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Tém tit - Massive MIMO (mMIMO) duogc xem la cong nghé
6t 18i cho mang 5G va | thanh phan chinh cho céc thé hé mang
tiép theo (6G tr¢ di). Vige st dung mMMIMO mang lai nhiéu loi
fch dang ké nhu _tdng tbe do truyen dir liu, tang do tin cay,
giam thoi gian tré, ting hiéu suat phd va hiéu suit ning luong.
Tuy nhién, khi mMMIMO st dung hang tram hodc thdm chi hang
ngan ing-ten dan dén lang phi ning luong va gay ra khi thai
nha kinh c6 hai cho mdi trudng. Bai bao nay nghién cau viéc
phan b cong suit nham t4i wu hoda hidu suat ning luong cia
hé théng mMMIMO dudng xudng thdng qua téi wu 16i. Hidu qua
clia giai thudt d& xudt trong nghién ciru ndy sé& dugc kiém chung
théng qua mo phong Monte Carlo va két qua sb.

Tir khoa - Massive MIMO (mMIMO); t6i wu 16i; hi¢u suét nang
luong; hiéu suat pho; 6G

1. Giéi thiéu chung

Massive MIMO (mMIMO) la cong nghé mang di dong,
trong d6 cc tram gdc BS (Base Station) duoc trang bi mot so
luong rét 16n dng-ten d&é phuc vy nhidu ngudi ding UE (User
Equipment) bang céch ghép kénh khéng gian [1]. Khi sir dung
vector két hop/ tién xtr Iy MMSE (Minimum mean square
error) tdi wu va kénh khdng gian c6 twrong quan thap, dung
luong tang lén khong gidi han ¢ duong 1én UL (Uplink) va
dudng xudng DL (Downlink) khi ting s luong ang-ten [2].

Theo béo cdo cua Qualcomm [3], tbe d6 ting trudng
hang nam cta mang di dong du kién ting tir 41% dén 59%,
va diéu ndy dan dén sy tang luong dir lidu gap 1000 lan trong
vong 15-20 nam téi. Pidu ndy dit ra thach thire 16n cho cong
suat tiéu thy PC (Power Consumption) do cAc mang hién tai
chu yéu duoc cip ngudn c¢b dinh dua trén luu luong dinh va
hau nhu khéng thay doi so véi luu lugng thuce té cua cell.
Trong khi do6, s6 lugng UES hoat dong trong mot cell ¢6 thé
thay dbi nhanh chéng do su thay ddi trong hanh vi nguoi
dung va tinh chét truyén loat cua truyén dit liéu theo goi. Cac
do luong duoc bao cao trong [4] cho thiy tai ‘mang t6i da
hang ngay cao gap tir 2 dén 10 lan SO v&i tai t6i thiéu hang
ngay. Do d6, ning lugng bi 1Ang phi rét nhiéu tai c4c BS vao
gior khdng cao diém hodc hoan toan bi lang phi khi khéng cé
UE nao hoat doéng trong khu vuc pht séng cia mot BS
(thuong xay ra & cac khu vuc ndng thén) [5].

C6ng nghé MMIMO hudng dén viéc phét trién vang phi
clia CAC tram BS béng céch sir dung c&c mang véi hang trim
hodc hon céc dng-ten, mdi dng-ten phat voi cong suét twong

1 Da Nang VNPT, Vietnam (Nguyen Trung Hieu)

Abstract - Massive MIMO (mMIMO) is regarded as a core technology
for 5G networks and a key component for the next generation of
networks (6G and beyond). The use of MMIMO can provide significant
benefits such as increasing data transmission rates, increasing reliability,
reducing delay time, increasing spectrum efficiency and energy
efficiency. However, amMIMO system typically uses hundreds or even
thousands of antennas to transmit and receive data, which may lead to a
huge waste of energy and cause greenhouse gas emissions that are
harmful to the environment. This paper investigates the power allocation
optimization problem to maximize the energy efficiency of the proposed
downlink mMIMO system by adopting convex optimization tool. The
effectiveness of the proposed algorithm is then verified via numerical
results and implemented through Monte Carlo simulation.

Key words - Massive MIMO (mMIMO); convex optimization;
energy efficiency; spectral efficiency; 6G

dbi thap. Didu ndy cho phép truyén dong thoi cho nhidu
ngudi dung UES, véi hang chuc ngudi dung duge ghép kénh
(multiplexing) & ca duong I1én (UL) va duong xubng (DL)
ctia mdi cell, tir d6 tang déng ké thong luong ciia hé thng
thdng qua he s6 ghép kénh [2]. Tuy nhién, d6 loi thong luong
kénh truyén mang lai tr MMIMO lai dén phan nhiéu tir viéc
trién khai nhiéu phan cimg hon (tic 12 sir dung nhiéu chudi
cao tan RF (Radio Frequency) tai mdi tram BS) va ting do
phee tap cua viée xu ly tin hiéu s6 (tirc 12 st dung bo két hop
/ tlen ma héa). Luu y rang, trong hé thong massive MIMO,
mdi dng-ten thuong gin véi mot chudi RF [2]. Piéu nay
ddng thoi lai lam ting cong suat mach CP (Circuit Power)
cua tram BS [2]. Do do, aé t01 uu hoa hiéu suat ning luong
clia mang, can Can bang cac yéu té ndy mot cach ding dan.

Véi tam quan trong cta viée t6i wu héa higu suit ning
lugng cho hé théng mMIMO, da c6 kha nhiéu cong trinh lién
quan dén hudng nghién ciru ndy, mot sé cong trinh gan day co
thé ké dén nhu [6, 7]. Cu thé, cong trinh [6] nghién ctru viée
thiét ké bo tién ma héa va két hop chéo khoéi nham ting hiéu
suat nang lugng cho hé thong mMMIMO & tan s mmWave.
Trong khi d6, cac tAc gia trong [7] lai tap trung t6i wu héa higu
suat ning lugng cho hé théng mMMIMO don cell véi gia sir 1a
phia BS chi ¢6 thong tin thong ké vé kénh truyén.

Trong bai bao nay, nhom tac gia s& phat trién giai thuat
t6i wu higu suat nang luong cta hé thdng mMIMO da cell
duong xubng duya trén ly thuyét phan tich hidu suét ning
lugng phét trién trong tham khao [2], tir 46 dan ra bai toan
t6i wu hiéu suit ning lugng va dua ra giai thuat giai quyét
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bai toan ti wru ndy thong qua thiét ké mirc phan bd cong
suat dén cac UEs. Theo tim hiéu cta nhém tac gia, giai
thuat d& xuat nham giai quyét bai toan téi wu hoa higu suat
phd cho md hinh h¢ théng mMIMO trong bai béo nay chua
dugc nghién ciru & cac cong trinh nao trude d6. Va do la ly
do dé nhom tac gia thyuc hién nghién ciru nay.

2. M6 hinh h¢ théng mMMIMO dwong xudng

Trudc tién, nhom tac gia xem xét m6 hinh mang mMIMO
da cell duong xudng voi L cell, moi cell bao gom mét BS dugce
trang bi M ang-ten va phuc vu dong thoi cho K UEs [2].
2.1. M6 hinh kénh truyén

Trong bai bao nay, nhém téc gia sir dung m6 hinh kénh
truyén Rayleigh — m6 hinh kénh thuong gép trong thuc te
[2], ky hi¢u la hj; € CMla kénh truyén giira UE i trong cell
| va BS j va gid st ring tram phat BS chi biét thong tin thong
ké CSI (Channel state information) cua kénh truyén nay.

h{i ~ N(C(OM' R{i)' 1)

Trong do:

- h{i la dap umg kénh truyén giita tram gdc BS thir j va
nguoi dung UE thir i trong cell thi I

- Mg (04, R, 1a phan phéi Gausian phitc véi ma tran
trung binh 0, va ma trdn tuwong quan khéng gian
RJ; € C"*M da biét tai BS.

- Vét chuin héa (normalized trace) B} =1/
Mtr(RJ,) ding dé tinh o loi kénh trung binh tir 01 ang-ten
tai BS j dén UE i trong cell | va dugc md hinh 1a:

J
BL =Y — 10alog,, (ﬁgm) dB @)

Trong d6, Y = —148 dB la dd lgi kénh trung binh &
khoang cach tham chiéu 1km va @ = 3,76 |a hé sb tén hao
duong truyén; d;, 12 khoang cach cua UE i trong cell | tir
BS j, tinh béi cong thie d7; = ||x;|| voi x/; € R? 1a vi tri
ngudi dung UE trong khong gian Euclidian.

2.2. Udc lwong kénh truyén

Dé udc lugng cac vector kénh tai BS j, ta st dung
phuong phap huan luyén kénh truyén dya trén tin hi¢u diéu
khién (goi la tin hiéu pilot). Gia st rang BS va UEs duoc
ddng b hoan toan va hoat dong theo giao thicc TDD (Time
Division Duplex), trong d6 giai doan truyén dan dit liéu DL
duoc tién hanh sau mét giai doan huén luyén wéc luong
kénh UL. Mai cell c6 K tin hiéu diéu khién pilot, véi hé sb
tai sir dung pilot la 1. Nguoi dung UE i trong mai cell st
dung cung mot tin higu diéu khién pilot. Mdi UE sir dung
téng cong suat pilot UL p' va ky thuat uéc lugng MMSE

tiéu chuan [2], BS j dat dugc woc luong cua h{l. nhu sau:
= RLQ oy il + 25y ) ~Ne(0,0]) @)
Trong do, nu~J\l§C(0 IM) la nhleu,
Qu =X, R} + rIM vady,; = R},Q;'R};.
L3i uéc lwong k), = k), — k), hl ~Ng (0, R, — ®)),

theo tinh chat cua ky thuat uéc lugng MMSE [2], doc lap
véi hy;.

2.3. Vector tién ma hoa va vector két hop thu

Sau khi ¢6 uac tinh kénh h{L, BS j chon vector két hop
v, € C" cho UE thir kva tuong quan véi tin hiéu thu duoc
dé tim tin hiéu UL phat di boi UE k trong cell j. Trong bai
bao nay nhom tac gia gia dinh vy, duoc thiet ke theo 02 ky
thuat phé bién MR (Maximal-ratio) va M-MMSE (Multi-
cell minimum mean square error) [2] voi:
- MR combining:
= E]Jk 4

- M-MMSE combining:

/A :( -1 2 Ry (hy,) +Zj) hjy, (5

. 2
v6i: Z; = Yi YK (R), — @) + %IM.

Trong hai ky thuat trén, M-MMSE I lya chon téi vu
nhung ¢6 sy tinh toan phuc tap. MR tuy c6 do phuc tap
thap nhat nhung hiéu nang hé thong khéng cao.

~ Khong giéng nhu kénh UL, viée tim ra bo tién ma hoa
toi wu 1a mot qua trinh thu thach vi hiéu suat pho DL phu
thudc vao vector tien ma hoa {w,;} cua tat ca UE trong toan
mang. Do tinh doi n’gﬁu UL-DL [2, section 4.3], phuong
phap tiep can pho bien co thiét ké wy, nhu sau:

V'k
ij
[Iviell

3. Hiéu suét hé théng
3.1. Hié¢u sudtphé dwong xué’ng
V6i mo hinh hé théng mé ta ¢ trén, tin hiéu phat DL tir
cell I co dang x;, = Y5, wy;¢;;. Trong d6, ¢~ Ne (0,p;) 12
dir liéu cua UE i trong cell I, voi py; 1a cong suét phét, dugc
chi dinh cho 1 vector tién md héa w;; € C xac dinh huéng
khéng gian cua dudng truyén va théa man |lw;||? = 1.
Theo [2], hiéu suét phd caa UE k trong cell j trong hé
thong DL mMIMO dugc tinh nhu sau:

SE;,? =2 log2(1 +y ) [blt/s/Hz] (7

AAAAA

2
Py Ewlich | 8
L K Hpl |? Hoi %, 2 ®)
Sk S pub{[wiinly | J- ol E{win) )| +o
Trong do, E{x} la biéu thirc ky vong toan hoc cua [x].
Hé sé pre-log :—d 14 ti s6 giita s6 tin hiéu di liéu trén tong
s6 tin hiéu cua 1 khéi két hop (coherent block) dwoc ding
cho dix liéu DL.
3.2. CoNg sudt tiéu thu
Dé x4c dinh hiéu suét nang lwgng cua h¢ thong, ta can
xem xét c,hi tiet md hinh cpng suat tiéu thu caa hé thong.
Mot chi s6 dugc st dung dé do muc d¢ tiéu thu néng luong
cua mdt mang khong day la cong suat phat vang (ATP -
Area transmit power), duoc dinh nghia la mac s dung dién
nang trung binh cia mang dé truyen di liéu trén mot don
vi dién tich. So liéu nay duogc do bang W / km?:
ATP = cong suét phat [W/ cell ] x D[ cells /km?] (9)
Trong do, D la mat do cell trung binh. Xem xét DL cua

dl _
Yik =
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mang mMIMO vei L cell. BS j giao tiép véi K UEs. Nhu
dugc mo ta trong Phan 11, BS j str dung vecto tien ma hoa
wj, € C"i dé truyén tin hieu dir licu ¢j ~ Ne(0, pji)
danh cho UE k trong cell j. Vi vector tién ma hoa dugc
chuén héa Ia E{|lwj, [’} = 1, cong suét phat duoc phan bd
cho UE nay béng véi phuong sai tin hiéu pj,.. ATP cia BS
j do dé duoc cung cap bai
ATBP' = D3, o (10)
Biéu thirc UL tuong ting thu duoc néu thay p ;. bang p.
~Xeét kich ban gom K = 10 UE trong mdi cell va cong
suat phat DL & 20 dBm trén méi UE, tuong ung Vdi
pjx = 100 mW vj, k. Khi dé, tong cong suéat phat DL mdi
BS la 30 dBm. Méi BS c6 dién tich hinh vudng 0,25 km x
0,25 km va dugc trang bi cing mot sé luong ang ten M.
ATP cua BS j 1a ATPPY = 16 W / km?. Tuy nhién, dé c6 y
nghia, ATP can dugc xem xét bo sung chi so lién quan dén
théng luong khu vuc. Bang 1 tom tat tong thong luong DL
trung binh trén moi cell trén kénh 20 MHz.
Bdang 1. So sanh thong lvong mMIMO [2]

Ky thuat M =10 M =50 M =100
M-MMSE 243Mbit/s 795Mbit/s 1053Mbit/s
MR 118Mbit/s 345Mbit/s 482Mbit/s

Trong trudng hop M = 100, ta thdy rang théng luong
DL c6 thé 1on téi 482 Mbit /s / cell vai MR va 1053 Mbit/s/
cell v6i M-MMSE, 16n hon 8-16 lan trong LTE.

Thong luong trén mdi cell nay tuong ng véi thong
lwong ving Ian luot 1a 7,72 Ghit/s/km? va 16,8 Gbit/s/km?.

Phan tich trén cho thay, mMMIMO c6 thé dat duoc thdng
lugng khu vuc va tiét kiém cong suit phat -ATP hon hin
so véi mang LTE hién tai. Viéc phan chia tong céng suat
phét gitra M ang-ten dan dén cong suat phat thap trén mdi
ang-ten. V&i M = 100 va téng cong suat phat DL 1a 1 W,
mdi dng-ten trong kich ban dang xét (M = 100 ang-ten trén
mdi BS) chi c6 10 mW. Biéu nay cho phép thay thé cac bo
khuéch dai cong suat PA (Power amplifier) cong suét cao
dat tién duoc st dung trong cac mang di dong hién tai (tidu
thu hau hét cong suat trong BS) bang hang trim PA cong
suét thap va chi phi thap vai cong suét dau ra trong dai mw.
Vi viéc sir dung cong suat thap trén mdi ang-ten, tham chi
cd thé khong can khuéch dai tin hiéu bang PA chuyén dung
ma cAp ngudn tryc tiép cho ting ng-ten tir mot mach [2].
Diéu nay cd thé ¢ tac dong rét tich cuc dén tong dién nang
tiéu thu. Mat khac, luu y rang mirc cong suat tiét kiém nay
c6 thé dat dugc bing viéc trién khai nhiéu chudi RF trén
mdi BS, dan dén viéc tang cong suit tiéu thu caa mach cua
mang. Do d6, chi s6 ATP khdng cung cap day du thong tin
dién nang tiéu thu do mMIMO cung cip. Pay 1 ly do tai
sao nhom tac gia sir dung sé liéu hiéu suét nang luong EE,
s& dwoc dinh nghia trong phan tiép theo.

3.3. Hi¢u sudt ning luong

Dinh nghia: (Hiéu suét ning lugng - EE): EE clia mang
di dong 1a s6 bit c6 thé dugc truyén di mot cach déng tin
cay trén mot don vi nang lugng.

EE = Thong lugng [bit/s/ cell |

Dién nang tiéu thu [W/ cell |

(11)

c6 don vi bit / Joule va c6 thé duogc coi la ty s giira loi ich
- chi phi, trong d6 chit luong dich vu (théng lugng) duoc
so sanh voi chi phi lién quan (lugng dién nang tiéu thy).

Dé danh gia chinh xéc EE, dién ning tiéu thy phai duoc
tinh toan duya trén cong suat phét hi¢u dung ETP (khdng
tinh phan cong suét phét birc xa) va cong suét tiéu thu cia
mach can thiét & mang di dong hoat dong:

PC = ETP + CP
—— —— ——
Power consumption Effective transmit power

Goi p la hiéu suat bo khuéch dai cong suit RF
(0<p<1)vay ETP = ip la cong suét phat hiéu dung
ETP. Pé tinh cong suét tiéu thu cuia mach ta c6 cong thirc:

CP = Ppx + MPgg + KPyg.
Trong do6:

- Py CONg suat duoc yeu cau boi tat ca cac thanh phan
mach (vi du: DAC, b tron |/ Q, bd loc, v.v.) cho mdi dng-
ten cta UE.

- Py la cbng suat dugc tiéu thy boi cac thanh phan
mach (vi du: ADC, DAC, bé tron | / Q, LO, bo loc va diéu
ché / giai diéu ché OFDM) cén thiét cho hoat dong ciia mdi
ang ten tram BS.

- Prix 12 mot dai lwong cong suét ¢ dinh can thiét cho
tin hiéu diéu khién va cong suat khdng phu thudc vao tai
clia co s& ha ting backhaul va bo xtr Iy bing tan co so.

Circuit power

Vay ta c6 hiéu suat nang luong cua cell | 1a:

dl
BEA! = 25k

(12)

1
P TPFIX+MPBs +KPUE'

Trong d6, hiéu suit phd DL cua UE k trong cell j duoc tinh:
M= Pk )y
S5 Te togz (1 * Ty Pliblijk+‘72) ik, (13)

véi do loi kénh trung binh aj) va d¢ lgi nhiéu trung binh
by;jx dugc cho twong tng nhu sau:

.
e = [E{wjih }
;2
E{lwithl |’} @ = Gk

P2 ; 2
B {Iwiihl "}~ [Ewi kL) 0,0 = G,k
(15)
Gia tri trung binh dugc tinh lién quan véi small-scale
fading dé DL SE chi 12 mot ham cua thong ké large-scale-
fading va ctia vector tién ma hoa. Day la mot tinh nang doc
déo cia mMIMO gilip don gian héa phan I6n vain d& phan
b cong suét so véi cac hé thong ang-ten don [2, muc 7.1].
Chl y rang, Prix dugc bo qua trong tinh toan cua bai béo
nay do khéng phu thudc tai cua BS.

(14)

blijk =

4. Pé xuit toi wu hiéu suit ning lwong

O phan nay, truéc hét, nhom téc gia s& gisi thieu bai
toan toi wu hiéu suat nang lugng tong quat. Sau do, cac
budc dan ra théng s6 cua bai toan s& duoc trinh bay va cudi
cung la cach tim nghiém cua bai toén.
4.1. BAi tO&n téi wu higu sudt nang lwgng

Trong s6 nhitng thuat todn phan bo cong suat, mot thuat
todn kha pho bién la max-prod SINR dugc ap dung trong
bai toan nay nhu sau:
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max  [T=; [T5=: y’—dkl (16a)
{ij}vj,k'{zj}w Zj
véirang budc  XR_i pjx < Piax.J = 1.2..1L, (16b)
izllgzipjk + MPgs + KPyg < z;,
j=1,2,...L,  (16c)

Trong d6, P2, 1a cong suat DL ti da.
4.2. Tinh toan céac thong s6 va dé xudt phiwong phép gidi
bai toan t6i wu hiéu suit ning lugng

Tru6c hét, nhém tac gia sir dung céc kénh truyén uéc
lugng va cac thong ké cua né deé tinh céc thdng so6 cua bai
todn nhu sau:

1) Tinh toan vector tién ma héa w;,, MR hoiic M-MMSE;

2) Tinh cac gia tri {a;; } va {bj;} twong ting theo cong
thuc (14) va (15).

Theo do, yﬁf trong cong thirc (16a) duoc viét lai nhu sau:

Pjk%jk

i 2K puibijkto?’ (17)

Méc du, bai todn phan bo cong suét dé toi uu higu suét
nang luong van chua phai la bai toan toi wu 161, bai toan nay
van du don gian dé c6 the ap dung cac cong cu giai toan toi
uu nhu fmincon. Tuy nhién, muyc tiéu huéng dén la tim cong
suat phan bo ban dau nam trong mién nghiém kha thi.

Pé tim diém ban dau nam trong mién nghiém kha thi cia
bai toan (16), nhom tac gia giai bai toan toi wu 10i véi diem
ban dau ngau nhién dé giai bai todn don gian hon nhu sau:

dl _
Vik =

min TT:, TIX., ¢ (17a)
{pjk,tjk,ujk}vj’k j=1 2 tk=1 1k
véi rang buoc  (16b), (17b)
Pjka;j :
% < tjr, Vj, k, (17c)

Yie1 iy pubuiji + 0% = wi, V), k. (17d)
Trong bai todn twong duong nay, nhom tac gia s dung
bién phu trg t;,, Xem nhu chén trén cua ham SINR yﬁf trong
(17) va sir dung bién u;, dé don gian héa mau sb cua yjx.
Cuédi cung, gi4 tri {p,-k}vjk vira tim duoc khi giai bai
toan (17) duoc sir dung lam diém ban dau dé giai bai toan
toi uu higu suat nang lugng (16). Cha y rang ta khong can
tim diém t6i wu cho bai todn (17) ma chi can vai lan lap dé
xéc dinh gia tri cua {pjk}vj . 520 cho cac rang buge (17b) -
(17d) dugc thoa man.

5. Panh gi4 hiéu suat

Dé danh gia hiéu qua cia phuong phap toi uu dé xuat, nhém
tac gia thuc hién md phong Monte Carlo cho truong hop mang
mMIMO vai cac thong s nhu Bang | véi L = 4 cells, mdi cell
c6 dién tich 250x250m. Gia sir K = 5 UEs duoc phan bb ngau
nhién trong mdi cell, vai rang bugc 1a khoang cach tir tram BS
dén mdi UE phai I6n hon 35m. Trong ciu hinh mé phong nay,
nhém tac gia xét bang thdng 20MHz va cong sut nhidu thu
tong 1a 0% = —94 dBm, s6 luong tin hiéu pilot 7, = K va
cong suit phat UL trén mdi UE 13 p = 20 dBm.

Quy trinh thuc hién théng qua phwong phap Monte
Carlo nhu sau:

1) Hiéu tng lan truyén vi mé:
a) Pat ngau nhién UE vao vi tri x{;;
b) Tinh toan h¢ sé fading quy mé Ién ,8{;(;
c) Tinh todn ma tran tuong quan kénh truyén R{k
2) Hiéu tng lan truyén vi mo: Tao ra uéc luong ngau
nhién vector kénh truyén A/ bing cach sir dung bo uoc
lvong MMSE.
Bdng 2. Cau hinh mé phdng hé théng mMIMO

Dién tich cell 250x250m
Bang thong 20 MHz
S cells L=4
S6 UEs mdi cell K=5
Cong suat nhidu nhiét UL —94 dBm
Cong suét phat UL 20 dBm
S6 méu trong mot khdi két hop 7, =200

Dé kiém chimg tinh hiéu qua cua giai thuat t5i wu dé
xudt, hiéu suat ning lugng EE cua hé thdng trude va sau
khi téi wu dugc so sanh khi thay dbi mirc cong suét phét tdi
da P, cia BS nhu trong Hinh 1 va 2. Cu thé, hiéu ning
ctia hé thong khi sir dung b tién xtr Iy MR duoc biéu dién
& Hinh 1 va khi str dung bo tién xt ly M-MMSE dugc biéu
din & Hinh 2, v&i P, thay dbi tir 500mW dén 2500mW.

B6 tién ma héa MR
12.4 :
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Hinh L. Hi¢u sudt ning heong ciia hé thong MMIMO si dung bj
tien xit Iy MR véi mike cOng suat phat toi da Py,q, cua BS thay doi
B6 tien ma héa M-MMSE
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Hinh 2. Hiéu sudt nang luong cdq hé théng MMIMO st dung b tié:n
xit Iy M-MMSE véi mike ¢0ng suat phat t0i da Py,q, cia BS thay doi

Cac két qua mo phong sb cho thay, hiéu sudt ning luong
ctia hé théng mMIMO duoc cai thién r rét sau khi &p dung
thuat toan toi uu dé xuat, dbi voi ca bo tién xir Iy MR va M-
MMSE. Hon nira, hiéu qua cua giai thuat hé théng tang ti 1€
thudn véi mirc ting cua cong suat phat P,y voi hai ky thuat
tién xir Iy. Diéu ndy thé hién thong qua viéc khoang cach giita
hiéu suat EE trudc va sau khi toi uu ting manh khi Py, tang.
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Cu thé, véi b tién xir Iy MR, hiéu suat EE ciia hé thong
thong thuong bt ddu ¢ xu hudng giam manh khi P, cua
BS tang qué 1,5W. Piéu nay la do cong suét cua tat ca cac UE
duoc phan bd bang nhau khi khong dugce t6i wu din t6i EE
giam nhanh chong khi cong suat ngay cang 16n. Thong qua
Hinh 2, hiéu qua cta giai thuat phat huy manh mé hon véi
truong hop bo tién xir Iy M-MMSE do kha nang triét nhidu
tuong quan gitra cA¢ UES cua k¥ thudt xur ly tin hiu ndy.

B6 tién ma héa MR
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Hinh 3. Higu sud{ nang luong cia hé thong MMIMO su dung
bé tien xir Iy MR vdi so UESs thay doi

B6 tién ma héa M-MMSE
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Hinh 4. Hiéu s‘ud’t nang lwong cua hé t’hd'ng MMIMO su dung
bé tien xir Iy M-MMSE véi so UES thay doi

Tiép theo, nhom tac gia so sanh hiéu sudt ning luong
EE trudc va sau khi ap dung giai thuat dé xut khi thay doi
s6 luong UEs trong 1 cell véi b tién xir Iy MR trong Hinh
3 va bo tién xir Iy M-MMSE trong Hinh 4. O ca hai hinh,
ta ¢ thé nhan thiy mot xu hudng chung 1a khi s6 UE ting
I&n, hiéu suat EE trudc va sau khi t6i wu déu ting, va viéc
4p dung thuat toan t6i vu déu giup cai thién hidu suit ning
luong EE, nhu d kiém ching ¢ Hinh 1 va 2.

Mot didu can luu ¥ ring, hiéu sudt phd SE cua mot cell
c6 thé dugc tang lén bang cach sir dung nhiéu cong suét
phat hon, trién khai nhiéu ang-ten BS hoac phuc vu nhiéu
UE trén mdi cell. Tuy nhién, tat ca nhitng cach tiép can nay
chéc chén s& 1am ting dién ning tiéu thy cia mang, truc
tiép (bang cach tang cong suét phat) hodc gién tiép (béng
céch str dung nhiéu phan cting hon), va do do c6 thé cd kha
nang lam giam hi¢u sut ning luong EE cua hé thong Vi
vay, viéc kiém tra tinh danh doi gitta hai hiéu sudt nang
lwong EE va hiéu sudt pho SE, sir dung mé hinh duoc gidi
thiéu trong phan trén, 12 rat can thiét.

Hinh 5 minh hoa EE nhu mdt ham cua théng luong
trung binh trén mdi cell voi cac gia tri thong lwong khac
nhau dat duoc véi K = 10 UE va bang céch cho sé luong
ang-ten BS thay d6i tir M = 16 dén M = 144 v&i Pgg = 1W.
Céc diém mau do 1a cac diém ma tai d6 EE cua dudng ang-

ten tuong tmg dat gid tri 16n nhat.

Tir Hinh 5, ta nhan thay rang EE la mot ham don thic
ctia SE tang don diéu d6i voi M < 16 va don diéu giam doi
v6i M > 16. Gié trj 16n nhét dat duoc khi M = 16. Biéu nay
1a do khi s6 lugng phan cimg ting Ién (nhiéu dng-ten hon)
thi tiéu thy cong suét 1on hon lam giam hi¢u suat EE.

EE va SE véi M thay déi

EE [Mbit/Joule]

0 5 10 15 20
SE [Mbit/s/Hz]
Hinh 5. Su ddnh doi (tradeoff) giita EE va SE theo
s0 luwong ang-ten M

6. Két luan

Trong bai béo nay, nhém téc gia tim hiéu vé hiéu suét
nang luong cua hé thdng mMIMO va phét trién thuat toan
nham t6i uu hiéu suit nang lwong théng qua céc cong cu tdi
uru 16i. Két qua s6 cua bai bao théng qua mo phong da ching
minh dugc tinh hiéu qua cua giai thuat d& xuét trong viéc
phan bd cong suat cua cac ngudi ding UE trong mang
mMIMO, qua d6 cho thay giai thuat nay c6 thé cai thién rd
rét hiéu suat nang luong tiéu thy cua mang véi cac muac cong
suat hoic sé lwong UE khac nhau. Cubi cung, két qua md
phong ciing khang dinh tinh hiéu qua caa bo tién xu 1y sir
dung ky thuat MMSE so v6i MR nho vao kha nang triét
nhiéu giao thoa, nhr 6 nang cao dugc hiéu sut ning luong.
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