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TOM TAT 
Bii bao dS xuat ky thuat dieu khien cong suat dudng xuong nham lim cho dung lupng ngudi dung 
ddng deu trong he thong Massive MIMO dan t& bao sau khi xay dung cic bieu thiic tinh toin 
phim chit kSnh. Khac voi nhirng nghien cuu ve dieu khien cong suit phiic tap nhkta toi uu h^ 
thong vdi nhQng dieu kien rang bugc khic nhau, bii bao nay de xuit m8t ky thugt don giin chi 
nham dSn muc tieu l i cung cap dung lupng ngudi dimg binh ddng khi rang buoc cong suit tong tai 
Uam CO sd khong doi, do la chi can phan cong suit ty le nghich vdi suy giam dudng tmyen Ngoii 
ra mpt s6 lien he ca ban khi thiSt k^ he thfing cung dugc riit ra. K^t qua mo phdng cho thay hi6u 
qua cua phuong phap d^ xuat nay. 
Tii'khda: MIMO, MIMO tdp hgp lan, diiu khiin cdng sudt dudng xudng. suy gidm kenh, phdn bo 
diu, dung ndng diu 

GIOI THIEU 

Mgng te bao truyen thdng khd phan dung 

lugng ddng deu den ngudi diing khac nhau do 

hieu ling xa-gan [1]. Theo cong thiic tinh 

dung nang kenh: = B x lQg2(l + S/N) , d 

day B la dp rpng bang t in kenh, S, N la cdng 

suit tin hieu va tgp am trong kenh, thi ddi vdi 

ngudi d xa tram ca sd, ty so S/N nhd can phai 

phan bang tan Idn han de dam bao dung nang 

ciia mgi ngudi diing ddng d£u. Dieu nay gan 

vdi thuat toan ph in bd bang tan phii'c tap 

trong khi muc tieu dung nang ddng deu cd the 

thuc hien dan gian trong he thdng Massive 

MIMO chi bang dieu khien cdng suit . 

Ky thuat Massive MIMO, ndi len trong thgp 

nien qua nhu mdt ling cii vien cho cdng nghe 

5G, da tao nen budc dot pha mdi trong truyen 

tin vd tuyen vdi do Igi cao ca ve bang tan va 

nang lugng. So vdi dieu khien cdng suat Uong 

he. thdng P2P (peer-to-peer), dieu khidn cdng 

suat trong he thdng Massive MIMO cd nhieu 

diem khac. Do cd mdt lugng Idn anten tgi 

tram ca sd trong he thdng Massive MIMO 

nen viec udc lugng kenh chinh xac la khd 

khan vi vgy can phai tinh to in ca cdng suat 
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pilot va cdng suat du lieu, dieu nay lam cho 

dieu khien tdi uu trd nen khd khan hon. 

Mat khac viec "ciing hda" kenh trong 

Massive MIMO Igi lam cho he thdng nay 

duac dilu khien de dang hon dua tren 

phading kenh kich thudc Idn chii khong phai 

phading kenh kich thudc nhd. Xung quanh 

van de nay nhieu cdng bo nhu [3,4,5] da 

nhim den dieu khien he thdng vdi nhieu muc 

tieu tdi uu khac nhau va vdi nhieu thuat toan 

phiic tap khac nhau nhu Max-min, Max-Sum.. 

Nham den su dan gian va hieu qua, bai bao 

nay gidi han muc tieu dieu khien cdng suat 

dudng xudng la lam cho dung nang cho t i t ca 

ngudi dung bang nhau, dam bao tinh cdng 

bang cho cac thue bao trong dieu kien rang 

bupc cdng suat tdng d tram ca sd. De dat muc 

tieu nay, thuat toan chi la su phan chia cdng 

suat tdng thanh cac phan ty Ie nghich vdi suy 

giam kenh truyen d mdi thue bao. Them vao 

do bai bao cirng chi ra cac mdi lien he ca ban 

giiia dung nang ngudi diing, sd anten tram ca 

sd va ty so tin/tgp yeu c iu tdi thieu tai may 

thu. Cac lien he nay phai dugc thda man khi 

xem xet thiet ke he thdng. 

Bai bao dugc xap xep tiep tlieo nhu sau: mpc 

tidp theo trinh bay md hinh kenh tuang duong 
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cua he thdng Massive MIMO don te bao. Ke 
tiep la phan md ta phim chit kenh va ky thuit 
dieu khien cdng suit. Muc ti£p theo danh gia 
hieu qua ciia phuong phap de nghi bang mpt 
sd md phdng. Phan sau cimg dua ra mdt sd 
ket luan-va nghien ciru trong tuong lai. 
M 6 HINH KENH TU'ONG DUONG 
Udc luong kenh vdi ky thuat MMSE 
Xet te bao cd M anten d tram ca sd va K may 
di ddng vdi anten don (trong Massive MIMO 
M»K). Phuang trinh truyen pilot dudng I8n 
theo [2] la: 

Yj,=^lp^HtP + N^ (1) 

0 day: T la ma trin pilot Kxr cd tinh chat 
unitary W 4'"=IK. pp la SNR ciia pilot tgi nai 
thu, Tp la dp dai pilot. H la ma tran kdnh C"̂ "̂ , 
Np la ma tran tgp am. Ma trgn thu dugc tgi 
tram co sd la Yp kich thudc C"^" 
Cung theo ket qua ciia [2] ma trgn udc lugng 
kenh dimg ky thuit MMSE la: 

jEh^H + JJSlLw 
PpTp+l P p I p + 1 

(3 day V/=ip^N„ va Qp deu la ma tran C" 
Do H va W khong tirang quan nen: 

R iOp = 

(2) 

[Vppip+iy 

HH' + 

WW 

Sai so udc lugng kenh co phucrng sai 

(3) 

+E 
l\Ppip+V WW" 

De chuan hoa kenh iroc lugng dugc, ta dua 
them bien Z: 

(5) 

Chii J* ring Vfe^ < 1 bieu dien nhu he so swj) 
gidm kinh bd sung do udc lugng kenh gan 
diing (he sd nay gan bing 1 va phu thupc 
cdng suit pilot) 

Kenh tirong duong 

Tii phuong trinh dudng xudng tdng quit: 

y^^Hx + n (7) 

Vdi y,x,n lan lugt la cac vecto thu dugc 6 3hi 
cuoi may di ddng, vecto du lieu truyen, veclo 
tap am, cdn H la ma trin kenh (KxM), khi 
khdng the biet H chinh xac ma chi biet udc 
lupng B qua pilot ta dat H = H + £ ,va\z 
la sai sd udc lugng, phuong trinh (7) co tliS 
viet Igi thanh: 

y = ./p/?x + ./p£X + n = -Jpffx +v = 

./pJcPZx -\- V (8) 

Phuong trinh (8) tuang duang vdi (7), Uong do 
Z dugc biet chinh xdc qua udc lugng /?. Con v 
li tap dm tucmg ducmg bang tap im that cpng 
them phan do sai sd udc lugng kenh. 
Md hinh kenh thirc te. 
Ap dung vao kenh truygn thuc te ciia he thong 
Massive MIMO, cd the thay the phin tii trong 
ma tran kenh H la hkm thanh ^ ^ j ^ = ^fpic^km-
6 diy: 

- pk la he sd diSn ta suy giam cdng suat chung 
theo khoang each tir may di ddng thii k den 
tdt cd anten ciia tram co sd (do khoang each 
giua cac anten tai tram ca sd la nhd so vcri 
khoang each kenh truyen nen suy giam cong 
suat la gidng nhau), suy giam nay thay doi 
cham theo thdi gian va ia CN(0,1), vdi phan 
bd log normal. 

- Thira so hk,n cdn lai diln ta su thay doi 
nhanh do Igi kenh cua kenh theo thdi gian va 
UCN(0,1) cd phan bd Raylegh. 

Cac tinh toin d kenh thuc gidng nhu mo hinh 
tuang duang d tren trong dd giir nguyen cho 
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h, chi cSn bo sung them thira s6 ./p (do la 
thira so bien doi chtm) ngoai ra cong suit 
tin/tap a nai thu la p dugc thay bang Pp (v6i 
P la c6ng suSt 0 b^n phat chuan hoa voi tap 
am may thu) 
Theo do: 

Skm = -JhKm = }h^\^ki (9) 

(10) 

(11) Ppipft+i 
TINH T O A N P H A M CHAT KENH 
TRUYEN VA DIEU KHIEN CONG SUAT 
Bai viit nay su dung ky thu^t ma truoc la MRT. 
Phumig trinh dvong xuong 
Goi A la ma tran ma truac, phuong trinh 
duong xuong sau khi ugc lugng kenh va ma 
truac vai ma tran A duac viit lai la: 

Vdl--
EM CAx + n = ^aAx + 

r,£Ax + n (12) 

0 day Ed] la cong suat tong cua tram ca sa, 
khi khong dieu khien cong sudt thi chia deu 
cho K dong du lieu va M anten. Dat: 

Skm = 4hhm = JAfc^ / tm (13) 

De chuan hoa ta chon A theo theo ky thuat 
MRT14:4 = ^ Z « 

Thay vao phuang trinh ducmg xudng (12) vdi 
minh hpa K=2 (kenh A va B) de de theo doi 
bien doi nhu sau: 

[^^"J^H^ 

^̂ -"H-ra (14) 

Six dung tinh chat cua ma tran ngau nhien [6, 
A.2.4] ta CO 

[ M M^ + M J 

(15) 

logM^„ var[ZZ"] 

logM^a. var(eZ'') = 

Ta tinh dugc: 

(16) 

Ebl] -- BW1 + 

2 '• ^-^ 2M 

Elni] 

Hay: SINR^= g£, 

(Elxi] + £[x|]) + 

(17) 

/2 

t- (IS) 
De dang tdng quit hda cho K ngudi dung: 

c™„.-f?f^i^-5a 
,£di£fc 

fc»E, 

(19) 

(20) 

Nhin xet: 
ggipfc 

ft? . Tuc li - Khi M^o3, 5/Arffj^->__^^^ 
SNR ciia may thu suy giam theo he sd kenh pk 
truyen den nd. So vdi trudng hgp biet kenh 
chinh xac, SNR cd them he sd ftS dien ta suy 
giam kenh bd sung do udc lugng kenh khdng 
chinh xac. H? sd nay cung phu thudc ^^ va 
cdng suit pilot 

- Bai toan dieu khien dung lugng ddng deu 
cho K ngudi dimg thuc ra la bai toan phin 
chia cdng suit ty le nghjch vdi cac h? so Pk'-
Sieu khien cdng suat dirdng xuong 

Tai tram ca sd sau khi xic dinh cac Pk (20) 
dung pilot dudng Idn, h^ sd dieu khien cdng 
suat dudng xudng cho ddng dii lieu ddn ngudi 
thu k dugc xac dinh don gian la 
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(21) 

Khi dd SNR d mdi may thu dau cudi sau khi 
dieu khien cong suit la 

SNRro (22) 

Khi khdng digu khien cdng suit (cac he sd pk 
dugc coi la bang nhau) 

Vk = yj^dl/^ 

Ta lai nhin dugc cdng thirc (19) 

Khi he thong nhilu trdi han tap am, va 

->r (23) •J^'"controi — EiiiPjt K ' 

0 diy 'y la SNR toi thilu ciia miy thu di ddng, 
K la sd ngudi dimg cue dgi. Day cung the coi la 
tieu chi thiet ki dan gian cin thda man 
MO PHONG VA D A N H GIA 

He thong Massive MIMO dan te bao dugc 
md phdng vdi M anten tgi Uam ca sd, K 
ngudi diing anten dan phan bo deu trong te 
bao. Ham CDF ciia dung nang tdng cdng 
dugc so sanh trong 2 trudng hgp: khi cd dieu 
khi£n va khi khdng dieu khien cdng suit: 
Cac budc tiSn hanh md phdng nhu sau: 

1. Gieo ngiu nhien theo phan bd deu vi tri 
ciia K ngudi diing trong te bao ban kinh kenh 
i=1000m. Cac vj tri khdng gin tam hon 
rh=100m (de trinh xir ly sd qua Idn). 

2. Tinh SNR ciia ngudi diing thii k theo 

He so suy giam cdng suat: p^ = z/(rif/rfi)" 

a diy 2=10°"" vdi sd mu suy giim a=3.5, dp 
lech chuan che khuat a=6.5 (dB) 

3. Tinh dung nang C=log2(I+SNR) cua mdi 

ngudi sau do tinh CDF qua histogram. 

Ket qua md phdng dugc the hien tren hinh I 
va hinh 2. 

Trong do hinh I md phdng vdi M-lOO va vdi 
2 tinh hudng K=10 va K=5. Trong 2 tinh 
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huong nay cac dudng 1,2 la ket qua c6 dieu 
khidn cdng suat cdn cac dudng 3 va 4 tuong 
ling vdi khdng dieu khien cdng suat. 
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Hinh 2 md phdng vdi K=10 cung vdi 2 tinli 
hudng M=100 va M=200. Trong 2 tinh hu6ng 
nay dudng 1,2 icng vdi ket qua cd dieu khien 
cdng suit cdn dudng 3,4 irng vdi ket qua 
khdng dieu khien cdng suat. 
Tu ket qua nhin dugc d hinh 1 va hinh 2 co 
the riit ra mgt sd ket lugn sau: 

- Khi ap dpng dilu khien cdng suat, CDF 
khdng trai ra ma tap trung tai mgt dai gia trj 
bit/s/Hz xic djnh. Di6u nay cd nghTa dung 
lugng ngudi dimg dugc phin ddng deu hon 
khi khdng dieu khidn. 

- Khi M=100, K giam tir 10 ddn 5 ngiriri 
diing, dudng cong dich manh ve ben phaL 
DiSu nay cd nghTa la cong suit tdng phin chia 
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cho sd ngudi diing it hon thi dung lugng cua 

moi ngudi diing tang manh them. 

- Khi M tang tii 100 dfin 200, K giii' nguy6n la 

10, dung lugng cua moi ngudi ciing dugc cai 

thiSn song khdng nhiSu do nhi lu gifla c i c 

ddng dii lieu giam di l^m SINK tang len 

KET LUAN 

Bai b io trinh bay k j thuat dilu khien cdng 
suit dudng xudng dfi dung lugng ngudi dimg 
ddng deu trong he thdng Massive MIMO don 
te bao. Khac vdi c i c thuat toan tdi uu max-
min phiic tap. Ky thui t nay dan gian chi la 
phin cdng suit ty IS nghjch vdi suy giam kich 
thudc Idn ciia dudng truyen. Ngoai ra cdng 
thii'c tinh toan ciing cho udc lugng thd giiia 
cac dai lugng M,K,SNR. Md phdng cho th iy 
hieu qua ciia phuang phap nay dong thai ciing 
cho thay anh hudng ciia sd anten tram c a sd 
va so ngudi dung len dung nang. 
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SUMMARY 
D O W N L I N K P O W E R C O N T R O L F O R U N I F O R M USER C A P A C I T Y EV 
SINGLE C E L L M A S S I V E M I M O S Y S T E M 

Thi Quynh Trang Pham', Anh Vu Trinh^', Trung Nghia Phung^ 
'Hanoi University of Industry 

University of Engineering and Technology -VNU Hanoi 
^University of Information Technology - TNU 

This paper proposes a power allocation design for the single-celt massive MIMO downlink, which 
guarantees uniform capacity among users under a total power constraint, and hence improve the 
users' fairness based on die analyzed capacity. The power conUol fector for each user is derived in 
closed-form expression, which is inversely proportional to the channel attenuation (path loss). 
Compared with the existing algorithms, the proposed power control achieves much less 
complexity. Moreover, some basic relations are also derived for the system design. Numerical 
results demonstrate the effectiveness of the proposed algorithm. 
Keywords: Massive MIMO, Downlink Control Algorithm, Channel Attenuation, Uniform 
Distribution, Uniform Capacity 
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