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1. Pit van dé

Nghién ciru danh gia hiéu suit pho ciia mét s6 ky thuit wéc lwong kénh
truyén trong h¢ thong MIMO TDD c¢& 16n
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Tom tat

Ngay nay, cuéc cach mang trong mang di déng té bao dang dién ra manh mé nhdm huwéng téi thé hé théng
tin m&i 5G. Mot trong nhiing ky thuat quan trong trong 5G la st dung céng nghé MIMO cé& Ién (massive
Multiple-Input Multiple-Output, m-MIMO) nhdm lam tang hiéu suét phé va hiéu suét ndng luong Ién nhiéu lén
so voi cac mang LTE hién tai. Trong hé théng m-MIMO, céc tram géc BS sé s dung sé lrong rét I6n anten
phuc vu déng thoi trong cung mot nguon tai nguyén thoi gian-tan sé cho nhiéu thiét bj don anten ctia nguoi
dung. Uéc lwong kénh truyen la yéu té quan trong trong m-MIMO nham cai thién hiéu suét phé va nang
lvong. Trong qua trinh huén luyén dudng 1én, nguoi ding sé gui céc tin hiéu hoa tiéu (pilot) truc giao da
biét t6i tram gbéc va tram géc duwa trén cac tin hiéu thu duoc sé wéc luvong kénh truyén. Trong bai béo,
chiing t6i khdo sét cac thuét todn wéc lwong kénh cho hé théng da té bao m-MIMO song cong phéan chia
theo thoi gian (TDD-Time Division Duplexing). Cac mé phdng trong bai bao dwgc danh gia dwa trén céac ky
thuét wéc long kénh nham tim ra phuong phap cé hiéu suét phé tét nhét.

T khéa: Higu suét phd, Ky thuat wéc lwgng kénh truyén, MIMO TDD cé& Ién, tai nguyén thdi gian- tan sb.
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 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, 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, time-frequency
resource.

theo duong 1én UL (uplink) va dudng xubéng DL

MIMO ¢& 16n (massive MIMO, m-MIMO) I k§ (downlink) & cac thoi diém khac nhau. O ché do

thuat day hira hen giup lam ting hiéu suat pho (SE-
Spectral Efficiency, bit/s/Hz/cell) cua mang di dong
té bao bang cach trién khai cac mang anten gdm hang
tram (hang ngan) phan tr ¢ tram gbc BS (Base
Station) [1]. M6t nguyén tic co ban trong M-MIMO
la s6 luong anten cua tram BS thuong 16n hon rat
nhidu so v6i sb thiét bi nguoi dung UE (User
Equipment) trong cell (té bao). Thong thuong, hé
thong m-MIMO hoat dong & ché d6 truyén song cong
phén chia theo thoi gian TDD (Time Division
Duplexing) sir dung cung tan so dé truyén dir liéu
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TDD, trong khoang thoi gian két hop (coherence
time) kénh truyén duoc xem I it thay dbi va tuong
duong cho ca hai huong UL va DL. Dya vao déc
diém nay, qua trinh huén luyén duong I1én s€ dugc sur
dung dé danh gia kénh truyén ¢ tram gbc. Trong qua
trinh huan luyén duong 1én, UE s& gui cac chudi ky
tu pilot (hoa tiéu) truc giao dd biét t6i BS va BS dya
trén céc tin hiéu thu dwoc s& wdc lugng kénh truyén.
Mot cach ly tuong, néu cac chudi pilot cia hai UE
luén tryc giao thi viée danh gia kénh truyén s& dé
dang. Tuy nhién s6 lugng chudi pilot truc giao luén
bi giéi han do khoang thoi gian két hop T, cua kénh
thuong nho [2]. Gia thiét m&i chudi pilot gdm 7, ky

ty. Piéu d6 c6 nghia ta chi tim dugc nhiéu nhit 7,
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chudi pilot (mdi chudi c6 do dai 7, ky tu) truc giao.
Viéc chon chudi pilot c6 do dai 16n hon s& cho phép
tao ra tap chudi pilot 16n hon nhung phai tra gi bang
luong dir lidu truyén tai budc phai giam di [3]. Diéu
d6 dan téi viéc phai tai sa dung cac pilot. Khi hai
hodc nhiéu UE & cac cell lién ké str dung cac chudi
pilot khong truc giao, hién tugng can nhiéu
(interference) s& xdy ra gay ra 16i khi u6c luong kénh
truyén. Hién tuong nay dwoc goi 1a nhiu hoa tiéu
(pilot contamination).

Trong bao bao nay, chiung t6i khao sat danh gia
mot sé phuong phap wdc luong kénh truyén m-
MIMO théng qua cac kich ban mé phong. Két qua
danh gia dugc dya trén viéc danh gia hiéu suét phé
cling nhu khéi lwong tinh toan cua timg phwong phép.

2. M hinh h¢ thong
2.1 Giao thirc truyén dir liéu

Giao thirc truyén co ban cua m-MIMO TDD
dugc thyc hién trong ting khoi tai nguyén thoi gian-
tan s0 minh hoa trong hinh 1.

iB,.

Tan so T

-
- >

Pilot & du lieu UL Du lieu DL

— —

> Thei gian

Hinh 1. Khbi tai nguyén thoi gian — tin s6 trong m-
MIMO TDD o

Khoi tai nguyén thoi gian — tan s6 c6 kich c&
B (Hz) va T, (s). SO luogng ky tu (symbol) co thé
truyén duoc trong khdi s& 1a 7, =BT. Gia sir
B.=200kHz va T. =1ms thi 7, 1a khdi tai nguyén
gdm 200 ky tu.

_Mbi khdi tai nguyén hoat dong & ché do TDD s&
truyén tai ca dir liéu dudng 1€n va dudng xuong. Bé
déanh gia kénh truyén ¢ tram BS, 7, ky tu trong khoi
s& duoc sir dung dé truyén chudi pilot (hoa tiéu) UL
(r,2K, Kla sO nguoi dung trong cell tram BS),
phan con lai gém z, -7,=7,+7, ky tu s€ dugc
dung truyén dir liéu UL va DL (trong d6 , 1a s ky
tu dung truyén di liéu 1én UL va 7, 1a s6 ky tu dung
truyén dit liéu xudng DL).

2.2 U lwong kénh bang pilot
Ta gia thiét mang m-MIMO da cell s& gdbm L
cell, mdi cell c6 1 tram BS. Tram BS j s dung M,

anten va phyc vy cho K, thiét bj ngudi ding don
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anten. Péap tng kénh gitra tram BS ; va thiét bi
ngudi ding UE i & cell [ s& dwoc ky hiéu bing
W= hy o W } eC" .

1i,M

Kénh truyén can dugc danh gia tai BS j bang
cach dé mdi UE giri mot chudi pilot gom 7, ky tu.
Chon 7, = fK

trong mot cell, 1 1a sb nguyén duong , dugc goi la hé

voi K 1a so nguoi dung toi da

max

sO tai st dung pilot. Bing cach nay, khong chi cho
phép cung cap day du chu01 pilot cho cac UE trong
moi cell ma con cung cép du chudi pilot cho cic UE
trong tit ca L cell thong qua viéc chia L cell thanh
f nhom cell khong gan nhau. Cac cell lién ké s&

khéng str dung cac tap chudi pilot giéng nhau.

Tap chudi pilot str dung trong bai bao xay dung
dura trén ma tran bién ddi Fourier rdi rac [4] nhu sau:

1 1 1 1
1 o w? w”
¢= : : )]
1 Cl):" 1 0)72(11)71) m C()Erl ’1)(71)’1)
-j2rlt,

voi o, =e
,

M&i tram BS cin danh gia kénh truyén tir cac
UE dang hoat dong trong khoang thoi gian két hop.

Tram BS j cin danh gia kénh truyén tir cac UE
trong cell j . Mdi UE truyén mot chudi pilot 7 f
mau. Chudi pilot ciia UE trong cell dugc ky hiéu boi
¢, € C” . Céc thanh phan ciia ¢, dugc ty 1¢ boi hé

sO cong sudt truyén UL . - Tin hiéu thu UL tai

BS jlay e C"’ & duge xac dinh nhu sau [3]:

=1 i=1
1#j

Y, = zJp_,k S o N, @)
_,_, ——

Noise
Desired pilot
Inter—cell pilots

BS j uéc lugng kénh A/ tir UE k bat ky trong

cell j  dya vao tin hi¢u y,, € C" bang cach nhan

Y, véi chudi pilot ¢, cua UE do:

YVik = Y,¢;k 3
(.)T ,(-)" 1a toan tir chuyén vi va lién hop phirc.
Tin hiéu y,, €C" s& ¢6 sé chiéu giong h/,. Udc

lwong kénh I clia h) dva trén y, duoc thuc hién
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theo cac phuong phap MSSE (Minimum Mean
Squared Error) [2] hoac LS (Least Square) [1].

2.3 DPanh gid hiéu sudt pho

Viée udc lugng kénh truyén bang pilot trong 2.2
cho phép cac BS phat hién dugc cac tin hiéu tir cac
UE trong cell. Ta gia thiet BS j st dung mot véc-to

két hop tuyén tinh & mdy thu v, € C" @ chon loc

dai tin hiéu tir UE k va loai bo nhiéu trir cac UE khac
trong mang.

Gia thiét UE th k trong cell j s& truyén di
mot tin hiéu ngau nhién sy ~Ne (O, pjk) voi
Jj=L.,L va k=1,..,K,. Phuong sai p, la cong
sut truyén di. Tin hiéu thu UL y ;€ C" tai BS i
dugc mo hinh héa nhu sau [3]:

LK
V=22 s+,
I1=1 k=1
LK
ZZh,‘fs,,. +n

K, )

— J
Zhjksfk + J
k=1 I=1 i=1 o

I#] Noise
Desired signals
Inter—cell interference

“4)

Trong d6 1a thanh phéan nhiéu cong doc lap ¢ may thu
dugc gia thiét trung binh 0 va phuong sai ol

n, ~ N¢ (OMJ_ N ) . Tram thu BS j s& chon véc-
to két hop vy € C"  cho UE thtt & nhu mot ham
ctia wéc luong kénh truyén ilj/k dua trén viéc truyén
pilot. BS j s& dung véc-to két hop phia thu Vi dé

tach tin hiéu thu mong mudn cua UE thtt k nhu sau:

H it HTJ
ViV, = Vi kS + Vi RS

R
Desired signal over estimated channel

K, L K
Hyj Hiyj
+ Zv.ikhﬁs.ii +szﬂchﬁsli Ty
i=1

H
k"

=1 i=1 —

I#j Noise

Desired signal over unkown channel

i#k

Intra—cell interference  Inter—cell interference

(5)
trong do ilj/k la thanh phan kénh truyén wdc luong
duoc (dd biét) va i) la thanh phin sai sb kénh
truyén (khong bi). ()"

Hermitian (chuyén vi lién hop).

la ky hiéu toan tir

. Véi cAu hinh vi tri cac BS, UE c¢b dinh trong
mang, md hinh kénh NLoS gitra mot thiét bi UE va
tram BS st dung mang anten ULA dugc md hinh hoa
thong qua ma trén tuong quan khong gian (spatial
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corelation matrix) R;, € C"" giita UE k trong cell
/ vaBS j [3,5,6]. R la dang ma tran Toeplitz. Khi

s6 lugng anten M, dii I6n thi R}, = E{h/k' (n] )H} [61.

Ma tran R/ duoc st dung dé danh gia sai so wdc

lugng kénh truyén it = hy, — i .

Dua theo dinh 1y gidi han Shannon, cong suét kénh
duong 1én cua UE k bat ky trong cell j Iudn bi gidi
han tiém c4n boi hidu sudt phd SE ZL [bit/s/Hz] [2]:

SEY = Z—E {log, (1+SIRN'Y )|

c

Q)

trong d6 SIRN' (Signal-to-interference-plus-noise
ratio) dugc dinh nghia 1a ty s6 tirc thoi (trong ting
khoang thoi gian ket hop) gitta Cong suat tin hi¢u
nhdn dugc (received signal power) va Tong cong
sudt can nhiéu va nhieu (interference plus noise
power). SIRN'/} tirc thoi (trong khoang thoi gian két
hop dang xét) dugc xac dinh trong [2, Lemma 1 &
Lemma 2]:

SIRNY" =

i’
ij hjk

P

L

2 K,
HT/ H j 2
vh‘ ot [zz PG+ oA,

1=1 i=l1

Dy

(7

~ ~j (=i \" L~ oo .

trong d6 C; = E{hu (hli) } V61 hi = hj, —hi 1a sai
s0 khi u6c lugng kénh truyén 4/ bang tap pilot.

Céc véc-to két hop cho tat ca UE trong BS ; theo

cac phuong phap MMSE (Minimum Mean-Squared
Error) [3], ZF (Zero-Forcing) va MR (Maximum
Ratio)[2], 1an lugt dugc xac dinh nhu sau:

MMSE _
4 = [Vﬂ Vik, J

Lo ~j\H L K ) s
= ZH/P,(H/) +2. 2. 2Cl+oply,

I=1 I=1 i=l

trong d6 A =diag<p“,-~-,p,,(/) la ma tran duodng
chéo gom cong suat UE trong cell / . H/ 1a ma trin
wéc lugng kénh cua tit ca UE trong cell / dén

cell j [3].
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SIS PSA
v =H,((Hf) Hf) ©)
MR
Vj
3. Kich ban mo6 phéng

- H, (10)

Trong kich ban md phdng, ching t6i xay dung
mot mang di dong t& bao c6 ving phu séng
1,2kmx1,2km gdbm L =16 cell, dwoc sip xép dang 6
lu6i nhue hinh 2 [3]. Kich thuéc mdi cell la
0,3kmx 0,3km . Hé s tai sir dung pilot f=4. Tap
pilot dugc chia lam 4 tap con pilot. Cac cell thudc
cung mot nhom (vi du cell 1,3 ,9 va 11) s& st dung
chung mét tap con pilot. Cac cell lién k& nhau khong
sir dung tap con pilot giéng nhau.

Tram BS ¢ mdi cell duoc dit & chinh giira cell,
sir dung mang ULA hang ngang (Horizontal-Uniform
Linear Array) gdm M anten dang hudng (dlpole)
khoang cach d,, =0,54 phuc vu cho X thiét bi

ngudi dung UE.

S SR
I %2%/3{J4%;
| SR IIN )
5 E6=2 7 =E8=
TR PR

jﬁ -ri i 2}{

9 1001174512
S e

13 El4= 15 El6=

Hinh 2. Mang té bao 4x4 cell voi hé sb tai st dung
pilot /=4

Tram BS & mdi cell dugc dit & chinh giita cell,
su dung mang ULA hang ngang (Horizontal-Uniform

Linear Array) gdm M anten dang hudng (dlpole)
khoang cach d,, =0,54 phuc vu cho K thiét bi

nguoi dung UE.
Céac tham sd truyén séng dugc st dung nhu

trong md hinh NLoS (None Line of Sight) marcocell
3GPP & tin s6 2GHz [7]. Hé s6 suy hao duong truyén

fading tAm rong B, (dB) gilta UE k trong cell / va
BS trong cell j duwgc mo hinh héa nhu sau:

J
B =Y +10alog,, i +F/
1 km
. (1)
dj j
=128,1+37,6log,, Thm + F

Trong d6 dj, (km) 1a khoang cach gitta may thu BS
va may phat UE, « =3,76 1a hé s6 (mil) suy hao
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duodng truyén. Y =—128,14B 1a suy hao kénh truyén
tai khoang cich tham chiéu 1 km. F/ ~ N (0 o, ) la
thay ddi tin hiéu do hién twong bong ram (shadow
fading). D9 léch o, xac dinh mue do bién thién cua
hi€u ng bong ram, gia tri o, trong cac moi truong
truyén song thuong thay dbi trong khoang tir 6 dén 12
dB.

Cong suét nhiu may thu BS (bao gom tap 4m
nhiét va h€ so tap am BS 1a NF, B 1a bang thong
kénh truyén) dwoc xac dinh:

Noise =—-174dBm +10log,, B(Hz) + NF (8)

Mbi khdi tai nguyén gdom 7, mau. Gia tri
7. =400 dugc chon phu hop véi mdi truong outdoor
& tan s6 2 GHz c¢6 tdc do di dong va phan tan kénh
cao[2].

DPé mo hinh héa kénh truyén m-MIMO, ta st
dung khai niém goc danh dinh (nominal angle) ¢,
gitta BS j va UE £k trong cell /, d6 1éch chuén goc
(ASD-Angular Standard Deviation) J1a do bién
thién goc xung quanh @] thé hién su dich chuyén UE
trong khoang thoi gian két hop [3,8]. Trong md
phong, gia tri ASD dugc chon 1a 10° dugc xem 1a
thich hop v6i m6 hinh mang té bao trong do thi [9].
Vi cau hinh vi tri cac BS, UE ¢6 dinh trong mang,
cac tham s0 ¢,0,d, dugc su dung dé xac dinh ma
tran twong quan khong gian R} gitta UE k trong cell
[ vaBS j.

Cac tham s6 mo phong cua hé thong mang di dong da
té bao duogc trinh bay trong Bang 1.

Bang 1.Tham s6 mé phong

Tham s6 Gia tri
S6 luong cell (L) L=16
Kich thudc cell 300m x 300m
S6 luong anten M
S luorng UE trong cell K
Tan s6 2 GHz
Bang thong B=10 MHz
He¢ s tap am BS =7dB
Hiéu g béng ram o, =10dB
Cong suat UE 100mW
SO mau trong khoi tai . =400
nguyén
He s6 tai str dung pilot f=4
S6 lwong UL pilot r,=/K
ASD 10°
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Hinh 3. Minh hoa géc danh dinh gitra BS va UE va
do I&ch chuan goc ASD

Kich ban m6 phong cho M-MIMO dugc xay
dung trén cac budc sau [3]:

Buée 1: Xay dung cau hinh mang

- Pit cac UE vao céac vi tri ngau nhién trong cell.

- Tinh khodng céch dj, va goc danh dinh ¢}, .

- Xay dyng md hinh kénh thong qua ma tran tuong
quan khong gian R}, .

Bude 2: Tao tham s6 kénh truyén

- Tao ngau nhién cac hé sb fading bong ram F)/

- Tinh toan h¢ s6 suy hao kénh S

Bude 3: Ude lwong kénh truyén

- Uéc lugng kénh trllyén i duoc udc lugng thong
qua viéc str dung chuoi pilot

Bude 4: Tinh todn hiéu sudt phé SE

- Tinh SIRN'; tic thoi theo cong thirc (7).

- Xéc dinh hi¢u suét pho tirc thoi SE{"™ theo cong
thirc (6).

- Tinh hi¢u sudt phd binh quan SE! ciia cic UE
trong tit ca cac 1an mé phong.
4. Két qua md phéng

Trong md phong, 50 UE trong cac cell ludn
duoc ¢6 dinh K =10. Do d6 so lugng pilot str dung
trong m6 phong s€ la 7, = fK =40 . Trong danh gia
duong 1én UL, ta chon gid tri 7, =7, -7, =360. Sé
luong anten M cua tram BS dugc thay dbi dung dé
danh gia hiu suat pho cta cac phuong phap.

Trong qué trinh mo phong, ching t6i thiét lap
100 cau hinh vi tri ngau nhién giita cac UE va BS
trong toan mang. Véi moi cau hinh V1 tri, "ViéC uoc
luong kénh truyén va danh gia hiéu suat phé moi UE
trong mang s€ dugc thuc hién 100 lan véi cac tham so

19

kénh truyén song thay doi. Hiéu suét phd binh quan
cua cac thuat toan dugc danh gia trén tat ca cac UE
trong cac lan mé phong.

T T
—)— MMSE

o —

—g—MR —9’/

Hieu suat pho SE [bit/s/Hz/cell]

L L
10 20 30 40 50 60 70 80 90

So luong anten (M)

Hinh 4. Hiéu suit phé) cua cac thuat toan udc luong
khi K=10 va M thay doi

Hinh 4 1a két qua danh gia hiéu suit phd bang
cac phuong phap MMSE, ZF va MR. Qua md phdéng
ta c6 thé thdy hiéu sudt ph cia MMSE cao nhét va
MR thap nhit.

T T
—— MMSE

—
—a—MR

Khoi luong tinh toan

L L L L L L L L
10 20 30 40 50 60 70 80 90 100

So luong anten (M)

Hinh 5. Khéi luong tinh toe'u} cua cac thuat toan udc
lugng khi K=10 va M thay d6i

Ngoai hiéu suat phd, khéi lugng tinh toan cua
cac phuong phap cling duoc danh gia dua trén viéc
tinh toan tin hi¢u thu vﬁ( y; cua tung UE trong cell
cling nhu tinh toan véc-to két hop V, trong tung

khoang thoi gian két hop. Khéi lugng tinh toan duogc
dua trén tong sé cac phép nhan (hodc chia) sé phirc
trong tinh toan va bo qua cac phép cong(hodc trir) sb
phtrc. Hinh 5 chi ra trong truong hop nay, MMSE c6
khdi lwong tinh toan 16n hon trong khi ZF va MR c¢6
khéi lwong tinh toan gan nhu trong dong.
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5. Két luén

Bai bao di khao sat danh gia mot sb phuong
phap uéc luong kénh truyén sir dung pilot trong hé
thong MIMO TDD c¢& 16n. Cac két qua md phong
trong bai bao di danh gia dugc cac thuat toan vé hiéu
sudt phd (bit/s/Hz/cell) ciing nhu d§ phic tap trong
tinh toan. Hudng nghién ciru tiép theo cua cac tac gia
la thyc hién danh gia cac thuit toan wéc lugng kénh
truyén trong moi trudng truyén & dai song milimét.

Loi cam on

CAc tac gia bai bao xin chan thanh cam on sy hd
tro kinh phi nghién ctru khoa hoc cua Truong Pai hoc
Bach Khoa Ha Noi thong qua dé tai cap Truong ma
s6 T2017-PC-117.
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