Deleete Threshold. Céac ngudng (Threshold)
nay ¢6 thé duge sd dung bdi MS ¢é khd nang FBSS d€ quyst dinh
xem MOB_MSHO-REQ ¢6 nén duge g6i dé yéu cau chuyén sang mét
anchor BS khdc hoidc thay déi tdp hgp phan tap hay khong.

14.3.A MDHO (Macro Diversity Handover)

Mot MDHO quyét dinh cho mét MS truyén sang va nhén tif nhiéu
BS cing mdt lde. Mot MDHO c¢6 thé bdt ddu véi cde thong bdo
MOB_MSHO-REQ hoic MOB_BSHO-REQ.

Khi hoat déng trong mét MDHO, MS giao ti€p véi tat cd BS trong
tdp hgp phin tdp cho cde thong bdo luu lugng unicast uplink va
downlink (xem hinh 14.4). Viéc s dung sy phén tdp truyén khéng
gitng nhau trong hai cudc giao tiép khac nhau.

Bai vdi mot MDHO downlink hai hosic nhiéu BS cung cap su truyén
di lieu downlink MS d6ng bd héa dé viéc két hop phan tadp dé cé thé
dugc ti€n hanh bdi MS.

b6i véi mt MDHO uplink, ndi dung truyén tir mdt MS duge nhéan
bdi nhiéu BS sao cho sit phan tip chon cia thong tin dude nhan béi
nhiéu MS cé thé dugc tién hanh.
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BS,

BS,

I
: { Anchor BS cha MS

BS cla tap hdp phan tap ela
MS (Active BS clia MS)

Hinh 14.4 : Minh hga mdt ché 4§ hoat déng MDHO.

Cac BS ¢é lién quan trong mot MDHO hodc tuong duong la mét
"thanh vién cda tdp hgp phan tap MS MDHO, s dung cing moét tap
hop CID cho cdc néi két vén da duge thiét lap véi MS. MAC/PHY
PDU tuong tu sé& duge gdi béi tat cd BS cé lien quan trong MDHO dén
MS.

Quyét dinh tdp hop phan tap va tién trinh cdp nh4t anchor BS bit
d4u véi cde thong bdo bdi MS (théng qua thdng bao MOB_MSHOREQ)
hode bdi BS (théng qua thong bdo MOB_BSHO-REQ).

14.5 Cac ché dé tiét kiém nang lugng

IEEE 802.16 dinh nghia hai ché do md: Ch& d¢ Sleep va ch& do
Idle dé cé:

®m Hoat dong MS cé hidu qua vé dién.
M Mot handover hiéu qua hon. .
K&t qua, ché& d§ hoat ddng binh thudng vén hién hitu trong 802.16-
2004 dugc goi 1a ch& dd Active.
14.5.1 Ché dd Sieep

Trong trang thédi ché dg sleep, MS tién hanh cdc khodng thoi gian
véang mét duge thuong lugng trude tir giao dién khong khi BS phue vu.
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MS khdng ¢6 sdn cho BS phuc vu (downlink va uplink) trong nhing
khodng thoi gian nay. Cac muc tiéu cia ché do sleep nhu sau:

W Giam thiéu viéc sif dung cdng suit MS.

m Giadm thiéu viéc st dung cac tai nguyén giao dich khéng khi clia
base station phuc vu. Ngoai ra MS ¢6 thé quét cac base station
khac dé€ thu nhap théng tin nhdm hd tr¢ handover trong ché do
steep. Viéc thuyc thi ché do sleep thi tuy chon cho MS va cé tinh bt
bubdc BS.

P6i voi mbi MS trong ché do sleep, BS cla no duy tri mdt hoic
mot sé ngit canh, mdi ngit cAnh lién quan d€n mot ldp tiét kiém ning
lugng ché& do sleep nhit dinh. Ldp tiét kiém ning lugng 14 mdt nhém
nii k&t ¢6 chung cdc thude tinh yéu cau. Cé ba leai 16p tiét kiém néng
iung khde nhau thee cic tap hgp tham sd cia chung, cac thu tuc kich
Linat / hav kich hoat va cdc chinh sdch ¢6 siin MS dé truyén dif lidu.
MOB_SLP-REQ (SLeeP Request Message) (duge géi bdi mot MS ho
tro ch& dd Sleep) va MOB_SLP-RSP (SLeeP Response Message (duge
gdi bdi BS) cho phép thuc hién mét yéu cdu dinh nghia va / hodic kich
hoat cde 16p tiét kiém niing lugng ché dd Sleep nhit dinh.

Khoang thoi gian khéng ¢6 sin cta mot MS la khodng thoi gian
khéng trung 14p véi bat k¥ clta s6 nghe ndo cta l§p tiét kiém nang
lugng hién hanh cia MS nay. Trong khoang thdi gian khdng cé san,
BS khong truyén dén MS do dé MS ¢6 thé tit ngudn hodc thuc hién
nhitng hoat doéng khédc von khong doi hdi giac ti€p véi BS, chang han
nhu quét cdc BS lan cAn, két hgp vdi cdc BS ldn cédn.. Trong cdc
khodng thoi gian khéng c¢é sin cho MS, BS ¢6 thé dém hofic (né ¢é
thé loai bé) cde MAC SDU duge gdéi dén cdc ndi két unicast duge gbi
dén MS.

14.5.2 Ché dd lile

Muc dich ch& 8% Idle 1a mdt cd cdu rihiim cho phép BS tré nén cé
sdn theo dinh ky d& gdi théng bdo luu lugng chuyén phat downlink
ma khong dang ky tai mét BS cu thé khi MS di qua mdt mdi trudng
khéng khi ¢é nhidu BS, thudng trén mét khu vuce dia 1y 16n. Ché db
1dle ¢6 lgi cho cde MS bang céch loai bd cdc y&u cAu hién hanh cho
cdc handover va tit cd yéu cdu hoat dong binh thudng cia ch& dp
Active. Bang cdch giéi han hoat ddng MS chi trong viéc quét tai cdc
khoang thdi gian riéng biét, ch& 43 Idle cho phep MS bdo toan ning
lugng va cdc ngudn tai nguyén hoat ddng. Ch& do Idle ciing cb lgi cho
mang va cdc BS bang cdch loai bé giao dién khéng khi va luu lugng
handover mang tif cac MS vé co ban khong heat dong trong khi van
cung cidp modt phuong phdp (paging) don gidn v& nhanh dé€ canh bdo .
MS vé luu lugng downlink dang chd x ly. '
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BS dugc phan chia thanh 4 nhém logic duge goi la cde nhém pag-
ing. Muc dich cha nhiing nhém nay 14 cung cdp mét viing hoat dong
lién tuc (xem hinh 14.5), trong d6 MS khéng c4n truyén trong uplink
nhung c6.thé page (nhdn tin) trong downlink néu ¢6 luu lugng nhim
vdo né. Cdc nhém paging phai di I6n dé hdu hét cde MS sé vAn nim
trong cing mdt nhém paging phan lén thoi gian va di nhé sao che
hao phi paging hop ly. Mot BS ¢6 thé 14 mdt thanh vién clia mdt hoic
nhiéu nhém paging.

Vil
/»

@ Paging group &3 @ Pagirig group k4

Hink 14.5: V{ dy v c4c nhdm paging

Théng bdo MOB_PAG-ADV (BS broadcast PAGing) duge g6i béi
BS trén Broadcast CID hoac multicast CID ché& d3 Idle trong khodng
thoi gian paging BS. Théng bdo niy xdc dinh cho mét s6 MS hd trg
ché d¢ Idle mét yéu cAu tié€n hanh ranging dé€ thiét lap vi tri va bdo
nhdn mét thdng bdo hofic di vdo mang. Myt MS sé két thac ché db
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ldle va nhap vao mang néu nd giai md mat théng bido MOB_PAG-
ADV vén chia dia chi MS MAC thanh ma hanh d6ng 0b10 (Network
Entry). '

Viée khédi tao ché€ d6 Idle ¢6 thé bit diu sau khi hdy ding ky MS,
Trong hoat déng binh thudng cia ché€ 4§ Active véi BS phuyc vy cia
néd, mot MS c6 thé géi tin hiéu muc dich bdt dau Idle bang cdch gdi
mbét thong bao DREG-REQ vdi mit De_Registration_Request_Code =
0 x 01, biéu thi mét yéu cdu hiy dang ky MS tu mdét BS phue vu va
khéi tao ch& do MS Idle. Lac khdi tao ché do MS Idle, mot MS ¢6 thé
tham gia chon cell dé nhan dugec mdét BS vu tién méi. BS uu tién la
mo6tl BS ldn cdn ma MS ddanh gia va chon lam BS vé§i cdce thude Linh
downlink giao dién khong khi t&t nhAit.

Ché d6 Idle cing ¢6 thé duge khdi tao bdi: BS phue vu ¢6 mot TLV
khedang théi gian REQ véi mit md Action = 5 x 05 trong thdng bdo
DREG-CMD, bao hiéu MS bit dau mdt yéu cau ché do Idle.
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Chuong 15
An ninh mang WiMAX

15.1 Cac thanh phan an ninh duge sif dung trong chuin 802.16

Mot hé thong Wireless st dung kénh vd tuyén von la mét kénh
m&. Do d6, nhitng thd tuc an ninh phai duge bao ham dé bdo vé tinh
hiao mat va tinh toan ven luu lugng va d€ ngin cdc cude tAn cdng an
ninh mang khéc nhau ching han nhu dénh cdp dich vu. Lép MAC
IEEE 802.16 chia mot 16p con an ninh {xem cdc l6p giao thuc trong
chuong 3). L6ép con (sublayer) nay va nhitng thd tuc chinh cia né duge
mé td trong chuong nay.

Giao thde Privacy Key Management (PKM), sau dé dugc goi la
PKM v1 dugc dua vao 1§p con an ninh chudn 802.16-2004 d& phan bd
an toan di lidu khéa (keying) tit BS dén SS. Ngoai ra, PKM dugc su
dung d8 ap dung sy truy cdp c6 diéu kién vao cdc dich vu mang, lam
cho nd trd thanh giao thic xde thuc, bao vé chung khéng bi ddnh cdp
dich vu (hoac khéng ché dich vu) va cung cip sy trao d6i khéa an
toan. Nhidu thudt todn ma héa (ma hée dir liéu) duge dua vao lép con
an ninh chuin 802.16 dé m4a héa dit lidu géi qua mang 802.186.

Lép con Securily da dugc tdi dinh nghia trong diém sta d6i IEEE
802.16e chi y&u do viée 802.16-2004 c¢6 mdt 16 hdng bao mat (vi du
khong c6 su xdc thuc cGa BS) va cdc yéu cdu an ninh cho nhitng dich
vu mobile khong giéng nhu cdc dich vu ¢§ dinh. Lép con Security cé
hai giao thitc thanh phan chinh nhu sau:

B Mot giao thire dong géi dif lidu (data encapsulation) dé bao an toan
dit lisu géi qua mang BWA ¢d dinh. Giao thic nay dinh nghia mot
tap hop bo mat ma dugce hé trg nghia 1a ghép doi cac thuat toan ma



Chuong 15: An ninh mang WiMAX 2383

héa va xac thuc dir liéu va nhiing quy tac dé ap dung nhiing thuat
toan dé vaoc mét payload (tai trong) MAC PDU.

B M6t giac thife quan ly khéa (PKM) cung cép su phan phoi an toan

di liéu khoa tu BS dén SS. Thoéng qua giao thuc quan ly khéa nay,

cdc SS va BS ddng bd hda dir liéu. Ngoai ra BS sU dung giao thic

dé thi hanh su truy cap co6 diéu kién dén cac dich vy mang. Diém

slia déi 802.16 dinh nghia PKMv2 vgi nhiing tinh ning cai tién,

Lép con Security cua WiMAX nhu né da duge tai dinh nghia trong

IEEE 802.16e dugc minh hoa trong hinh 15.1. Cdc thanh phén cla

hinh nay s& dugce mé td trong chuong nay, d6i khi SS duge biéu thi 1a
MS. '

' 5 Uy quyén + diéuy Xdc thyc bang EAP
Xac thye bang ASA Khidn SA
Quén ly didu
khidn PKM
L ) . Xirly thdng bao
X0 ly xac thye théng bao didu khién

Ma héa dir [iéu luu lugng
Xir ly xac thyc

v >

i E N&m ngoai pham vi cla pham
[ H vi chudn IEEE 802.16

Hinh 15.1: Cdc thanh phin I6p con Security.

15.1.1 Gic thudt todn ma hda

Nhiéu thuit todn ma héa duge dua vao 16p con Security cia chudn
802.16. Chiing c6 thé duge sit dung dé bao vé an toan sy trao d6i khéa
mé héa va dé ma héa dit libu van chuyén. Mot s6 thudt todn nay la
tuy chon trong mot s6 dng dung:
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Cac thuit todn ma héa duge dua vao 802.16 la:

® RSA (Rivest Shamir Adleman). RSA la mét thuat toan ma hoa khéng
ddi xing khéa chung (pubilc key) dudc stf dung dé ma hoa théng
bao Authorisation Reply bang cach st dung khéa chung $S. Théng
bao Authorisation Reply bac gom Authorisation Key (AK). RSA ciing
duge st dung dé ma hoa cac khoa luu lugng khi nhitngkhoéa nay
dugc truyén tu BS dén SS.

B DES (Data Encryption Standard). DES va 3-DES la cac tHuéat toan
ma héa khoa "mat" chia sé. Thuat toan DES ¢é thé dugc sif dung
dé ma hoa dif liéu luu lugng. N6 bt budce cho thiét bj 802.16. Thuat
toan 3-DES ¢6 thé dugc st dung dé ma héa cac khéa ma héa luu
lugng.

B AES (Advanced Encryption Standard). Thuat todn AES |a thuat toan
ma hoa khoa {mat) chia sé. Thuat toan AES dudge sl dung dé ma
héa di liéu luu lugng va cling c6 thé duge sl dung dé ma hoa cac
khoa luu lugng. Viéc thyc thiné la tay chon,

Cac thuat toan mat ma ciing dudc dua vao 802.16:

® HMAC (Hashed Message Authentication Code) va CMAC (Cipher-
based Message Authentication Code). HMAC va CMAC dugc si
dung dé xac thue théng bao va kiém soat tinh toan ven.

13.1.2 Chdny nhdn (Certificate) X.508

ITU-T X.509 (truéc day la CCITT X.500) hedc ISO/IEC 9594-8 da
duge xudt badn dau tién trong nam 1988 nhu 14 mot phan cha cdc dé
xuidt thu muc X.500, dinh nghia mo6t dang chitng nhin (certificate)
chuan duge sit dung trong IETF RFC 3280 duge stt dung trong chuin
802.16 (trich dan RFC 2459 cia IETF).

Chuén 802.16 cho bi&t rang cidc SS phit hgp 802.16 phai si dung
cac dang chiéng nhan X.509 Version 3 cung cAp mét ha tdng khéa
chung duge st dung cho viée xdc thuc an ninh. M6éi SS mang mot
chitng nhin 58 X.509 duy nhat duge phdt hanh bdi nha san xudt SS
duge goi la chitng nhan SS X.509. Chinh xdc¢ hon, ching nhin nay
duge phat hanh va duge ky bdi mt Certification Authority (CA) va
dugc cai dit bdi nha sidn xudt. Chdng nhan s§ digital certificate nay
chia khda chung SS RSA va dia chi SS MAC.

Mb5i SS ¢6 mot ching nhan CA nha sidn xuit X.509 duge phdt hanh
béi nha sdn xudt hodc mdt co quan ¢é thdm quyén bén ngoai. Sau dé
khéa chung cia nha sian xuit duge dit trong ching nhian CA nhi sén
xudt X.509 nay vén lan lugt duge ky tén bt mot CA cdp cao hon. CA
¢dp cao hdn nay dudng nhu khéng duge dinh nghia ré rang trong
trong phién bdn hién tai cia chudn. Sau dd, ¢6 hai loai X.509: cdc
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ching nhan SS X.509 va ching nhidn CA nha sidn xudt X.509. Trong
chudn 802.16-2004, c6 mét ching nhin X.509 cho BS.

Cac truong chinh cua ching nhin X.509 la:

Phién ban ching nhan X.509 (udn duge xac lap sang v3 khi dugc s
dung trong chudn 802.16.

S0 serial chung nhan la mot s6 nguyén duy nhat ma CA phat hanh
gan cho chiung nhan.

Thuat toan chir ky (signature) 1a mét dinh danh ddi tugng va cac
tham s6 dugc chon xac dinh thuat toan dudc st dung dé ky tén
ching nhan,

Gia tri chit ky 1a chir ky s& dugc tinh toan trén tbs Certificate {“to be
signed Certificate") dugc ma hoa b&i ASN.1.DER. Chudn cho biét
réng thuat toan chir ky RSA vdi SHA-1 (Security Hash Algorithm)
dugc sl dung cho ca hai loai ching nhan.

Noi phat hanh ching nhan 1a Distinguished Name (DN) cia CA vén
da phat hanh chiing nhan.

Tinh hgp 1& cla ching nhan 1a khi ndo ching nhan dugc kich hoat
va khi nao no hét han.

Chu dé chiing nhan 1a DN thyc thé c6 khéa chung duge ching
nhan trong trudng thdng tin khéa chung chi dé. Tén quée gia, tén té
chuc va dia diém sdn xuét 1a nhung thudc tinh clia ch( dé chiing
nhéan. Mdt thudc tinh khac ta tén cho CA hodc cho SS, dia chi MAC
chung 48 bit clia nd (xem chugng 8) va sd serial cia no. Bia chi
MAC dugc st dung dé nhan dang SS cho cac server dy trir khac
nhau trong qua trinh khdi tao.

Trudng Certificate Subject Public Key Info chira néi dung khoa chung
(khéa chung va cac tham s6) va dinh danh cta cac thuat toan ma
khéa dugce st dyng. DAy la ni dung chinh ctta chiing nhan X.509.
Cac trudng tiy chon cho phép tai st dung cdc tén noi phat hanh
theo thdi gian.

Cac phan md réng chung nhan |a di lidu phan md réng (exten-
sion).

BS sit dung khéa chung chitng nhin X.509 cia mét SS d€ kiém
chiing tinh xac thue cia chitng nhin nay va sau d6 xdc thye SS. Biéu
nay dugc thuc hién bing cach sir dung giao thitc PKM (xem phén 15.2
bén dudi). Thong tin an ninh nay cing xdc thue cédc phan hdi dugc
nhéan badi SS.

19.1.3 Cdc khda ma hoa va Security Association (SA)

An ninh chudn 802.16 sit dung nhiéu khéa mi héa. Cac khéa ma
héa duge dinh nghia trong 802.16-2004 duge liét ké trong bang 15.1,
trong d6 ky hidu va s6 bit trong mdi khéa duge cho. Mot danh séch
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khong toan dién vé cdc khéa duge si dung trong giao thide PKMv2
xem xét diém sta ddi 802.16e dugc dé xuit trong bing 15.2.

Béng 15.1: Cac khda ma héa duge st dyng trong chudn 802.16, trong phién ban
802.16-2004 cla nd dd 13 PKMv1.

Khdéa ma héa Ky higu
Khéa xdc thue AK
(Authorisation Key)

Khéa ma hda khda KERK
{Key Encryption Key)
Khéa ma héa luu TEK
lugng (Traffic

Encryption Key)

Khoa HMAC cho

downlink

Khéa HMAC

cho uplink

Khéa HMAC

trong ch& do Mesh
Bang 15.2: Cdc khoa chinh duge s dung trong chudn 802.16 sau diém sira ddi

Tén
PMK
PAK
AK

KEK
TEK
GKEK

GTEK

MAK
MGTEK

MTK

Y nghia
Pairwise Master Key
Primary Authorisation

Authorisation Key

Key Eneryption Key
Traflic Encryption Key

Group Key

Encryption Key

Group Traffic
Encryption Key

MBS Autharisation Key

MBS Group Traffic
Encryption Key

MBS Traffic Key

HMAC_KEY_S

S4 bit
160

ngay.
128

128

HMAC_KEY_D 160

HMAC_KEY_U 160

802.16e.

Mo ta

Xdc thye mgt SS bdi khéa chia sé BS
cta né duge si dung dé bdo vé thém
cdc giao dich va tac thoi glan séng
cha cdc khéa ma héa gidta 1 va 70

3-DES duge st dung 48 ma héa TEK

Khoa ma hoa dit lieu. Thoi gian song
gitta 30 phdt va 7 ngay.

Buge sif dung dé xdc thye cde thong
b&o theo huéng downlink.

Buge sif dung dé xdce thue cde thang
bédo theo hudng uplink.

BPugce st dung dé xdc thye cdc thong
b4o theo ch& 40 Mesh.

Phién ban PKM Ghi chi

2
2
1vaz2

1va?2
1va 2

C6 duge ti sif xdc thue EAP,
C6 duge tir sy Gy quyén biing RSA.

Xdc thuc gidla mdt S5 va mit BS.
Trong trudng hgp cta PKMv2, ¢6 duge
tir PMK hodc PAK.

St dung dé ma héa TEK.
Puge sii dung 48 ma héa dit lidu
Buge sir dung 4é mi héa GTEK

Puge st dung d&€ mi héa cdc géi dir
lidu multicast.

Xdc thye cho MBS
BPudc sif dung dé tao MTK vai MAK,

Bao vé luu lugng MBS, C6 duge tit
MAK va MGTEEK.
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H/CMCA/KEY_D 1va 2 Bio dam tinh toan ven théng bio
cho downlink,

H/CMAC KEY_U 1va2 Bio ddm tinh toan ven théng bdo
cho uplink.

Chuédn dinh nghia Security Association (SA) 14 mét tAp hop théng
tin an ninh trong mdt BS va mét hoiic nhiéu 88 client (hoiic MS) cda
né chia sé dé€ ho trg cdc cudc giao ti€p an toan. Théng tin chia sé cha
mét SA bao gom Cryptographic duge sit dung trong SA. Cryptographic
la tdp hop phuong thiec SA d€ méa héa dif lidu, xdc thuc dir lidu va
trao 461 TEK. N6i dung chinh xdc cia SA phu thude vao Crypto-
graphic Suite cha SA: C4c khoa ma héa, thdi gian $dng cia cdc khoéa..
Security Association Identifier (SAID) 14 mét dinh danh 16 bit duge
chia sé bdi BS va MS von nhin dang duy nhat mot SA. C6 ba leai
security association {két hgp an ninh): SA cho cdc ndi két unicast,
Group Security Association (GSA) cho cdc nhém muliticast va MBS
Group Security Association (MBSGSA) cho cdc dich vu MBS.

Cac SA duge quin 1y bdi BS. Khi sy kién xdc thuc xay ra, BS cho
SS mot danh siach Security Association két hgp véi néi két cia né.
Né6i chung mot SS c6 mat Security Association (mot sy k€t hgp "chinh")
cho ndi két quan 1y phu clia né va thém hai néi két quan 1y cho cdc
litn k&t downlink va uplink. Sau dé, BS cé thé xdc dinh mot hoac
nhiéu SA mdéi cho SS.

Cac SA tinh duge du trit trong BS. Cae SA dong duge tao va bi xéa
khi dugc yéu cdu nhim phdn héi lai viéc khdi tao va két thic cdc
service flow.

15.2 Xac thuc va giao thuc PKM

L6p con an ninh ciia IEEE 802.16 sit dung m{t giao thidc quan 1y
khéa 1én server duge xdc thuc trong dé BS, server, diéu khién viée
phan phét ndi dung khoéa cho client SS. Sau d6, an ninh duge dya vao
giao thiec PKM (Privacy Key Management). BS xdc thue mdt client S5
trong qud trinh trao d6i Gy quyén ban d4u (xem chuong 11) bing cdch
st dung sy xdc thuc 8S bing chitng nhin s6 (digital-certificate). Giao
thie PKM si dung mat ma khéa chung dé thiét 1dp mdt khéa mat
chia sé gitta SS va BS. SS ciing sit dung giao thic PKM d& hé trg viéc
tdi Oy quyén va lam méi khéa dinh ky.

N&u trong qud trinh thuong lugng cdc khd niang (xem muyc 11.6), SS
xdc dinh ring nd khong hd trg an ninh IEEE 802.16, cdc thi tuc uy
quyén va trao doi khéa trong Network Entry duge bé qua, nghia la
trao d8i khéa va ma héa dir lidu khong duge thue hién. Chudn cho
bigt rang néu duge du trir theo cdch nay, BS s& xem xét SS da duge
xdc thue; néu khong SS khong duge phuc vu.
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Diém sia do6i 802.16e di dinh nghia PKMv2 v6i nhiing tinh ning
cai ti€n. Bang 15.3 tém tdt nhiing di€ém khdc biét chinh gitta hai
phién ban PKM,

Bang 15.3: Diém khédc biét chinh giita PKMy1 va PKMv2.

Tinh nang PEMvl PEKMv2

Authentication X4c thue mét chidu bing Xide thue 14n nhau, hd trg hai phuong

{xdc thuc) RSA: BS xac thuc S8 phédp xdc thuc: EAP va RSA.

Security Association Mdt ho SA: Unicast gdm ba Hop SA: Unicast, Group Security
loai security asscciation: Association va MBS Security
primary {chinh), dynamic Assaciation. Gém ba loai security
{dong} va static (tinh) association gidng nhy PKMv1.

Trao ddi khéa S dung ba thuit todn m&  Phuong phdp ma héa mdi duge thue
héa: 3-DES, RSA va AES.  thi: AES with Key Wrap.

Ma3 hoa di liéu Hai thuat todn khdc nhau Sit dung nhitng thuit todn tuong tu

dugc dinh nghia trong chudn: ¢éng vdi AES trong CRT va AES
* DES trong ché& ¢d6 CBC trong viéc thuc thi ch& d9 CBC,
* AES trong ch& 46 CCM
Nhing bd sung khéc Quén 1y an ninh cho:
* Luu lugng truyén phat
* Luu lutgng MBS
Pinh nghia mt tha tuc xac thue trude
trong trudng hgp cua handover.
Piu tién cdc théng bao quan ly MAC giao thic PKM 802.16 duge
mé ta va sau dé la viée s dung nhitng théng bdo nay va cdc ching
nhan s6 X.509 dé xdc thuc va trao déi ndi dung khéa.

15.2.1Cac thing bao quan Ly MAC giao thic PKM

Giao thite PKM c¢é hai thong bdo quan ly MAC loai chung (generic)
trong chuin 802.16:

B PKM Request (PKM-REQ)}. Théng bao PKM-REQ déng goi mot
théng bdo PKM trong payload thong bao cla né. Né ludn duge gdi
tr SS dén BS.

®m PKM Response (PKM-RSP). Thing bac PKM-RSP déng géi mdt
thdng bao PKM trong payload thong bao clia no. N6 ludn duge gdi
it BS dén S8,

C4 hai PKM-REQ va PKM-RSP st dung ndi k&t quan 1y chinh
(primary) véi ngoai 18 khi BS gdi théng bdo PKM-RSP dén SS cho
mét dich vu multicast hodc dich vu broadcast, né ¢é thé duge tai trén
ndi ké&t broadcast. Cdc dang chung cOa cdc thong bdo PKM-REQ va
PKM-RSP dugc minh hoa trong hinh 15.2, 15.3 va bang 15.3.
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Loai théng bdo qudn 1y
(= 9 cho PKM-REQ)

M4 (8 bit)

Binh danh
PKM (8 bit)

Théng tin duge ma
héa b&i TLV

Hinh 15.2: Dang théng bdo guin Iy MAC PKM-REQ.

Loai théng bdo quén 1y
(= 10 d6i voi PKM-RSP)

Ma (8 bit)

Binh danh
PKM (8 bit)

Théng tin duge ma
héa bdi TLV

Hinh 15.3; Dang théng bdo quan 1§ MAC PKM-RSP.

Bang 15.4 tém tit cdc tham s& thong bdo quin Iy MAC PKMv1 clia
chudn 802.16 va cdc phin mé ti. Cdc ma thong bsdo PKM-REQ va
PKM-RSP dugc b6 sung cho PKMv2 duge tim thay trong bang 26 cia
phan tham khao.

Bdng 15.4 : Cdc tham $8 v phin mé tA thong bdo.quin Iy PKM MAC. Trudng Core
Code xdc dinh loai cha nd.

Loai thong biao
giao thite PKM

Authorisation Info

Authorisation
Request

Authoerisation
Reply

Authorisation
Reject

Authorisation
[nvalid

Key Request

Key Reply

Thong bdo
MAC (ma}

PKM-REQ (12}

PEKM-REQ (4)

PEM-REP (5)
PEM-RSP (6}

PKM-RSF (10)

PKM-REQ (7)

PKM-RSF (8}

Tham 56 théng bio Mo ta
Chdng nhan X.509 ciia
CA nha sdn xuat

da phdt hanh

chirng nhin S5 X.509

Ching nhin ngudi dung Yéu cdu mdt AK va mt danh
58 X.509 yau cdu céc sach SA.

tinh ning an ninh S8,

SAID chinh cia SERVER

AK, thoi gian séng AK

va sd trinh tu, bd mé td SA

Error Code (ma 15i)

CA ngoai phdt hanh nhimng
chiing nhan 5A nay cho cdc
nha sdn xuit SS.

BS tir chai yéu cdu Uy quyén
{Authorisation Request) SS.

Error Code xdc dinh Ra lénh 58 nhin téi xac thue
1y de cho Authorisation BS cia né.

Invalid (m¢t khi ning

nhu khdng ¢6 AK hep

1& duge két hgp véi SS

yéu ciu}

86 trink ty AK, SAID,
HMAC-Digest {Keyed
SHA message digest}

Yéu cdu mét TEK cho mét SA
duge thi€t lap.

Tat cd ndi dung khéa  T4éi 2 TEK cho SAID

tuong Ung véi mHt vide Encrypted duge quan tam (s(
tao cu thé mot SIAD dung thuit todn 3-DES)
TEEK vdi mgt KEK.
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Key Reject PKM-RSP (9) Trinh ty AK, SAID, Xdc dinh 88 client nhian
Error Code, HMCA- khéng con duge xde thyc nia
Digst 48 xde thuyc cho mit SAID cy thé.
thing bdo

TEK Invalid PKEM-RSP (11) 56 trinh ty AK, SAID, Cho mét client 85 bigt ring
Error Code, HMCA- BS da quygt dinh 88 43 ma
Digst dé& x4c thye héa mjt PDU uplink vai mot
théng bdc TEK khéng hgp 1é.

5A Add PKM-RSP (3} AR, s8 trinh ty, SATD, Thiét 14p mét hoje nhidu SA.

Error Code, HMCA-Digst
dé& xdc thuc théng béo

15.2.2 PKMv1; BS xic thue $S va sau do cung cap cho no ndi dung khda

Sau khi thuong lugng kha néng, BS xdc thue S8 va cung cidp cho né
cai dit khéa d&€ cho phép méd héa dit liéu. T4t cd SS c6 céc cip khéa
riéng / chung RSA duge cai dit tai xuéng hoic cung cdp thuit todn
ndi tai dé tao dong céc ciap khéa nhu vay. Cdc SS b cac cap khéa
RSA duge cai dat tai xudng cing ¢é cde ching nhin X.509 duge cai
dat tai xuéng. Cdc S8 vén phy thude vao nhitng thuit todn néi tai d&
tao mot cap khéa RSA hd trg modt co cdu dé cai diat mot chdng nhén
X.509 do nhi san xudt phdt hanh theo sau viéc tao khoéa.

Sau dé, mbi SS ¢6 modt ching nhan X.509 duy nhit duge phat hanh
bdi nha san xudt SS. Ching nhéin s SS X.509 chita khéa chung SS va
dia chi S8 MAC. Chiing nhdn SS X.509 14 m§t ching nhén khéa
chung vén lién két thong tin nh4n dang 55 vdi khéa chung RSA cla
né theo mot cach ¢é thé kiém chiung. AK 14 mét khéa mat ¢é duge tir
nha vin hanh. Khi yéu cAdu mdt AK, mét 55 trinh chiing nhin s3 cda
né cho BS. Ching nhian S8 X.509 dude ky tén bing ky thuidt sd béi
nha sdn xudt SS va chif ky d6 c¢6 thé duge kiém chitng bdi mat BS
vion biét khéa chung cla nha san xuéat.

Khi y8u cAdu mdt AK (Authorisation Key), mét SS trinh chitng nhén
s6 X.509 clia né vA mdt phadn md td cla cdc thudt todn mat ma duge
hd tr¢ cho BS. AK 1a mét khéa mét chia sé duge s& dung dé bao vé
thém cdc giao dich. BS kiém chitng chiing nh4n s8, quyét dinh thuit
todn maA héa von nén duge st dung va sau d6 gdi mot phdn hdi xde
thuc dén SS. Khéa chung dugc kiém ching va st dung d€ ma héa AK
bing cdch sif dung thuit todn R5A. Sau dé BS gdi AK dugc mi héa
bang khéa chung RSA nay dé&n SS yéu cdu. Thi tue xdc thue va viéc
trao déi khéa dau tién duge minh hoa trong hinh 15.4 va duge néu chi
tiét trong phan tiép theo. Cdc théng bdo quén 1y PKM MAC duge md
td ¢ trén dugce st dung dé xdc thure va trao ddi khéa ddu tién (xem
phin minh hea trong hinh 15.5).
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55 divao mang
{Giac thuc PKM)
thong tin xac thuc
S8 "dayla ching nhén CA
X.509 cha nhi sdn xudt

BS

B3 chung nhan 55. Chidng
nhan S8 X 509 dugc ky tén
bang ki thuat s& bdinha sdn

. . . xudt S5 va chir ky doco thd
{Giao thie PKM) phan hédi Augc kiém ching b mot BS

Gy quyén, vin bidt ktéa chung clia nha

{SA dugc ma héda bing sanxuat.
khda chung S5}, BS. "day
ia Authorisation Key (AK
claban)”.

Trao ddi cdc khoa mé hoa
bdng cach s dung AK.

&

Y

Hinh 15.4: C4p phat khda xdc thyc va dy quyén b&i BS. BS 1a server con SS Ja client.

Gensric PKM-REQ (MAC Management)
MAC header Message Payload N
- : - Authorisation
’ Primary Typ:| Code Manufacturer J \nfo
o9 12 |77 X.509 Certificate
¢ e (SS-->BS)
Generic PKM-REQ (MAC Management)
MAC header Message Payload

e,

Authorisation

Primary Type Cod'é{mws'é)(.Bog Encryption CID Request
R I 11 T B B 4 || Certificate | Algorithms (S8-->BS)
Generic PKM-RSP (MAC Management)
MAC header Message Payload

Authorisalion
Sequence| AKi |Authorised Reply
Number |Lifetime: SAIDs {S5-->B5)

AK:

Primary Type Code
cip [ 10 5

Hinh 15.5: Céc théng bdo qudn Iy MAC nhy dugc sit dung 08 xdc thyc bing giao
thirc PKM va trao d8i khda trong chufn 802,16, MGt sG tham s8 duge trinh biy,
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SS gdi théng bdo PKM Authorisation Information. Théng bdo nay
chita ching nhdn X.509 cia nha sdn xudt cia né. Théng bdo
Authorisation Information hoan toan 1a mét thong bdo ma SS gdi dén
BS; v6i né, mot BS c6 thé nhin bigt déng ching nhén clia nha sdn
xuét cia client SS.

Sau d6, SS gdi mot thong bdo PKM Authorisation Request chita
ching nhan SS X.509, SAID chinh cia SS va mdt phian md td vé kha
nang an ninh cda né (ké cd céc thuit todn ma héa ma né hd trg).
Khéa chung cia nha sdn xuft dugc dat trong mdt ching nhan X.509
Certification Authority (CA) von lan Ligt duge ky tén bdi mot CA cap
cao han, BS kiém ching nhan s8 va sau dé sif dung khéa chung duge
xdc thuc dé ma héa mot AK. Sau dé, BS gdi AK nay dén SS yéu cdu
vdi mot thong bdo PKM Authorisation Response. Viée s dung céc
chiing nhan X.509 ngin cdc SS ban sao khéng chuyén cdc thong tin dy
nhiém gid mao d&n mét BS. Viée si dung mot s& trinh tu ngin cdi
duge goli 14 replay attack (cudec tAn cong phat lai).

La mot phan trao d6i dy quyén cha chiing, SS cung cap cho BS mét
danh sdch t4t cd bd mat mé {cdp thuit toan ma héa di lieu va xdc
thuc dir liéu) ma SS hd trg. BS chon tir danh sdch nay mot bd mat ma
(cryptographic suite) dé s dung véi SA chinh cia 8S yéu cau va géi
théng tin nay trong théng bdo Authorisation Replay. Sau tha tuc nay,
SS duge y&u cdu thye hiédn cdc thd tuc xde thue va trao ddi khéa theo
dinh ky d€ lam méi ndi dung khéa cha né.

Ro rang su xdc thyc mdt chiéu nay (8S khiryg xdc thue BS) la mot
diém y&u an ninh vi ¢é thé c6 cde BS tinh qudi. Van dé nay di duge
gidi quyét bing PKMv2.

15.2.3 Xéc thuc 1an nhau oy dwgc dinh nghia trong 302.168

Giao thitc PKMv2 st dung cing mdt nén tdng nhuy PKMv1. mdt
trong nhitng diém khdc biét chinh la sit xdc thuc (authentication):
PKMv2 st dung sy xdc thuc 1in nhau, nghia la MS ciing xdc thuc BS
dé ngin két ndi véi mt BS "gid". Sy xdc thuc 1An nhau BS va MS 1a
tién trinh:

B BS xac thyc théng tin nhan dang MS cita mét cilent.

M MS xac thyc théng tin nhan dang BS.

B BS cung cap cho MS dugc xac thyc mét AK.

B BS cung cdp cho MS duge xac thyc cac théng tin nhan dang (dinh
danh) va nhiing thudc tinh clta cac SA chinh va tinh.

Giao thitc quan Iy khéa st dung cac ching nhén s8 X.509 ho#ic EAP
dé xdc thuc. Do d6, hai co cdu giac thife xdc thuc ridng biét duge hd
tr¢ bédi PKMv2:
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M Xac thyc RSA. Giao thirc ndy dya vao cdc chidng nhan X.509.

B Xac thyc Extensible Authentication Protocol (EAP). EAP slr dung
cac loaithdng tin Uy nhiém cy thé (subscriber identity module, pass-
word, dya vao token, chiing nhan X.509 hodc nhiing thit khac) phuy
thubc vao phuong thic EAP dugce thye thi. Cac phu’o’ng thuc EAP sé
du:;ic sl dung n&m bén ngoai pham vi ¢da chuén. Tuy nhién chudn
an dinh riing phuong thic EAP dugc chon sé& dap Urig cac tiéu chuén
bat budc dugc liét ké trong myc 2.2 cha RFC 4017. Bay gid dudng
nhu EAP-TLS la thuat toan EAP duy nh&t dap ung nhiing tiu chuin
nay.

15.2.4 Quan Iy Authorisation Key (AK)

BS chiu trdch nhiém duy tri théng tin khéa cda tdt cd SA cGa né.
Chudn 4n dinh réing PKMv1 s dung mat ma khéa chung dé thist 1ap
mét khéa méit chia sé (nghia 1a mét AK) gitta SS va BS. P&i vdi vide
tao PKMv2 hay xem bén duéi. Giao thdc PKM c6 mdt co cdu dé ddng
bd héa thong tin khda nay gilta mot BS (srever) va client SS cia né.
Thd tuc nay duge minh hoa trong hinh 15.6 va duge néu chi tiét trong

muc tiép theo.
& b

558 BS
Autharisalion Beply (AKY, AKE Metime, j o IFRRETTer
. L e P
ARKA Litatima
Active !
o termigr :
FREEPEE LI ( fru.a“” o L Authonsauon !vteques! (55 X509 cendicala. . )

F e et —

Grare Mhor-..atnon Reply (AK2, AKZ Wotime, . ). .- — o |- F g

Tima [ D R K

4 irg
AK2 N _ Key Request iAK2i i Litetime
Active T i —— . :
Lifetine
PO L Auihorj_g_g_t;on Hequest [bb X509 certheate . Y

AK :I — e g

arare ;

Tang 2 AKD ! | AK3
Activg S e L KG:R?QM!_MKS] E Litetime
TLHgtime T e 4 .

¥
v} i ik
U U

AK used o en/decrypt TEK

Hinh 15.6: Qudn Iy cdc khéa dy quyén (Authorisation Key) giira BS vi mft SS.
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Nhu duge 3& cdp & trén, viec BS nhén trude tién mot thong bao
Authorisation Request ti mjt S8 khong dugc uy quyén sé& bit ddu
kich hoat mdt AK mdi ma BS gdi tré vé SS yéu cau trong mot thong
bdao Authorisation Replay AK nay duge kich hoat cho d&n khi né hét
han theo thdi gian séng AK &n dinh sin clia né. Tham sg nay dugc
thong bdo Authorisation Replay Né&u mbt SS khong thé tdi Gy quyén
truée khi AK hién hanh cda né hé&t han, BS xem S8 nay la khong
duge Gy quyén va sau dé khong con gitt myt AK active (hién hanh)
cho no nita.

SS ¢6 trach nhiém yéu cau Uy quyén vdi BS cila nd va duy tri mot
active AK. Mot SS lam méi AK clia né biing cdch tdi cap phat mot
Authorisation Request. Mot khodng thdi gian chuyén tiép AK bit dau
khi SS nhin mét théng bdo Authorisation Request tir mét SS va BS
c6 mot active AK cho SS d6. D& phdn hoi lai Authorisation Request,
BS kich hoat mot KA thi 2 va gdi né trd lai SS yéu cdu trong mot
thong bdo Authorisation Reply. BS xdc l4p thoi glan song hién hanh
cia AK thd hai nay sang thai gian song con lai cia AK thd nhit cfng
v6i thoi gian s6ng AK &n dinh sdn do d6 khéa thd hai (mdi hon) van
hoat ddng trong mdt théi gian song AK ngoai viéc khéa tht nhit da
hét han. Sau khi thuc hién sy 4y quyén, mdt SS bit ddu mot lién két
duge ma héa mdi cho tdng SAID dugc nhan dang trong thdng bdo
Authorisation Reply. SS g&i mét thong bdo qudn ly khi Request MAC
duge mé héa bing AK méi (xem hinh 15.6) hai khéa hién hanh cé cac
thai gian s6ng chong chéo. BS ¢6 kha nang ho trg hai AK heat dong
dédng thdi che mbi client x8p trong mdt khoang thdi gian chuyén t1ep
AK. Khodng théi gian chuyén tiép khéa két thac vdi viée hét han cha
khéa c¢d hon.

Mot SS lap thoi biéu vide bat ddu tdl Gy thac dua vao thoi gian ¢
thé cdu hinh duge dinh nghia trong chudn 1a Authorisation Grace
Time, truée khi AK méi nhat cia SS duge 1ap thdi biéu dé hét han.
Authorisation Grace Time duge cdu hinh d& cung cdp cho SS mét thoi
han thi lai Gy quyen dG dai nhim cho phép cdc khodng thoi gian tré
hé théng va cung cap dd thoi gian d€ SS hoan tat thanh céng mét
cudc trao d01 dy quyén trudc khi AK hign hanh nhét cia né hé&t han.
BS khéng cdn bi&t Authorisation Grace Time. BS chi phdi theo doi
thoi gian séng cla cde AK cGa né va hdy kich hoat tang AK nay khi
né hé&t han. Mot AK duge sit dung d€ tao cde khéa mé héa danh cho
nhitng cudc trao déi thém nirta nhu duge mé ta trong muc ti&p theo.

15.2.5 Quan Iy Authorisation Key trarng PKMy2

Do PKMv2, ¢6 hai giao thic xdc thyc khdc nhau (dya trén RSA
hoac EAP) va hai ngudn ngi dung chinh: RSA va EAP.
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15.2.5.1 {j’y quyén bang RSA

Ti€n trinh Gy quyén bang RSA dat dugc Pre-PAK (Pre-Primary
AK) nhu duge md td & trén. Puge gdi bédi BS d&n MS duge mé héa
b¥ng khéa chung cta ching nhan MS. Pre-PAK dugc st dung dé tao
PAK.

15.2.5.2 Xdc thitic baing EAP

Mot su Gy quyén lin nhau RSA c6 thé xdy ra trude khi trao d6i
EAP. Trong trudng hop dé, cdc théng bdo EAP ¢6 thé duge bdo vé bdi
mét EIK (EAP Integrity Key) duge ddn xudt tir Pre-PAK. Sdn phdm
cla viée trao d6i EAP la MSK (Master Key). MS va bd xdc thyc
(authenticator) ddn xudt mét PMK bing cdch cit xén MSK va mot
EIK tay chon.

Pé ngin mot cube tdn cong trung gian, MS va BS phdi thuong
lugng mot ché do EAP kép (con duge goi la EAP duge xéce thuc sau
EAP) va s dung EIK duge tao trong vong diu tién cda EAP.

15.2.5.3 Ddn xudt AK

AK duoc din xuit bsi BS va MS bang cach st dung PMK (i tha
tuc Uy quyén bing EAP) hoac PAK (tif mdt thi tuc dy quyén RSA).

15.3 Ma héa dif liéu

M4 héa c¢6 thé duse 4p dung vao payload MAC PDU. Header MAC
generic khéng bao gig dugc ma héa. T4t ca thdng bdo quan 1y MAC
duge gbi théng sust d€ lam dé dang viée ding ky, ranging (x&c dinh
pham vi) v& hoat déng binh thudng cda 16p MAC. Chi cdc néi két
qudn 1y phu va cdc ndi két quan ly méi duge méa héa.

Giao thite PKM s dung cde ching nhéan s6 X.509, thudt todn ma
héa khéa chung RSA va cdc thudt todn ma héa manh d€ ti€n hanh
cdc cude trao dSi khéa gitta SS va BS. Sau khi st dung PKM lam mét
mat ma khéa chung dé thiét 1ap mot khéa mat chia sé (AK) gita SS
va BS, khéa mat nay duge st dung d& bdo vé thém cde cudc trao dbi
TEK (Traffic Encryption Keys) cila PKM. AK duge si dung dé tao
mdt Key Encryption Key (KEK) va cdc khéa duge xdc thue thong bdo
nhu dugc mé td bay gis. Hoat dong chinh 14 SS héi BS vé cdc khéa
md héa (xem hinh 15.7). Viéc st dung khéa méat chia sé, AK cho mjt
¢o cdu hai tdng dé phan phdi khéa (dugc md td trong muc ti€p theo)
cho phép cdc TEK lam méi ma khong doi hoéi su hao phi cia cdc hoat
déng cdn nhiéu tinh to4n.
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8S BS

_ _(PKM-REQ) Key Request

(PKM-RSP) Key Reply ( TEKO, TEK1) |

e
e

o

-~

Hinh 5.7; SS hdi BS vé cdt khéa ma héa TEKO va TEKT

19.3.1 Tao céc khda ma hoa

Vao moi thdi diém, BS duy tri hai tap hgp tao ndi dung khéa hién
hanh mdi SA (he#c tuong duong mdi SAID). Mot tdp ndi dung khéa
bao gdm mot TAK va cac vector khéi tao tuong ng cia né (phu thudc

vao thuat todn ma héa). Pai véi AK, mot tdp hgp tuong dng vdi viée
tao ndi dung khéa cii hon trong khi tap hgp thit hai tuong (ng vdi viée
tao ndi dung khéa mdéi nhat. BS phan phdi cd hai 14n tao nédi dung
khéa hién hanh cho mét client SS. Piéu nay duge thyc hién sau khi
SS yéu cdu mdt TEK bing théng bdo Key Request. Thong bdo Key
Replay chda hai thudc tinh tham sé TEK, mdi thudc tinh chda ndi
dung khéa cho mét trong hai tdp hop ndi dung khéa hién hanh cda
SAID. -

BS s dung hai TEK hién hanh mdt cdch khac nhau phuy thuc vao
viec TEK duge st dung cho luu lugng downlink hoac uplink. D&i véi
tdng SAID cha né, BS st dung hai TEK hién hanh theo nhitng quy tic
sau ddy (dugec minh hoa trong hinh 15.8):

1. BS st dung TEK c¢i hon trong hai TEK hién hanh d€ ma héa
lvu lugng downlink.

2. BS gidi md luu lugng uplink bing cdch si dung TEK c¢i hon
ho#c méi hon phu thudc vao khéa nao trong hai khéa ma S8 s
dung trong thdi diém d6:

S8 Uplink, TEK, or TEK, BS

|

Downlink, TEK,

-~

Hinh 15.8: Qudn iy Traffic Encryption Key (TEK).
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Hinh 15.9 minh heoa viée quan ly mdét SA TEK cia BS, trong d6
phan duge t6 béng cha thoi gian séng cia mdt TEK xdc dinh khodng
thai gian ma TEK dé st dung dé mi héa cdc payload MAC day du.
b&i véi cic AK, cde TEK c¢6 mét thoi gian song gidi han va phai duge
lam mdi theo dinh ky. Khi TEK ¢l hon hét han, BS sit dung TEK méi
nhdt d€ m4 héa. SS ¢6 nhiém vu cdp nhéit cdc khda cia né mét cdch
ding lic. BS sit dung m{t KEK khi md héa TEK trong théng bdo
quan ly Key Reply (PKM-RSP) MAC. TEK dugc méd héa biang moét
trong nhing thuit toan sau day: si dung KEK: 3-DES, RSA hoic
AES. Thuit todn mé héa TEK dugc xdc dinh bdi dinh danh thuit todn
mé hdéa trong bd mat ma cia SA.

3 b

L) 85
R Ak SO G
Koy Reply {AK, SAID, TEKY, TEK2, HMACY ] F-opemmane -
e ana J 1 TEK1
TEK2 T TEKN 1 Litolime;
Active | Acthv
Lifetime : Lialima
.............. Key Requesl {AK, SAID, HMAC) |
TEK 4
Grace I ---Y------- -
Tima 3. ........ ¥ w HMAC). . — ;iJ,f::n
TEK3 4
Actve
K 5- L tme Key Request (AK, SAID, HMAG) ;
Grace : \\\——l "?1."-TEK3 -
" | Koy Rt kS Tk, TEKZ k) ———| |
TEK4 k
Active ]
Litelime : [
TEK  p-fro-mmooomm o - Koy Requast (AK, SAID, HMAC)Y 4
Grace I K [ Y
Time ©-fo..oo.....) + TEK4
#
T TEK used ke sncryption

Hink 15.9: Quan Iy Encryplion Key (TEX).

Mot bd tao 56 ngdu nhién hodc gid ngiu nhién duge s dung bdi

BS dé tao cac KEK va TEK. Chudn cho bi&t rling cdc théi quen dugc

dé nghi dé tao cdc s8 ngiu nhién dé st dung trong cdc hé théng mat

- méi duge cung cdp trong IETF RFC 1750. Nén chi ra ré rang IETF

RFC 1750 da duge thay thé (bsi IETF) bing IETF RFC 4086. DPgi véi
3-DES KEK, chudn 802.16 dinh nghia phuong phép sau day:

B K_PAD_ =0 x 53 dugc 1ap lai 64 1an nghia 1a mét chudi 512 bit.
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B KEK = Truncate (SHA{K_PAD_KEK / AK),128).

O day, Truncate (x,n) bidu thi k&t qua xén x thanh n bit tin cing
bén trai, SHA (x/y) bi€u thi két qud SHA-1 vao mdt chudi bit ghép x
va y.

Noi dung khéa ctia 3-DES gém hai khéa DES riéng biét. 64 bit ¢é
nghia nhit cia KEK dugc st dung trong hoat déng mi héa. 64 bit it
¢6 nghia nhat duge st dung trong hoat ddng gidi ma.

Cédc khéa xdc thue HMAC duge ddn xudt nhu sau:

B HMAC_KEY_D = SHA(H_PAD_D | AK),
B HMAC_KEY_U = SHA(H_PAD_U | AK),
B HMAC_KEY_S = SHA(H_PAD_D | Operator Shared Secret),

Trong dé

® H_PAD_D = 0x3A dudc lap lai 64 1an va H_PAD" U = 0x5C dugc
l&p lai 64 Ian,

Viéc trao déi AK va Traffic Encryption Key (TEK) xdy ra trong

mdi SA.

Operator Shared Secret 1a méot khéa ché& do Mesh duge biét béi tat
ca nit ché dd Mesh.

15.3.2 Tao cic kioa ma haa trong didm sda doi 802.16e

D&i v6i PKMv], gidi thich PKMv2 s& dung TEK va KEK dé mi
héa cdc dong dif lidu. KEK duge sit dung dé ma héa TEK, GKEK va
tat cd khéa khéde duge gdi béi BS dén SS trong mét théng bdo unicast.

15.3.2.1 TEK va KEK
Tha tuc tuong ty nhu dai véi PKMv1 (xem muc trudc).

15.3.2.2 Md héa multicast

C6 mot GKEK trén mdi Group Security Associaton. GKEK nay
duge st dung dé€ ma héa cdc GTEK duge gdi trong cdc théng bdo
multicast bé#i BS dén cdc MS trong cing mdt nhém multicast. N6
duge s dung dé ma héa cédc géi di lieu multicast va né duge chia sé
bdi tat ca MS trong nhém multicast. GKEK dugc tao ngiu nhién bdi
BS va dugc md héa bdi béng cdch s dung cdc thuit toan tuong tu
duge 4p dung cho viéec ma héa TEK.

15.3.2.3 Khéa litu lwgng dich vu multicast va Broadcast

Nhu cdc khéa luu lugng khde, MTK duge st dung dé ma héa dit lidu
luu lugng MBS. MGTEK 14 GTEK cho MBS, Tién trinh tao héa trong
PKMv1 vd PKMv2 duge tém tdt trong hinh 15.10.
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Hinh 15.10: Minh hoa tién trinh tao khéa trong PKMv1 vd PKMv2.

15.3.3 CAc khoa ma hoa luu Iwgng va handover

Trong phdn nay, sy an ninh 802.16e dugc xem xét. Viée trao déi
cdc SA va cdc tham s§ TEK (Traffic Encryption Key) duge két hgp véi
mdt MS dua vao sy thiét 14p quan hé ba chiéu. Thd tue nay duge khéi
dong mot khi mét trudng hop xde thuc xdy ra hosc trong trudng hgp
ca mot handover:

® Trong qua trinh nhap vac mang ban ddu hoic tai Uy quyén cla
(handover), BS gdi PKMv2 SA-TEK-Chaltenge.

B MS gdi PKMv2 SA-TEK-Request sau khi nhan théng bdo PKMv2
SA-TEK-Challenge.

® D& hoan tat vide chuyén, BS g&i PKMv2-SA-TEK-Response trd vé
MS.

Trong trudng hgp clia mdt handover, tién trinh nay c¢6 thé duge ti
uu héa va bude ddu tién c6 thé tranh duge. Ngoai ra, d8i v6i mbi SA
hién hanh trong mot BS phuc vu trude, cdc tham s6 TEK, GTEK va
GKEK tuong dng cing ¢6 thé duge dua vao SA méi. Didu nay cé thé
dude thuc hién biang phuong thic SA-TEK-Update v6n mang lai sy
tuong hgp gitta SA mdi va SA cd.

15.3.4 Cdc thudt todn ma héa liu figng

Payload MAC PDU dugc mi héa bing cdch s dung TEK (GTEK
hosc MTK) hié¢n hanh. Thuat todn mad héa di liéu duge xdce dinh bdi
dinh danh thudt todn md héa dit liéu trong bé mat ma cua mot SA.-
Bit EC (Encryption Control) trong header MAC generic xdc dinh viéc
payload MAC PDU c¢6 dugc ma héa hay khdng. Header MAC generic
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khong duge ma héa. Céc théng bdo quin 1y MAC c¢ ban (basic) va
chinh (primary) ciing khong dugc ma héa. Tuy nhién, mét trong céc
thong bdo quan ly MAC duge xdc thuc nhu duge mé ta trong muc 15.4.

Chuin 802.16-2004 bao gém hai thudt todn ma héa di 1idu phd bién
dé méa héa cdc payload MAC PDU: DES-CBC va AES-CCM.

15.3.4.1 DES-CBC

Thuat todn Data Encryption Standard (DES) duge dua vao ché d6
Cipher Block Chaining (CBC) ¢ia né dudc minh hoa trong hinh 15.11.
Thuat todn DES cung cdp sy mad héa khéa 56 bit va bit bube trong
thigt bi 802.16 (theo 802.16-2004).

Ciear Data Clear Data Clear Data
Block,, (64 bits} Block, (64 bits) Block, (64 bits)
v ,gé NN B '@
(64 bits) N 1
DES Key " DES Key DES Key
= TEK, | DES =TEK | DES =TEK ] DES
{56 bits) (56 bits) {56 bits)
4
Ciphered Data Ciphered Data Ciphered-Dala
Block, (64 bits) Block, (64 bits) Block, (64 bits)

Cac khéoi dif liéu dugc truyén

Hinh 15.11: Thudt todn trong ché 4§ CBC cha nd.

CBC IV (Initialisation Vector) cda CBC-DES dugc tinh toan nhu
sau:

B Trong download, CBC dugc khdi tao véi exclusie-or (XOR) cla tham
s8 IV dugc dua vao théng tin khéa TEK va ndi dung cla trudng
ddng bd héa PHY (8 bit, dugc canh phai) clia DL-MAP mdi nhat.
Encryption Key Sequence (v&n |a mét trudng 2 bit trong header MAC
generic (xem chuong 8) la chi s& cia TEK va IV dugc st dung dé
mé hda payload.

B Trong uplink, CBC dugc khdi tao véi XOR clia tham s& 1V duge dua
vao théng tin khéa TEK va ndi dung cla trudng déng bd hoa PHY
clla DL-MAP v8n ¢6 hiéu Ivc khi UL-MAP cho viéc truyén uplink
dugc tao / nhan.
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15.3.4.2 AES-CCM

Advanced Encryption Standard (AES) dugc dua vao b d€m (counter)
cha né véi ch& do CBC-MAC (CCM). Thuit todn AES la mot sy ma
héa khéa 128 bit. AES an toan han DES (va ciing 3-DES). Tuy nhién,
AES phice tap hon va hoi cham hon DES.

Hinh 15.12 minh hoa payload dugc tac bdi AES-CCM va sau dé
payload dugc van chuyén. PDU plaintext (text thudn tdy) duge ma
héa va dugce xdc thuc bing TEK hién hanh theo théng s§ AES-CCM.
Trude khi dir liéu duge ma héa, mdt truong PN (Packet Number) 4-
byte duge thém vao. Trudng nay dugce lién két vai SA va duge gia
ting cho m6i PDU duge truyén. Day 12 mét cude difu hanh chéng lai
cujc tdn cdng replay. Cudc tdn cong replay 1a khi mét s6 géi hop 1@
duge phat lai (replay) b6i mdt ké tdn cong nhim gidy mét sy hu hai
nao d6 bang viéc tdi tao mot hanh déng. B4t ky PN duge nhan nhiéu
lan bi loai bé nhu mot nd lyc replay. Message Authentication Code
text mat mé con duge goi la MAC (khdéng nhadm lan vdi Medium
Access Layer, xem muc tiép theo d€ bi&t vé Message Authentication
Code), sao cho chi s8 byte 0 (nhu duge liét ké trong théng s6 AES)
duge truyén diu tién va chi s& 37 dugc truyén sau cing (nghia 13 LSB
ddu tién). PN khéng dugc mi héa nhung dugc dua vao phép tinh kiém
tra tinh toan ven théng bdo (Message Authentication Code).

L bytes

Ty
+« >

PDU payioad plaintext

Encryption
L + 12 bytes S
4 bytes 8 bytes
> e
Ciphertext MAC,
PN Ciphentext payload Message
Authentication Code

Hinh 15.12: Dang payload dugc ma héa trong ché d§ AES-CCM.
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15.3.5 Cdc thudt todn ma hoa lu lugny dugc bd sung trong viém sia ddi 802.16e

Piém sita d8i 802.16e da bd sung nhing thuat todn sau day:
B AES trong ché d$ Counter (CRT) cho MS.
B AES trong ché dé CBC.

B AES KeyWrap vdi mdt khoa 128 bit. Thuéat toan ma hoa bao boc
khéa AES chdp nhan mét gia tri text mat ma va mot gia trj kiém tra
tinh toan ven. Thuat toan giai ma trd vé mot khoa plaintext va kiém
tra tinh toan ven.

Mot hosic nhidu thuét todn ma héa duge dinh nghia bdi 802.16 c6
thé bét budc trong cdc profile WiMAX.

15.4 Xac thuyc théng bao véi HMAC

Chuén xdc dinh rang cdc thong bdo quan 1y MAC cd ban va chinh
dugc gdi mot cach théng sudt dé dé ding ky, (ranging) xéc dinh pham
vi va hoat dong binh thudng cia MAC. Do d6, su xédc thuc va bdo vé
tinh toan ven cda cdc théng bao MAC 14 rdt quan trgng. Cdc day
MAC (Message Authentication Code) duge goi 1a hash dugc tao khéa
hoic MAC-Digest duge sit dung dé ky tén cédc théng bdo quan ly
nhim thuc hién tinh xdc thuc cia ching (xem hinh 15.13). Cédc thé
MAC duge tao va sau d6 dugc kiém ching bang cdch s dung cing
mdt khoa mat (von 12 sy khdc biét co bdn véi cdc mi phdt hién 16
chdng han nhu cde bit chdn 18). Pidu nay ¢6 nghia b gdi va bd nhén
thdng bao phdi dong ¥ khéa m4t truée khi bt dau giao tiép. R6 rang
khéa nay c6 18 khéc v§i khéa méa héa.

Message
Authentication
Code:
HMAC or CMAC

Message MAC
Encryption
Sigret {Hashing)
y Algorithm

Hinh 15.13: M4 hda viéc tao HMAC hodc CMCA. MAC cdn duge goi 12 hash duge tao
khéa hodc MAC Digest.
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An ninh chuén 802.16 bao gém viéc st dung mdt Hashed Message
Authentication Code (HMAC) cho su xdc thue thédng bdo va kiém sodt
tinh todn ven. 802.16 di s6 sung khd ning st dung CMD nhu 13 lya
chon thay th& cho HMAC. Hash dugc tas khéa HMAC (hoiic HMAC-
Digest) nam trong:

® Thudc tinh HMAC-Digest v&n hién dién trong mot s6 thong bac PKM
ch"e"lng han nhu Key Request, Key Reply, Key Reject,

m HMAC Tuple 1a mdt thong s6 TLV duge s dung cho mdt s& xdc
thuc thong bao quan Iy MAC. Céc thong bdo duge xac thuc béng
HMAC bao gém DSx-REQ, Dex-ACK, REG-REQ.. HMAC Tuple
gdm HMAC-Digest HMAC v&i SH-1, trén 60 bit, HMAC Key Se-
quence Number, trén 4 bit v4 mét trudng danh rieng. HMAC Se-
quence Number trong HMAC Tuple bang vai AK Sequence Number
ma HMAC_Key_x da duge dan xuat tir do.

Viéc tinh todn hash duge tao khéa trong thufc tinh HMAC-Digest
va HMAC Tuple st dung HMAC véi thuat todn hash an toan méat ma,
SHA-1 (FIPS 180-1). Phuong thic xdc thuc nay duge goi la HMAC-
SHAL. Digest phai duge tinh todn trén todn bd thdong bdo qudn ly
MAC ngeai trit cdc thudc tinh HMAC-Digest va HMAC Tuple.

802.16e da bd sung kha ning s dung Message Authentication Code
(CMAC) dua vao Cipher-based (RFC 4493) nhu 14 mét lya chon thay
th& cho HMAC. Pé&i v6i CMAC, viée ma héa khéi AES duge st dung
cho cdc phép tinh MAC (AES-CMAC).

Digest duge tinh todn trén toan bé mot thong bdo quin ly MAC
ngoal trir cdc thudc tinh HMAC Digest hotic HMAC Tuple.

19.4.1Cdc khda xdc thitc dugc thany bao

Cdc khéa xdc thuc duge s dung dé tinh todn hash duge tao khéa
bdi HMAC dugc dua vao mét s8 thong bdo quan 1y MAC (xem & trén)
la:

Khéa xdc thue dowlink HMAC_Key_D dugc st dung dé théng bdo
theo huéng downlink.

Khéa xéc thyc uplink HMAC_Key_Ud s dung dé xdc thyc céc
théng bdo theo hudng uplink.

béi vdi PKMv1, théng bdo PKMv2MAC cho uplink 1a C/
HMAC_KEY_U va théng bdo MAC cho downlink la C/HMAC _KEY_D.
HMAC_KEY_D va HMAC_KEY_U dudc dan xudt tit AK nhu duge dé
cdp trong phan 15.3 & trén. Viéc din xudt HMAC/CMAC/KEK tir AK
dug¢c minh hoa trong hinh 15.14.
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LAK-1 B0 bits Authentication 1
: AK context

________________________ —

CMAC ___________ MAC (Message Authentication .'__M“T_AC
‘ Code) Mode w}
‘
.................. | S Y .

Use ol Dot16KDF; : Use of Dot16KDF:

|

|

|
1Paramelers, AK, 55 ; Parameters: AK, 55 i
! MAC Address, BSID i !MAC Address, BSID i
I I , . !

............ . ¢ : oo _.__....._._....__M-; B

CMAC KEY_U (128 bits) HMAC_KEY U (160 buts}
CMAC_KEY D (128 bits) HMAC _KEY D (160 bits)
KEK (128 bits) KEK (128 bits)

Hinh 15.14; Dan xudt HMAG/CMAC/KEK tir AK.

BS sit dung HMAC_KEY_D va HMAC_KEY_U cho nhitng diéu sau
day:
® Kiém ching cac thude tinh HMAC-Digest trong cac thong bao quan
ly Key Request MAC dugce nhan tir SS do, sir dyng HMAC _Key_U.
B Tinh toan, bang cach s dung HMAC_Key_D, céc thudce tinh HMAC-
Digest ma nd ghivao cac thdng bao quan ly Key Reply, Key Reject
va TEK Invalid MAC dugc gdi dén SS dé.
Khi nhén cdc thong bdo MAC chaa thude tinh HMAC Tuple, BS s
dung HMAC_Key_U duge xdc dinh bdi HMAC Key Secquence Num-
ber dé xdc thyc cdc thong bo.

HMAC_Key_S duge st dung trong phép tinh HMAC-Digest ché d9
Mesh.

15.5 Nhiing van dé an ninh khac

Cdc thd tuc duge trinh bay trong chuong nay déu néi vé su xéc
thue thi€t bi (SS hosc BS). Cédc giao thde chdng han nhu EAP c4p cao
hon ¢é thé duge s dung cho muc dich nay. Loai xdc thuc nay 13 mot
phan cia thong sd mang WiMAX.
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Chuoty 16

So sanh va két luan

16.1 So sanh giita WiMAX ¢ dinh va WiMAX di déng

Chuong nay s& dua ra mdt 58 so sanh va sau d6 dua ra su két ludn.
Hoi mao hiém khi dua ra nhitng so sanh trong mét thii diém ma su
truy cAp khong diy bang tan rong dang ditng truée nhitng thay déi va
cai tién 16n. Tuy nhién, dua vao kién thie k§ thuat, nhiéu béo cdo tin
tic va cubdc phan tich héi thdo, mdt s so sdnh dugce dua ra. Chuong
nay sé bat diu so sianh Fixed WiMAX (WiMAX c¢é dinh) va Mobile
WiMAX (WiMAX di dong).

Cong nghé nao duge chon? Cac sdn phdm WiMAX di cé & day.
Van dé la ching c6 thé chi dé xuat mt su truy cdp Wireless, mic di
vGi cac khoang cach kha dai 18n dén 20 km. Mot nha van hanh tot
hon ¢é nén dgi thém mot thoi gian nita dé c6 Mobile WiMAX theo
nhing mong doi hién tai hay khéng? Viéc quyét dinh xem xét thi
trudng nhim dé&n phu thude vao méi nha van hanh. O nhing noi ma
ha tdng vién théng dugc trién khai t&t, dudng nhu Fixed WiMAX
khong thé canh tranh véi cdc cong nghé hiu tuyén ching han nhu
DSL. That vay, that ngac nhién khi ¢6 mot Mb/s Wireless (khéng giéi
han) ré hon mdt Mb/s hitu tuyén (khéng gidi han) 6 London hoac
Paris trong mdt ngay khoéng xa. Piédu gi xay ra néu Mb/s khdng gidi
han nay c¢6 tinh chuyén viing (ndi két Internet PDA hoat déng moi
noi trong thanh phd mic du ban phdi khdi dong lai phién lam viéce
cua ban) va thdm chi hon nita, tinh di dén:; (phién lam viéc¢ cGa ban
khong bi gidn doan khi ban di chuyén)?
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WIMAX ¢6 mét sé uu diém: Cung mot ha tang cé thé cé su truy
cap Fixed WiMAX va Mobile WiMAX; nha van hanh cé thé bt dau
bang cdch phl( séng mét khu vue nhd (néu cac yéu cau khong ngén
c&m diéu dé) dé thich dng su ph4t trién trién khai cho trudng hop
kinh doanh. D1 khi diéu nay dugc goi la mé hinh "tra tién khi ban
phédt trién”. Néi chung, trudng hop kinh doanh phai thich dng theo 1y
lich thi trudng: nhitng con s8, nhitng ngudi di du lich, cde thué bao tu
xa {¢d dinh), nhitng ngui yéu thich cong nghé ¢ do thi, cdc Ung dung |
duge mong doi chadng han nhu Internet, game).. Trong mét sé trudng
hop, diéu nay cé thé 1am cho Fixed WiMAX 13 mdt sy khéi dong tét
truge khi trién khai rong Mobile WiMAX. Diéu nay ciing ¢6 thé cho
nha van hanh Fixed WiMAX mot vi tri dAn ddu, danh tiéng, kién
thie thi truong, co 8§ dir lidu khach hang cdc ddi phu trach k¥ thuat..)
trude khi trién khai Mobile WiMAX. Mobile WiMAX thuéng chiém da
s6 trong bdc tranh WiMAX. Tuy nhién, mdt udc tinh chinh xdc s6 nim
12 ratl khé dua ra hém nay. Piéu nay ciing dé lai mét thi phin cho
Fixed WiMAX it ra trong vai niim t6i. Vé ban chdt, mt s6 dng dung
la ¢& dinh (vi du do dat tU xa). M#t khdc phai ghi nhé rang Mobile
WiMAX ciing ¢6 thé duge sit dung dé truy cap c¢6 dinh, tif quan diém
ky thuit, khéng xem xét tham s6 chi phi. Mot tham s6 quan trong 1a
pho va chi phi cha phé nay cho méi Fixed WiMAX va Mobile WiMAX.
K& ti hdm nay, nhitng phd nay khong ¢é nhiing ving phd chong.
16.2 So sanh giita WiMAX va WiFi

Chung ta c6 thé bit dau biing cach so sanh WiMAX va WiFi nghia
14 so sdnh hai framework khdc nhau. WiMAX ¢6 cdc khoang cach dai
hon nhiéu va ¢é thé (hoic sé&) cling bao gom tinh di dong (Mobility)
giita cdc cell. Thuc t&, WiMAX va WiFi c¢6 tinh b3 sung dac biét néu
WiMAX dugce st dung cho backhauling cua WiFi (xem chuong 1).

Cing ¢é mdt sy khdc biét trong thd ty thdi gian. WiFi 1a mét
WLAN dua vao chudn IEEE 802.11 dugc xudt ban trong nam 1997 va
~ loai 802.11b dudc xudt ban trong nam 1999.

WiMAX 1a mét hé théng BWA c6 tinh di ddng dua vao chudn IEEE
802.16-2004 dugc xuit ban trong nim 2004 va loai 802.16e duge xuat
ban trong thang 2 nam 2006 (ngodi cdc diém sia ddi 802.16 khidc). Do
dé né&u chiing ta xem xét chudn ho#c cdc sidn phdm, c6 mdt su khdc
hiét khoang 6 nam gitia hai loai nay. Trong bdng 16, mdat s6 thanh
phan so sanh gitta WiFi va WiMAX dugc dua ra.
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Bang 16.1: Mgt s6 diém so sanh gilfa WiFi WLAN va WiMAX BWA.

WiFi/802.11 WLAN 802.16/WiMAX
Toce A4d di ligu Kénh 54Mb/s/20MHz Kénh 26.2 Mb/s/7 MHz
(lep PHY, t61 uu)
Quan ly QoS Best Effort, trir khi loai 5 16p QoS
802.11 hi&m duge thuc thi
{cho d&n bay gi¥)
Ba truy cap CSMA/CA (MAC chung cho TDMA: TDD va FDD. Céc cg
{Multiple access) 802.11, 802.11a va 802.16v caudanh riéng bang théng
. va 802.11g), TTD tinh vi
Pham vi hoat déng B 1én: 100m 20 km {CPE ngoai troi),
(Range) 10 km (CPE trong nha)
Cac day tan s Khoing ¢d ban quyén Khong ¢6 ban quyén va
¢4 ban quyén
Cong dung dién hinh WLAN Truy cdp Wireless ¢4 dinh, tinh
: mang chuyén duge, tinh di
déng..

Phat ¢6 d6 chinh xdc ndo dé cho téc do Jir lidu. Mt téc d6 dir lidu
duce biéu thi trong bang 16.1 1a tdc dd dir liéu PHYstcal (vat 1y) nghia
la toc 4o dir lidu cua cac bit duge ma héa. Toe dé dif lidu cao nhat
duge trinh bay trong bang. Doi véi tét ca ndi dung truyén loai géi
(packet) nay, khéng c6 gid tri ¢6 dinh cho mét gid tri tde d6 dir lidu
l6p dir liéu do sy truyén lai, su thich (ng liét ke, cdc kich c¢& header
kha bién.. nhimg nd luc chudn héa sé tiép tuc dé€ c6 mat téc do dit
liéu cao hon cho IEEE 802.11/WiFi dac biét vdi loai 802.11n.

WiMAX c6 mdt hidu sudt t6t hon nhiéu so véi WiFi (pham vi hoat
déng, sy quan 1y QoS, hidu suit si dung phé..) nhu‘ng diéu nay doi hdi
cdi gid ciia mét chi phi cao hon trong cdc tan s& va sy phdc tap va
mic do phic tap thiét bi (va sau d6 chi phi). K&t qua ré rang khéng
chéc chin ring mot ngay nio d6 WiMAX sé sédm thay thé WiFi trong
mdt s6 ¢ng dung.

16.3 So sanh giita WiMAX va 3G

Bing 16.2 so sdnh cdc thanh phéan giira cdc hé théng Wireless
chinh: hé théng di déng thit hai GSM va sy phé4t trién EDGE clia né,
3G UMTS, WiFi gém hai loai: 802.11b (WiFi gdc) va 80.11a (ké ca ky
thuit truyén OFDM) va WiMAX.
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Bing 16.2: So sdnh mgt s thanh phan giita cdc hé théng Wireless chinh.

GSMTIGE

IMTS

Wikiillhs

WiF 11w

WikIAX

TA4n sd Cé ban M{t bang S8 nguen Pham vi
hoat dgng quyén thong kiénh dang mbi hogat déng
{song mang kénh
tén 58)
08 GHz, 1 BGHa.. g 200 kHz 2dén 8 30 km ilén dén,
thuting it hone
1.9GHz Ca 5 MHz Nhiédu +dd 1&n: 25); 5 km (lén dén,
woe di diy Ligu gidm  thuémg it hong
2.4 GHz Khing 5 MHz 17tai mot khodng 100 m
thir diém nao dé)
5 GHe Khing 20 MHz 1 itai mot khodng 100 m
thisi diém nie dé)
2.3 GHz, 2.5 GHz, Csdcdaitan 3.5 MHz, Whiéu (100} 30 km (CPE
5.5 GHz, 5.8 GHz.  sdécd bdn 7T MHz, 10 MHz .. ngoai trii)
quyin va
khang o6 ban
quyén duge
xd¢ dinh

Dé so sanh vdi cdc mang 3G di déng, chi Mobile WiMAX dugc xem
xét vi [Fixed WiMAX tugng trung cho mdt thi truong hoan toan khic
véi 3G. Nhitng uu diém cia mét trong hai hé théng duge néu rd bat
dau véi mot hé théng ci hon, 3G di dong.

18.3.1 Céc tu diém cda hé thing di dong 36

B WiMAX s dung cac tdn s& cao hon Cellular 3G vén chil yéu hoat

dong trong day 1.8 GHz. Céng suat nhan dudc gidm khitan sd tang
va cac cong sult truyén clia hé thdng Wireless thudng gidi han do
cac yéu cau moitrudng va quy dinh, Cac pham vi hoat ddng WiMAX
nhé hon cac pham vi hoat dong 3G. Day la trudng hgp cho cac thiét
bi trong nha va ngoai trdi. Tuy nhién, tham s& pham vi hoat dong cell
thudng khong phai la tham s& gidi har nhat trong cac ving cé mat
dé cao noi ma phan chinh & mdt thi trugng nha van hanh Mobile
dugc dat.

3G da co & day. Thiét bi clla né bao gébm cac mang High-Speep
Downlink Packet Access (HSPDA) téc do dii liéu cao va cac san
phdm da dugc s dung ké tir 2005 & mét s8 qudc gia. Noi chung,
3G co mdt sy ti€n bo linh vuc tif 2 dén 3 nam ddi véi WiIMAX. Viéc
3G chiém mét thi phan néi tréi ¢6 day dd hay khang.

Phd WiMAX thay ddi gilta cac qudc gia khac nhau. Vidy mét ngudi
dung WIMAX Idy thiét bi ti quéc gia A mang sang quéc gia B ¢6 I8
sé s dung mot tdn sd WiMAX khac cla nha van hanh qudc gia B,
Mat khac, viéc san xudt thiét bi di ddng da tan sd vdi mot chi phi
gidm bay gid ngay cang dé dang hon cho cac nha san xuat,

MGt 86 qubce gia cd nhing gidi han vé viéc sl dyng tan sé WiMAX,
nghia 1a cac nha van hanh WiMAX c6 thé bi cAm trién khai tinh di
déng bdi co quan quy dinh.
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® Cellular 3G tir l&u hé trg doc quyen cac nha san xuat hang dau
ching han nhu Nokia. Bay gio nhing cong ty nay dudng nhu quan
tam dén WiMAX trong khi cling van rat quan tam dén 3G.

16.3.2 Yu diém ciia hé thing (Mobile) WiMAX

B Phé tan s6 WiMAX ré hon cac tin s6 hé théng 3G @ nhidu quéc gia.
Viéc ban ban quyén UMTS & Chau Au va déc biét & Duc va vuong
qudc Anh dat con s cao dang ngac nhién.

B WIMAX la mét hé th8ng rdt md, nhiéu thuat toan dugc dé lai cho
nha cung cdp md ra canh clra cho su t8i uu hda va cac k&t ndi giita
cac ddn vi doanh nghiép khac nhau hoat déng trén cac phan khac
nhau clta mang (mang ¢t 13i, mang truy cap v tuyén, cac nha
cung cép dich vu..), ¢é thé trong cung mét qudc gia dugc lam cho
dé dang (xem chuong 13). Day |a mot Igi thé nhung co I1& nd gay ra
mdt s6 van dé vé kha nadng lién van hanh trong vai nam dau?

B Lép PHYsical WIMAX dya vao OFDM, mot ky thuat truyén dudc
biét 1a co higu suét sit dung phd tudng déi cao (d6i vdi CS CDMA,).
Co nhiing k& hoach nang cép 3G bang viéc dua vao né OFDM va
MINO. Su phat trién dugc goi trong thai diém nay la LTE (Long-
Term Evolution). Biéu nay dua ra mot budc ti€n trién thgi gian cho
WIMAX trong viéc thuyc thi OFDM.

® WIMAX 1a mdt cong nghé toan IP. BPay khdng phai la trudng hgp
cho hé théng 3G noi nhiéu giao thuc trung gian {tao dudng ham..)
dudce tao cho cac phién ban dau tién clda 3G khong phai la toan IP.
Tuy nhién, sy phat trién cha 3G s& cung cap end-to-end IP (hoac
toan IP).

M WIMAX c6 sui ho trg manh clia cac cdng ty Idn nhu Intel, KT, Samsung
va nhiéu hang khac.

16.4 Két luan

Sdch nay da nd lyc dua ra mdt bitc tranh toan cdu vé cong nghé
WIMAX mdi va ly tha nay. WiMAX dya vao hai nguén: chudn IEEE
802.16, bao gom nhiing diém sita ddi cda né va cdc tai libu WiMAX
Forum Group.

WiMAX c6 mét s lén cd cdu va duge mong doi st dung cho nhidu
ing dung. Tuong lai gan sé& cho bi&t co cAu nao trong nhing cd ciu
nay s& duge thure thi, ching sé duge thyue thi nhu thé nao va nhing co
cau s& duge cdp nhat bdi cdc co quan chudn hod.



310 Phy lyc A: Cac tap hgp théng bao quan Iy MAC khac nhau

Phy luc 4

Cac tap hop théng bao
guan ly MAC khac nhau

Tong quan

Phu luc nay trinh bay moét md ta ngédn vé quén ly MAC 802.16
chinh. Thi ty trinh bay la th& ty xudt hién trong sdch. Trong phu luc
nay, cdc thong bédo broadeast, initial ranging va cde thong bdo quan ly
basic (cd ban) va primary (chinh) duge trinh bay, nghia 1a tdt ca théng
bao quan ly MAC. Nén nhé réng cdc thong bdo quan Iy phu (second-
ary) 1a lop trén, khong phai cdc théng bdo quian ly MAC. Céc thong
bao quan ly MAC khéng thé duge tdi trén cdc ndi k&t van chuyén
(Transport Connections), nghia 1a véi cdc gia tri Transport CID. Phéan
giai thich ddy du cda nhitng théng bdo nay c¢6 thé duge tim thdy trong
chudn va cu thé trong muc 6.3.2.3 cia chuin va phan cac i6p PHY
sical lién quan (muc 8) va cac kiéu ma héa TLV (muc 11). C4c théng
bdo 802.16e mdi dugc bd sung lién quan dén tinh di dong bat dau véi
MOB.

Cic théng bdo dinh nghia sy da truy c@p va burst profile

Loai (8 bit) Tén thong bdo Mo ta Loai ndi két
0 UCD, Uplink  Puge truyén bdi BS vao mdt khodn  Broadcast
Channel thdi gian d8u dan dé cung cdp cdce
Descriptor burst profile {cdc tdp hgp tham s6

vit 1¥) van s& duge st dung bdi mdt
kénh vit 1y uplink trong mdt chép
tin hidu ngoai nhitng tham s0 kénh

uplink khac
1 DCD, Downlink Puge truyén bdi BS vao m)t khoan  Broadcast
Channel thei gian déu dan dé cung cap cac
Descriptor . burst profile {(cdc tdp hgp tham s

vit 1¥) vin sé dugce st dung bdi mt
kénh vat 1y downlink trong mgt chép
tin hidu ngoai nhing tham s6 kénh
downlink khic
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2

DL-MAP,

Pinh nghia truy cdp Downlink,

Downlink MAP Treng mét DL-MAP, d8i véi méi

UL-MAP
Uplink MAP

chdp tin hiéu downlink, DL-MAP_IE
xdc dinh thai gian bat ddu burst
profile (cdc chi tiét kénh ké cac cde

Broadcast

thude tinh vét 1¥) cha chdp tin hidu nay

Dinh nghia truy ¢dp Uplink. Trong
mot UL-MAP, d&1 v41 mbi chép tin
hiéu uplink, xdc dinh thei gian b4t
dau, khodn thei gian va burst profile
{cdc chi tiét kénh ké cde cac thude
tinh vat 1¥) cia chdp tin hidu nay

Broadcast

Cdc thong bdo mang Mesh (cdu hinh, nhdp vao va lép thoi biéu)

Loai (8 bit)
39

40}

41

42

Tén théng bao

MSH-NCFG@G,
Mesh Network
Configuration

MSH-NENT,
Mesh Neatwork
Entry

MSH-DSCH,
Mesh
Distributed
Schedule

MSH-CSCH
Mesh
Centralised
Schedule

Mo ta

Cung cdp mdt cdp giao tiép co bdn
gitta cdc nit trong cdc mang l4n cdn
khdc cho di tif cing cde nha cung cdp
thiét bi hodc nha van hanh Wireless
tuong tu nhau hodc khde nhau. Trong
$0 nhitng th khdc, Network
Descriptor 1a mét di@ liéu nhung cua
théng bao MESH-NCFG. Network
Descriptor chita nhiéu tham s&

kénh {cdc phuong phép didu bién va
ma héa, cdc gid tri ngudng..} vén lam
cho né tuong ty nhu UDC va DCD

Cung cap phuong tién dé mot mit
méi dat duge s déng bd héa va
su nhdp qua mang ban diu vao
mdt mang Mesh

Puge truyén trong ché d6 Mesh khi
st dung viéc lap thai bidu phan phéi.
Trong viée lap thari bidu phan phai,
phdi hgp, t4t c& nut truyén mét
MSH-CSCH vao khodng thdi gian
déu dan dé thong bdo cho tat ca nat
lan can bigt v& théi bidu cia tram
(station)

Mot thong bao MSH-CSCH dugce
tao bdi mdt Mesh BES khi st dung
viée 14p thei bidu tap trung. BS
truyén dai ching théng bdo
MSH-CSCH d&n t4t cd nut ldn cin
v@i né va tat cd nit o6 bude nhay
thap hon mét ngudng d4 cho chuyén
tigp thong bdo MSH-CSCH dén
cdc nidt lan cdn vin c6 mdt s6 bude
nhay cao hon. Thang bao nay duge
st dung dé y&u cdu hodc cdp phit
bing thong

Loaind&i két
Broadcast

Basic

Broadcast

Broadcast



312

Phu luc A: Céc tap hgp thdng bao quan Iy MAC khac nhau

43

MB3H-CSCF, Mot thong bao MSH-CSCF dugce Broadcast
Mesh truyén dai chiing trong ch& dé Mesh

Centralised khi st dung viéc lap thoi biéu tip trung,
Schedule Mesh truyén dai ching thang bao

Configuration MSH-CSCF dén t4t c4 nat l4n can

vdi né. T4t cd mit chuyén tiép {t4i truyén
dai ching) thing bdo theo 58 chi s6 ciaa

nd duge xde dinh trong théng bdo

Qudn Iy cdc thiong bdo nhém multicast polling

L.oai {8 bit)
21

Tén thong bao Mé td Loai néi két
MAC-REQ, BS c6 thé thém (hodc loai bd) mét SS Primary
Multicast viio mét nhém multicast polling duge management
Assignment, nhan dang bdi mét multicast CID (qudn 1y chinh)
Request bing cdch gdi mat thdng bao

MAC-REQ bang 1&nh join
{hoic leave)

MAC-RSP, Buge g&i b&i S8 dé phan héi lai mot
Multicast MAC-REQ. Chda chii yéu
Assignment Confirmation Code xdc dinh yéu cau
Response da thanh cong hay khéng )

Cdc thong bio ARQ

Loai (8 bit)
33

34

35

Tén théng bao Mo ta
ARQ-Feedback, Théng bdo Standalone ARQ Feed-
théng béo back. Thong bao ARQ Feedback c6 thé
Standalone  duge sif dung dé bdo hiéu bat ky té
ARQ Feedback hgp ARQ ACK khdc nhau (tich ldy,
lua chon, Iua chon vdi tich liy)

ARQ-Discard, Buge gdi bdi bd phat khi né mudn bé
théng bdo ARQ qua mit s6 ARQ nhat dinh trong ARQ
Discard Trasmission Windows

ARQ-Reset, Bugce gdi bdi bd phat hode bd thu cia

théong bdo ARQ mét cudce truyén duge bit ARQ dé x4c

Reset lap lai cdc bd may trang thdi bd phat
vi bo thu ARQ cia not két bé

Cdc thong bdo Ranging

Loai {8 bit)

4

Tén thong bdo Mo ta

RN G-RE @, Duge truyén bdi S8 lic khdi tao. Né

Ranging Re- eciingc6 thé duge sit dung tai cde khoan

quest thai gian khdc nhau d& quyét dinh sy
tré mang va 4€ yéu cdu mat thay déi
céng suit va / hode downlink burst
profile

Primary
management
Loai ndi két
Basic
Basic
Basic
Loai ndi két

Initial ranging
hoic Basic
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o]

23

RNG-RSP,
Ranging Re-
sponse

DBPC-REQ,
Downlink Burst
Profile Change
Request

DBPC-RSP,
Downlink Burst
Profile Change
Response

Duge truyén bdi S8S dé phdn héi lai mdt Initial ranging

RNG-REQ duge nhian. N6 cing ¢6 thé
duge truyén mot cach khong déng bo
dé& gdi cac phin hidu chinh dya vao cac
86 do trén dit lidu hoac cdce théng bao
MAC duge nhan khac

Bugc g6i bai 88 dén BS trén 58 Basic
CID dé véu cdu méat sy thay déi trong
downlink burst prafile duge sit dung bdi
BS d¢€ van chuyén dif lidu d&n S8

Puge g&i bdi BS trén SS Basic CID dé
phan héi lai mdt thong bao DBPC-REQ
ti S8, N&u tham s6 DIUC (duge yéu
cAw) gidng nhu duge yéu cdu trong théng
bdo DBPC-REQ thi y&u cdu da duoc
ch&p nhan. Néu khong tham s3 DIUC
eta DBPC-RSP 1a DIUC truge ma S5
d4d nhén dif lidu downlink g do

ho#c Basic

Basic

Basice

Céc théng bdo quin Iy dich vu dong (tao, thay déi va xda)

L.oai (8 bit)

I

13

17

Tén thong béo

DSA-REQ, Dy-
namic Service
Additon Re-
quest

DSA-RSP, Dy-
namic Service
Additon Re-
sponse
DSA-ACK, Dy-
namic Service
Additon Ac-
knowledge
DSC-REQ Dy-
namic Service
Change Re-
quest
DSC-RSP, Dy-
namic Service
Change Re-
sponse
DSC-ACK Dy-
namic Service
Additon Ac-
knowledge

DSC-REQ, Dy-
namic Service

Deletion Re-
quest

Mb ta

Buge pdi bdi mat S8 hoac BS ¢8 tao
service flow mdi. Cde thuge tinh ser-
vice flow ké ci cé4c thude tinh QoS duge
xde dinh

Buge tao dé phdn héilai mdét DSA-REQ
duge nhin, xdc dinh viée tao service
flow cé thanh cong hoac bi tit chdi

Puge tao dé phin hdilai mjt DSA-RSP
duge nhan

Buge géi bdi mot SS hosc BS dé thay
ddi d6ng cdc tham s clia mét service
flow hién cé

Duge tao dé phan héi lai mot DSC-REQ
dure nhan

Bugc tao 88 phdn héi lai mt DSC-RSP
dugc nhan

Puge g&i béi mot S8 hodc BS dé x6a
mit service flow hién cé

Loai noi két

Primary
agement

Primary
agement-

Primary
agement

Primary
agement

Primary
agement

Primary
agement

Primary
agement

man-

man-

marn-

man-

man-

man-

man-
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1% DSD-RSP, Dy-
namic Service
Deletion  Re-

sponse

30 DSX-RVD, DSx
Received Mes-
sage

Cdc théng bdo thitong litgng kha ning co ban SS
Mb ta '

Loai (8 bit) Tén thong bdo

26 SBC-REQ, S5
Basic Capbility
Request

27 SBC-RSP, 85
Basic Capbility
Response
Thong bdo ding ky
Looai (8 bit} Tén théng biao

8 REG-REQ, Reg-
istration Re-
quest

7 REG-R5P Reg-
istration Re-
sponse

29 DREG-CMD, De/
Re-registration
Command

49 DREG-REQ, 58
De-registration
Request

Puge tac dé phdn héi lai mdt DSC-

REQ dugc nhan

Buge tao béi B3 dé bdo cho 88 bist
ring da duge nhan chinh xdc bdi mot
thong bdo DSx (DSA hodc DSC)-REQ.
Théng bdo DSx-RSP dugc truyén chi
sau khi DSx-REQ dugc xéc thue

Bhige truyén bai SS trong qua trinh khéi
taa dé bdo cho BS biét vé nhitng kha
nang c¢ bin cia né, chu y&u la Physi-
cal Parameters (cdc tham s6 vat 1y)
v Bandwidth Allocation (su caAp phat
bang thong) duge ha trg

Duge truyén béi BS d& phén héi lai
mét SBC-REQ. Xac dinh sy giao nhau
cua cdc tinh nang 88 va BS

Mo ta

buoe gdi béi 88 dé ding ky véi BS.
Xde dinh cdc tham s§ quan 1y hé tro,
cdc tinh ning CS, ché dé6 IP..

Buge gdi bdi BS dé phdn héi lai thong
bio REG-REQ. Xdc nhén hodc khdng
x4c thye. Phdn héi lai nhitng dy bdo

kha nang reg-req.

Buge truydn bdi BS d€ budc SS thay
déi trang thdi truy cap cita nd (ngung
suf dung kénh hién hanh, s dung né
lai, 8 dung né vdi nhing gidi han.).
Khong duge yéu cdu hode phan hdi hai
mbt thdng bdo SS DREG-REGQ

DPugc gdi bdi SS dén BS dé bdo cho BS
bigt vé& y&u cdu hiy dang k¥ S8 tir BS

vA mang

Primary man-
agement

Primary man-
agement

Loai néi két

Basic

Basic

Loai ndi kat
Primary man-

agement

Primary man-
agement

Basic

Basic
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Théng bdo xdc Igp lai SS
l.oai (8 bit) Tén thong bido M3 td Loai néi k&t
25 RES-CMD, Re- D& buje SS tuf xdc lap lai, tdi khdi tao Basic

set Command MAC cla né va 14p lai sy truy cdp hé
théng ban ddu

Céc théng bdo hoan thanh truyén TFTP file cdu hinh

l.oai {8 bit} Tén thong bao Mo ta Loai ndi két

31

32

TFTP-CPLT,
Config File
THTP Complete

TFTP-RSP,
Config File
TFTP Complete
Response

Khi viéc download TFTB file ciu hinh
da hoan t&t thanh cong, S5 biao cho BS
biét bing cdch truyén mét thong bdo
TFTP-CPLT

Phan héi lai TFTP-CPLT, BS (thuéng)
gdi mot thong bdo TFTP-RSP vdi mat
phan hii QK"

Cdc théng bdo tai nguyén v tuyén

Loai (8 bit)

36

37

J8

Tén théng bio

REP-REQ,
channel mea-
surement Re-
port Request

REP-RSP, chan-
nel measure-
ment Report
Response

FPC, Fast
Power Control

M5 ta

BPuac gdi bgi BS d&n S8 dé yéu cdu RSSI
(muc cong suat duge nhén) va cac bao
cdo do kénh CINR. Trong cdce dai tan s
mién ban quyén, thong biaoc REP-REQ
cing yéu cdu cic két qua cua cac s0 do
DES ma BS da lap thai bidu trudc dé

Chita bdo cda s do pho hgp vdi Report
Request

Duge truyén dai chung béi BS dé diéu
chinh cdc mite cong sudt cha nhifu S8
cung mat lic. C4e S8 ap dung sy thay
ddi da xdc dinh trong thai gian xi 1y
FPC cha thong bdo qudn 1§ downlink
SS. Vie thue thi FPC thi tiy chon. Kiém
504t cong suat thung duge nhan bidt
bdi periodic ranging (xdc dinh pham vi
theo dinh ki)

Primary man-
agement

Primary man-
agement

Loaindi két

Basic

Basic

Broadcast
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Cac thong bao an ninh

Loai (8 bit)

9

1(}

Tén théng bio

PKM-REQ, Pri-
vacy Key Man-
agement Re-

quest,

Mb ta

Truyén mét thong bao giao thite PKM
(Privacy Key Management) ti client
PKEM, S8 dén server PKM, BS

PKM-RSP, Pri- Truyén mét thong bdo giao thie PKM

vacy Key Man-
agement Re-

sponse

tor server PKM, BS dén client PKM,
585

Cdc thong bdo AAS (Adaptive Antenna System)

f.oai (8 bit)

4

45
16

48

Tén théng bao

AAS-FBCK-

REQ

Mb ta

(lién quan d&€n cdc hoat djng AAS)

AAS Feedback Request

AAS-FBCK-RSP AAS Feedback Response

AAS-Beam Se-

lect

ASS-.
BEAM_REQ

ABS-
BEAM_RSP

Loai théng bao AAS Beam Select
Loai théng bdo AAS Beam Request

Loail théng bdo AAS Beam Response

Cdc logi thong bdo khdc

Loai (8 bit)
28

Tén théng bio

Mo ta

CLK-CMP, S8 Dfi vdi céc service flow tdi thong tin
network Clock doihdicdce SS tditao cdetin hido ddng

Comparison

hé mang cia ching (vi du Bell-Labs
DS1 con duge get 14 hé théng truyén
mach T1, 1.536Mb/s). Cdc thong bdo
CLK-CMP duge BS truyén dai chdng
theo dinh ky

Loai ndi két

Primary man-
agement

Primary man-
agement

Loaindi k&t

Basic

Basic
Basic

Basic

Basic

Loai néi két

A.1 Cac théng bdo quan ly MAC dugc bd sung béi 802.16¢

Cdc thong bdo quan Iy MAC sau didy da dugc dinh nghia trong
802.16e. Chung néi vé tinh di dong, cac ché do tiét kiém ning lugng,
kiém soat céng sudt, MBS va MIMO.
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Cac thony bae ché dd diéw khien cang sudt

Loai {8 bit) Tén théng bio
613 PMC._REQ,
Power control
Mode Change
Request

G4 PMC_RSP,
Power control
Mode Change
Response

Thing hao MBS
Loai {8 bit) Tén thong bio

6 MBS_MAP

Mé ta

BPugac gai tit S8 dén BS, PMC_REQ dugc
st dung dé yéu cdu thay ddi ché do
diéu khién cong suit hodc tra a1 PMC-
RSP

Quyét dinh thay ddi ché d6 diéu khién
cong suit vong md (hodc vong kin) duge
thue hién tai BS, Quyét dinh nay duge
xdc dinh bdi théng béo PMC_RSP
MAC

Mo td

Pugc gdi béi BS, trén mét phdn MBS
d& mb td cdc ndi két MBS duge phuc
vu bdi phdn MBS nay. Néu MBS_MAP
khong duge gdi, nhing nai k&t nay duge
md ta trong DL_MAP

Théng bdo thiét Iap tién ma héa MIMO

Loai (8 bit) Tén thong bdo

PRC-LT-CTRL,
Setup/Tear-
dowp of Long-
Term MIMO
Precoding

£}

Mo ta

BS c6 thé thiét lap sy tién ma héa
MIMO dii han véi su phdn hai tir mét
S5 cu thé bing cdch gdi thang bdo nay
d&n 88 nay. BS ciing ¢6 thé s dung
thang bdo nay dé loai bé su tién ma
hoa dai han eé phan hbi

Cdc thong bdo handover

Loai (8 bit} Té&n thong bdo

53 MOB_NBR_ADV,
Neighbour
Advertisement
51 MOB_SCN_REQ,

Scanning inter-
val allocation
Request

o
i }

MOB_SCN_RSP,
Scanning inter-
val allocation
Response

Mo ta

Puge truyén dai ching bdi mdt BS, cung
cip thong tin kénh vé cac BS lan can
thudmg duoc cung cAp bdi cac cube truyén
théng bdao DCD/UCD cia mdi BS

Dugc g&i béi 85 (MS) d€ yéu cdu mit
khodng th&i gian quét nhdm myc dich
tim kigm cac BS cé sdn va xdc dinh
dich tinh thich hgp cia chung nhu 12
cdc muc tiéu cho handover

Puge gdi bdi BS dé bit ddu bao cdo

quét MS cé hodc khong ¢é su ¢cAp phdt
quét

Loai néi két

Basic
Basic
Loain8i k&t

Loai ndi két

Basic

Loai n&i ké&t

Broadcast, Pri-
mary manage-
ment

Basic

Basic
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(334

MOB_SCN_REP,
Scanning result
Report

MOB_ASC_REP,
Association re-
sult Report

MOB_BSHO-
REQ, BS_HO
Request

MOB_MSHO-
REQ, MS_HO
Request

MOB_BSHO-
R5P, BS_HO
Response

MOB_HO-IND,
HO Indication

Cac thng bao ché dd Sleep

Loai {8 bit)
50

Tén thong bdo

MOB_SLP-
REQ. Sleep Re-
quest

MOB_SLP-RSP,
Sleep Response

MS truyén mdt théng bdo
MOB_SCN_REP dé bao cdo cac két qua
quét cho BS phuc vy cia nd sau mbdi
khoang thii han gquét vao thai gian duoc
xdc¢  dinh trong thdéng bido
MOB_SCN_RSP

Khi Association Level 2 (bdo cdo Asso-
ciation duge hd trg bdi mang duge si
dung bdi Serving BS 6 thé tap hop tat
cda thiong biao RNG_RSP ma nd nhéan
qua mang xudng song tit cdée BS lan
cdn thanh mdgt ‘théng bdo
MOB_ASC_REP ma sau dé Serving BS
goi dén MS

BS c¢d thé truyén thing bde

MOB_BSHO-REQ khi né mudn bat ddu
mt handover

MS ¢é thé truyén thdng bdo
MOB_MSHO-REQ khi n6 muén bit ddu
mot handover

BS truyén mit thong bdo MOB_BSHO-
RSP sau khi nh4n mdt thong bdo
MOB_MSHO-REQ

Mot MS truyén thing bijo MOB_HO-
IND, dua ra mdt chi bdo ring no sdp
thue hién mjt handover. Khi MS huy
ho#c ti chdi mdt handover, né cing
truyén thong bido MOB_HO-IND véi
mdét chi bdo thich hgp

Ma ta

Puge gdi bdi mét ché 49 Sleep héd trg
MS d& yau edu dinh nghia va / hodc
kich hoat cdc 14p tigt kiém ning lugng
¢hé& 46 Sleep nhat dinh

Buge gai tit BS dén mgt MS trén Broad-
cast CID hodc trén MS Basic CID dé
phan hdi lai mgt thong bac MOB_SLP-
REQ, hosc khéng duge yéu cdu. C6 thé
chita dinh nghia cia mét 16p tigt kidm
ndng lugng ché d§ Sleep méi hoidc sy
kich hoat tin hiéu

Primary man-
agement,

Primary man-
agement

Basic

Basic

Basic

Basic

Loai ndi két

Basic

Basic
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LW

MOB_TRF-IND,
Traffic Indica-
tion

Thong bag ché dd lule

Loai (8 bit)

61

Tén thomg bao

MOB_PAG-
ADV, BS broad-
cast PAGing

Puoc goi tir BS dén mot MS trong mét
ché dg Sleep von c6 mdt hode nhidu lép
tiét kidm nang lugng ché dd Sleep loai
1. Théng bido nay duge pdi trong cic
khoang thii gian lang nghe MS dé, bidu
thi viéc da cé luu lugng duge gdi dén
bat ky MS trong ché d6 Sleep hay
khang

Méb ta

Buge géi bdi BS trén Broadcast CID
hode multicast CID ché& 46 1dle trong
khodng thai gian BS Paging. Xac dinh
cho mét s6 MS hd trg ché 46 [dle, yéu
chu thyc hién viée ranging dé thiét lap
vj tri, viégc bdo nhin mdt thdng bio
heac nhap vac mang (Enter Network)

Broadcast

Loai ndi két

Broadcast
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Py luc B

Vi du vé théng bao Downlink
Channel Descriptor (DCD)

Chuong 9 da trinh bay cac phan chung vé théng bdo DCD, mét
théng bdo quan Iy MAC mé ta cdc dic diém PHY cia kénh downlink.
Vi du nay cua mé6t thong bdo DCD chita cdc mé ta vé hai ¢ wnlink
burst profile duge nhin dang tuosng dng bsi DIUC 0101 (thiap luc
phan: 5} va DAC 1010 (thap luc phan: A). Phuy luc nay trinh bay day
di chi tigt vé théng bdo nay, s dung cdc tham sé giao dién PPHYsical
OFDM (WiMAX).

CAu tric clia thong bdo dua vao cdc bang 233 va 358 va cu thé hon
dua vao muc 11.4 cia tham s6 TEEE 802.16-2004, M6t sd gia tri duge
chon ¢é thé khéng hoan toan dya vao cdc diém xemn xét thuc tién (vi
du BSID ¢6 dinh nghia khong toan dién trong chuan). 802.16e da bé
sung vai tham s& vao théng bao DCD (chii y&u cho ti&€n trinh handover)
von khong duge dua vao vi du nay.

Noidung Chidudai Tén truing Mo ta

truong trudng

01 8b (cd dinh) Loai théng bdo 01 14 gid tri cho DCD
quian Iy MAC

4 8b (ed dinh) Downlink Channet ID  BPugc chon tay ¥ bai BS

01 8b (cd dinh) Configuration Change  Xdc dinh mét thay ddi vdi
Count thong bdo DCD trude (01 1A mdt

gia dinh)

Phan dau cha mo ta downlink burst profile cho gid tri DIUC = 0101
(thap luc phan: 5), phadn nay duge ma héa bang TLV.

1 8b icd dinh} Downlink_Burst_Profile B chi bdo
Downlink_Burst_Profile

44 (thap 8b (cd dinh) Downlink_Burst_Profile 67 byte cho todn b

luc phan:67) Length Downlink_Burst_Profile cia

DIUC = 0101
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0 4b (cé dinh)
h 4b (cd dinh)

Danh riéng
Gis tri DIUC

Buge xdc ldp sang zero

Gia tri nay cua DIUC sé duoc
k&t hgp véi
Downlink_Burst_Profile va
Thresholds duge dinh nghia
trong phan dudi day

Phan ddu cda cdc gid tri Channel Encodings cho gid tri DIUC =
0101 {thap luc phan: 5), phan nay duge ma héa bang TLV.

01 1 byte
01 1 byte
44 (thdp 1 byte

lue phén: 67)

02 1 byte
131 1 byte
1K 1 byte
06 1 byte
01 1 byte
09 1 byte
07 1 byte (¢ dinh)
01 1 byte
2D 1 byte
08 1 byte (ed dinh)
01 1 byte

Loai ma héa Downlink_
Burst_Profile

Loai ma héa Downlink_
Burst_Profile

Gi# tri ma héa
Downlink_Burst_
Profile

Loai ma héa BS EIRP

54 byte cho toan bé d61 tugng
k& ca cdc muc TLV duge nhing

Xem quy téc cho chiéu dai TLV

67 byte cho toan bd
Downlink_Burst_Profile

cda DIUC = 0101

Cong sudt truyén BS {cong suat
bite xa dat hudng hidéu dung)

Chiéu dai ma héa BS  Xem quy tdc cho chidu dai TVL

EIRP

Gid tri ma héa BS EIRP Cé d4u bing cdc don vi
1dBm (xem ghi chu 1 va
cudi phu luc B)
Loai mi héa Downlink Puge st dung chi trong hoat
channel number déng mién bdn quyén
Chiéu dai ma héa
Downlink channel number
Gi4 tri md héa Downlink Channel Number (Channel
channel number Nr), mdt gid tri 8 bit cho phép
tinh tdn s& trung tam kénh cho
cdc day tdn s6 mién ban quyén
Loai ma héa TTG Buige biéu thi Physical Slot
{Transmit/freceive
Transition Gap)
Chiéu dai ma héa TTG
(Transmit/receive
Transition Gap)

Gia ma héa TTG
{Transmit/receive
Transition Gap}

Loai ma héa RTG
{Receive/transmit
Transition Gap)

Chiéu dai ma héa RTG
(Receive/transmit
Transition Gap)

148 Physical Slot

Pugc biéu thi bing
Physical Slot
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21 1 byte Gia tri ma héa RTG 84 Physical Slot
{Receive/transmit
Transition Gap)

09 1¢c6 dinh) lhyte Loai ma héa Initial
Ranging Maximal
Received Signal

Strength at BS

Chiéu dai m4 héa Initial
Ranging Maximal
Received Signal
Strength at BS

Gid tri ma héa Initial
Ranging Maximal
Received Signal
Strength at BS

RSS IR, MAX: cutmg d¢ tin higu
nhan t6i da Initial Ranging
Maximal Received Signal
Strength tai BS

02 1 byte

FFE4 2 byte C6 ddu biing cdc don vi 1 dBm

{xem ghi chi 1 bén dudi)
FFE4= --28dBm (10°* W)

A ithap 1 byte (c& dinh) Loai md héa Channel  Puoc s dung chi trong hoat

phan: 10} Switch Frame Number déng mién bdn quyén. Trong
trugng hgp caa DFS (Dynamic
Frequency Selection), kénh cin
duge st dung duge suy ra biing
cach st dung Channel Switch
Frame Number nay
03 1 byte Chiéu dai ma hoéa Xem quy téc cho chidu dai TLV
Channel Switch Frame
Number
000003 3 byte Giz tri ma héa Channel +3
Switch Frame Number
C tthap 1 byte {¢§ dinh)  Loai mi héa Dewnlink Trung tdm day tAn sb trong dé
phan: 12} centre frequency mét base station (BS) duge &n
dinh d€ truyén bing kHz
04 1 byte Chidu dai m& héa
Downlink centre
frequency
(11365240 4 byte Gia tri ma héa 00365240 (0000,0000,0011,
Downlink centre 0110,0101,11£1,1110,1010)
frequency =3560000 kHz (3.56 GHz}
1} {gia tri 1 hbyte (ed dinh) Loai m& héa Base Base Station 1D 1 mit trutng
thip Station ID dai 48 bit nhan dang BS
phan: 13) (khéng phii dia chi MAC)
06 1 byte Chiéu dai ma héa
Basge Station 1D
AE54AA 6 byte Gid tri mi héa Base Station ID c6 thé lap
123456 Base Station 1D trinh. 24 bit MS phai ducc sid
dung operator ID. Mgt gid tri
nghu nhizn da duge chon § day
E (thap 1 byte {c6 dinh) Loai m& héa Frame Cdc gia tri Frame Duration
phan 14) Duration Code Code duge cho trong chudn

01

1 byte

Chiéu dai md hoéa

Frame Duration Code
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03

F (thip
phan 15)

03
AOBIEE

Thr 94
{thap
phan: 148)

01

N4

1 byte

1 byte {c6 dinh)

1 byte
3 byte

1 byte (cé dinh}

1 byte

1 byte

Gid tri ma hoa
Frame Duration Code
L.oal ma hda

Frame Number

Chiéu dai ma héa
Frame Number
Gid tri ma héa
Frame Number
Loai ma hoa MAC
varsion

Chiéu dai md héa
MAC version

Gid tri ma héa MAC
version

Ma tuong (ng vdi 8 ms (xem
bang 232 cda 802.16-2004)
Frame Number 14 mit si
modulo 2% (mat s6 12 hit vén
duge tang lén 1 cho méi frame).

S6 frame coa frame chia
théng hdo DCD

Xac dinh phién ban ¢tia chudn
IEEFE 802.16 ma di tugng khai
tao théng bdo tuian theo

Biéu thi si tuan theo
IEEE R0Z.16-2004

Phan dau cia cdc gid tri ma héa Burst Profile cho céc gid tri DIUC
= 0101 (thap luc phan: 5) phan nay dugc m& héa bing TLV

1
04

D0365FEA

96 (thap
phan: 150)
01

03

97 (Thap
phén: 151)

a1

30 (thap
phén: 48)

1 byte {cd dinh}
1 byte

4 byte

1 byte (cd dinh)
1 byLe

1 byte

1 byte (c6 dinh)

1 byte

1 byte

Loai m# héa Frequency

Chiéu dai ma hoa
Frequency

(A try ma héa
Frequency

Loai ma héa FEC Code
Chiéu dai ma héa
FEC Code

Gid tri ma hoéa
FEC Code

Loai m& héa DIUC
mandatory exit
threshold

Chiéu dai ma héa DIUC

Tan 6 downlink eiia burst pro
file tinh bing kHz

Q00365FEA (0000,0000,
0011,0110,0101,2111,

1110,1010)=3563

500 kHz {3.5635 GHz)

Cung cap sy didu bién va cung
¢dp méi héa clia burst profile

Gid tri nay tuong dng véi suf
diédu bién 16-QAM va Reed-
Solomon CC, tée do md héa
bing %

CINR (Carrier-to-Interference-
and-Noise Ratio) duge sit dung
d8 chon burst profile (hoic tuong
dugng DIUC). Tinh bing cdc
dan vi 0.25dB

mandatory exit threshold

Gi4 tri ma héa DIUC
mandatory exit
threshold

Tuong dng v6i 48 x 0.25 dB
=12 dB
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98 (thip 1 byte ted dinh}
phan: 152)

01 1 byte

36 thap 1 byte

phan: bd)

99 {Lhip 1 byte (co dinh)

phan: 153}

01 1 byte

1 1 byte

Loai ma héa DIUC
mandatory entry
threshold

Chiéu dai ma héa DIUC
mandatory entry
threshold

Gid tri ma hoa DIUC
mandatory entry
threshold

Loai ma héa TCS
enable

Chidu dai ma héa
TCS enable

(GGi4 tri ma héa
TCS enable

CINR (Carrier-to-Interference-
and-Noise Ratio) dugc sit dung
dé chon burst profile (hosc tuong
dugng DIUC). Tinh biing cde
don vi 0.25dB

Tuong dng vdoi 54 x 6.25 dB
=135 dB

TCS {Fransmission
Convergence Sublayer) 1a mit
e¢ edu tuy chon cho OFDF PHY
(8.1.4.3)

0 = TCS duoc tit (disable)

1 = TCS dugc md (enable)
2 - 255 = danh riéng (Reserved)

1 = TCS enable

Phan dau ctia phan mé td Downlink Burst Profile cho gig tri DIUC
= 1010 (thap luc phan: A). Phan nay duge ma héa bing TLV

i 8b (¢d dinh}
44 (Thap  8b{cd dinh)
phéan: 67)

0 4b (c6 dinh)
A 4b (¢d dinh)

Downlink_Burst_
Profile Type

Chidu dai Downlink_
Burst_Profile

Danh rigéng
Gia tri DIUC

B¢ chi béo
Downlink_Burst_Profile
67 byte cho toan bd

Downlink_Burst_Profile cua
DIUC = 1010

Bugc xdce ladp sang zero

Gid tri nay eda DIUC sé duge
ké&t hgp vai
Downlink_Burst_Profile va
Thresholds duge dinh nghia
trong phdn dudi day

Phan ddu cha cdc gid tri Channel Enandings cho gia tri DIUC =

1010 (thap luc phan: A).

01 1 byte (¢ dinh)
01 1 byte

44 (thdp 1 byte

phan: 67}

02 1 byte {cd dinh)

Loai ma héa
Downlink_Burst_Profile

Chiéu dai ma hda
Downlink_Burst_Profile

Gia tri md hoa
Downlink_Burst_Profile

Loai ma héa BS EIRP

Phdn nay duge ma héa bing TLV

S8 byte trong toan Lo 461 tugng
ké ca cac muc TLV nhing

Xem quy tdc che chiéu d&i TLV

67 byte cho todn by ma héa
Downlink_Burst_Profile cia
DIUC = 1010

Cong sudt truyén BS (cong suat
bife xa ddng huéng hidu dung)
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1

1E

06
ul

08

3C

08

01

3C

0%

02

FFES

A {théip
phan: 10)

1 byte

l byte

1 byte {cd dinh}

1 byte

1 byte (cd dinh)

! byte (¢ dinh}

i byte

1 byte

1 byte (e dinh}

1 byte

1 byte

1 byte {cd dinh)

1 byte

1 byte (¢d dinh)

Chiéu dai ma héa

BS EIRP

Xem quy tdc che chiéu dai TLV

Gi4 tri ma héa BS EIRP Cé ddu biing cdc don vi 1 dBm

Loai mad hdéa Doewnlink

Channle Number

Chidu dai méd héa

(xem bén dudi) 1E = 30 dBm
(1W)

BPuge st dung chi cho hoat djng
mién ban quyén

Downlink Channle Number

Gia tri ma hoa

Downlink Channle

Number

Loai ma héa TTG
{Transmit/receive

Transition Gap)

Chiéu dai ma héa TTG
{Transmit/rececive

Transition Gap)

Gia tri ma héa TTG
{Transmit/receive

Transition Gap)

Loai ma héa RTG
{Receive/transmit

Transition Gap}

Chidu dai ma héa RTG
{Receive/transmit

Transition Gap)

(3id tri ma héa RTG
{Receive/transmit

Transition Gap)

Loai ma héa Intial
Runging Maximal

Received Signal
Strength at BS

Chiéu dai ma héa Intial
Ranrging Maximal

Received Signal

Gid tr1 ma hoa Intial
Rarging Maximal

Received Signal

Loai ma héa Channel
Switch Frame Number

Channel Number (Channel Nr),
mdt gid tri 8 bit cho phép tinh
todn tAn sé trung tam kénh cho
cdc ddi t4n s6 mién ban quyén
Puge biéu thi béng Physical
Slot

148 Physical Slot

Bugc bidu thi bing Physical
Slot

84 Physical Slot

RSS™®-m=x: Cugng A9 tin hidu
nhan duge 131 da Intial
Ranging tai BS

C6 dau bing ede don vi 1 dBm
(xem ghi chi bén dudi}
FFeb = -26 dBm (10*W}

BPugce sit dung chi trong hoat
dong mién bdn quyén. Trong
truémg hop cda DFS (Dynamic
Frequency Selection), kénh mai
cdn dugce st dung suy ra bing
cach st dung Channel Switch
Frame Number nay



326

Phu iuc B: Vi dy vé théng bao Downlink Channel Descriptor (DCD)

03

000003

C (thap
phén: 12)

04

0036 5240

D ithap
phdn: 13)

06

AEGR4
123456

E (thap
phéan: 14)
01

04

F {thap
phan: 15}

3
AOb1EE

94 (thap
phin: 148)

01

04

1 byte

3 byte

I byte (c& dinh)

1 byte

4 byte

1 byte (cd dinh}

1 byte

6 byte

1 hyte (cd dinh)
1 hyte
1 byte

1 byte {cd dinh)

1 byte
3 hyte

1 byte (O dinh)

1 byte

1 byte

Chidu dai ma héa

Channel Switch Frame

Number

Gid tri ma héa

Channel Switch Frame

Number

Loal ma hoa
Downlink centre
frequency

Chiéu dai ma héa
Downlink centre
frequency

Gid tri m3 héa
Downlink centre
frequency

Loat mad hoéa Base
Station ID

Chidu dai ma hoéa
Base Station ID

Gid tri ma hoa
Base Station 1D

Loai ma hoa

Frame Duration Code

Chiéu dai ma hda

Frame Duration Code

Gid tri ma héa

Frame Duration Code

Loai ma héa Frame

Chiéu dai ma héa
Frame Number
Gi4 tri ma héa
Frame Number

Loai ma héa MAC,
version

Chiéu dai ma héa
MAC version

Gid tri ma héa MAC,

version

Xem quy tic cho chiéu dai TLV

+3

Trung tdm cla ddy tdn sd ma
trong dd mét base station {BS)
hodc 88 d& truyén tinh bing
kHz

00365240 (0000,0000,0011,
0110,0101,1111,1110,1010)
= 3 560 000 kHz (3.56 GHz)

Base Station 1D la mt truding
dai 48 bit nhan dang BS
(khong phai dia chi MAC)

Base Station ID c6 thé lap
trinh. 24 bit MS phai dugc s
dung lam operator ID. Mot gid
tri ngdu nhién da duge chon é
day

Céc gid tri Frame Duration
Code duge cho trong chudn

M3 tuong ttng v6i 10 MS (xem
bang 232 cia 802.16-2004)
Frame Number 12 mot so
modulo 22 {mét s6 12 bit} vén
duge tAng 1én mdt cho méi
Frame

Frame Number cia frame chifa
théng bao DCD

Xdc dinh phién ban cita IEEE
802.16 ma 461 tugng khdi tao
thong bdo tuan theo

Xé4c dinh sy tudn theo IEEE Std
802.16-2004
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Phan dau cia cdc gid tri ma héa Burst Profile cho céde gia tri DIUC
= 1010 (thap lyc phan: A). Phan nay duge mi héa bing TLV.

0l 1 byte (c6 dinh}
04 1 byte

0036 5FEA 4 byte

96 (thép 1 byte (8 dinh)
phan: 150)

01 1 byte

05 1 byte

97 (thap 1 byte (¢& dinh)

phan: 151)

01 1 byte

52 (thap 1 byte

phén: 82)-

98 (thap 1 byte (cé dinh)
phan: 152)

01 1 byte

62 (thap 1 byte

phan: 98)

99 (thap 1 byte (cd dinh)
phan: 153)

Loai ma héa Frequency

Chiéu dai ma héa
Frequency

Tén s6 Downlink cda burst
profile niy tinh bing kHz

Gid tri tdn s6 Frequency 00365FEA (0000,0000,0011,

Leai ma héa FEC Code

Chiéu dai ma hda
FEC Code

Gia tri ma hda
FEC Code

Loai ma héa DIUC
mandatory exit
threshold

Chiéu dai ma héa DIUC

4110,0101,1111,1110,1010)
= 3 563 500 kHz (3.5635 GHz)

Cung cdp sif didu bign va
phuong phdap méa héa coa
burst profile

Gid tri nay tuong dng vdi su
difdu bign 64-QAM vi Reed-
Solomon CC, tdc dé mid hoa
=2/3

CINR (Carrier-to-Interference-
and-Noise Ratio) duge sif dung
dé chon burst profile {ho#c tuang
duong DIUC). Tinh bing

0.25 dB

mandatory exit threshold

Gi4 tri md héa DIUC
mandatory exit
thresheld

Loai ma héa DIUC
mandatory exit entry
threshold

Chidu dai ma héa DIUC
mandatory exit entry
threshold

Gi4 tri ma héa DIUC
mandatory exit entry
threshold

Loai ma héa
TCE_enabhle

Tuong dng véi 82 x 0.25 dB
=205 dB

CINR (Carrier-to-Interference-
and-Noise Ratio) dugc sir dung
dé& chon burst profile (hodc tuong
duong DIUC). Tinh bing

0.25 dB

Tuong dng vdi 98 x 0.25 dB
=24.5

TCS {Transmission Sublayer)

14 mét co cdu thy chon cho
OPDM PHY

0 = TCS disable (duge tt)

1 = TCS enable (duge mad)
2 - 255 = Reserved (danh riéng)
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01 1 byte Chiéu dai mi héa
TCE_enable
1 1 byte Gi4 tri ma hoa 1 = TCS enable (duge md)

TCE_enable

Khéng ¢é quy tdc cu thé nao dugc trinh bay trong chuén (802.16-
2004) cho mot s6 ma tham s6. Gia dinh réng v6i N t0 hop ¢6 thé c6
(vi du véi 16 bit, 65 536 té hgp), N/2 t& hop dau tién (0 dén 32767)
tugng tring cho cdc so duong trong khi 32768 t6 hgp ké Llep (32768
dén 65536) tugng trung cho cdc sé& 4m (bu hai). D€ c6 duge "-28", lay
s6 t6 hgp (65536) tru cho 28 dé dugc 65508 (nhi phan
1111,1111,31110,0100; thip luc phan: FFE4),
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