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PIEU KHIEN CONG SUAT PUONG XUONG CHO DUNG LUQNG NGUOI
DUNG PONG PEU TRONG HE THONG MASSIVE MIMO PON TE BAO
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Bai bao d¢ xuat k¥ thuat diéu khién cong suit duong xudng nham lam cho dung lwong ngudi dung
dong déu trong hé thdng Massive MIMO don té bao sau khi xdy dung cac biéu thic tinh toan
pham chat kénh. Khac v6i nhitng nghién ctru vé diéu khién cong suét phirc tap nham ti wu hé
théng v6i nhitng diéu kién rang budc khac nhau, bai bao nay dé xuit mot k¥ thuat don gian chi
nham dén muyc tiéu la cung cip dung luong nguoi dung binh ddng khi rang budc cong suat tong tai
tram co s6 khong dbi, @6 1a chi can phén cong suét ty 1¢ nghich vai suy giam dudng truyén. Ngoai
ra mot sb lién hé co ban khi thiét ké hé thong ciing dugc rit ra. Két qua méd phong cho thay hiéu

qué cta phuong phap dé xuét nay.

Tur khéa: MIMO, MIMO tdp hop lon, diéu khién cong sudt dwong xuong, suy giam kénh, phdan bo

déu, dung nang déu

GIOI THIEU

Mang té bao truyén théng khé phan dung
lwong dong déu dén nguoi ding khac nhau do
hiéu ung xa-gan [1]. Theo cong thic tinh
dung nang kénh: = B xlog,(1+S/N) , ¢
day B la do rong bang tan kénh, S, N 1a cong
suét tin hiéu va tap am trong kénh, thi ddi voi
ngudi & xa tram co 6, ty sd S/N nho can phai
phan bing tan 16n hon dé dam bao dung ning
clia moi ngudi ding dong déu. Piéu nay gin
v6i thuat toan phan bd biang tin phuc tap
trong khi muc tiéu dung ning dong déu co thé
thuc hién don gian trong hé théng Massive
MIMO chi bang diéu khién cong suat.

K§ thuat Massive MIMO, néi 1én trong thap
nién qua nhu mot tng ctr vién cho cdng ngh¢
5G, d tao nén budc dot pha moi trong truyén
tin v tuyén véi do lgi cao ca vé bang tan va
niang lugng. So véi diéu khién cong suat trong
hé thong P2P (peer-to-peer), diéu khién cong
suét trong hé théng Massive MIMO c6 nhiéu
diém khac. Do c6 mot luong 16n anten tai
tram co sO trong hé théng Massive MIMO
nén viéc uwéc luong kénh chinh xac la kho
khin vi vay can phai tinh toan ca coéng sut
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pilot va cong suét dir liéu, didu nay lam cho
diéu khién t5i wu tr& nén kho khan hon.

Mat khac viéc “cung hoa” kénh trong
Massive MIMO 1lai lam cho hé thdng nay
dugc diéu khién dé dang hon duwa trén
phading kénh kich thudc 16n chtr khong phai
phading kénh kich thudc nho. Xung quanh
van d¢ nay nhidu cong bd nhu [3,4,5] da
nhdm dén diéu khién hé théng v6i nhidu muc
tiéu tdi wu khac nhau va véi nhiéu thuat toan
phtrc tap khac nhau nhu Max-min, Max-Sum..
Nhim dén su don gian va hiéu qua, bai bao
nay gidi han muyc tiéu didu khién cong suat
dudng xudng 14 1am cho dung ning cho tit ca
ngudi ding bang nhau, dam bao tinh cong
bang cho cac thué bao trong diéu kién rang
bude cong suét téng O tram co sO. pé dat muc
tiéu nay, thuat toan chi la sy phan chia cong
sut tong thanh cac phan ty 1& nghich véi suy
giam kénh truyén ¢ mdi thué bao. Thém vao
d6 bai bao ciing chi ra cac mdi lién hé co ban
giita dung ning ngudi ding, s6 anten tram co
s& va ty sb tin/tap yéu cau tbi thiéu tai may
thu. Cac lién hé nay phai dugc thoa man khi
xem xét thiét ké hé thong.

Bai bao dugc xip xép tiép theo nhu sau: muc
tiép theo trinh bay md hinh kénh twong dwong
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ctia hé thong Massive MIMO don té bao. Ké
tiép 1a phan mo ta pham chat kénh va ky thuat
diéu khién cong suat. Muc tiép theo danh gia
hiéu qua ctia phuong phap dé nghi bang mot
s& md phong. Phan sau cing dua ra mot sb
két luan va nghién ctru trong tuong lai.

MO HINH KENH TUONG DPUONG

U'éc lwgng kénh voi ky thuat MMSE

Xét té bao c6 M anten & tram co s& va K may
di dong voi anten don (trong Massive MIMO
M>>K). Phuong trinh truyén pilot duong 1én
theo [2] la:

Y, = /ppTpHY + Ny Q)
O day: ¥ 1a ma tran pilot Kxt c6 tinh chét
unitary ¥ ¥"=lx. p, 12 SNR cua pilot tai noi
thu, T, 1a d¢ dai pilot. H 1a ma tran kénh C™*
Ny, la ma tran tap &m. Ma tran thu duoc tai
tram co s& 14 Y, kich thuge CM

Ciing theo két qua cua [2] ma tran uéc lugng
kénh dung ky thuat MMSE |Ia:

0= Pptp ¢T yT = ~PrTp Q

ppTp+l PpTp+l p=
PeTe_py 4 NPPTR gy @)
PpTptl PpTpt1l

O day W=¢"N,, va Q, déu la ma tran C\**.
Do H va W khong tuong quan nén:

2
E[A*]=E (ﬂ) HHY |+
PpTptl

2
E [<_\/ppr1”) WWH] — P )
PpTp+l ppTp+1

Sai s6 u6c lwong kénh c6 phwong sai la:

Ele?]=E|(H-A)]|=F [(pp;ﬂ)z HHH]

+E —V””T”)ZWWH =— (4)
PpTpt+l PpTpt+1

Pé chuan hoa kénh wdc lugng dugce, ta dua
thém bién Z:

VPpTp
H pp‘rp+1Qp Qp (5)
\/E[Hz] \[M \/Pprp‘l'l
ppTp+1
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Lot 7 —\kPZ  (6)

Hay

= /E[HZ]Z =

ppTp+l

Cha y rang VkP < 1 biéu dién nhu hé sb suy
giam kénh bé sung do wéc lugng kénh gan
dung (hé sd nay gan bang 1 va phu thudc
cong suét pilot)
Kénh twong dwong
Tir phuong trinh dwdng xudng tong quat:

y=./pHx +n (7

V6i y,x,n lan lugt 14 cac vecto thu dwoc ¢ dau
cudi may di dong, vecto di liéu truyén, vecto
tap &m, con H la ma tran kénh (KxM), khi
khong thé biét H chinh xac ma chi biét udc
lugng A qua pilottadit H=H+e ,Véie
la sai s6 wdc lugng, phuong trinh (7) co thé
viét lai thanh:

y=ﬁﬁx+\/ﬁsx+n=\/ﬁﬁx+v=
pkPZx +v (8)
Phuong trinh (8) twong duong véi (7), trong do
Z dugc biét chinh xac qua wéc lugng H. Con v
& tap dm twong dwong bang tap &m that cong
thém phan do sai s6 udc lugng kénh.
M hinh kénh thue té.
Ap dung vao kénh truyén thuc té cua hé thong
Massive MIMO, c6 thé thay thé phan tir trong
ma tran kénh H Ia hy, thanh gy, = v/ Brxhim.
O day:
- B 12 hé sb dién ta suy giam c6ng suat chung
theo khoang cach tir may di dong tha k dén
tat ca anten cua tram co s (do khoang céach
gitra cac anten tai tram co so¢ la nho so véi
khoang céch kénh truyén nén suy giam cong
suat 1a giéng nhau), suy giam nay thay doi
cham theo thoi gian va la CN(0,1), véi phén
bé log normal.
- Thira $6 hgn con lai dién ta sy thay doi
nhanh d6 lgi kénh cua kénh theo thoi gian va
la CN(0,1) c6 phan bb Raylegh.
Céc tinh toan ¢ kénh thyc gidng nhu mo hinh
tuong duong ¢ trén trong d6 gitr nguyén cho
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h, chi cin bd sung thém thira s6 /8 (do la
thira s6 bién doi cham) ngoai ra cong suat
tin/tap ¢ noi thu 1a p dugc thay bang P (véi
P 1a cong suat & bén phat chuan héa véi tap
am may thu)

Theo do6:

Gim = Behion = |k Zim ©)
E[g\lgm = ﬁkE[ii}Zcm] = ﬁkkgk VoI

_ _PpBitp
TPy Bary <1 (20)

E[ef] = 5t = Bl = k) (11)

TINH TOAN PHAM CHAT KENH
TRUYEN VA PIEU KHIEN CONG SUAT

Bai viét nay sir dung k¥ thuat ma trudc 1a MRT.

p _ _Pr'p _
Bk 1+pp1p

Phwong trinh dwong xudng

Goi A la ma tran ma trude, phuong trinh
duong xuong sau khi wée lugng kénh va ma
trudc v6i ma tran A duoc viét lai la:

E Eqi A
Var = /K—;;GAx +n= /K—i;GAx +
/Edl gAx +n (12)

O day Eq la cong suat téng cua tram co so,
khi khéng diéu khién cong sudt thi chia déu
cho K dong dit liéu va M anten. Dat:

m = \/Eﬁkm = ’ﬂkkgkzkm (13)

Dé chuin héa ta chon A theo theo ky thuat

T S
MRT la: A_\/MZ

Thay vao phuong trinh duong xudng (12) véi
minh hoa K=2 (kénh A va B) d¢ dé theo doi
bién d6i nhu sau:

}’A] _

B
D
JZ’JEZ”[ 1+[n ] (14)

Str dung tinh chat cua ma tran ngau nhién [6,
A.24]taco

2

logu varlzzi] = M2 M M ]
(15)

va

logy_evar(eZf) =

MBy(1— kD) MBy(1 - k;;A)] ”

MBs(1—kp) MBs(1—kg)

Ta tinh duoc:
EdlﬁAklgA>
p
kg,

EqiBak}
Elyi]l = ( LAy

EqiBaky Ba Ed,
—r AELx] + B (1 )E [xd +
E
dlﬁA (1 - kp ) [xB] +E[ng] =
Edl[)’A E
A B[xg) + 2484 (B [xF] + E[xE]) +
E[n}] 17)
EdlﬁAkg /2
Hay: SINRA = E—dlé: (18)
14-47A
D& dang téng quat hoa cho K ngudi dung:
Eaqifrk} ./ E
SINRy = ——p— =225, (19)
+
M
Iy Brkjg
Vi Bi. = 1+Edl§k (20)
M
Nhan xét:
E
- Khi M—oo, SINR — 2Lk kp . Tic la

SNR ciia may thu suy giam theo hé s6 kénh By
truyén dén né. So voi truong hop biét kénh
chinh xéac, SNR c6 thém hé s kp dién ta suy
giam kénh bé sung do wdc lugng kénh khong
chinh xac. Hé sd nay ciing phu thudc B, va
cong suat pilot

- Bai toan diéu khién dung lwong dong déu
cho K nguoi dung thuc ra la bai toan phan
chia cong sut ty 1& nghich véi cac hé sb By’
biéu khién cong suat dwong xudng

Tai tram co s sau khi xac dinh cac [Sk’ (20)
dung pilot duong Ién, hé s6 diéu khién cong
suat duong xudng cho dong dir liéu dén nguoi
thir k dwoc xac dinh don gian la
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1/2
1 1 1 1

M =V Ea <(B_;i)/ (ﬂ—{ tot g)) (21)

Khi d6 SNR & mdi may thu dau cudi sau khi

diéu khién cong suat 1a

Eq
SNReontrot =71 3
_,+_,+.._,
81 By Bk
Khi khong diéu khién cong suat (cac hé sé By
dugc coi la bang nhau)

Nk =V Ea/K
Ta lai nhan dugc cng thic (19)
Khi hé théng nhidu troi hon tap am, va
k}‘),’k ~ 0.9 c0 thé xap xi

(22)

s>y ()

EqiBk K
v

)
ﬁkkgk

SNRontrot =

O day v 1a SNR tdi thiéu cua may thu di dong,
K Ia s6 nguoi dung cuc dai. Day ciing thé coi la
tiéu chi thiét ké don gian can thoa man

MO PHONG VA DANH GIA

Hé théng Massive MIMO don té bao duoc
md phong véi M anten tai tram co so, K
nguoi dung anten don phan bo deu trong té
bao. Ham CDF cua dung ning tong cong
duoc so sanh trong 2 truong hop: khi c6 diéu
khién va khi khong diéu khién cong suat:

Céc budc tién hanh moé phong nhu sau:

1. Gieo ngau nhién theo phan bd déu vi tri
ctia K ngudi ding trong té bao ban kinh kénh
r=1000m. Céac vi tri khéng gan tdm hon
r=100m (dé tranh xtr 1y s6 qua 16n).

2. Tinh SNR cta nguoi dung thir k theo

Heé s6 suy giam cong suat: By, = z/ (1. /1)*

& day z=10"" v6i sb mii suy giam a=3.5, do
1éch chuin che khuit 6=6.5 (dB)

3. Tinh dung ning C=log,(1+SNR) ctia mdi
nguoi sau do6 tinh CDF qua histogram.

Két qua mo phong dugc thé hién trén hinh 1
va hinh 2.

Trong d6 hinh 1 m6 phéng voi M=100 va védi
2 tinh huéng K=10 va K=5. Trong 2 tinh
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hudng nay cac duong 1,2 1a két qua co diéu
khién cong suat con cac duong 3 va 4 tuong
ung véi khong di€u khién cong suat.
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Hinh 2. k=10, M=100,200
Hinh 2 m6 phong v6i K=10 ciing véi 2 tinh
hudng M=100 va M=200. Trong 2 tinh huéng
nay dudng 1,2 Gmg voi két qua co diéu khién
cong suit con duong 3,4 ung véi két qua
khong diéu khién cong suat.
Tir két qua nhan duoc ¢ hinh 1 va hinh 2 ¢6
thé rat ra mot s6 két ludn sau:
- Khi 4p dung diéu khién coéng suit, CDF
khong trai ra ma tap trung tai mot dai gia tri
bit/s/Hz xac dinh. Diéu nay c6 nghia dung
luong nguoi ding duge phan dong déu hon
khi khong diéu khién.
- Khi M=100, K giam tir 10 dén 5 ngudi
dung, dudng cong dich manh vé bén phai.
Diéu nay c6 nghia la cong suat tong phan chia
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cho s6 ngudi dung it hon thi dung luong cia
mdi ngudi dung ting manh thém.

- Khi M ting tir 100 dén 200, K giir nguyén 1a
10, dung lwong ctia mdi nguoi ciing duoc cai
thién song khong nhiéu do nhiéu giira céc
dong dit li¢u giam di lam SINR tang 1é€n

KET LUAN

Bai bao trinh bay k¥ thuat diéu khién cong
suat duong xudng dé dung lugng ngudi dung
ddng déu trong hé thong Massive MIMO don
té bao. Khac véi cac thuat toan tdi wu max-
min phic tap. Ky thuat nay don gian chi la
phan cong suat ty 1& nghich voi suy giam kich
thude 16n cua dudng truyén. Ngoai ra cong
thirc tinh toan cling cho udc lugng tho gitia
céc dai lugng M,K,SNR. M6 phong cho thiy
hiéu qua cua phuong phap nay dong thoi ciing
cho thdy anh huong cta sé anten tram co s&
va s6 nguoi dung 1én dung ning.
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DOWNLINK POWER CONTROL FOR UNIFORM USER CAPACITY IN
SINGLE CELL MASSIVE MIMO SYSTEM
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This paper proposes a power allocation design for the single-cell massive MIMO downlink, which
guarantees uniform capacity among users under a total power constraint, and hence improve the
users’ fairness based on the analyzed capacity. The power control factor 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.
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