CONG NGHE

NG DUNG KY THUAT SDP BE GIAI BAI TOAN CONG SUAT

CHUYEN TIEP VO TUYEN MIMO

APPLICATION OF SDP TECHNIQUE TO SOLVE POWER IN WIRELESS RELAY MIMO

TOM TAT

Ung dung cac ky thuét t6i tu dé thiét ké digu hudng (BF) trong truyén thong
v0 tuyén la nhitng linh vic diroc nghién ciru nhigu hién nay. Cac phueng phép toi
tu 16i dé giai céc bai toan cho mo hinh chuyén tiép MIMO trong bai bao nay hira
hen mé ra duge tinh kha thi va mé rong cho nhitng vén dé lién quan dén t6i vu
t0i u cong suat doi véi mang vo tuyén. Bai toan toi uu duge xét doi voi hé thong
chuyén tiép MIMO véi ham muc tiéu khong 16i. Céc ky thuat trudc day khong thé
giai mot céch hiéu qua dac biét khi dp dung doi véi céc hé thong Ién. Bang viée
(ing dung ky thuat dé xudt ¢d thé tim diroc gia tri gan t6i wu duoc trinh bay trong
bai béo.

Tlr khéa: Ky thuat SDP; MIMO; cong sudt chuyén tiép; tdi wu.

ASBTRACT

The application of optimization techniques to wireless communications, in
particular beamforming designs, is an active area of research. The convex
optimization methods for the optimal design of MIMO relay models in this paper
yield promising results, and open doors to numerous possibilities of extension
and improvement to other classes of beamforming problems. This paper focus on
the applications of optimization techniques for the design of beamforming
schemes in wireless network settings. We have considered the optimal
beamforming problems of multiple-input multiple-output (MIMO) relay systems.
The mathematical formulations of these problems lead to highly nonconvex
optimization problems. The traditional approaches could not solve the problems
efficiently especially at large system settings. By applying appropriate
optimization algorithms, the proposed method can obtain solutions at near
optimality. The contributions of this paper are summarized as follows.

Keywords: SDP technique;MIMO; relay power; optimization.
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Tran Binh Théng*”,
Dw Binh Vién?, Lé Thanh Hai?

SDP Semidefinite programming
SNR Signal noise rate
LMI Linear matrix inequality

QoS Quality of Service
BER Bit error rate
1.GIOI THIEU

DaGi voi van dé téi wu hda trong mang vo tuyén da dng
ten da dwgc cac nhoém nghién ctru trén thé gi6i cd nhiéu
bai bao va cong trinh da cong b6 v6i muc tiéu la st dung
cac k§ thuat t6i wu hda nham cai thién dung lvong st dung
hodc mé rong vung bao pht trong mang khéng day. Cé
nhiéu k¥ thuat téi wu dwoc st dung trudc day nhung cac bai
toan tdi wu trong mang khong day dugc dé y va phat trién
khi tac gid S.Boyd va L.Vandenberghe dé xuat van dé t6i uu
ham 16i [1] va cac 'ng dung clia ham 16i. Tinh chét noi bat
cla ham I6i la; tinh chat dat gia tri cuc dai trén bién va bat
ky cuc ti€u dia phrong nao ciing la cuc ti€u toan cuc. Dac
biét viéc st dung da ang ten tai cac tram chuyén ti€ép hoac
cac phia thu, phia phat dya trén céc ky thuat ghép kénh
khong gian, k§ thuat beamforming dé cai thién ty Ié tap am
trén nhiéu (SNR) va t6i thiéu hda sai s6 binh phrong trung
binh (MMSE). Thuc té trén thé gi¢i mot s6 nhém nghién
clru da nghién clru cac bai toan vé tdi vu hoa da ang ten
[10] da chi ra khi str dung thoéng tin trang thai kénh (CSI) &
tram phat thi van dé chat lvong dich vu (QoS) dwoc kiém
soat mot cach hiéu qua & ca thiét bi so cap va thit cap trong
mang vo tuyén nhan thuc. Mot nghién clru khac vé ky thuat
ngau nhién hoéa [5] nham cai thién hiéu ning lién quan dén
cac tham s6 QoS, SNR so v6i cac ki thuat truyén théng. Cac
gidi phap nang cao hiéu nang trong mang chuyén ti€p don
ang ten [6] cling dugc nghién ctru nham tdi thiéu téng
cdng suat phat & diéu kién QoS rang budc.

Trong twong lai xu huéng cac mang khdong day don
angten khong thé thich rng do gia tdng dung lvong, tdc
do xt ly, cdng sudat, ving pht séng. Cho nén cac nha cung
cdp dich vu da va dang nghién ctu trién khai va trng dung
cho mang thé hé méi dé dap ng dwgc van dé truyén
thong trén thé gidi. Vi vay, cac bai todn nang cao hiéu nang
cho mang chuyén tiép khong day da dng ten da dugc mot
s6 nha khoa hoc trén trén thé gi6¢i nghién clru va dé xuét.
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Mot trong nhitng dac trung clia cac bai toan t6i wu trong
mang chuyén ti€p khong day la cac ham muc tiéu (nhw
téng cobng sudt phat, cong sudt chuyén tiép, cong suét
riéng cla tirng nat....) thuong la nhirng ham khong 16i cho
nén rat khé tim cac cuec tri. D€ giai quyét van dé thach thirc
nay can bién d6i ham muc tiéu khéng 16i vé ham 16i nhung
phai théa méan cac diéu kién rang budc bao gébm céac rang
budc vé céng suét, ty 1& tap &m trén nhiéu SNR, ty I& 16i bit
BER clia mang.

Phan con lai cia bai bao dwoc t6 chic nhw sau: Muc 2
trinh bay tong quan co ban hai ky thuat téi vu. Muc 3 tap
trung trinh bay mé hinh nghién cru va xady dung ham muc
tiéu. Phan mo phdng va két qua duoc thé hién théng qua
muc 4. Muc 5 thé hién ndi dung két luan va dé xuat hvéng
nghién ctru khoa hoc ti€p theo.
2.CACKY THUAT TOI WU
2.1. Phuong phap t6i wu khéng tron (nonsmooth)

Xét bai toan t6i wu cé diéu kién rang budc véi bién X cé
rank = 1 nhw sau:

min f(X)
0<X<CNN
s.t rank(X) =1, (D)

X la ma tran dang positive semidefinite[15] dbi x(ng
(Ma tran vuéng X eR™™" goi la positive semidefinite néu
z'Xz = 0 v6i moi z € R™ khac 0) va f(X) la ham 16i. Bai toan
(1) c6 diéu kién rang budc rank(X) = 1 la ham khéng 16i [1].
Dé tim duwoc gia tri t6i vu can st dung cac k¥ thuat t6i vu
dac biét thich hgp thong qua phép bién déi.

Diéu kién rank(X) = 1 c6 thé dwgc bién déi nhu sau:

(X> - )\max (X) <0, (2)

trong do, A, (X) la tri riéng 16n nhat clia ma tran X.

NEU (X) = Ay (X) thi (X) = A, (X), diéu nay c6 nghia
la chi c6 mot gia tri riéng non-zero clia vector X khi do:

X = )\max (X)XmaXXgax

VOi Xa 12 Vector tri riéng c6 chudn don vi (||xaxll = 1)
cla X twong ¢ng Vv6i gia tri riéng 16n nhat A, (X). Ham
Amax(X) 1a ham 16i trén tap clda ma tran Hermitian, do dé
(X) — Apax X) 12 ham 16m ctia X va (2) la mot diéu kién 16i
nguoc. Diéu can thiét 1a (X) — A, (X) cAn mot gia tri du
Nhé khi d6: X = A X)X maxXihax .-

Khi d6 bai toan (1) c6 thé biéu dién nhu sau:

min f(X) + M[<X> - }\max (X)]
0<X<CWN ©)

Vi gia tri trong so ctia p > 0 da 1én dé dat duoc gia tri
(X) — Apax X) lanhd.

Néu ham muc tiéu f(X) la ham I6m thi bai toan (3) tré
thanh bai toan t6i vu ham I6m trén tap 16i. Tuy nhién do
ham A, (X) 1a khdng tron(khong ton tai dao ham) nén f(X)
cling la ham khéng tron.

Mat khac:

}\max (Y) - }\max (X) = (XmaxXgax' Y- X> (4)

Do vay, dé thuc hién tim gia tri t6i vu can lya chon gia
tri khdi dau X* pha hop s& mang dén mot két qua X ** tiém
can voéi gia tri téi wu véi sai s6 nhé nhéat. Bai toan (3) dwoc
viét lai nhv bai toan (5).

min  £(X) + pX) = Apax (X))

(e ® JOH v (k)
(X0 X X —XWY) (5)

max“*max’

0<X<(CNN

voi x%1a vector tri riéng 16n nhét ctia XY, st dung

thuat toan lap cé thé tim dwoc gia tri toi ku vai sai s6 gilra cac
gia tri lién ti€p ctia ham muc tiéu cé thé chap nhan duoc.
2.2. Phuong phap SDP

Gan day, cac bai toan téi wu 16i st dung k¥ thuat SDP
[16] bang céch khoi tao diém ban dau rét hiéu qua dé giai.
SDP 1a mot bai toan t6i wu dé tim cuc ti€u clia ham tuyén
tinh thda méan cac diéu kién rang budc ma td hop affine clia
ma tran déi xtrng la ma tran positive semidefinite.

minimize cTx
X
st Fx) =Fy+x,F; + - +x,F, =0

Vector x = [x,,...,x,]" 1a bién gia tri t6i vu, F; e R™™ véi
i=0,1,....,n lamatran déi xtiring da biét va F(x) = 0 khi va chi
khi F(x) la positive definite tai x. Ta nhan thay diéu kién rang
bubc:

Fx) =Fy+xF + - +x,F, =0 (6)

duoc biét nhw la bat d&ng thirc ma tran tuyén tinh(LMI),
khi d6 néu F(x) =0 vaF(y)= 0va0<0<1thi

F(6x + (1-0)y) = OF(x) + (1-6)F(y) =0 7)

Diéu nay c6 nghia tap hop {x: F(x) = 0} la tap 16i. Do do,
bai toan semidefinite la bai toan 16i khi ham muc tiéu va cac
diéu kién rang budc la ham 16i. Mac du bai toan SDP tir (1)
la bai toan da chudn héa nhung nhiéu bai toan khac c6 thé
duwa vé dang bai toan SDP. Cac bat dang thirc 16i phi tuyén
c6 thé chuyén vé dang bat dang thirc ma tran tuyén tinh
bang cach ap dung phan bu Schur. Khi d6 néu Q(x) = Q(x),
R(X) =R" (x), bat dang thirc ma tran tuyén tinh:

Q0 SM™] .
STx) REOI ™

Tuwong duong voi:

R(X) >0, Q(X) - S(X).R*(x)S"(x) = 0.
3. MO HINH CHUYEN TIEP VO TUYEN VA XAY DUNG
HAM MUC TIEU

DBEé minh chitng tlr d& xuét khoa hoc trng dung k¥ thuat
t6i wu dé xudt, chang t6i thyc hién mé phéng mé hinh
chuyén tiép MIMO dé khao sat. Trong hinh 1 bén phat thi
cdp dung N anten dé truyén tin hiéu s mang cting thong tin
t6i M user bén thu thit cip, mbi user dwoc mac mot anten.
Hé théng thit cap hoat ddng dong thoi véi mang so cap c6
L user dugc phép st dung phé. Trong treong hop nay
ching ta xem xét truyén dan xuéng cé huéng tir cac tram
gbc t6i cac user. Hoat dong clia hé théng thi cdp khong
anh hudng toi viéc truyén dan ctia mang so cdp. Nguyén

0 8)
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nhan gay nhiéu giao thoa tai tram goc thi cip do céac user
so' cdp bé hon hoic bang mic cho phép. Ngoai ra viéc thuc
hién beamforming phai thda mén dam bao ty s6 tin hiéu
trén tap am (SNR) cho céac user tht cdp. Gia dinh rang cac
BS th cdp c6 trang thai thdng tin kénh da duoc thiét lap
hoan toan tlr ca cac user so cap va tram gbc thi cap.

Secondary N-antenna

BS n

2" User 1

X Iy

W
~
~ .
~ P 2" User M
~N 7
({9} ~
1 ~
Qs

P fo
Primary Transmitter rimary Receiver(s}

Hinh 1. M hinh chuyén tiép vo tuyén kiéu quang ba don nhém

Pac biét, xem h; la vector kénh gitta tram phat thiv cap
va tram thu thi cdp th(v i, trong khi do |, 1a d6 tang ich kénh
gilta tram phat th( cdp va cac user so cdp. Thong tin trang
thai kénh truyén dwgc nhan biét gitra tram phat so cap va
thi cdp. Tin hiéu dugc truyén s cd tri trung binh bang
khoéng va phuong sai bang 1, déi vai nhiéu n; & phia thu thi
i ¢ tri trung binh la khdng va phrong sai la 62 Véix € CV 1a
duwoc beamforming khi d6 tin hiéu thu tai user thit cap thi i
duoc xac dinh:

d=h)s+n,i=12,...M.

Céc tin hiéu truyén tai tram gdc thiv cap st dung cuing
bang tan véi tram so cdp do vay tin hiéu giao thoa tai user
thit j dwoc xac dinh:

d, =(x, hps.

T4t ca cac user thi cdp nhan cling théng tin, nhiéu giao
thoa tir cac hé thdng so cap khdéng duwogc xac dinh do dé cé
thé xem nhu nhiéu trang. Khi d6 ty s6 SNR tai bén thu thi
cdp thi i duoc xac dinh cong thic;

x, h:)|?

SNR;(x) = A 2‘>| ,i=1,2,..,N.

Oj

Tong cong suit beamforming tai tram géc thir cap dwoc
tinh toan theo cbng thic:

PT(X) = <X1 X>'

Van dé bai toan t6i wu héa cong suét véi diéu kién rang
budc 1a nhiéu giao thoa tai cac user so cdp va ty s6 SNR thir
cap duoc xac dinh theo diéu kién nhu sau:

min (X, X
s.t

xxH h;hH
(—2“) >q,i= 12,..,M.

Oj
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Trong d6, ham muc tiéu la téng cong suat BF, diéu kién
bt déng thirc dwoc hiéu ring ty s6 SNR tai mdi phia thu
thir cdp phai I6n hon mot ngudng cé gia tri 1a o; va nhiéu
giao thoa gay ra bdi qua trinh truyén dan th cap tai phia
thu so cép c6 gia tri bé hon p;. Bai toan t6i vu dat ra la cac
ham khong 16i va la cac dang NP - hard va khong thé giai
duwoc mot cach bang phuong phép truc tiép. Mot trong
nhitng phuong phap phé bién cé thé gidi dwgc la k§ thuat
ngau nhién. Néu thay thé X = xx" véi X tr& thanh ma tran
positive semidefinite, khi d6 c6 thé bai toan trén dwoc biéu
dién duai day:

min(X)
Xe CNXN
st (X,H)=>a,i= 1,2, .., M.
rank(X)=1,X=0,
hih{!
of

Ham muc tiéu va cac diéu kién da cho la tuyén tinh, tuy
nhién diéu kién ctia hang ma tran X 1a ham khéng 16i. Bang
cach giam thi€u gia tri rank clia X thi bai toan la mot dang
SDR[15] va c6 thé giai dugc gidng nhuw cac da thirc trong
mién thoi gian. Tuy nhién dé giai dwgc ham muc tiéu cho
két qua gan tdi wu khi cac diéu kién rang budc c6 rank la 1.
Trong tredng hop nay vector BF tdi wu c6 thé xac dinh duoc
tlr cac vector gia tri riéng I6n nhat clia ma tran X. BG6i voi
cac bai toan c@ 16n khi s6 user M va s6 anten N tang Ién thi
tré thanh nhirng bai toan t6i wu c6 hang ma tran I6n hon 1.
Diéu nay yéu cau phai st dung phuong phéap ky thuat ngau
nhién da duoc (ng dung pho bién & cac nghién ctru trudc
day. Tuy nhién van khéng dam bao duoc rang céac cach giai
xap xi kho tim dwoc gia tri t6i wu.

Thém vao doé, d6i véi mic dd quan trong cla dich vu
thi can thiét 1ap t&i cac user ¢ miic dd wu tién thap. Diéu
nay c6 thé xem nhu cac bai todn max min SNR dé cling
dam bao duogc tong céng sudt beamforming véi cac diéu
kién nhiéu lién kénh. Bai todn max min c6 thé dwoc xem
xét sau day:

Oday: H; =

51 —[IH

max min (xxH h;h?)
XecNi=12,..,M o
s.t. (x,x) <P

O day, P 1a gia tri gi¢i han tdng cdng sudt beamforming.
Trong diéu kién truyén dan da nguoi ding véi tat ca cac
user déu thu duoc thong tin nhw nhau thi gia tri ti thiéu
SNR xac dinh dugc dung lvgng kénh truyén.

Tl tredng hop bai toan doi & hinh 1 dé giai dwoc thuc
hién chia nhém bén phia cac user thu nhv hinh 2. Céac
user thu thvr cdp duwgc chia thanh G nhém {g,, g, ...ggh
céc user trong moéi nhom déu thu nhan cing mot thong
tin. V6i x, € C" 1a vector BF dwoc cung cdp cho cac user
trong nhém g tai cac tram géc thi cdp cé N anten. Hé
thdng nay hoat dong khi xuét hién sy cé mat cda L user
thu so cdp dugc phép. Tat ca cac thanh phan con lai
trong hé théng duoc giad dinh giéng nhu trong hé théng
¢ trvong hop cda hinh 1.
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Secondary N-antenna
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Primary Transmitter

Primary Receiver(s)

Hinh 2. M hinh chuyén tiép v0 tuyén kiéu quang ba da nhém
Tong cbng sudt beamforming la ham cé dang toan
phuong dugc mo t& nhu sau:

G
Pr(x,) = Z<x 1 Xg)
g=1

Qua trinh truyén dan trong hé théng multiple group
multicast gay ra nhiéu giao thoa trong nhém véi nhau nén
ty s0 SNR tai user th(v i duoc xac dinh:

H H
) _ (xgxf, hihi')

Ykuglxgxl, hh) + of

Trong dé thanh phan tt s6 la cong sudt tin hiéu mong
mudn tai user tht i va thanh phan méau s6 1a téng nhiéu
giao thoa trong nhém va nhiéu trang.

Nhu vay, bai toan téi thi€u cong suét diéu hudng & mo
hinh dé xuat c6 ham muc tiéu va diéu kiéu nhiéu giao thoa
so cap dugc xac dinh nhu sau;

min Pr(%g)
X, € cNg=12,..,G
st. SI NKx,) > i€ ggi=1,..,M

V&i P, la cong suét dwgc cung cdp I16n nhat cho phép.
Céc bai toan t6i wu trén déu thudc dang bai toan NP - hard
khong 16i. Khi so sanh vgi cac bai toan voéi hé thdng & hinh
1 thi cac bai toan t6i vu trong hé théng & hinh 2 sé phic
tap hon do phai x& ly cAc ma tran va cac diéu kién rang
budc SINR la cac ham khodng 16i c6 dang toan phuong.
4.MO PHONG VA KET QUA

Dé thuc hién md phéng ching ta gia thiét rang trang
thai thong tin kénh duoc biét day du, cac phan t kénh
truyén c6 dang CN(0,1). M&i mtc ngudng SINR thuc hién
mo phdng theo phwong phap Monte-Carlo véi 1000 phép
thir. Mang chuyén tiép vo tuyén khao sat voi s6 lugng
anten tai nat chuyén ti€p va s6 lvgng user tvong rng theo
ba trwong hop: [N =8, M = 16], [N =8, M = 24], [N = 8,
M = 32]. Trong d6 thuc hién so sanh bai toan téi wu téng
cong suat BF gita ba ky thuat SDP, nonsmooth, ngau
nhién. Dya vao két quad mé phéng hinh 3, chiing ta thay véi
cac mirc ngudng SINR khac nhau thi cac phwong phap déu

SNR;(x,

cho ra duwgc gid tri toi wu. Tuy nhién theo két qua md phong
cho két qua t6i vu theo phuong phap SDP tot hon khi so
sanh két qua clia hai phuong phép con lai. Ngoai ra, tir két
gua md phdng ctia hinh 3 cling chi ra véi mc ngudng SINR
tang thi téng céng sudt cling tang Ién.

" 7 = T T

—&—SDP(M=16) | i ; : : :
—O—NSM1(M=16) | ! ! ! : :
|| —+—RAND(M=16) | : : ' ' F, g

Total beamforming power

0 ' ' ; : ; ; !

—&—SDP(M=24) | ! : : : :
—8—NSM1(M=24) | ! : : : ]
] o a2 ] S S S S S 1

Total beamforming power

0 T T T T T T :

o T ————]
! : : A
Py - —&— SDP(M=32) /_
—B—NSM1(M=32) : ! i
—+— RAND(M=32) : i bt
--------- S o S

Total beamforming power
&

User Threshold in dB

Hinh 3. Két qua md phong ti uu hda cong sudt theo tuong (ing ba truong
hop M = 16,24,32
5.KETLUAN

Trong bai bao nay, ching t6i da dé xuéat giai phap SDP
trong viéc 'ng dung dé tim gié tri toi wu tong cdng suat
chuyén tiép cho hé théng chuyén tiép vo tuyén MIMO. Két
gqua md phong da mang lai két qua hoan toan phu hop voi
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phuong phap dé xudt, dé la thuc hién tim duwogc gia tri toi
wu téng cong sudt cho mang chuyén tiép MIMO dong thoi
da danh gia dwoc si vu diém clia phvong phap SDP dat
dugc gia tri gan t6i wu hon. C6 thé minh chitng phuong
phap SDP la phuong phap co ban dé ap dung khi thic hién
cac bao toan tdi vu d6i véi nhitng ham muc tiéu khong 16i
va cé murc dd tinh toan phc tap.

Tuy nhién cac budc trong ky thuat tdi wu yéu cau xt ly
tlr hang tram téi hang ngan céc tha tuc chwong trinh tuyén
tinh déi véi cac diéu kién rang budc SINR. Thay vao d6 céc
thanh phan nhiéu giao thoa la nhitng ham khéng 16i nén
murc d6 tinh toan la rat I&n khi x& ly. Bay la nhirng han ché
va kho khan khi si dung cac ky thuat cii do mic do tinh
toan phic tap clia cac ham muc tiéu dan téi dé hoi tu lau.
Va tuy thudc vao cac bai toan toi wvu khac nhau dé lya chon
cac phuong phép thich hgp dé dam bao gia tri gan toi vu
V(i sai sO chdp nhan duwgc dong thoi tang dwoc toc d6 hoi
tu cla bai toan. Bay la hudng ti€p can mai sé duoc nghién
clru va thdo luan & cac bai bao tiép theo.
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