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Tom tht

Ngéy nay, cugc cach mang trong mang di déng té bao dang dign ra manh mé nhdm hudng 161 thé hé thong
tin mér 5G. Mjt trong nhing ky thuét quan trong trong 5G 13 st dung cdng nghé MIMO ¢& Ion (massive
Multiple-Input Multiple-Output, m-MIMO) nh3m lam téng hiéu sudt pho vé hiéu sudt nang lugng lén nhiéu t&n
S0 vbi céc mang LTE hién tai. Trong he théng m-MIMO, cdc tram goc BS sé str dung 6 luong réf 16n anten
phyc vu dbng thel trong cing mt nguon 1ai nguyén thoi gian-| -tAn sé cho nhiéu thiét bj don anten cua nguoi
dong. Uoc luong kénh fruyen la yéu (6 quan trong trong m-MIMO nhéim céi thién higu sudt phb va nang
luwong. Trong qué trinh huén luyén dudng Ién, ngudi dong s& gur cac tin hiéu hoa tiéu (pilot) truc giao da
biét t6i tram gbe vé tram gbc dua trén céc tin higu thu duoc sé wdc luong kénh truyén. Trong bai béo,
chung 16 khdo sét céc thugt toén woc lugng kénh cho hé thdng da té bao m-MIMO song cong phén chia
theo thoi gran (TDD-Time Division Duplexing). Céc mé phdng trang bai héo duoc danh gia dya trén céc ky
thudt uoc lupng kénh nham tim ra phuong phép c6 higu suét phd 1ot nhét.

Tir khoa: Higu suét phd, Ky thuat wic Ivong kénh truyén, MIMO TDD ¢ In, tal nguyén thdi gian- tan sé.
Abstract

Today, a revolution in cellular network has been set in motion toward 5G. One of the key techniquas for 5G
1s 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 &
large number of antennas simultaneously server many user terminals, each having e single antenna, in the
same i . Channel is crucial for M-MIMO systems to provide significant
improvement m spectral and energy efficiency. In uplink training the user sends orthogonal pilot signals that
are known to the BS then the BS estimates the channel. In this paper, wa study several channel estimation
techriques 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, tme-frequency
resource.

1. Dt vén d&

MIMO ¢ lén (massive MIMO, m-MIMO) 14 ky
thujt diy hira hen gitip 1am tang higu sudt phd (SE-
Spectral Efficiency, bit/s/Hz/cell) ciia mang | di dong
(€ bao bang céch tricn khar cac mang anten gdm hing
te3m (hang ngan) phan wr & trem gdc BS (Base
Station) [1]. Mt nguyén tic co ban trong M- \AIMO
1 56 [ugng anten cua tram BS thuong 16n hon cdt
nhitu so véi sb thiét by nguai ding UE (User
Fﬂulpmcm) trong cell (t& bio). Thong thudng, hé
théng m-MIMO hoat dgng & ché 46 truyén song cong
phin chia theo thdi gian TDD (Time Division
Duplexing) su dung cling thn sb dé truyén dir lidu
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theo dudng 1én UL (uplmk) va duong xuong DL
(downlink) & che thoi diém khac nhau. & ché do
TDD, rong khoang théi gian két hop (coherence
time) kénh truyén dugc xem 12 it thay d6y va tuong
duong cho ci har huéng UL va DL. Dya vao dic
diém ndy, qué trinh huin luyén dudng 1én s¢ dugc sit
dung dé dénh gia kénh truyen ¢ tram goc. Trong qua
trinh huin luyén duémg lén, UE s¢ gin cic chudi ky

tr pilot (boa tiéu) tryc giao da biét téi BS va BS dva
trén céc tin higu thu duqc s& uoc iugng kénh truyén.
Mot cach ly twdng, néu cac chudi pilot cua hai UE
ludn tryc guao thi viéc dinh gm kénh truyén s¢ dé
dang. Tuy nhién s6 lwong chudi pilot tnre giao ludn
bi gigi han da khodng thai gian két hop 7, cua kénh

thudng nho [2]. Gia thié méi chudr pilot gom 7, ky
tr. Didu do c6 nghia ta chi tim dugc nhidu nhét r,
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chudi pilot (médi chudi co d6 daiz, ky tw) tyc giao.
Viéc chon chudi pilot c¢é dé dai 1én hon s& cho phép
130 ra (p chudi p|lo| 16n hon niumg phai tra gia b!mg
luomg dir ligu truyén 1ai budc phai giam di [3]. Didu
do dén 16i vige phai i st dung cac pilot. Khi hai
hosc nhiéu UE & cic cell hén k& sir dung cac chudt
pilot khéng truc giao, hi¢n tugng can nhidu
(interference) s& xdy ra gay ra 137 khi wéc lugng kénh
truyén. Hién tugng ndy duge goi li nhidu hoa tiéu
(pilot contamination).

Trong bao bio nly, ching toi khio sat danh gid
mgt so phuong phép uoc lugng kénh lruyén m-
MIMO théng qua cée kich ban mé phong. Két qud
dénh gia dugc dua trén viéc danh gid higu suit phd
ciing nhu khéi lugng tinh toan cia timg phuong phap.

2. Mb hinh h§ théng
2.1 Giao thiec truyén dit ligu

Giao thitc truyén co ban cia m-MMO TDD
duge thyc hién trong timg khéi 1ai nguyén théi gian-
tan s6 minh boa trong hinh 1.

Tt T,

Pilat & du liew UL |m:wm HI],

Hinb [. Khéi ta nguyén théi gian — thn 6 trong m-
MIMO TDD

Khér tat nguyén théi giao ~ tin s6 co kich cd
B, (Hz) va T (s). Sé lueng ky (symbol) ¢6 thé
truyén duge trong khoi s& la 7, =B7.. Gid sit
B, =200kHz va T, =1lms thi 1, la khéi tai nguyén
gbm 200 ky tv.

M3i khéi tai pguyén hoat déng & ché d¢ TDD s¢
truyén t4i ci dir lifu dudmg 1én vé dutng xubng. Dé
dénh gid kénh truyén ¢ tram BS, ¢, ky tu trong khéi

s& dugce sir dung Qe (ruycn chui pl|01 (hoa néu) UL
(r,2K, K la s6 ngudi ding trong ccll tram BS),
phﬁn con lai gbm ro~7,=7,+7, ky tr s& duge
ding truyén dir héu UL va DL (trong d6 7, 13 s ky
nyr ding truyén d lidu lén UL va 7, 1asb ky tw ding
truyén dif liéu xudng DL).
2.2 Ubc hepmg kénh bang pilot

Ta gia thiét mang m-MIMO da cell s& gbm L
cell, mdi cell c6 1 tram BS. Tram BS ; sir dung M,

anten va phuc vu cho K, thiét b nguén ding don

Sme BERE 1S STYTrUAsves -
- 1 bl
anten. Pap img kénh gira ram j v ml;
n;
nguén ding UE § & cell / sz o ky hiet &
u A
W =[h,{_, /,,;_k,/] ec™
Keénh truyén cin duge danh oo BS J l?a“mg
chch dé mdi UE gini mot chudi py 1 gom 7, KY -

151 ding tdi da

Chon 7, = fKpu VOl Kop 156
(rong mbt cell, f 12 sé nguyén durong . duge goi lahg
s6 tai sir duog pilot. Bing cach nay. khong chi cho
phép cung chp ddy du Chum pilot cho cac UE trong
md cell ma con cuog cép du chudi p lat cho cac UE
trong tht cd L cell théng qua viée ¢! celt lh;anh
/ nhom cell khang gan nhan Cic cell hén ké sé
khong sit dung céc tap chudi pilot gidng nhau.

Tip chubi pilot sir dung trong bai bao xdy dung
dua trén ma trin bién déi Fourter rén rac [4] nhu sau:

voi o, =e e

M& tram BS can danh gia kénh tuyén tir céc
UE daog hoat déng trong khodng thoi gian két bop.
Tram BS j cdn danh gia kénh truyén tr cac UE
wong cell j . M UE truyén mdt chudi pilot T,
mu. Chudt pilot cua UE trong cell duge ky hiéu boi
¢, €C” . Cic thanh phin ciia ¢, duroc 1y 18 boi hé
s6 cong sual tuyén UL \[p, . Tin hiéu thu UL tai

BS j1a¥,eC"™ st duge xic dinh nhu sau [3):

V=S ot S Y pd N, @)
: 2 X,

Nowe
Deincd

7 pitors

BS j woc lugng kénh K u U ky trong
cell j dya vio tin hi¢u y,, = 12 cach nhén
¥, véi chudi pilot g, cia UE de

=Y )
() () 131080t chuyén viva 1 opppg

e TR ”
Tin hidu y, eC™ s& c6 s0 ch tng k. Use

Vromg kénh hicoa A/, dya trén dutoe gy hiéo
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theo cic phuong phap MSSE (Minimum Mean
Squared Error) [2] hogic LS (Least Square) [1].

2.3 Pdnh gia higu sudt phé
Vige uée lugng kénh truyén bing pilot trong 2.2

cho phép céc BS phat hién dwoc cac tin higu tir cae
UE trong cell. Ta gia thiét BS ; sir dung mét véc-to

két hop tuyén tinh & may thu v, € C" dé chon loc
dai tin hiéu tr UE & va logi bé nhiéu trir cic UE khac
trong mang.

Gid thiét UE thir & trong cell j s& truyén di
mt tin higu ngdu nhiéo s, ~N:(0, p,) véi
J=lenl vk

K, . Phuong sai p, la cong
suét truyén di. Tin higu thu UL y, eC* 1ai BS
duge md hinh héa nhwr sau [3):

L
», =Zzl:h"sM +n,
2 hls, + ZZhhsh +
T

=
tay

)

o
Deswved gt
Inter~cell tmserference

Trong dé 1 thinh phin nhidu cong déc lap & may thn
duoc gia thiét trung binh 0 va phuong sai o,

n, ~ N (OMI,G';LIN/] . Tram thu BS ; s& chon véc-

to kéthop v, e C* cho UE thir & nhu mdt him
clia wéc lugng kénh truyén lA-n:. dua trén viée truyén
pilot. BS ; se diing véc-to két hop phia th v, dé

thch tin higu thu mong muén cta UE thir & nhy sau:

u - s HT!
vy, = Vs, + vihus,

[EalyintLs [l
Desired sgnl over estimatcd channel  Deswred ssgnad over umbown channel

S, + 33,

s
S + vy,
i

- Nowsc

(A A
Intra-cell mterference Jnter el icrforence

(5)
trong d6 hy 1a thanh phin kéoh truydn wée lugng
duge (da biét) va Ay la thanh phin sai sé késh
truyén (khong bién). ()7 1i ky hidu
Hermitian (chuyén vi lién hop).

. Véi cdu hinh vi tri cac BS, UE ¢ dinh trong
mang, mé hinh kénh NLoS giira mjt thiét bj UE va
tram BS sir dung méng anten ULA duge mé hinh héa
théng qua ma trén twang quen khong gian (spatial

todn tir

corelation matrix) R} € C**™*" giita UE & trong cell
! vaABS j [3,56). R 1a dang ma trén Toeplitz. Khi
H

sb hrong anten M, du lon thi R} =E[h,;(h,:) }[6]-
Ma tran R} dugc s dung dé danh gia sai sb woc
lugng kénh truyén ik = hy — .

Dya theo dinh ly giéi han Shannon, cong suét kénh
dudmg 18n cia UE & bt ky trong cell j ludn bi gici

han ném cin bdi hiéu sudt phé SEY [bivs/Hz) [2):

St =T Eflog, (1+SIRN}! )}

3

©)

trong do SIRN,‘QL (Signal-to-interference-plus-noise
ratio) duoc dinh nghia I3 ty 56 tac thai (trong timg
khoang thot gian két bop) gitta Céng suér tin hiéu
nhan duoc (received signal power) vi Téng cong
sudt can nhién va nhiéu (interference plus noise
power). SIRN}“" tirc thin (trong khoang thdi gian két
hop dang xét) duge xic dinh trong [2, Lemma 1 &
Leroroa 2]:

L
SIRNG! =
Y
PulVi

P e o[ . s 3\
> 3wl s $Encirin, )
S g

T i o

(@]
I ) 5

trong d6 C; =E{h;. {h/.) } voi hu=h] —hi la sai

56 khi wére hrong kénh truyén 4 bing tap pilot.

Chc véc-1o két hop cho tit ca UE trong BS j theo

céc phuong phap MMSE (Minimum Mean-Squared
Error) (3], ZF (Zero-Forcing) vd MR (Maximum
Ratio)[2], l&n lugt duge x4c dinh nhu sau:

puoe [
A L

A G, ®
=[2]{{Pz[H’) +ZZPI. o, M, J HR

P
trong d6 P, :diag(p,,, --,pw’) 1a ma tran dudng
chéo gdm cang suat UE trong cetl / . ;1'7 1a ma trin

véc lugng kénh cua tt ca UE trong cell / dén
cell y [3].
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chudi pilot (mé1 chudi co do dai 7, ky tw) oyc giao.
Viéc chon chudi pilot c6 dé dai 16n hon s& cho phép
180 ra tap chudi pilot lgn hon nhung phai tr4 gia bang
Juong dir ligu truyén tai buse phai giam di [3]. Diéu
d6 dan 161 vigc phai téi sut dung céc pilot. Khi hai
hodc nhiéu UE ¢ cic cell lién ké sir dung cac chudi
pilot khéng tnye giao, hi¢n tugng can chiéu
(interference) s¢ xay ra gy ra I8i khi uéc lugng kénh
truyen. Hién tugng nay dugc goi 13 nhidu hoa tiéu
(pilot contamination).

Trong bao bao nay, ching 16i khao sét danh gis
mdt s6 phuong phdp uéc luomg kéoh lmyén m-
MIMO théng qua cic kich bian mé phéng. Két qua
dénh gia duge dya trén viée danh gid hiéu suat pho
cling nhu khoi lugng tinh toan cia timg phuong phap.
2. M hinh h¢ théng
2.1 Giao thirc truyén di liéu

Giao thirc truyén co ban cia m-MIMO TDD
dugc thuc hién trong timg khoi tai nguyén théi gian-
tdn s6 muh hoa trong hinh 1.

Tanso T,

Inmadubeuul lwlmum thc

—

Thergua

Hinh 1. Khéi 13 nguyén thoi gian — tdn sé trong m-
MIMO TDD o

Khoi @i nguyén théi gian - tan sd ¢b kich c&
B, (Hz) v& T.(s). So lugng ky ty (symbol) cd thé
truyén duge trong khéi s¢ la r, =B.T. Gia sir
B, =200kHz va T, =lms thi 7, la kbéi tai nguyén
26m 200 ky tr.

M1 khdi a1 nguyén hoat déng & ché do TDD s&
truycn i ca dir Dhéu dudmg Ién va dudng xudng bé
dénh gia kénh truyén & tram BS, 7, ky t trong khoi
s2 duge sir dyng dé truyén chubdi pilot (hoa fi¢u) UL
(r,2K, Kla sé ngudi ding trong cell tram BS),
phin con lai gbm 7.-7,=7,+7, ky tu s& duge
ding truyéo dir liéu UL va DL (trong d6 7, 1a s6 ky
ty ding truyén dir liéu én UL va 7, 1258 ky tv ding
truyén dir ligu xudng DL).

2.2 Usc hegng kénh béng pilor

Ta gid thiét mang m-MIMO da cell sé gém L
cell, mdi cell ¢6 1 tram BS. Tram BS j s dung M,
anten va phuc vu cho X, thiét by ngudn ding don

v (hiét bi

anten. DAp img kénh gitra tram B3 )
i’ ky hiéy biog

ngudn dung UE ¢ 6 cell / s& duoc

s T e
LT
Kénh truyén cén duoc dinh gid 11 BS J l?;“mg
cach dé mdi UE gin mot chud pilot gom 7, KV B

Chop 7, = Ky VO Kni 12 sé pgudi dong 161 da
14 b | .
trong mgt cell, f 14 s6 nguyén duong , dwoc gm_la bé
sb tai st dung pilot. Bing cich ody, k}ufmg chi cho
phép cung cdp day di chudi pilol cho céc UE tong
mdi cell ma con cung cp dii chudi pilot cho cac UE
trong tat ca L cell thdng qua viéc chia L t_:;ell |h_Anl_1
/ bhém ccll khoog gin nhau. Cac cell lién k& sé
Kkhong si dung cac tip chudi pilot giong nhau.
Tip cbudi pilot sir dyng trong bi bdo xdy dung
dya trén ma trdn bién doi Fourier roi rac [4] nhu sau:

Mi tram BS cén dénh gid kénh truyén tir cac
UE dang hoat déng trong khoang théi gian ket hop.
Tram BS j can dinh gi4 kénh truyén tr cac UE
trong cell j . Mdi UE truyén mét chudi pilot 7,
miu. Chudi pilot cia UE trong cell duge ky hiéu bai
#, €C” . Che thanh phin cua 4, duge ty 1& boi b¢
50 cong sullt truyén UL P - Tin higu thu UL tai
BS j Ia ¥, €T s& duge xac dioh nhy sau [3):
. ;& )
L= X+ 23 e g+ N, @
P ool
v Noue

Deweed piot
Intermecll pilots

BS j udc lugng kéoh #), 1o UF ¢ bl ky wong

cell/ dua vao tin higu Y eC* cach nhan
Y, v6i chudi pilot ¢, ciia UE do:

Y = Y;‘ﬁ;r 3)
() ()" 18 1080 1ic chuyén viva lién  p phge

. L, ot ok s
Tin hign 2" s co 50 chidt  ing W, Ube

luome * 1 hpcta hjdua tén y  uge thye hign
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theo cdc phuong phép MSSE (Minimum Mean
Squared Error) [2] hodc LS (Least Square) [1].

2.3 Ddnh gié higu suét phé
Viée uée hrong kénh truyén biing pilot trong 2.2

cho phép cac BS phét hi¢n dugc cic tin higu tr chc
UE trong cell. Ta gia thiét BS j sir dung mét véc-to

két hop tuyén tinh & may thu v, e C* @& chon Joc
dai tin hiéu tr UE & va loa1 bd nhidu tnr cac UE khéc
trong mang.

Gia thiét UE thir k trong cell j s& truyén di
~Ne (0, p’,) voi
K, . Phuong sai p, 13 cong

mét tin hi€u ngdu nhién S
=Yool va k=1l,..,
suflt lmyéu di. Tin léu thu UL y, € c* ta1 BS J
dugc mé hinh héa phur sau [3]:

L K

=S s, 4,

=rE

2 Bles, + ZZhhsh +n

= m

)

Ay Nour

um—.lmm [
Inter~cell mterferenca

Trong d6 1 thanh phin nhidu cong doc 14p & méy thu
dugc gia thiét trung binh 0 vA phuong sai o, .
n ~ NC(OA,‘ uly, ) . Tram thu BS  s& chon véc-
10 két hop v, eC" cho UE thir & nhu mét bam
clia wéc lugng kénh truyén /Aljk dya trén viéc truyén
pilot. BS  s& ding véc-to két hop phia thu v, dé
téch tin hiéu thu mong mudn cta UE thir & nhu sau:

=
Viihns,, +

G
Desured sugnal over estimaed channel

LK
" "y o
+ Z s, +;Zlvﬁh,,s,, +V,
ey

", i
Vb, = Vihas,

Pl ]
Devired signal over wkown channel

vin
=
Noisc

[
Intraccll wizrforcnce  Inter—cell mterference

)
trong dé i:;‘ la thanh phén kénh truyéo uéc luong
dugc (0 bidt)
tuyén (kbéng bié). ()" 1a ky hicu
Hermitran (chuyén vi lién hop).

. Véi chu hinb vi trf cic BS, UE cb dinh trong
mang, mé hinh kénh NLoS giira mét thiét bj UE va
tram BS sir dung mang anten ULA duoc mé hinh héa
thong qua ma trén tuong quan khbog gian (spatial

va I 14 thanh phin sai s& kénh

todn tir

corelation matrix) R} eC""* gira UE & trong cell
! vaBS j (3,5,6]. R |2 dang ma trin Toeplitz. Khi
. "
6 lugng anten M, di lon thi R, :E{h,;(h/,) }[6]4
Ma tran R/ dugc sir dung dé dénh gis sai s§ uéc
lugng kénh truyén ik = b — Jrk .
Dya theo dinh 1y g161 han Shannon, cng suét kénh
dubng 1én cie UE & bt ky trong cell j luén by gidi
“ [bivs/Hz] [2]:

)

trong do SIRNUL (Sigi ference-p!

ratio) dugc dinh nghia 13 ty sb tirc thon (trong fimg
khodng thoi gian két hop) gira Cong sudt tin hién
nhén duoc (received signal power) va Téng cong
sudt can nhiéu va nhiéu (interference plus noise
power). SIRN‘”kL tuc thoi (trong khoang than gian két
hogp dang xét) dugc xac dioh trong [2, Lemma | &
Lemma 2]:

SIRNY: =
y

han tiém cin boi méu sudt phé S
7,
sE =TE{logZ(]+SI (6)

Lk
> p,.]v hn| +V,.[ZZPI. Oy, u]

=
(@2

U]

1 (37 " - ~ .

trong d6 C; :E{h,. [h,.) } v6i Jin =k T 1 sai
56 khi uéc lugng kénh truyén 4/ bing tap pilot.

Cic vée-to két hop cho tt ca UE trong BS j theo

cac phuong pbdp MMSE (Mimmum Mean-Squared
Egrror) {3], ZF (Zero-Forcipg) va MR (Maximum
Ratio)(2), lan luot duge xac dinh nbur sau:

V[Amsz =[le '"vih',]
' —~ Py L K
=LZH/P,{HI] +ZZPI,CI{+U:LIAI,

1=l 121 i-1
trong dé E:diag(p,,,»»»,p,,(’) la ma trin dudng

S ®
] Hip

chéo gdm cong sudt UE trong cell / ;I,\' 14 ma trin
uéc luong kénb ciia (&t ca UE trong cell / dén
cell j [3].
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3. Kich ban mé phang

Trong kich bin mé phéng, ching 18 xdy dyng
mot mang di dong té bio cb ving phi séng
1,2kmx1,2km gdm L =16 cell, duoc sép xép dang 6
luor nhu hinb 2 [3). Kich thuéc mdi cell 1A
0,3km x0,3km . H s6 1ai sir dung pilot f =4. Tap
pilot duge chia lam 4 1p con pilot. Cac cell thude
cung mdt nhém (vi dy cell 1,3 ,9 va 1)) s& sir dung
chung mét tap con pilot. Cac cell lién ké nhau khong
sir dung tap con pilot gidng nhau.

Tram BS & mbi cell duge dat & chinh gitra cell,
sir dung mang ULA hang ngang (Horizontal-Uniform
Linear Array) gom M anten ding huéng (dipole)
khoang céch 4, =0,52 phuc vu cho X thiét bi
ngudi dl\ug UE.

7 ""/ 8
- %@ DB

==

Hinh 2. Mang té bio 4x4 cell vai hé sb 14i sir dung
pilot =4

Tram BS & méi cell duge dit & chinb gila cell,
str dung mang ULA hang ngang (Horizontal-Upiform
Lincar Array) gom M anten diang huéng (dipolc)
khoang cich 4, =0,54 phyc vy cho K thét bj
ngudt diung UE.

Chc tham sd fruyén song duge s duog nhir
trong md hinh NLoS (None me of Sight) marcocell
3GPP & thn s6 2GHz [7]. HE sb suy hao dudmg truyén
fading thm réng S, (dB) gidva UE & trong ccll / va
BS trong cell j dugc md hinh héa nhu sauw:

d;
Bl = Y+10alogm[ km]+Fﬂl
(1m
A
=128,1+37, 6logw[ Tom ]+F’

Troog d6 &}, (km) la khoing cich gitra méy thu BS
va may phat UE, @ =376 1a hé sé (mii) suy bao

dudng truyén. Y =-128,1dB la suy hae kénh truyén

la
tai khodng cach tham chiéu 1 km. Fy ~ -N o) 1o
thay d8i tin hiéu do hién tuong bong 1'5"’ (SEZd:u\;
fading). D§ léch o, xic dinh mirc dé byép thién
biéu tmg béng rdm, gi4 tri o, rong cic mdi ruomg

truyén séng thuéng thay déi trong khodog 1ir 6 dén 12
dB.

Céng suit phiéu mdy thu BS (b0 gom m}’]f‘“
nhiét v hé sé tap am BS la NF, B 1a bing thoog
kénh truyén) dugc Xac dinh:

Noise = —174dBm +10log,, B(Hz)+ NF (8)
M3 kbéi tai nguyén gom r, rdu Gid m
7, =400 duoc chon phi hop vai mdi trudng outdoor
& tin 56 2 GHz c6 téc d6 di doog v4 phén téo kénh
cao[2].

Dé mo hinh héa kénh ruyén m-MIMO, ta s&
dung khai niém géc danh dinh (nominal 2ngle) oL
gitra BS j vA UE & trong cell 7, d6 Jéch chudn géc
(ASD-Angular Standard Deviation) & 12 &9 bién
thién géc xung quanh ¢, thé hign sy dich chuyén UE
trong khodng thi gian két hop (3,8]. Trong md
phéng, gi4 tri ASD dugc chon 14 10°duge xem 13
thich hop v&i md hinh mang & bao trong db thi [9].
Véi cu hmh vj tri cac BS, UE cb du'lh rong mang,
cac tham s ¢,6,d,, duoc st dung dé xéc dinh ma
trén fwong quan khéng gian R} pitra UE 4 trong cell
I vaBS ;.

Céc tham s6 mé phéng cia hé théng mang di déng da
1€ bao duge trinh bay trong Bang 1

Bang 1.Tham s md phong

Tham sb

S luong cell

Kich thudc cell

cell

S0 luong UE tro

Tan s6

H¢ sd tap 4m BS

Hiéu img bong ram
Céng suat UE

S6 miu trong khol

npgu; §n

HE s0 tdi sir dung pilot

S6 lugng UL pilot
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Hinh 3. Minh hoa géc danh dinh gitra BS va UE vA
d6 16ch chuan goc ASD

Kich ban md phong cho M-MIMO dugc xay
dyng trén cac budc sau [3]:

Bude 1+ Xay ding cau hinh mang
- Dit cAc UE viao cAc vj tri nghu nhién trong cell.
- Tinh kbodng cich dj va géc danh djnh ¢, .

- Xay dymg md hinh kénh théng qua ma tmin tuang
quan khong gian R}, .

Bude 2: Tao tham s6 kénh truyén
- Too ngu nhién chc hé sb fading bong ram F!

- Tinh toén hé 54 suy hao kénh S

Bute 3: Ubc lugng kénh truyén

- Ubc lugng kénh truyén i dugc uoc hugng théng
qua viéc sit dung chudi pilot

Bséc 4: Tink todn higu sudt phé SE

- Tinh SIRNY titc thoi theo cong thire (7).

- Xac dinh bigu suét phé tirc théi SES™ theo cong
thire (6).

- Tinh hiéu sudt phé binh quan S

trong tét ca cac Jan mé phong.

‘cta cic UE

4. Két qua md phéng

Trong md phong, sé UE trong cdc cell luén
duge ¢b dinh K =10. Do dé sb lugng pilot sir dung
trong md phong s& 1a 7, = /K =40 . Trong dénh gid
duong lén UL, ta chon gid tr 7, =7, -7, =360. sé
lugng anten M cta tram BS duoc thay déi ding dé
dénh gi4 hiéu suat phd cua cdc phuong phap.

Trong qud trinh mo phong, chung to1 thiét lap
100 cdu hinh vi tri ngau nhién gia cic UE va BS
frong todn mang. Véi méi cdu hinh vi tri, v1éc uée
lugng kénh truyén va danh gid hiéu suét phé mdi UE
trong mang s& dugc thuc hi¢n 100 tin véi chc tham sé

kénh truyén song thay di. Higu suft pho binh quin
cba cac thujt toan dugc danh gl trén tht ca cic UE
trong chc 1an md phong.

g»
g
g
%n
It
£
K.
) - -
I S R

Sotueng wien 0]

Hinh 4. Hidu suit phé cna cdc thudt toan ude lugng
khi K=10 va M thay déi

Hish 4 1a &t qua daoh gid hidu suit phd bing
cée phuong phdp MMSE, ZF va MR. Qua mé phong
ta c6 the thay hiéu sult phé cia MMSE cao nhét va
MR thép nhét.

t

® ® ® e ® w® % ® w m
Sokceg aem 3

Hinh 5. Khéi luong tinh todn cua cic thuft toan uéc
lugng khi K=10 va M thay d&

Ngodi higu sut phé, khéi lugng tinh todn cia
chc phuong phap ciing duoc danh gid dya tréo viée
tinh todn tin hiéu thu v,':y, cua timg UE trong cell
ciing nhu tinh todn véc-to két hop V, tong tmg
khoang thoi gian két hop. Khér lugng tinh todn duge
dya trén téng s6 cac phép nhan (holic chia) sé phire
trong tinh todn vA bo qua cac phép céng(hoac trlr) s6
phic. Hinh 5 chi ra trong trudmg hop ndy, MMSE c6
khéi luong tinh toan lon hon trong khi ZF va MR c6
khéi luong tinh toén gan nhu trong déng.
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5. Két ludn

Bii bdo di khao s&t danh gia mét sé phuong
phép uéc lugng kénh truyén sir dyng pilot trong hé
théng MIMO TDD & 1dn. Cic két qui mé phéng
trong bai bao da danh gia dwoc cac thut ton ve bigu
suat phéd (bivs/Hz/cell) cing nhu do phirc tap trong
tinh toan. Hudng nghién ciru tiép theo cua céc tc gia
1 thyc hign danh gi cc thuat 1odn uoc lugng kénh
fruyén trong moi truémg truyén 6 déi song milimét.
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