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Tom tat 

Ngay nay, cudc each mang trong mang di dong ti bao dang dien ra manh me nhim hirang tai thi he thong 
tin mai 5G. Mdt trong nhu'ng ky thuat quan trong trong 5G la sir dung cdng nghe MIMO ca lan (massive 
Multiple-Input Multiple-Output, m-MIMO) nhim lam tang hieu suit pho va hieu suit nang lirang len nhieu lin 
so vol cac mang LTE hien tai. Trong he thing m-ti^lMO, cac tram goc BS se SLP dung sd luvng rit lan anten 
phuc vu dong thoi trong cung mdt nguon tai nguyen ihd'l gian-tin so cho nhiiu thiit bi dan anten cua ngirai 
dung. L/ac lirang kenh truyin la yiu to quan trong trong m-MIMO nham cai thien hieu suit phd va nang 
luvng. Trong qua trinh huin luyen dirang len, ngwai dung se gui cac tin hieu hoa tieu (pilot) trirc giao da 
biit toi tram gdc va tram gdc dwa tren cac tin hieu thu dwac se wac Iwong kenh truyin. Trong bai bao, 
chiing tdi khao sat cae thuat toan wac Iwang kenh cho he thing da ti bao m-MIMO song cdng phan chia 
theo thai gian (TDD-Time Division Duplexing). Cac mo phong trong bai bao dwac danh gia dwa tren cac ky 
thuat wac IwQng kenh nhim tim ra phwang phap c6 hieu suit phd tot nhit. 

lit khoa: Hieu suat pho, Ky thuat u'ac lu'p'ng kenh truygn, MIMO TDD co lan, tai nguyen thcfi gian- t§n s6. 

Abstract 

Today, a revolution in cellular network has been set in motion toward 5G. One of the key techniques for 5G 
IS massive multiple-input multiple-output (m-MIMO) technology to achieve multiple orders of spectral and 
energy efficiency gains over current LTE networks. M-MIMO is a system where a base station (BS) with a 
large number of antennas simultaneously server many user terminals, each having a single antenna, in the 
same time-frequency resource. Channel estimation Is crucial for M-MIMO systems to provide significant 
Improvement in spectral and energy efSciency. In uplink training the user sends orthogonal pilot signals that 
are known to the BS then the BS estimates the channel. In this paper, we study several channel estimation 
techniques in multi-cell massive MIMO time division duplex (TDD) systems. Simulations were performed for 
several channel estimation techniques In order to identify the best spectral efficiency. 

Keywords' Spectral Efficiency, Channel Estimation Techniques, Massive MIMO TDD, hme-frequency 
resource, 

1. Dat van Ae theo duong len UL (uplink) va duong xudng DL 

MIMO CO lan (massive MIMO, m-MIMO) la ky 
(downlink) a cac thdi diem khac nhau. 6 che do 

, , .J , , , -. ,. - , .'. ; . , ; /CT-, TDD, trong khoang thoi gian ket hop (coherence 
toat day Ima hen gmp lam ang hien suat pho (SE- ^.^ .^ ^^^^ ^^^ ,, .̂  ^^^^^^.^ ^ , 
Spectral,Efficiency, b,t/s/Hz/ceU) cua mang i dong ^^^ ^. ^^_ ^^ ^ j ^ ^, ^ J ^ ^ ^ ^ . ^ ^ .^ 
te bao bang each tnen khai cac mang anten gom hang * - - •,• uu • i - .* • i- - ^ 

„ . . , , X - . ; Sc- /r. diem nay, qua trmh huan luyen duong len se dtroc su 
tram (hang nsan) phan tu o tram goc BS (Base , J : *• u - i - i , . i' - . -̂  T-
c- - \ r.n »7. - , i L' . A4 nirmrx dimg 06 oanh gia kenh truyen 0 ttam goc. Trong qua 
Station) [1], Mot nguyen tac CO ban trong M-MIMO ^^ ^ i - , ^ * • i- , rn '- - • i, =• i -
, . ; / ' • - ' • ^ . nn .1. • 1- u i^ ^ " 1 " huan luyen dirong len, UE se gm cac chuoi ky 
a so luong anten cua tram BS thuong Ion hon rat . i ^ ,u .-- \ ,^ • ^̂ ~ ..•=•. *• • n o • n c ^ 
, .; • ^ .. ; , , ; , . . ., . i n ^ T tupilot (hoa ticu) truc giao da biot toi BS VE BS dua 

nhieu so voi so thiet bi nguoi dung UE (User . . , ,, , . . ' , • * - • i j - u ^ ' 
^ . , „ , ;• , . , T, . „ . , . tren cac tin hieu thu duoc se iroc luong kenh truyen, 
y"^'"TLT^ I * . " "" I - J ' ; - "*^ ' " ' ° ° ^ ' . "^ Mot each ly ttrong, nju cac chuSi pilot ctia hai UE 
thong „, MIMO ho J dong o che do truyen song cong ,^._^ true g,ao thi viec danh g,a kenh Iruyto se dS 
phan chia theo thai gian TDD (Tune Division .. • ° . . . ; ,• , "=. -, , ^ -̂  - , -
L, , ^ - , • .'- i A ^ ^ - .1- -,•• dang. Tuy nhien so lirong chuoi pilot true giao luon 
Duplexing) sir dung cung tan so de nruyen du heu , , .... . , , , " f, , ,= , 'T - i - u 

> ' ' = • ' • ' = ' ° bl gioi han do khoang thai gian ket hop 7̂ , cua kenh 

thuang nho [2]. Gia thiet moi chuoi pilot gom r,, ky 
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Email: nam.vuonghoang@hust.edu.vn 

mailto:nam.vuonghoang@hust.edu.vn


Tap chi Khoa hixn vk C§Ui^ ii£W? ' • 

chu6i pilot (mfii chu6i co do dai r^ ky tii) true giao. 
Viec chpn chudi pilot co dp dai Ion hon se cho phep 
tao ra tap chuoi pilot Ion ban nhung phai tra gia bing 
lupng da lieu tmygn tai buoc phai giam di [3]. Dilu 
do dan toi viec phai iai su dung cac pilot. Khi hai 
hoac nhieu UE o cac cell hgn kh sit dung cac chu6i 
pilot khong tare giao, hien tugng can nhilu 
(interference) se xay ra gay ra 16i khi iroc lugng kenh 
tmyen, Hien tugng nay dugc ggi la nhieu hoa tieu 
(pilot contamination). 

Trong bao bao nay, chiing toi khao sat danh gia 
mpt so phucmg phap uac lugng kenh tmyln m-
MIMO thong qua cac kich ban mo phong. Kit qua 
danh gia dugc dua tren viec danh gia hieu suat pho 
cung nhu khoi lugng tinh toan ciia timg phuong phap, 

2. Mo hinh he thSng 

2.1 Giao thicc truyen du lieu 

Giao thuc tmyen ca ban ciia m-MIMO TDD 
duoc thuc hien trong tirag khoi tai nguyen thoi gian-
tan so minh hpa trong hinh 1. 

\ thiet bi 

Thoi gian 

Hinh 1. Khoi tai nguyen thai gian - tan so trong m-
MIMO TDD 

Khoi tai nguyen thai gian - tim so c6 kich co 

B^ (Hz) va 7^(s), So lugng ky tu (symbol) co the 

truyen dugc trong khoi se la z^=BX^- Gia sir 

B^ -2Q0kHz va 7̂  =\nis thi r̂  la khoi tai nguyen 

gom 200 ky Ur. 

Moi khoi tai nguyen hoat dong a che dp TDD se 
truyen tai ca dir heu duong len va duong xuong, De 
danh gia kenh tmyen d tram BS, c^ ky Ur trong khoi 
se dugc sir dung de tmyen chuoi pilot (hoa tieu) UL 
(r^>K, K\a so ngucri diing trong cell tram BS), 

phan con lai gom r,, - ^̂^ = "̂̂  + r^ ky tu se dugc 

diing tmyen dCr heu UL va DL (trong do r,, la s6 ky 

nr dung imyen dir lieu len UL va r^ la so ky tir diing 

tmyen dii lieu xuong DL). 

2.2 (Joe lugng kenh bdngpilot 

Ta gia thiet mang m-MIMO da cell se g6m L 

cell, m6i cell co 1 Uam BS. Tram BS j sii dung M 

anten va phuc vu cho K^ thiet bi ngudi diing don 

ky hieu bang 

iai BS ; bang 

gfiffl r , ky tu. 

anten, Dai'' ung kenh giiia tram 

nguai diing UE i a cell / se d 

Kenh tmyen can dugc danh •:. 

each dl m6i UE giii mgt chu6i piĴ  

Chpn r,=JK^. voi K^ la s6 nguoi diing toi da 

uong mpt cell, / la s6 nguyen duong . &nac gpi la he 

sd tai sir dung pilot. BSng each iia>-- khong chi cho 

phep cung cap day du chuoi piioi dio cac UE trong 

mdt ceil ma con cung cip du chiioj r ' o t cho cac UE 

trong ttt ca L cell thong qua viec en cell thanh 

/ nhom cell khong gm nhau C:i. cell hen ke se 

khong sii dung cac tap chu6i pilot giong nhau. 

Tap chuSi pilot sii dung trong bai bao xay dung 
dua tren ma tran biln d6i Founer roi rac [4] nhu sau: 

„>.-')(.,-!) 

M6i tram BS can danh gia kenh tmyen tu cac 

UE dang hoat dpng trong khoang thcri gian ket hgp. 

Tram BS / can danh gia kenh tmyen tu cac UE 

trong cell j . Moi UE tmyen mot chuoi pilot r^ 

man. Chuoi pilot ciia UE trong cell dugc ky hieu boi 

0̂ ( e C" . Cac thanh phan cua ^ ,̂. dugc ty le boi he 

s8 cong suit tmyen UL .J^^ . Tin hieu thu UL tai 

BS j la Y^ e C '"'' se dugc xac dinh nhu sau [3]: 

BS / iroc lugng kenh ftj^ li 

celly dua vao tin hieu 7^, e _ 

y, vai chuoi pilot ^ ĵ ciia UE do 

yj,t = i-,*;. 

(.)'^,(.)' la toan tit chuyen vi va i 

Tin hieu y^^^ e C''^' se c6 so ch 

luong kenh Ajtcua Aj'j dua tren 

"I ky Uong 

lg each nhan 

' ^ phixc. 

•'^"8 V, U-oc 

^"^'^ ^hyc hien 
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theo cac phuomg phap MSSE (Minimum Mean corelation matrix) if' eC^ ' " ' ' ^ giua UE A trong cell 
Squared Error) [2] hoac LS (Least Square) [1]. , , .„^ . „ ^ ^^ 1 i- ^ ^ T r . i^i,' 

^ " - ^ / v a B S y [3,5,6]. R la dang ma tran Toephtz. Khi 
2.3 Ddnh gid hieu sudt phd , f / x") 

s6 luong anten M dii I6n thi . /? ,{-£/ j i f / ; , ( 1 [[6] , 
Viec uac lugng kenh tmyen bang pilot hong 2.2 I ^ ' ) 

cho phep cac BS phat hi6n dugc cac tin hieu hr cac Ma tran R/^ dugc sii dung d l danh gia sai s6 trac 
UE trong cell. Ta gia thi€t BS j sir dung mot vec-to lugng kenh tmyen hit = ft^^ -hik. 
ket hgp tuyen tinh a may thu v ^ € C" ' d l chpn lpc 

dai tin hieu tir UE A: va loai bo nhilu trit cac UE khac 

trong mang. 

Gia thiet UE thii k trong cell j se tmyln di 

mpt tin hieu ngau nhien s^--N^(o,pA vai 

j^\,...,L va k = \,...,K^ . Phuong sai p^^ la cong '.• ' 

sudt tmySndi . T i n h i e u t b u U L 7^ G C ' ' ' tai BS 7 trong do SIRN'^J: (Signal-to-interference-plus-noise 

Dua theo djnh ly gicri han Shannon, cong suat kenh 

duang len ciia UE A bat ky trong cell j luon bi giai 

han ti6ra can bai hieu suat pho SE"^ [bit/s/Hz] [2]: 

SE"!; = ^ E log, l + 5/ffiv;f (6) 

dugc mo hinh hoa nhu sau [3]: ratio) dupe dinh nghia la ty so nie thai (trong tung 
khoang thai gian k6t hgp) gifta Cong sudt tin hieu 
nhdn duac (received signal power) va Tong cong 
sudt can nhieu vd nhieu (interference plus noise 

4A • ^ • ^ (4) power). SlRN"t tiic thai (trong khoang thai gian ki t 
~ 2-,"jk^llc "•" Z-iAuK^li + ", 

k^\ ,=[ ,^| -4^ hgp dang xet) dugc xac duih trong [2, Lemma 1 & 
Desired s.g7io(i '*' '"'" Lemma 2]: 

Trong do la thanh phan nhieu cpng dgc lap o may thu 

dugc gia thiet trung binh 0 va phuang sai cr^^: 

"7 "• ^cy-^M ''^UXM ) • Tram thu BS J se chpn vec-

to ket hgp v̂ ^ e C'^' cho UE thu * nhu mgt ham 

ciia uac lugng kenh tmyen hjt dua tren viee tmyen 

pilot. BS / se dimg vec~ta ket hgp phia thu v ̂  de 

tach tin hieu thu mong mu6n ciia UE thir k nhu sau: 

im^ Jl' J' J' i—ii—i y* " " J* J 

""A^Jk 

pikVi^'A 

' " (OMJ ,* ] 

(7) 

trong do Cf, =E<hilhi\ I voi hi^h^-hi la sai 

so khi uoc lugng kenh tmyln hf^ bSng tap pilot. 

Cac vec-ta ket hgp cho tat ca UE trong BS j theo 
cac phuong phap MMSE (Minimum Mean-Squared 
Error) [3], ZF (Zero-Forcmg) va MR (Maximum 
Ratio)[2], lan lugt dugc xac dinh nhu sau: 

z^'Pii^'] +tipiiCf.+yujM\ ^>, 

(5) 

trong do hjk la thanh phan kenh tmyen uac luong 

dugc (da biet) va hjk la thanh phan sai so kenh 

tmyen (khong biet). (.) la ky hieu toan tir trong do P, =ciiag(p„, ••,/';^ ) la ma tran duong 

Hermitian (chuyen vi lien hgp). , • •- • "—• 
cheo gom cong suat UE trong ceil / , Hf la ma tran 

Vol clu hinh vi tri eac BS, UE c6 dinh trong ^^^ , ^ ^ g y^^ ^ .^ , | , ^. ^ ^ ^^^^ ^^,1 , ^x^ 
mang, mo hinh kenh NLoS giita mpt thiet hi UE va 
tram BS su dung mang anten ULA dugc mo hinh hoa 
thong qua ma tran tuang quan khong gian (spatial 

ce l l ; [3]. 
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chuoi pilot (moi chuoi co dp dai r^ ky tu) true giao. 
Viec chpn chuoi pilot co dp dai Ion hon se cho phep 
tao ra tap chuoi pilot lan hon nhung phai tra gia bang 
lugng dQ heu tmyen tai buoc phai giam di [3]. Dieu 
do dan toi viec phai tai sir dung cac pilot. Khi hai 
hoac nhieu UE o cac cell hen ke sir dung cac chuoi 
pilot khong true giao, hien tugng can nhieu 
(interference) se xay ra gay ra loi khi uac luong kenh 
tmyen. Hien tupng nay dupe gpi la nhieu hoa tieu 
(pilot contamination). 

Trong bao bao nay, chiing toi khao sat danh gia 
mgt so phuong phap uoc lugng kenh tmyen m-
MIMO thong qua cac kich ban mo phong. Ket qua 
danh gia dugc dua tren viec danh gia hieu suat pho 
Cling nhu khoi lugng tinh toan ciia tirag phuang phap. 

2. Mo hinb he thong 

2.1 Giao thuc truyen dir lieu 

Giao thiic tmyen co ban ciia m-MIMO TDD 
dupe thuc hien trong timg khoi tai nguyen thoi gian-
tan so mmh hpa trong hinh 1. 

Tan so j^ 

N o t & d u lieu UL Du ll8U D l 

w Thoi gian 

Hinh 1. Kh6i tai nguyen thai gian - tan so trong m-
MIMO TDD 

Kh6i tai nguyen thai gian - tan so co kich ca 

fi^, (Hz) va r^,(s). 86 lugng ky Ur (symbol) co the 

tmygn dugc trong khoi se la r^ = BXc • Gia sii 

B^ = 200 kHz va 7; = Ims thi r, la kh6i tai nguyen 

g6m 200 ky tu. 

M6i kh6i tai nguyen boat dgng o che dp TDD se 

tmyln tai ca dit lieu duong len va duong xuong De 

danh gia kinh tmyln a tram BS, r^ ky tu trong ldi6i 

se dugc sii dung dl tmyln chu6i pilot (hoa tieu) UL 

{T ,>K , K\a s6 nguoi diing trong cell tram BS), 

phin con lai g6m r^-t^^ r„ +TJ ky tu se dugc 

diing tmyln dir lieu UL va DL (trong do r^ la so ky 

ty ditng tmyln du lieu len UL va TJ la so ky tu dimg 

tmyln die lieu xuong DL). 

2.2 Udc luang kenh bdngpilot 

Ta gia thilt mang m-MlMO da cell se gom L 

cell, m6i cell co 1 tram BS. Tram BS / su dung M^ 

anten va phuc vu cho K^ thilt bi nguai diing don 

anten. Dap iing kenh giiia tram ES ; va^ '^ • 
nguin dimg U E ; a^cell / s . dugc ky h.eu bang 

Kenh uuyln cin dugc danh gia tai BS j a°g 

each dl m6i UE gin mpt chu6i pilot g6m r , ky tu. 

Chon r = # ™ . vdl K^ la s6 nguai diing toi da 

trong m6t cell, / la s6 nguyen duang , duoc gpi la he 

s6 tai su dung pilot. B^ng each nay ^'^^f^f^ 

phep cung cip day du chuoi pilot cho « c U E trong 

Sili'cell ma c6n cung cip du chuo, pilot cho cac I ^ 

trong tit ca L cell thong qua viec chia I cell thanh 

/ nhom cell khong g^n nhau, Cac cei! hen ke se 

khong sit dung cac tap chu6i pilot giong nhau. 

Tap chu6i pilot sir dung trong bai bao xay dung 
dua tren ma tran biln d6i Fourier riri rac [4] nhu sau: 

(1) 

M6i tram BS cin danh gia kenh tmyln tu cac 

UE dang hoat dpng Uong khoang thoi gian ket hgp. 

Tram BS ] cin danh gia kenh ttaiySn tir cac UE 

trong ceU j . Moi UE tmy6n ragt chuoi pilot r^ 

mau. Chu6i pilot cua UE trong cell dugc ky hieu bai 

<j)^i^ G C' . Cac thanh phan ciia ^^^ dugc ty le boi he 

so cong suat truyen UL Jp^ . Tin hieu thu UL tai 

BS j la Y^ e C '"'' se dugc xac dinh nhu sau [3]: 

1 

0}[ 

,(" 

-

-')(',-0 

-1 

BS j uoc Iugng kenh ft^'^ tir UF '̂  bi t ky trong 

celly dua vao tin hieu y^^^ E C'^- each nhan 

Y^ voi chuoi pilot ^̂ ^ ciia UE do: 

y„. = ^,€ (3) 

{.f ,(,)• la toan iu chuyin vi va Her p p]^^^ 

Tin hieu .. ^ C'"'' se co so chiei jng I,J^ ^^^ 

lugng • .-111 h'jkcua ft;,dua tren y uoc thyc hien 
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theo cac phuang phap MSSE (Minknum Mean 
Squared Error) [2] hoae LS (Least Square) [1]. 

2.3 Ddnh gid hieu sudt pho 

Viec ucrc lugng kenh tmyln biing pilot trong 2.2 
cho phep cac BS phat hien dugc cac tin hieu tir cac 
UE trong cell, Ta gia thilt BS j sir dung mot vec-to 

ket hgp tuyen tinh a may thu v , e C ' de chon lge 

dai tra hieu tii' UE k va loai bo nhieu trir cac UE khac 

trong mang. 

Gia thi6t UE thii k trong cell j se tmyen di 

mpt tin hieu ngau nhien s ^ ~l^c\^,P,k) v6i 

j = \,...,L va i = 1,...,A! , Phuang sai p. la cong 

suat tmyen di. Tin hieu thu UL y^C ' tai BS j 

dugc m6 hinh hoa nhu sau [3]: 

(4) 

Trong do la thanh phan nhieu cong dpc lap a raay thu 

dugc gia thilt tmng bmh 0 va phuang sai cr^^. 

n ~ A ' c ( o ^ ''^UJM ) • Tram thu BS j se chpn vec-

to ki t hgp v ,̂ e C" ' cho UE thii k nhu rapt hara 

ciia uoc lugng kenh tmyen hjk dua tren viec trayen 

pilot. BS j se dung vec-to ket hop phia thu v ,̂ de 

tach tin hieu thu raong muon cua UE thir k nhu sau: 

<h\ 'jk^^'^jk 

(5) 

trong do h'jk la thanh phin kenh tmyln uac lugng 

dugc (da bilt) va lijk la thanh phin sai s6 kenh 

tmyln (khong bilt). (.)" la ky hieu toan tii 

Hermitian (chuyen vi hen hgp). 

. Voi ciu hinh vi tri cac BS, UE c6 dinh trong 
mang, mo hinh kenh NLoS giira rapt thilt bi UE va 
tram BS su dung mang anten ULA dugc rao hinh hoa 
thong qua ma tran tuong quan khong gian (spatial 

corelation matrix) Ri e C'' '""^ giiia UE k trong cell 

/ va BS j [3,5,6]. R la dang ma tran Toeplitz. Khi 

s6 lugng anten M^ du Ion thi Rj^ =E\h^ yh',^) \ [6]. 

Ma tran R^ dugc su dung de danh gia sai so uac 

lugng kenh tmyen hik = h^ - hik -

Dua theo dinh ly gioi han Shannon, cong suit kenh 

duang len ciia UE k bit ky trong cell j luon hi gicri 

ban tiera can bai hieu suit ph6 SE^^l' [bit/s/Hz] [2]: 

ffi™=iE{lo&(l + ajW,';')) (6) 

trong do SIRN"1' (Signal-to-interference-plus-noise 
ratio) dugc dinh nghTa la ty s6 hic thai (trong hing 
khoang thai gian ki t hgp) giira Cong sudt tin hieu 

nhgn duac (received signal power) va Tong cong 

sudt can nhiiu vd nhieu (mterference plus noise 
power). SIRN'^ tiic thoi (trong khoang thai gian ki t 
hpp dang xet) dupe xac dinh trong [2, Lemma 1 & 
Lemma 2]: 

SIRN'^,' = 

Pjkl^jif^A 

11 p,\<h'-\^-:k{ttpi,ci^<i.y,k 

0) 

trong do Cf =E<hiihi\ i vai hi=hl-hi la sai 

s6 khi uac lugng kenh tmyen hf bang tap pilot. 

Cac vec-to ket hgp eho tat ca UE trong BS j theo 
cac phuang phap MMSE (Mimraum Mean-Squared 
Error) [3], ZF (Zero-Forcing) va MR (Maximum 
Ratio)[2], lan lugt dugc xac dinh nhu sau: 

C =[>-„•••>,] 

trong do P^ = diag(^P;^,-",p,..) la ma fran duong 

cheo gom cong suat UE trong cell / . Hj la ma tran 

uoc lugng kenh cua tat ca UE trong cell / den 

ceUy[3]. 
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Ff =ff; ff; H,\ (9) 

(10) 

3. Kich ban mo phong 

Trong kich ban mo phong, chiing toi xay dung 
mpt raang di dpng te bao co viing phii song 
1,2km X 1,2km gom Z, = 16 cell, duoc sap xep dang 6 
luoi nhu hmh 2 [3]. Kich thuoc moi cell la 
0,3kmxO,3km. He so tai sir dung pilot / - 4 . Tap 
pilot dupe chia lam 4 tap con pilot. Cac cell thugc 
cimg mpt nhom (vi dii ceU 1,3 ,9 va 11) se su dung 
ehimg mgt tap con pilot. Cae cell lien ke nhau khong 
sir dung tap con pilot giong nhau. 

Tram BS a raoi celi dugc dat o chinh giira ceU, 
sir dung mang ULA hang ngang (Horizontal-Uniform 
Linear Array) gora M anten dang huong (dipole) 
khoang each d„ =0,5A phuc vu cho K thiet bi 
nguoi dimg UE. 

4 cell voi he so tai sii dung Hinh 2. Mang te bao 
pilot / = 4 

Trara BS a raoi cell dugc dat a chinh giua cell, 
sir dung mang ULA hang ngang (Honzontal-Uniform 
Linear Array) g6m M anten dang huong (dipole) 
khoang each d^ = 0,5A phuc vu cho K thiet bi 
nguai dimg UE. 

Cac tham s6 tmyen song dugc sii dung nhu 
trong mo hinh NLoS (None Line of Sight) marcocell 
3GPP o t in s6 2GHz [7]. He s6 suy hao duimg tmyen 
fadmg t im rgng ^i (dB) giua UE k trong cell / va 
BS trong cell j dugc mo hinh boa nhu sau: 

di 

'\lkm) 

(11) 

duong tmygn. T = - I28 ,WS la suy hao kfinh f™y^^ 

tai khoang each tham chilu 1 km. F,i -A'(0,o-^) 

thay d6i tin hieu do hien Urgng bong ram (sha ow 

fading). Dp lechff,^ xac dinh miic dp bign thien cua 

hieu ling bong ram, gia Ui a,^ trong cac raoi tmong 

Uiiyln song thuang thay dm trong khoang tir 6 den 12 

dB. 

Cong suit nhilu may thu BS (bao g6m tap am 
nhiet va he s6 tap am BS la NF, B la bang thong 
kSnh tmyen) dugc xac dinli: 

Noise = -i74dBm + mog,,B{Hz) + NF (8) 

M6i kh6i tai nguyen gim r, mau. Gia tri 

r, = 400 dugc chpn phu hgp vdi moi tmong outdoor 

6 tin s6 2 GHz co t6c dp di dong va phan tan kenh 

cao[2]. 

D l mo hinh boa kenh tmyln m-MIMO, ta su 

dung khai niem goc danh dinh (nominal angle) ^i 

giiia BS J vaUE k trong cell / , do lech chuin goc 

(ASD-Angular Standard Deviation) Sik dp bien 

thien goc xung quanh p,{ the hien su dich chuyen UE 

trong khoang thoi gian ket hpp [3,8]. Trong mo 

phong, gia Ui ASD dugc chpn la 10" dugc xem la 

thich hpp voi mo hinh mang te bao trong do thj [9]. 

Voi cau hinh vi tri cac BS, UE co dinh Uong mang, 

cac tham so p,i5,(y„ dugc sir dung de xac dinh ma 

Uan tuong quan khong gian R^ giiia UE k trong cell 

/ va BS ; . 

Cac tham so mo phong ciia he thong mang di dgng da 
te bao dugc trinh bay trong Bang I 

Bang l.Tham so mo phong 

Trong do d^ (km) la khoang each giQa may thu BS 

va may phat UE, a = 3,76 la he s6 (mii) suy hao 

Tham sd 
So luang cell (L) 
Kich thuoc cell 

So lugng anten 
So luang UE uong cell 
Tan so 
Bang thong 
He so tap am BS 
Hieu img bong ram 

Cong suat UE 
So man trong khoi tai 
nguyen 
He so tai sit dung pilot 

So lupng UL pilot 

ASD 

Gia tri 
L=16 

SOOmxSOOm 
M 
K 

2 GHz 
B=iOMHz 
NF = IdB 

a,^ = 10aB 

lOOmW 

J-.-400 

[^___/M_ 
^P-IK 

_ _ _ _ _ 1 0 " 
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BTinh 3. Minh hpa goc danh djnh giira BS va UE va 
do lech chuan goc ASD 

Kieh ban mo phong cho M-MIMO dugc xay 
dung tren cac buoc sau [3]: 

Buac 1 • Xdy dirng cdu hinh mgng 

- Dat cac UE vao cac vi tri ngau nhien trong cell, 

- Tinh khoang each d^ va goc danh dinh ip^ . 

- Xay dimg mo hmh kenh thong qua ma tran hiong 
quan khong gian R^ . 

Buac 2: Tgo tham so kenh truyen 

- Tao ngau nhien cac he so fading bong ram F,l 

- Tinh toan he so suy hao kenh ^i 

Buac 3: Uac lugng kenh tniyen 

- Uoc lupng kenh trayen hik dupe uac lupng thong 
qua viec sir dung chudi pilot 

Bu&c 4: Tinh todn hieu sudt phd SE 

- Tinh SIRN"^^ tiic thcri theo cong thirc (7), 

- Xac dinh hieu suat pho tire thai SE"l"'""- theo cong 

thiic (6), 

- Tinh hieu suit ph6 binh quan Sfjf cua cac UE 

trong tat ca cac lan mo phong. 

4. Ket qua mo phong 

Trong mo phong, so UE trong eac cell luon 
dupe e6 dinh A" = 10 . Do do so lugng pilot su dung 
trong mo phong se la r̂  - j5f - 40 . Trong danh gia 
duimg len UL, ta chgn gia tri r̂  = r̂  -r^ =360. So 
Iugng anten M cua tram BS duac thay d6i diing dl 
danh gia hieu suat pho cua cac phuang phap. 

Trong qua trinh mo phong, chimg toi thiet lap 
100 ciu hinh vi tri ngau nhien giiia cac UE va BS 
trong toan mang. Vai m6i ciu hinh vi tri, viec uac 
lugng kenh tmyln va danh gia hieu suat pho moi UE 
trong mang se dugc thirc hien 100 lan vai cac tham so 

kSnh tmyln song thay dfii. Hieu suat pho binh quan 
ciia cac thuat toan dugc danh gia tren tat ca cac UE 
trong cac lan mo phong. 

Hinh 4. Hieu suSt pho cua cac thuat toan uoc lugng 
khi K-lOvaM thay d6i 

Hinh 4 la kit qua danh gia hieu suat pho bang 
cac phuang phap MMSE, ZF va MR. Qua m6 phong 
ta CO the thay hieu suat pho ciia MMSE cao nhat va 
MR thip nhit. 

Hinh 5. Khoi luang tinh toan cua cac thuat toan uoc 
lugng khi K=10 va M thay d6i 

Ngoai hieu suat pho, kh6i lugng tmh toan ciia 
cac phuong phap cung dugc danh gia dua tren viec 
tinh toan tin hieu thu v'j[yj ciia tirng UE trong cell 
ciing nhu tinh toan vec-to kit hpp V^ trong timg 
khoang thai gian ket hgp, Khoi lugng tinh toan dugc 
dua tren tong so cac phep nhan (hoac chia) so phirc 
trong tinh toan va bo qua cac phep cpng(hoac tni) so 
phirc. Hinh 5 chi ra trong tntdng hgp nay, MMSE co 
khoi luong tinh toan Ion ban trong khi ZF va MR co 
khoi luang tinh toan gan nhu tuong dong. 
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5. Ket iu^n 

Bai bao da khao sat danh gia mgt so phuang 
phap uac lupng kenh tmyln sii dung pilot trong he 
thong MIMO TDD ca Ion. Cac ket qua mo phong 
trong bai bao da danh gia dugc cac thuat toan vl hieu 
suat pho (bit/s/Hz/cell) cimg nhu do phiic tap trong 
tinh toan, Huong nghien cuu tiep theo ciia eac tac gia 
la thuc hien danh gia cac thuat toan uac lugng kenh 
trayen trong moi tmong tmyen 6 dai song railimet. 

Loi cam on 

Cac tac gia bai bao xin chan thanh cam on su ho 
trg kinh phi nghien cuu khoa hpc cua Tmong Dai hpc 
Bach Khoa Ha Npi thong qua de tai cap Tmong ma 
S6T2017-PC-117, 
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