LOI CAM DOAN
To1 xin cam doan:

Ban luan van tot nghiép nay la cong trinh nghién cau cta ca nhan toi, duoc thuc
hién dya trén co so nghién cau ly thuyét, thuc té dudi sy hudng dan cua PGS.TS.
Trinh Anh Vii.

C4c sb lieu, két luan cua luan van 1a trung thuc, dua trén sy nghién cau nhitng mo
hinh, két qua da dat duoc cua cac nudc trén thé gidi va trai nghiém cua ban than, chua
tirng duoc cong bd dudi bat ky hinh thire nao trude khi trinh bay bao vé trudge “Hoi
d6ng danh gia luan vin thac sy k¥ thuat”.

Ha noi, Ngay thang 08 nam 2017

Nguoi cam doan



LOI CAM ON

Dau tién, cho phép em dugc goi 161 cam on sau sic dén PGS.TS Trinh Anh Vil.
Thay 1a nguoi ludn theo sat em trong qua trinh 1am ludn van, Thay da tan tinh chi bao,
dua ra nhitng van dé cét I8i giup em cung cb lai kién thirc va c6 dinh hudng dung din
dé hoan thanh luan vin nay.

Tiép dén, em xin duoc goi loi cam on dén tit ca quy Thay Co da va dang giang
day tai truong Khoa Bién tr - Vién thong, Truong Pai hoc Cong nghé di gitip em co
dugc nhirng kién thirc co ban dé thuc hién luan van nay. Kinh chiac Thay C6 doi dao
sic khoé, thanh dat, va ngay cang thanh cong hon trong sy nghiép trong nguoi cua
minh.

Cubi ciing, em ciing xin cam on gia dinh, cac anh chi, ban bé di luén quan tam,
dong vién va gitp d& em trong thoi gian thuc hién luan vin tot nghiép.

Xin chan thanh cam on!



Muc luc

CHUONG 1 CO SO KY THUAT MASSIVE MIMO .......coovvvveiirerirersienienieninn, 8
1.1. M6 ta hé thong Massive MIMO G0m Cell..........coeviveieiieeeieieeeieeseeeeeeees s 8
1.1.1. Hé thong Multiuser — MIMO ... ... oo oo e e e e e e e e

1.1.2. Hé thong Massive MIMO dom cell... ... ... oo e eeee e 10

1.2. Hoat dong caa hé thdng Massive MIMO...........c.cvveiiereeeiesisesesissseeseee s 13
1.2.1. So sénh giao thic truyén TDD véi giao thizc FDD.......c..c. e eeeeee e 13

1.2.2. Nguyén Iy hoar dgng tong quan cia hé théng Massive MIMO......................15

1.3. Hiéu suat phd va hiéu SUAL NANEG THONG ......vvevereeeeseeeseeeeeeesesseesessesss s 17

CHUONG 2 KY THUAT PIEU KHIEN THONG LUQNG PONG PEU CHO
NGUOI DUNG TRONG HE THONG MASSIVE MIMO ........cooooveeeerrrrnrenen. 18

2.1 Mot s6 ki thuat udc lugng tuyén tinh co DAN.........c.ovevrveieceeeeeee e 18
2.1.1  Tong quan wde lweong tuyen tinh... ... oo 18
2.1.2  Phuong phap MRC ... ........c.ccoccoiiiiii ittt e eeeees e e e e e e e 2. 10
2.1.3  Phurong phap ZF ... .........ccc e oo ve e eeeee e e et e ee vee aee ee ee s s neaee 222 19
2.1.4  Phuwong phap MMSE.............c.ccoccv v iveiee s et e eee e eeeeee e s e 202, 20
2.1.5  Pham chdt cua cac bg wde hwong tuyén tinh..........c.ccoooo e ecee e e .20
2.1.6  Udc lwong kénh dung pilot... ... e e eeie e 021

2.2 MO hinh kénh tuong UOnE ..ot 23

2.3 Tinh todn pham chat k&nh Massive MIMO...........co.cceeereeereeeeieeeeeeee e 24
2.3.1  Tinh chdt vecto ngdu nhién va ma trgn ngau nhién................ccccceee. ... 24
2.3.2  Tinh toan pham chdt duwong XUONG... ....c.ce e ee e e e e e e v 225
2.3.3  Tinh todn pham chdr dwong 18N .. ..o eoe oo e 28

2.4 Ky thuat didu khién thong lugng ngudi ding dong deU..........ccevveveeveeceerevereeieeenes 30
2.4.1. Dieu KNién durong XUONG ... ... .. cvvee e e oo e e e e e e e ee e e e 30
2.4.2. Dieu KNién durong I8N ... ..o oo ees e e e e eee e e e e e o3

CHUONG 3 MO PHONG VA DANH GIA .......coccooomriiirncneeeenseeeeeseenn, 33

3.1 KiCh BAN MO PRONG ..o 33

3.2 KELQUA MO PRONG oottt 33



DANH MUC CAC BANG
Bdng 1.1: Téng sé kénh truyén yéu cau cho cac hé thang MIMO



DANH MUC CAC HINH VE, PO THI

Hinh 1.1 M6 hinh MIMO 2X2. [10] ...veeeieieeieieieieeceesseseeesss st 8
Hinh 1.2: Hé thong Multiuser MIMO [1] ..o 9
Hinh 1.3: Hé thong Massive MIMO [1] .....c.cuvvevienieiiesieeeesieeesceeese s 11
Hinh 1.4 M8 hinh hé thong dom Cell [5] .....o.wmeemereoeeeeseeeeeeeeeeeeeeeeeeee e 12
Hinh 1.5. Cdu triic wée lirong kénh trong hé thang FDD.[1] ..vvvvveveveeveeeeecieeeieas 14
Hinh 1.6 Cdu trdc kénh truyén trong hé thong TDD. [1] ..covvvevevveeiveiieseceeeceeeeins 14
Hinh 1.7. M6 hinh truyén nhdn véi 3 anten trén tram va 2 thué bao...........ccccceeueee.. 16
Hinh 3.1. Két qua mé phong véi M=100, K thay déi tir 5 @én 10.........coevvevevveernnnnn. 34
Hinh 3.2. Két quad mé phong véi M=200, K thay déi tir 5 @én 10.........cooeveeeveeeeenennn. 34
Hinh 3.3. Két qua md phdéng véi K=5, M thay déi tir 100 @én 200...........cccoeeeveeeereenens 35
Hinh 3.4. Két qua mé phong véi K=10, M thay déi tir 100 dén 200............cccooveeveeen. 35



DANH MUC THUAT NGU VIET TAT

CDF: Cumulative Distribution Function Ham phan phdi tich liy

FDD: Frequency Division Duplex Phén chia song cong theo tan sb

LS: Least Square Binh phuwong nhé nhét

MIMO: Multiple Input Multiple Output Nhiéu dau vao nhiéu dau ra

ML: Maximum Likelyhood Kha ning toi da

MMSE: Mimimum mean square error Trung binh binh phuong 13i t6i thiéu
MS: Mobile Station May di dong

OFDM: Orthogonal Frequency Division | Pa truy cdp phan chia tan s6 truc
multiple giao

TDD: Time Division Duplex Song cong phan chia theo thoi gian
ZF: Zero Forcing Cudng birc bang khong




LOI MO PAU

Ngay nay, su bung nd cua céc thiét bi di dong, cung véi nhitng nhu cau vé dich vu
ngay cang da dang cua con nguoi, dang 1a dong luc phat trién manh mé cho linh vuc
thong tin di dong.

Do tai nguyén vo tuyén dung cho thong tin di dong la gi¢i han va dét do, trong khi
nhu cau st dung ngay cang cao, nhiéu thach thic da dit ra cho cac nha cung cép dich
vu ciing nhu cac nha nghién ctu. Mot trong nhirng giai phap dé nang cao hiéu qua sir
dung tai nguyén vo tuyén 1a céng nghé truyén thong vo tuyén st dung da dngten, hay
con goi la cong nghé truyén thong da dau vao va da dau ra (Multiple-Input Multiple-
Output hay MIMO) di duoc trién khai 4p dung cho mang 4 G.

Tuy nhién cac thé hé cong nghé tir 1G-4G méi chi tan dung hét kha ning phén tai
nguyén cho nhiéu nguoi ding trén cac mién tan sb, thoi gian, ma trai bing
rong...trong khi chua tan dung kha nang phan theo khong gian.

Hé thong Massive MIMO, ung ctr vién cho mang 5G da thuc hién dugc diéu nay.
Theo d6 cac bup song “40” dugc phan dén nhitng ngudi ding ¢ céc vi tri khac nhau c6
thé cing hoat dong trén mot khe thoi gian - tan sd. Cong nghé nay da tao nén budc
phét trién dot pha, dong thoi dem lai hiéu suat pho va hiéu suat ning luong ting 1én
hang chuc, hang tram lan.

Khoéng nhiing thé hé thdng Massive MIMO con dé dang cho phép diéu khién thong
luong (throughput) dong déu cho nguoi dung trong cell, diéu nay la khong dé thuc
hién trong cac thé hé cong nghé trude d6 do hiéu ting xa-gan cia nguoi ding ddi Voi
tram co sd. Pay ciing chinh 1 van dé lya chon nghién cau trong luan vin nay la: k§
thuat diéu khién thong luong nguoi diung dong déu trong Massive mimo

Sau phan trinh bay cach tong quan vé mé hinh Massive MIMO ciing co ché hoat dong
cua ky thuat ndy, luan van di sdu phén tich co ché diéu khién thong lugng dong déu
cua hé théng Massive MIMO trong mé hinh don cell. Cudi cung la phan mé phong
danh gia co ché diéu khién thdng qua mot sé kich ban hé thong.



CHUONG1 CO SO KY THUAT MASSIVE MIMO

Trong hé thdng truyén thdng khong day, giéi han caa hiéu ning hé thdng ludn nim &
16p vat ly, do boi lwong thdng tin c6 thé truyén duoc gitra hai dia diém duoc giGi han
boi d6 kha dung caia phé tan sb, dinh luat truyén song vo tuyén va ly thuyét thdng tin.

Do d6 ¢6 ba phuong thirc co ban dé ting hiéu ning ctia mang vo tuyén do 1a: ting mat
d6 trién khai cac diém truy cap (tirc 1a ting hé sb s dung lai tan sd); bd sung thém
bang tan; hoic ap dung k¥ thuat ting hiéu suét sir dung phé. Do viéc trién khai thém
cac diém truy cdp ciing nhu cip phat dai tin méi 1a tn kém va khdng dé dang, nén
nhu cau téi da hoa hiéu suat pho trén mot bang tan cho trudce 1a diéu tat yéu.

K§ thuat MIMO (Nhiéu dau vao nhiéu dau ra) 1a phuong phap kha thi nhat dé cai thién
hiéu suat pho bang cach str dung chiéu khong gian. Trong d6 hé thong Massive MIMO
(MIMO c& rét 16n) mét dang dic thu caa ky thuat MIMO, va la ang cir vién séng gia
cho mang thong tin di dong thé hé thir 5. Phan nay mé ta tong quan mé hinh hé thong
Massive MIMO di tir cac phién ban truéc cung cac nguyén ly hoat dong chinh duoc
trinh bay theo c4c phan dudi day.

1.1. Mé ta hé thong Massive MIMO don cell

Nguyén Iy co ban cua ki thuat MIMO: Bing céch str dung nhiéu anten dé truyén va
nhan tin hiéu & ca bén phat va bén thu, ki thuat MIMO tao ra nhiéu kénh truyén doc
lap véi nhau . Trong ky thuat phan tap khong gian nay, théng tin dugc truyén va nhan
qua cac kénh doc lap dé chong lai hién tugng pha-dinh. Po loi phan tap ¢ day duoc
dinh nghia bang sé anten phéat (Tx) nhan véi s6 anten thu (Rx). Mdi kénh khong gian
mang céac thong tin doc 1ap vai nhau, tir d6 ting duoc hiéu suat phd caa hé théng.

Tx Rx

Miy phit Miy thu

Hinh 1.1 M6 hinh MIMO 2x2. [10]

Trong phén tap khong gian, néu su tan xa boi moi truong 1a du 16n, cac kénh con doc
1ap v61 nhau duogc tao ra trong cung 1 dai tan s& tao ra do loi vé ghép kénh ma khong
tén thém chi phi vé bang thong hay cong suat. Phan sau ddy trinh bay mot s6 phién
ban cta hé théng MIMO bao gém Multiuser — MIMO (MIMO da ngudi dung) va
Massive MIMO (hé thong MIMO c¢& rét 16n).



1.1.1. Hé théng Multiuser — MIMO

Y tuéng vé hé thbng Multi user MIMO 1a mot tram co s& phuc vu nhiéu dau cudi sir
dung chung tai nguyén khdng gian — tan sb, khac véi hé théng SU — MIMO (MIMO
don ngudi dung) & chd chi phuc vu mét dau cudi véi nhiéu anten.

Gia st may dau cudi 13 don anten, md hinh MU-MIMO bao gdm mét tram phat véi M
anten va K nguoi dung hoat dong.
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b) Buong xudng

Hinh 1.2: Hé théng Multiuser MIMO [1]



Hinh (1.2) md ta hé théng MU-MIMO md hinh duong 1én va dudng xudng. Trong ly
thuyét thong tin, kénh dudng 1én duoc goi 13 kénh da truy nhap, kénh duong xubng goi
la kénh quang ba (broadcast channel). Trong kénh quang b4, mdi may dau cudi nhan
cac dix liéu khac nhau.

Trong ca duong 1én va duong xudng, ludn cé K két néi dong thoi hoat dong tai mdi
kénh khong-thoi gian. Khac véi truong hop MIMO diém-diém, cac may dau cudi khac
nhau khdng két hop véi nhau, viéc ma hoa va giai ma dugc thyc hién doc lap. Tai
duong 1én, mdi dau cudi cling cé gia tri cong suat riéng, khac véi kénh duong xudng 1a
gidi han cdng suat duoc tinh bang tong cdng suat phat xa cua tat ca cac anten.

Trén duong lén, tram phat phai biét thong tin kénh, va mdi dau cudi phai duoc cho biét
tdc do truyén tai cho phép riéng biét. Trén dudng xudng, ca tram co s va dau cudi déu
phai biét théng tin kénh. Do d6 hé thong MU-MIMO tiéu tén nhiéu tai nguyén cho
viéc truyén thong tin pilot & ca hai chiéu.

1.1.2. H¢ théng Massive MIMO don cell

Xét mot kénh truyén gdm c6 anten phat di tin hiéu x(t) va di qua kénh truyén thu
dugc tin hiéu y(t) & anten thu.Mbi quan hé gitra x(t) va y(t) la tuyén tinh theo
phuong trinh cia Maxwell, tuy nhién do nhirng bién dong vé may phat, may thu hay
van téc vat thé trong thuc té nén méi quan hé giita x(t) va y(t) ciing thay doi theo
thoi gian.

Khéac véi hé thdng MU-MIMO thong thuong (M=K), & hé théng Massive MIMO s
anten tai tram co s& M >> K. Ngoai ra cd thém dic diém khac biét so véi hé thong
MU-MIMO la:

e Chi c6 tram co s& hoc thong tin kénh.
e Sdanten M rat I6n hon K
e Xt ly tuyén tinh don gian duoc ding & ca dudng uplink va downlink
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b) Massive MIMO dwong xuong
Hinh 1.3: Hé théng Massive MIMO [1]

Massive MIMO (m6 hinh MIMO c¢& rat I6n) 1a hé théng mang MIMO da ngudi ding
trong d6 sd anten tai tram phat 1a rat 16n so véi s6 luong ngudi ding. Phan nay md ta
mot md hinh mang vién thong thu phét tin hiéu don gian trén ca duong 1én va duong
xudng. DBé don gian ching ta nghién ciu trong md hinh mang don té bao.

Hinh (1.3) md ta mot hé théng Massive MIMO co ban. Mdi tram co s¢ dugc trang bi
M anten, phuc vu K mdy dau cubi don anten. Cac tram co s& khac nhau hoat dong
trong céc té bao khéac nhau va khong c6 su phéi hop gitra c4c tram co so.

Trén ca duong truyén 1én va duong truyén xudng, cac dau cudi déu sir dung tdi da tai

nguyén khong gian- tan sé6 mot cach ddng thoi. O duong 18n, tram co sé khoi phuc lai
11



ting tin hiéu riéng ré duoc phat 1&n bai dau cudi. O duong xudng, tram co s phai dam
bao mdi dau cudi chi nhan duoc tin hiéu mong muén cua riéng né.

Gia sir tat ca K nguoi dung sir dung chung ngudn tai nguyén thoi gian- tan sb, dong
thoi tram phat va ngudi ding biét chinh xac kénh. Kénh truyén duoc biét qua pha huan
luyén gitra ngudi dung va tram phat véi cach thic tly thudc va giao thac cua hé thng
la FDD (song cong phan chia theo tan s§) hay TDD (song c6ng phan chia theo thoi
gian).

M® hinh chuén héa tin hiéu nhan duoc va SNR:

Ta xét mot tin hiéu chuan héa tap &m nhan dugc c6 dang nhu sau:

y=ypgx+n (1.1)

Trong d6 n 14 tap Am nhan dugc va p 1a dai lugng vo hudng khong doi va ti lé véi tin
hiéu phat. Gia thiét trong luan vin nay ta coi mdi tin hiéu phat x c6 trung binh khéng
va cdng suat don vi, tac 1a E{x} = 0 va E{|x|?} < 1. Ta ciing gia St tap &m n 12 mot
phan phéi chuan Gauss véi phuong sai don vi, ky hiéu w~CN(0,1) va khong phu
thudc vao x. Do d6 néu trung binh ciia 8 bang 1, khi d6 may phat s& phét véi cong suat
I6n nhat, va p 1a trung binh ciia SNR do tai may thu.

Coi g la hé sb kénh truyén gitra ngudi dung thi k va tram anten m. Ta gia s tram
co so duoc cau hinh theo anten mang, do dé kénh truyén giita cac dau cudi va tram co
s& bi anh huong bai cing mot hé sé fading ¢ 16n, nhung khac hé sb fading ¢& nho.
Do d6 ta co:

o =JBN.k=1,... K m=1,...M (1.2)

Goi matran G 1a ma tran biéu thi kénh truyén gitta tat ca dau cudi va tram co so, ta

9, Ok
co: G= : u;«.H
Om1 Ak "t"'r';
2y |
my -:
MY

Aldng antem BS

Hinh 1.4 M hinh hé théng don cell [5]
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Cong thirc tdng quét cho tin hiéu nhan dwoc tai dudng xudng va duong 1én:
Tin hiéu dudng xudng cé dang:

Yaoay =+ Py H(KxM)X(Mxl) + Nk (1'3)

Tin hiéu duong 1én nhan duoc tai tram phat c6 dang sau:
Yooy = \/p_uH(MxK)X(le) + N (1'4)

trong d6 P, va Py 1 ti I6 SNR trung binh twong tng trén duong lén va duong xudng,
n la vector tap am trang, x la vector (Kx1) dong thoi phét tr K nguoi ding (véi
duong 1én) hoic 1a vector (Mx1) dong thoi phat tr M anten tram co s (d6i Vi
duong xuong). Vector tin hidu nhan dugc ¢6 cung kich ¢ véi vector tap &m (c6 bao
nhiéu thiét bi nhan thi bay nhiéu thanh phan tap am).

1.2. Hoat ddng ciia hé thong Massive MIMO
1.2.1. So sanh giao thsc truyén TDD véi giao thirc FDD

Trong hé théng Massive MIMO, hang trim hodc hang nghin anten tai tram phéat
phuc vu déng thoi mudi hay hang trim ngudi ding tai cing mot nguon tai nguyén tan
s6. Do d6 giao thire duoc lwa chon sir dung trong hé thong Massive MIMO 1a Giao
thirc truyén song cong phan chia theo thoi gian (TDD). [6]

Phan tich: Di vé6i hé thong FDD, truyén tin hiéu duong 1én va duong xudng st dung
pho tan s6 khac nhau, do d6 kénh Uplink va Downlink 1a bat d6i xing. Tai duong
xudng, tram phat can thong tin kénh (CSI) dé ma trudc tin hiéu trudc khi phat dén K
nguoi dung, M anten tai tram phat phat M tin hiéu pilot (tin hiéu hoa tiéu) truc giao
v6i nhau d&én K ngudi ding. Mdi nguoi ding s& ude luong kénh duwa trén pilot nhan
dugc va phan hoi lai M kénh ngudi dung dén tram phat. Quy trinh nay yéu cau toi
thiéu M kénh duong xuéng va M kénh duong 1én. Tuong tu ddi véi duong lén, K
ngudi dung phat K tin hiéu pilot truc giao dén tram phat, tram phat uwdc luong kénh va
phan hoi lai. Do d6 tong qua trinh uéc luong kénh trong hé thbng FDD yéu cau toi
thiéu M+K kénh trén duong l1én va M kénh cho duong xudng.

13



T k§ hi¢u

Pilot duimg xudng
Bufmg lén (M pilot trye giao)

Pilot duimg 1én

Pwrirng xuing (K pllat trye giao] MK kénh wdc lrgng phan hii
.‘—h* ................................. -.. ....... et e b.
=K (ki hi¢u) =M (k¥ hi¢u)

Hinh 1.5. Cdu triic wéc Iwong kénh trong hé théng FDD.[5]

Déi véi hé théng TDD, kénh truyén dudng 1én va dudng xudng st dung chung dai
phd tan sd, nhung khac khe thoi gian. Kénh duong 1én va duong xudng co tinh ddi
xtng nén thong tin kénh c6 duoc qua duong 18n co thé sir dung ludn cho dudng xubng.
Trén duodng lén K nguoi dung phat K chudi pilot truc giao dén tram phét. Tram phat sir
dung thong tin kénh nay dé ma truéc tin hiéu gui xubng va ddng thoi tao blp séng
pilot. Tong qué trinh nay can sir dung 2K kénh truyén. Nhu vay thoi gian can thiét dé
truyén pilot ti 1¢ véi s6 anten nguoi ding va khdng phu thudc vao sé anten & tram co
so [3].

-4—FK Ly higdu—m -a—K oy higu—m-
Pilot duwdng 1én Bup zong Pilot
(K tin higu tnre giac) durimg xudng
- T iy hidu >

Hinh 1.6 Cdu trac kénh truyén trong hé thang TDD. [5]

Bang 1.1 chi ra s6 lwong kénh truyén can thiét dé phuc vu tin hiéu pilot va thong tin
phan hoi trong hé théng Multi user MIMO va hé théng Massive MIMO. D& nhan thay
hé thong Massive MIMO véi giao thicc TDD sir dung it tai nguyén nhat, do s6 lugng
kénh truyén can sir dung khong phu thudc vao sé anten tram co s M. Chinh vi vay hé
théng Massive MIMO c6 kha nang mé rong khong gii han — day ciing 1a dong luc dé
nghién ciu md hinh Massive MIMO.

FDD TDD
Puong Puong Puong
Puong lén xuong Ién xuong
Multiuser K (pilot) + M (hé s
MIMO kénh) M (pilot) K (pilot) | M (pilot)
K (pilot) + M (hé sb
Massive MIMO | kénh) M (pilot) K (pilot) -

Bdng 1.1: Téng sé kénh truyén yéu cau cho cac hé thang MIMO
14



Nhu d4 néi thi giao thuc truyén FDD phu thudc vao sb anten tram phat M, do d6 trong hé
théng Massive MIMO, sé anten M 12 rat 16n nén giao thicc TDD duoc chon dé uée lwong
kénh do khéng phu thudc vao M.

1.2.2. Nguyén Iy hoat déng téng quan cia hg théng Massive MIMO

MIMO kich thuéc 16n dua trén su phat trién caa ki thuat MIMO néi chung trong do6 ca
dau phat va dau thu tin hiéu déu stir dung nhiéu anten cd thé dé truyén dir liéu. C6 ba céch
khai thac ky thuat MIMO la: K¥ thuat m@ khéng — thoi gian, ky thuat hop kénh khéng
gian va ky thuat ma trudc.

Vi ki thuat ma khong — thoi gian, chudi tin hiéu trude khi phat duoc ma hoa thanh ma
tran tir ma theo hai chiéu khdng gian va thoi gian (Space — Time encoder). Tin hiéu sau
d6 duoc phat di nho M anten phét, may thu sir dung N anten thu dé tach ra chudi dix liéu
phat. Kénh tong hop giita may phéat va may thu c6 M dau vao va N dau ra dugc goi 1a
kénh MIMO M x N. Céc ky hiéu trong ma tran tir ma dugc phéi hop lap lai, ngoai phan
tap thu con c6 thém phan tap phat. Ky thuat nay lam tang do tin cay, cai thién 16i bit.

Véi ki thuat hop kénh khong gian: Dit liéu duoc chia thanh M ludng song song phat trén
M anten. Bén thu str dung N anten thu (N > M) thu duoc céc tin hiéu chong chap & bén
phat. Céc thuat toan V-Blast cho phép tach dugc M ludng song song ra va sau do co thé
két hop kénh lam tang téc do dir liéu ting 1én M lan. K thuat ndy chi dam bao phan tap
thu, d tin cay it hon so véi ky thuat ma khdng — thoi gian nhung lai ¢6 vu diém cung cap
tdc do dix liéu cao.

Hé thong Massive MIMO lai khai thac MIMO & géc d6 ma trudc. K¥ thuat nay khéc véi
cac ky thuat trén 1a bén phét luén phat biét trude kénh va do d6 co thé xur ly bu kénh
truéc khi phat, tao su don gian toi da cho bén thu. M anten phét ¢ tram co s¢ va K nguoi
ding (mdi may dau cudi 1 anten) véi M >> K.

Dé minh hoa ta dung mé hinh don gian véi M = 3va K = 2
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T ﬁ
h1|:“=-H
h2a I
T2
h2b
h3a
T3 #ﬁ;/

Hinh 1.7. M6 hinh truyén nhdn véi 3 anten trén trgm va 2 thué bao
Tram co so dung 3 anten T1, T2, T3 quan ly 2 thué bao di dong A va B. Tai thoi diém
bat d¢au pha truyén dan. cac thué bao A, B gui pilot dén cac anten cua tram co s (c6 2
thué bao thi can 2 khe thai gian cho pilot). Tiép dén tram co s& can mot khe thoi gian
dé u6c luong ma tran kénh H dya trén pilot va tinh duwoc ma tran nghich dao G cua H.
Dé don gian & day ta bo qua tap &m Gause (trén thuc té cong thém vao tin hiéu thu)

Ma tran kénh:

[Ma h2a hsa (1.5)
“|hib h2b h3b

H = [KxM]

Ma tran gia nghich dao la matran G =H™ sao cho

1.6)
11 gl12 (
, |hla h2a h3a g g 10
HH ™ = g2l g22|=
hib h2b h3b 0 1
g3l ¢g32

Khi c6 ma tran gia nghich ddo G, ma trudc tién hanh bang cach nhan 2 dong dit liéu
(mudn giri dén 2 thué bao) véi ma tran G nay thanh ma tran d3 ma trude C, dua ra 3
anten phat di:

gll g12 cll cl2 cl3]-T1 (1.7)
o dal da2 da3
H"D=|g21 g22 =C=|c2l c22 c23|->T2
dbl db2 db3
g31 g32 c31 c32 c33|>T3

Cac dong dir liéu nay khi truyén xudng lai di qua kénh truyén nén lai dugc nhan véi
ma tran kénh truyén, do d6 cudi cung ngudi ding s& nhan duoc dit liéu caa minh:
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cll cl12 cl13 (1.8)

dal da2 da3|—>A
c2l c22 c23|=D=

hlb h2b h3b dbl db2 db3|—>B
c31 c¢32 ¢33

hla h2a h3a
HC =
Thoi gian xt 1y uéc lugng kénh va ma trude phai nho hon thoi gian két hop kénh
(Coherent interval, thoi gian nay c6 do 16n ti 1& voi nghich dao do trai Doppler) dé
phan thai gian con lai danh cho truyén dir liéu.

1.3. Hiéu suét phd va hiéu suét ning luong

Sir dung anten mang 16n & tram phat, nhu trén da thy c6 thé ddng thoi phuc vu dugc
nhiéu nguoi ding voi cing bang tan qua viéc phan cac dudng truyén doc lap nhu cac
blp 4o, lam ting hiéu suat pho tir 10-100 lan. Ngoai ra mang anten 16n tai tram co s&
cling dem lai d6 lgi cdng suét thu ciing nhu tap trung cong suit phat dem lai hiéu suat
ning luong ting dén 10 lan [4]. Nhitng phan tich chi tiét & chuong sau con cho thiy
viéc ting s6 anten ciing lam ting bac tu do trong khéng gian tin hiéu dan dén 1am don
gian phép xtr ly tin hiéu dua vao dic tinh ctia vecto va ma tran ngau nhién cé do dai
Ion.
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CHUONG 2 KY THUAT PIEU KHIEN THONG LUQNG PONG PEU
CHO NGUOI DUNG TRONG HE THONG MASSIVE MIMO

Chuong nay sé& trinh bay nhitng k¥ thuit co ban cua hé théng Massive MIMO trong
duong xudng va dudng 1én dong thoi tinh toan pham chit cua nhitng dudng truyén nay
trong hé théng don cell. Sau d6 dé xuat k¥ thuat diéu khién thong luong dong déu.

Song trudc hét phan dau chuwong s& diém lai cac k¥ thuat udc luong tuyén tinh co ban
lam co s& cho viéc phan tich xir 1y tin hiéu don gian hiéu qua phia sau.

2.1 Mot s6 ky thuét wée lwong tuyén tinh co ban
2.1.1 Tong quan wéc lwong tuyén tinh.
Xét phuong trinh tong quat.
y= Hx+n (2.1)

Trong do6:

X 1a vecto (Kx1), biéu dién gia tri K tin hiéu nguon phat tir K vi tri khac nhau, y 1a
vecto (Mx1) biéu dién céc gia tri tin hiéu nhan dugc tir M vi tri thu, H (MxK) 1a ma
tran kénh truyén tir nguon phat tin hiéu dén noi thu. Cac phan tir ma tran kénh Ia bién
ngau nhién CN(0,1) c6 phan bd Rayleigh; n 1a vecto tap am (Mx1) tai M dau thu ciing
la bién ngau nhién CN(0,1) c6 phan bé Gauss.

Trong phuong trinh trén:

- Khi biét y, x, uéc lwong H ta goi 13 wéc heong kénh, x lic ndy dong vai tro
Pilot dé do kénh.
- Khi biéty, H , wéc lugng x ta goi la tach dix liéu.

S¢ di ta dung tir wdc lugng 1a do khdng thé tinh chinh xac dai lwong muédn tim khi biét
2 dai lugng kia vi c6 tgp Am ngdu nhién n tham gia nén chi c6 thé wéc leong tot nhat
theo mat chi tidu xac dinh. Ngoai ra thi chinh H va x ciing ¢o thé 1a dai luong ngau
nhién theo mot ham phan bd nao d6 va cé thé dung tinh chat phan bé cua n6 dé wéc
lwgng 14 bai todn quan trong trong ky thuat vién thong.

Vé phuong phép luan, néu khong quan tdm dén phan bé riéng cia H va x, 2 bai toan
trén 14 d6i ngiu véi sy tham gia cua tap am: d6 1a biét 2 dai luong, udc lugng dai
luong thir 3.

Cha y 1a & mbi bai toan déu cd thé dung 3 phuong phap wéc lwong tuyén tinh dién
hinh khac nhau nhu trinh bay dudi day, nén ta chi can xét bai toan biét truéc y, H ude
luong X.
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Trong ca 3 phuong phap nay, x duoc tinh théng qua phép nhan vecto quan sat y (thu
duoc) voi 1 ma tran xa ly A theo (2.1), nén goi 1a uéc luong tuyén tinh.

X = Ay (2.2)
Ba phuong phap do la:

- Udc lugng % sao cho ty sé tin trén tap (SNR) cuc dai, con goi 1a MRC (T
hop ty sb cuc dai)
- U6c lugng % sao cho sai léch so véi vecto quan sat y nho nhat, con goi la ZF

hay LS
X = min|y — HX|? (2.3)
X
- Ué6c lugng % sao cho sai léch so véi vecto nguon tin hiéu x nhé nhat, con goi
la MMSE
X=minE(lx —%x|>) oW =mmi/nE(|x—Ay|2) (2.4)
X

Phuong phap ZF tét khi tap &m anh huang nho, ma tran kénh H cé gia tri 16n, trong
khi phuong phap MMSE hiéu qua hon khi anh huong caa tap &m 16n, ma tran kénh H
nho.

2.1.2 Phwong phiap MRC
Phuong trinh (2.2) tré thanh:
X=Ay=A(Hx+n) =AHx + An (2.5)
O day gia thiét tin hiéu nguon x va tap am n déu c6 phuong sai bang 1. S6 hang dau
ng voi phan tin hiéu mong mudn, s6 hang 2 1a phan tin hiéu khong mong muén. Khi
cac kénh truyén khong twong quan véi nhau

E[HD(@HD] _ (iakihin)? 2 . Hy— (2.6)
L = = < . N* =
SNRg, E[GAmy (An)Y St S Yihi  voi E[nn]=1

Bat dang thac trén Ia bat dang thic Chebysev, dang thirc xay ra khi da biét kénh
truyén sé& cho:

SNRg, max Khi ay; = hj,
Hay A=H" [7] 2.7)
2.1.3 Phwong phap ZF

Dat (2.8)
A= |y — HZ|* = |y — Hx|"|y — HX| = y"y —x"H"y — y"HX + X" H"HX

LAy dao ham A theo & va cho bing 0 (dé tim cuyc tiéu), va str dung tinh chat toan Vi
ma tran.
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dAB . 9AHB
— =B va =0
dA dA

Ta duoc ‘;—i = —y"H +®"H'H =0
Trdayx = (H'H)"*H"y = H'y
Hay A = (HPH)"*H" = H' [7] (2.9)

HT duoc goi 1a ma tran gia dao bén trai (chl y la suy ra bén trai hay bén phai tay
thuoc M>K hay K>M) khi nhan véi y. Khi H l1a ma tran vuéng HT = H™!

2.1.4 Phwong phap MMSE
bit A= E(|lx — Ay|?) = E([x — Ay][x — Ay]"
= E(xx) — AE (ys") — E(xy™) A" + AE (yy")A™)
Khi dao ham theo A" chi con sé hang tht 3 va 4 trong do:
E(xy") = E(x(Hx + n)) = E(xx")H"

E(yy") = E((Hx + n)(Hx + n)!") = HE (xx")H" + E(nn")

Do do: +o = —E(xx")H" + (HE (xx™)H" + NoI},)A = 0 (2.10)
M 1a do dai vecto y, x va n. Thong thuong E (xx™) = I,, E(nnf) = NI, = I,
Giai phuong trinh (2.10) ta suy ra:

A= (HH" + I,)"'H" | %= Ay [7] (2.11)

So véi phuong phap ZF thi ma tran udc luong tuyén tinh c6 thém so6 hang I, &
mau sb.

2.1.5 Phdam chdt ciia cac bg wéc Iwong tuyén tinh

Phuong phap danh gia pham chat caa cac b udc lwong tuyén tinh chinh 1a tinh SNR
trung binh nhan duoc sau xir Iy cia mdi phuong phép.

X=Ay =A(Hx + n) (2.12)
Cu thé
e =apy = ap(Hx+n) = a, X;hlx; + apn = aphlx, + a, XK. hl x; + apn

S6 hang dau 1a tin hiéu c6 ich, s6 hang 2 1a két qua nhiéu giita c4c tin hiéu nguon, s6
hang 3 la tap am.

Lan luot phuong sai cua tin hiéu c6 ich, nhidu va tap am duoc tinh nhu sau:
O-_,? = ARxxAH V(’ﬂ Rxx = pkhkhg (213)
of = ARyA" V6 Ry = Yisicq pilihl
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o2 = AR, A" Véi R,, = o2l

Tir day c6 thé tinh dugc ty s6 SINR
oy, (2.14)

of + o7

SINR =
Biéu thirc tinh SINR 1 phirc tap d6i véi ZF va MMSE vi phép tinh trung binh c6 lién
quan dén phan b Wishart 1a nghich dao ctia phan bé h? (véi h ¢ phan bb Rayleigh).
2.1.6 Uérc lwong kénh dung pilot

M©6 hinh toan hec

C4c tin hiéu pilot dugc phat di can truc giao véi nhau. Gia st tin hiéu pilot dugc phat
bdi méay di dong thir k 1a ¢ c6 Kich c& (zx1) c6 hé s6 cong suét la /p,,. va la cot thir k
cua ma tran unitary ¥ (zxK), sao cho r>K.,

vector pilot ¢y (zx1) c6 thé biéu dién la
@i = [Jopm oz e \[Pp1:] (2.15)

Véi 77; 1a cac bit cua pilot ¢6 7°=1 (i=1,2..,7)
Dé ding ma tran pilot ¥ (zxK) vdi tinh chat unitary ¥ ¥"=1y ddng thoi do:

gokgokH =ppTp (2.16)

Nén phuong trinh thu & tram co so dua thém hé s6 \/ PpTp Nhu sau:

Y,=.p,t,HY + n, (2.17)

Viét twong minh vai K=2 (cho 2 may thu 1a A, B) véi M anten thu 1a:

ill izr hia hip o o Ny e Nyg (2.18)
21 | _ 1 - Par
: : : | = VPrTp [hZA hyp Op1 --‘PBr] + [ M21 "'nZ‘E]
h’MA h’MB an "'nMT
Ymi . Ymr

Y, lama tran (Mxz) ghi két qua do duoc khi bén phét phat pilot.
Dé udc lugng kénh theo phuong phap MMSE ta sir dung cong thirc (2.11)

A= (HHY +I1,)"*HY | = Ay (2.19)
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v6i H dong vai tro x phai ude lugng, con ,/p,7,1" dong vai tro kénh da biét

p
\/p_T Pa1 Pp1) [J’11 Y21 ---)’M1]
— PP (p:;‘r QOET Yir Y2r  YMr
Qa1 Parl[Par 9031]
Prtp [q)Bl goBT] -(pjl‘r (pBr + Noli (2 20)
\/p_T Pa1 Pp1) [J’11 Y21 ---)’M1] '
— PP (p:;‘r QOET Vit Yot - Yur
B 1 0] 1 0
PeT |y 1] + Ny 0 1]

Tir day voi No=1 ta c6

i = hia }:lZA ---f:lMAlz m Pa1 ‘PAr] Y1 Va1 ---J’M1] (2.21)
hip hyg .l 1+p,7, 981 Pl Ve Yor Ve
Hay viét gon lai:
A =AY} = S0 gyl = Sy S (D H 4 w)
PO m . (2.22)

N PpTy, +1 PpTp +1

Vi YIC,T co kich thudc zxM la ma tran do dugc, y, ¢6 kich c& KxM la ma tran tinh duoc
sau khi nhan Y," v&i ma tran pilot

Do H va w khong tuong quan nén:

2
= T
E[A?] = E|(—222) mu"|+E
PpTp +1

( \VPrTp )2 WWH] __ Py (2.23)

PpTpy +1 pPpTy +1 [3]

Dé chuan hoa kénh uéc lwong dugc o tinh chat CN(0,1), ta dat:

IonTy (2.24)

;- H _PpTp T 1 Yp Vp 3]
B = PpTy pPpT, +1
JE[HZ] \/—pprp 2 Nz

Keénh uéc lugng sé dugc biéu dién thanh:
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~ — P (2.25)
A= [E[@2)z= |22 _z=Vivz
PpTp +1

Chay Z & day sé& 1a CN(0,1), dugc chuan hoa sau khi do kénh chinh xac cong véi tap
am ¢ thoi diém do, VkP biéu dién nhu hé sé suy giam kénh bd sung do uwéc lugng
kénh gan dung.

Sai s6 wdc lugng kénh c¢6 phuong sai 1a

. 2 Ty 2 (2.26)
E[?] =E [(H— H) ] =E (—) HH"|+E (—) ww'
PpTy +1 PpTp +1
> E[e?] = —
ppTp+1
2.2 M@ hinh kénh twong duwong
Phuong trinh qua kénh tong quat:
y=pH x+n (2.27)

Véi cac kich thudc lan luot 12 y(Mx1), H(MxK), x(Kx1), n(Mx1).

Néu khong biét kénh chinh xac ma chi c6 udc luong dugc H qua pilot thi dat
H = H + ¢ phuong trinh ndy c6 thé viét lai thanh:

y=pH x+ [pe"™x+n=[pH x +v = \[pk?Z"x + v (2.28)

Ta dugc mot phuong trinh twong duong, trong d6 kénh dugc biét chinh xac chinh 1a
kénh wdc luong Z c6 tinh chat CN(0,1) déng vai trd nhu H chinh xac. v 1a tgp am
twong dwong ¢ cong thém sai sé ude luong kénh.

Nhdgn xét: Phuong trinh (2.28) thuan tién s dung cho céc k¥ thuat xir ly sau nay.

Ap dung md hinh kénh twong duong vao dudng truyén vién thdng thyc té caa hé
Massive MIMO ¢ tinh dén suy hao duong truyén, cé thé thay thé biéu dién kénh hy,
ndi trén thanh /B, hypy,, & dO

- Hé s6 p dién ta suy giam cdng suat chung theo khoang cach tir may MS k dén
cac anten m cua BS (do khoang cach gitra cac anten m la nho so véi khoang
cach nay nén suy giam cdng suat giong nhau), suy giam nay thay doi cham theo
thoi gian (c6 phan bé logarit chuan).
- Thira s6 hym 0N lai dién ta bién doi nhanh theo thoi gian (phan bé Raylegh) 1a
CN(0,1).
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Ta c6 biéu dién kénh thuc té:

Iim = \/Ehkm . (229)
Cac tinh toan nhu mé hinh toan hoc & trén dwoc gitr nguyén cho h, chi can bo sung
thém thira s6 /B (do 1a thira sb bién d6i cham) ngoai ra cong suat tin trén tap & noi thu
la p khi chuin hda tap &m bang 1 dugc thay bing PB (véi P 1a cong suat ¢ may phat
tinh theo tap &m may thu chuan héa).

Theo do:
Gim = \/Eﬁkm = /.Bkkgkzkm

~2 1 _ 21— P s P _ _Pptp _ _PoPrTp
Elgim] = lng[hkm] - ﬁkkﬁk Vol kﬁk T 14ppty  1+PpBiTy

(2.30)

B

Ele}]=—F7—
k Byt,Br + 1

= B (1~ kB)

Phuong phap udc luong duoc sir dung 1a MRT/MRC (6 duong 1én 12 MRC va duong
xudng 1a MRT) va Zero Forcing.

2.3 Tinh toan pham chat kénh Massive mimo.

2.3.1 Tinh chdt vecto ngdu nhién va ma trdan ngdu nhién

Hé théng Massive mimo duya trén yéu cau M>>K, tirc & s6 vecto tram co s¢ 16n hon
nhiéu lan s6 may di dong duoc phuc vu. Tir yéu cau nay cé thé sir dung tinh chét toan
hoc lién quan dén céc phan tir cua vecto ngau nhién va ma tran ngau nhién cé phan bd
xac dinh nhu sau: [1]

Néu p, q 1a 2 vector ngau nhién, doc 1ap c6 M phan tir va

E{pi}:E{qi}zQ
E{|pi|2}=a§,E{|qi|2}=o§
Thi:
M pH p a.s. 0_5’% qu a.s. 0 (231)
1 khiM 2w
Nqu d >CN(0,0‘$O'§)

Néu Z 1a ma tran kénh (2xM), (& day dé dé theo ddi ta cho K=2) c6 cac hang cua Z la
cac vecto doc 1ap ngau nhién, va ¢ 12 sai s6 udc luong kénh co tinh chat nhu (2.31), thi
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lOgM—wo UCI,T'[ZZH] = [MZ +M MZ + M] (232)
1 (eziy = | MPall kp)  MPBa(l—kp) (2.33)
08y VAT(E = MBy(1 - kgB) MB(1— k[I;B)

2.3.2 Tinh toan phdm chdt dwong xuéng

Puong xuéng cua hé théng Massive MIMO duoc ma trudc voi ma tran A dugc Xac
dinh tiiy theo phuong phap MRT hay ZF. Trong luan vin nay dé don gian ta chi tap
trung theo ky thuat MRT. Phuong trinh ¢6 dang:

O day Eg la céng suat tong cua BS, khi khong diéu khién, céng suat nay chia déu cho
K dong dit liéu va M anten, G 1a ma tran kénh c6 tinh dén suy hao céng suat.

Pé dé theo dBi phan tich ta lan lugt xét 2 truong hop: dau tién BS biét kénh chinh xac
sau d6 BS khong biét kénh chinh xac ma phai udc luong qua Pilot sau d6 rat ra mot s6
nhan xét.

a) Khi tram co sé biét kénh chinh xac.

T

T2

T3

Ma tran kénh c6 cac phan tu la

Gin = B Hew  [5] (2.35)

km —

H bién doi nhanh ¢ tinh chat CN(0,1) va phan bd Rayleigh, B bién d6i cham, phan
bé logarit chuan, co phuong sai S

Dé dé theo ddi ta twdng minh cho K=2, ma tran tin hiéu nhan dugc 1a

h, h, hay
-l o B

R M [l e
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Khi biét kénh H chinh x4c, ma trudc theo ky thuat MRT
A duoc chon la:

- (2.36)
A=—=H

Nhiam chuan héa logy e — [(HH[ D (H”[ D ] logMﬁm%[HHH] =1y

Ap dung tinh chat ma tran ngau nhién d4 véi M rat 16n, thay vao phwong trinh ta c6:
hia

|24 i

hMA hMB

hlA hZA e hMA

] Edl[ ]
0 \/— hlB hZB --hMB

AR Y R

Ap dung tinh chat ma tran ngau nhién nhu & phan (2.3.1) dbi véi ma tran kénh H duoc
coi 1a biét chinh xac:

RN

Hy _ [M2+M ] (2.38)
logp—e var[HH™ ] [ M2 + M
Ta tinh duoc
[E[}’f] Eaq [ﬁA ”MZ +M ] E[x}] ] [E[TlA ]
Ely2l —2ml0  Bg M2 +MIMIE[x3]] ~ LE[n3]
Tai dau thu may di dong A:
EqwBa  EaP Eup
EIy3] = (252 + =2) B[} + —o 2 E[xF] + E[nd]
E
= 2B gy 4 2P0 (g 4 B + B3]
Do d6 ty sb tin trén tap ctia may A 1a
EqiBa (2.39)
2
SINR, = —=2
4 1 4 =4liA EdlﬂA

Tong quat véi K may thu (K<<M), ta c6 ti sé SINR cua may thu K duoc tinh bang:
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K
E ﬁ - Edl:Bk
1 4 =4tk dl k

SINR,, =

Nhan xét:
- Khi M—, SINRy—EgB4/K. S hang tht 2 trong mau la (K-1) thanh phan gay
nhidu tir dit liéu nguoi dung khac
- SNR duong xudng may k khéng phu thudc vao cac duong truyén dén may
khac ma chi phu thudc duong truyén k
b) Khitram co sé BS khong biét kénh G chinh xac
L{c nay tram co sé phai u6e luong kénh G thong qua pilot duong 1én

Phuong trinh dudng xudng c6 ma trudc A duogc viét lai 1a:

(2.41)
= @GAx+n= ﬁan+ ﬁeAx+n
al KM KM KM

Theo két qua cac muc trudc:

g m — \/Eflkm = /Bkkgkzkm = dilc/zzkm

(2.42)
Yo = |2pizzay ¢ B 4y i p
a KM KM
Ma tran A theo phuong phap MRT dugc xac dinh la:
1 2.43
A=—2" (2.43)
VM

Minh hoa v&i K=2 (kénh A va B) va bién d6i nhu truong hop biét kénh Z chinh xac:
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Ap dung cac phuong trinh tinh phuong sai cho [ZZ"] va [eZ"] , ddng thoi do tinh doc
lap théng ké cua cac thanh phan trong téng ta tinh duoc

Tu day:
) Edl.BAkEA EdlﬁAkgA ) Edl.BAkgA ,  Ea P\ 2
Eq
+ W’BA(l —kp )xp +n
E'dllBAkéj EdllBA
= T“E[xi] o E[x3 + x3] + E[n?]
Ta co:
EdlﬁAkgA/Z , (2.45)
SINR, = . Eufa = Ea1a
M
Tong quét néu c6 K ngudi ding véi K<<M
EqBikp /K , (2.46)
SINRk = Tﬁ = Edlﬁk
1 4 ZdiPk
M
E
Khi M—oo, SINRy, - —F£ kb

Nhan xét: so v6i truong hop biét kénh chinh xac, SNR c6 thém hé s6 kg, dién ta suy
giam kénh bo sung do uéc lugng kénh khéng chinh xac. Hé sé nay ciing phu thudc By,
, song khi P, BT, 16n hon 1 nhiéu thi hé s nay xap xi 1 va khong phu thudc nhiéu vi
tri MS.

2.3.3 Tinh toan phdm chdt dwong 1én

Ta cling gidi han xu 1y duong 1én ap dung ky thuat thu MRC tai tram co s& sau khi
biét kénh. Ta ciing phan 1am hai truong hop: biét kénh chinh x4c va udc luong gan
dung dung pilot sau d6 so sanh véi nhau.

a) Trwong hop tram co sé biét kénh G chinh xéac
Goi A la ma tran xur ly vecto tin hiéu y nhan duoc:

JPaBs 0 ] ) (2.47)
H[ 0 P—PBﬁB x+n

2 Ay:A(@aTHn):A(
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Xt 1y theo MRC: Chon A = — H” & chuan hoa tap am

N
1 /P 0 1
%=—H"H aPa x +—H"n
N | 0 JPgBsl VM

-l g Ll

VM
Ciing sir dung tinh chat ma tran ngau nhién

2
logy var[H] = M5 EM M ]
o1 M M
logy—oe var[H n] = [M M

E[%3] = PyBaMx} + PaPaxi + PpPpxj + 1
Suy ra:

P,Mp, (2.48)

SINR, =
AT 14 PyBy+ PsBs

Tong quét:

P.MB, (2.49)
1+ Zlk{r=1 thBkr

SINR,, =

Nhan xét: Cong thirc ndy cho thay M anten & tram thu tao nén d lgi cng suét cho tin
hiéu c6 ich. Hodc dat P = MP,, (P 1a cong suat phat tir may di dong k)

PB, (2.50)

P
1+MZ Pklﬁk’

SINR,, =

Biéu dién nay cho thay khi c6 nhiéu tram anten & BS s& lam cho dai luong nhiéu
xuyén kénh tién dén 0 & mau sé. Ngoai ra khac véi duong truyén xudng cd cong suat
tong tai BS, duong 18n c6 cong suat phat tiy thudc cac may di dong riéng ré, déng thoi
pham chat mot duong I1&n con phu thudc gia tri suy hao cac duong truyén gy khac (do
c6 nhiéu thanh phan nguoi dung cung di vao mot may thu gay nén nhidu xuyén kénh).

b) Trwong hop tram co sé khong biét kénh chinh xdc ma wéc lwong theo
MMSE dung pilot
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Van dung k§ thuat thu MRC, chon A la:

4= (2.51)

als

Tin hiéu udc lugng

Xyp = Ayy, = A(VPGx + n) = A(VPGx + VPex + n)

ZH
=7 (VPDY2Zx + VPex + n)

Viét tedng minh cho K=2

kb 0

1
+ —ZH [ ] + —ZH
s M
PpBpky
Hg [\/P_A 0 ] xA] + i
0 sl M
Ap dung tinh chat tinh phuong sai cia ma tran ngau nhién ta ciing nhan duoc:

E[£2] = MP,\Bak}x3 + PyBaktx2 + PgBpkbx2 + PyfBa(1 — k¥ )x?
+ PBﬁB(l - kg)xB + 1

| (P8,
il

ZHn

MP, Bk} (2.52)

SNIR, =
AT 14 PPy + PsBs

Tong quéat cho K<<M ngudi ding:

MP B kY (2.53)
1+ X5 PuBro

SINR,, =

Nhan xét: So véi biét kénh chinh xac, & day c6 thém hé sé suy giam do udc luong
kénh k.

2.4 K¥ thuét diéu khién thong lwong ngudi ding dong déu
2.4.1. Piéu khién dwong xuéng

Tir cong thizc pham chat duong xudng (2.40) nhan dugc khi khong diéu khién, ta co
cong thirc tong quat tinh SINR cho mdy thu trong truong hop biét kénh khdng chinh
X&c:
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_ EaBikh /K (2.54)

SINR, = =F
k 1 + EaiBie Edlﬁk dl.Bk
Vi
g - Pk /K
ke 1 4 =difk Edl.Bk

Tai tram co s& sau khi xac dinh cac B; dung pilot dudng 1én, hé s6 diéu khién cong
suit dudng xubng cho dong dit liéu dén ngudi thir k duoc xac dinh don gian 1a phan
cdng suat cho cac dong dit liéu ty 18 nghich vai suy hao duong truyén. Tuc la hé s6
nhén véi cac dong dir liéu cho nguoi dung k 1a

1/2
nk=J_<( )/( + ot E)> (2.55)

Khi d¢6 SNR & mdi may thu dau cudi k sau khi diéu khién cdng suat cé clng gia tri 1a

Eq (2.56)

1,1, 1
prt gt
"Bk

SNR, =

D& thay rang néu khong diéu khién, cong thuc trén coi cac Sk gia tri bang nhau va:

Mk = Ea/K (2.57)

Ta tré lai phuong trinh ban dau khi khong diéu khién.
Khi hé théng cé nhiéu troi hon tap am, c6 thé xap xi

MKP

E B
SINR;, = 1+;;Alfk >y (2.58)
Bkkﬁk

Véi y 12 SINR t6i thiéu & may thu di dong, day l1a mdi lién hé don gian can chd y khi
thiét ké hé thong.
2.4.2. Piéu khién dwong 18n

Tir cong thire tinh todn pham chat duong 1én:
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MP, By ky, (2.59)
1+ X5 PuBro

SINR,, =

Ta thay k? 1a tir pha huan luyén khéng tham gia gay nhidu dong kénh, néu coi gia tr;
nay 1a bang nhau khi uéc lwong cac kénh truyén, con M 1a tham sb can cha y khi thiét
ké, ta co:

K p g (2.60)
Zk =14k :Bk ~ Mk’;:

K
SINR, = MKk?
; “1+ X5 PuBr

Diéu khién sao cho SINR,, dong déu sé& cho:

MK? (2.61)
SINR;, = T >y

Biéu thirc trén lién hé 3 dai luong: M 14 sé anten cua tram co sd, K 12 sé ngudi ding
dong thoi cuc dai, y 12 SNIR téi thiéu ctia duong I8n. Do kP < 1, nén y8u cau thiét ké
la: M>Ky . Piéu kién ndy nay nhat quan vai cong thirc (2.58) trong phan diéu khién
duong xubng.

Khi s6 nguoi ding k<K ta ciing c6 SINR dong déu song SINR,, >y

Dé dang thay rang dé k¥ dong déu trong pha huan luyén, tir cng thic xac dinh hé sb
kP diéu khién cong suat nay phai thuc hién: P, = C.(hing s6 nay phu thudc do
nhay cua dau thu tai tram co so). Pay chinh 1a cong thuc ma thuat toan didu khién
cdng suat phat cua may di dong can thuc hién:

Sau khi tram co s& xac dinh kénh truyén g, tir pilot. N6 s& thong bao gia tri nay trén
duong xudng. Can cir vao day may di dong diéu khién cong suit phéat cia minh theo
cong thac trén: : P, = C /5

Véi thuat toan diéu khién cdng suat néi trén, cac ngudn luc s& duoc phan bb sao cho
dam bao thong luong ngudi dung tai moi vi tri dugc dam bao dong déu trong duong
Ién.
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CHUONG 3 MO PHONG VA DANH GIA
3.1 Kich ban mé phéng

Thuce hién md phong hé théng don cell véi M anten & tram co sé, K ngudi dung duoc
phan bd dong déu trong cell (M >> K). Két qua md phong 1a db thi ham CDF cua
thong luong nguoi dung trung binh dya theo cong thic:

C. =1log2(1+ SINRy) (3.1)

g Vvéi 2 truong hop: Co diéu khién cong suit va khong co didu khién.

Trong md phong nay ta thuc hién thuat toan diéu khién cong suat duong xudng theo
cong thtrc (2.58)

Cac budc mo phong nhu sau:

1.  Gieo ngau nhién N = 100 lan, cac vi tri ciia K nguoi ding , theo phan b
dong déu trong cell ¢6 ban kinh r = 1000m. Céc vi tri nay khéng gan hon ban
kinhqua r, = 100m.

2. Tinh SINR cua nguoi dung thir k s dung cbng thuc By, = z/(r./1,)%,
Vi 73, 12 béan Kkinh tir vi tri nguoi ding k dén tram co sd, @ = 3.5 la hé s suy
hao truyén séng, z = 10°/1° véi ¢ = 6.5 (dB) do léch chuan do hiéu tng che
khuat.

3.  Tinh dung ning cua ting nguoi theo cong thirc (3.1) roi sau d6 tinh ham
phan phéi tich lity CDF thdng qua Iénh histogram trong Matlab.

3.2 Két qua mé phong

Thyc hién md phong véi tham sé M thay doi tir 100 dén 200, K thay doi tir 5 d¢én 10
chia ra 4 truong hop, ta dugc céc két qua nhu sau:
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without control, M=100,k=5
— with control

— — without contral, M=100 k=10 [|
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bit'Hz/s

Hinh 3.1. Két qud md phéng véi M=100, K thay déi tir 5 dén 10

— without control, M=200 k=5 ||
— with control
— — without control, M=200 k=10 ||
— — with control

15 20 25

bitfHz/s

Hinh 3.2. Két qua mé phéng véi M=200, K thay déi tir 5 dén 10
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Hinh 3.3. Két qud md phéng véi K=5, M thay doi tir 100 dén 200
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Hinh 3.4. Két qua mé phéng véi K=10, M thay déi tir 100 dén 200
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3.3 Nhan xét két qua thu dwoe:
Khi st dung diéu khién cdng suat, ham CDF khong trai ra ma tap trung vao mot
khoang gi4 tri nhat dinh, diéu nay thé hién dung ning ctia ngudi dung 1 twong ddi
dong déu.
Khi M = 100, va K giam tir 10 xudng 5 users, ta thiy do thi duong cong dich manh
sang bén phai. Piéu nay nghia 14 tong cong suat chia cho cang it nguoi dung thi dung
nang moi user nhan dugc cang lon.
Khi M ting tir 100 dén 200, K gitt nguyén bang 10, dung ning ciia mdi user duoc
tang 1én do bai nhidu gitra cac ludng thong tin giam xudng, SINR ting nhung khong
nhiéu.
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KET LUAN

Nhu vay, hé thdng Massive MIMO d3 dua ra mot trién vong hap dan cho mang

vién théng vo tuyén trong twong lai. V& mit ly thuyét, dung luong cua hé théng co
thé tang 18n chi véi viéc thém céc dngten & tram gbc, tac 1a Massive MIMO c6 thé
mang lai hiéu suit sir dung phd v tuyén cao hon. Bén canh d6, Massive MIMO con
gilp giam cdng suat phat cua dngten & ca tram gdc cling nhu & dau cudi, diéu nay ¢ y
nghia vé mit kinh té, than thién véi moi truong va giam anh huong cua bic xa dién tir
dbi vai stc khoe ngudi st dung.
Ngoai ra khi sir dung cac bo tién ma hoa duong xudng va thu toé hop duong I1én tuyén
tinh da cho phép xur Iy don gian va hiéu qua khi sé anten tram co s 16n, din dén tap
am nhiét, nhiéu, sai s6 udc luong kénh bi triét tiéu. Biéu duy nhat hé théng bi chi phdi
la anh huang boi nhiéu pilot khi dung lai cac pilot tir cac cell 1an can sir sir dung cling
bang tan. Pay 1a mo6 hinh Massive MIMO da cell duogc coi 1a ddi twong nghién cau
tiép theo cuia hoc vién trong tuong lai.

Noi dung chinh cua luan van 1a dua ra co ché diéu khién cong suat don gian cho hé
théng Massive MIMO nham dam bao thong luong dong déu cho ngudi ding trong mo
hinh don cell sau khi tinh toan pham chit kénh truyén khi khong diéu khién. So véi
mét s6 cong trinh cong bd vé diéu khién téi vu voi nhitng thuat todn Max-min...va cac
diéu kién rang buoc phutc tap, ludn vin nham toi muc tiéu diéu khién khiém ton la
cdng bang gitta nhitng nguoi dung do dé thuat toan diéu khién don gian hon. Trong
khi diéu khién duong xubng phu thudc cdng suit tong caa tram BS va diéu khién 1a bai
toan phan chia cong suat ty & nghich véi suy hao dudng truyén tir tram co sé dén
ngudi dung, thi diéu khién duong 1én lién quan dén cong suat phat cia may di dong.
Cong suat nay ciing ty 18 nghich véi suy hao duong truyén biét dugce khi uwdc lugng
kénh truyén nho pilot trong pha huan luyén. Huéng nghién cau tiép theo s& mo rong
bai toan véi mo hinh da cell, trong d6 ¢6 anh huéng cua nhiéu pilot ding lai ¢é ¢am
bao md hinh gan véi thuc té hon.
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