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NGHIEN CU'U VA XAY DUNG HAM MUC TIEU
BOI VO1 BAI TOAN TOI UU CONG SUAT
CHO MOT SO MO HINH CHUYEN TIEP VO TUYEN

RESEACH AND BUILD OBJECT FUNCTION FOR POWER OPTIMUM IN WIRELESS RELAY MODELS

TOM TAT

Céc van dé vé ky thuat diéu huéng BF duoc &p dung rong rai trong cac hé
thding da anten voi muc dich nhdm cai thién toc do lubng dir liéu, tiét kiém cong
sudt truyén va giam thigu cac nhiéu giao thoa mang khdng dy da diroc nghién
clru mang lai nhigu két qua trién vong. Cac tiéu chi ky thuat nay diroc xem nhur la
cac bai todn c6 ham muyc tiéu phi tuyén can dugc toi tu hda. Bai bao nay sé gidi
thiéu v& céc hé thong chuyén tiép khdng déy tong quét va xay dyng ham muc

Tlr khda: Ky thuat diéu hwdng; chuyén tiép vo tuyén; tGi vu cng sut.

ABSTRACT

Beamforming techniques have been used widely to exploit the benefits of
multiple antenna systems and relaying schemes for enhancing the data rate,
saving transmit power and limiting the interference. These targets can be
considered as objective functions of some nonlinear optimization problems
depending on the applications. In this paper, a brief overview on several
common wireless relay systems and object function building is given to serve as
background materials for solving optimization power.
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CHU VIET TAT
MIMO Multi input multi output
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SDP Semidefinite programming
SNR Signal noise rate

AF Amplifier - forward

QoS Quality of Service

DF Decode - forward

INT Inteference
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1. GIOITHIEU

Gan day nhiéu nghién clru vé cac hé thdng chuyén tiép
da anten da cai thién duoc hiéu nang d6i véi truyén thong
mang khong day béi viéc s dung qua trinh phan tap
khong gian mét cach triét dé. Viéc st dung truyén dan diéu
hudng da anten da dugc xem nhu la mot ky thuat co ban
cho tat c hé théng truyén théng hién tai cling nhu tvong
lai do si don gian trong viéc trién khai hé théng. Ky thuat
Beamforming c6 thé t6i wu hoa céng suét trong khi van
dam bao duoc chat lvgng dich vu cho phép déi voi cac dbi
tvong st dung. Nhitng két qua nghién cttu cho thay hé
thong da anten st dung k¥ thuat beamforming cé thé dat
duoc téc do truyén dan cao voi dung lvgng st dung 16n. K§
thuat beamforming thuong dwgc st dung trong hé thdng
truyén dan da ngudi dung nhu: Chia sé tai nguyén phé, hé
thong chuyén tiép don anten va da anten.

Van dé thir nhat can quan tam la viéc tdi vu tai nguyén sty
dung phd trong hé théng truyén théng da nguoi ding. Kho
khan lén nhat doi véi cac hé thong truyén thong thé hé méi
la han ché vé phé tin hiéu. Viéc khai thac bang tan khong
hiéu qua trong khi van xuat hién céc bing tan rbi. Van dé
khéc phuc 1a tan dung chia sé tai nguyén nhan thuc gitta hé
théng truyén dan duoc cap phép va khdng dwoc cap phép.
Ky thuat v tuyén nhan thuc nhdm phét hién céc bing tan
rdi dé tan dung mot cach hiéu qua bang cach thiét 1ap cac
diéu kién phu tro dé giam sat cac bang tan khong dugc cap
phép dé thuyc hién qua trinh trao ddi thong tin & hé thong
cdp phép khdng anh hudng t6i cac hé thdng khac nhung
van dam bao duoc cac yéu cau vé chat luong dich vu [1]. Mat
khac, viéc toi thi€u chat lvgng dich vu QoS nhu la cac tham
s6 SINR va toc do dit liéu cé thé dwoc cai thién & cac mic do
khac nhau dua trén yéu t cong suét.

Mot k§ thuat hira hen khéc 1a s dung k§ thuat diéu
huéng dudng truyén phan tap khong gian trong hé théng
MIMO. K¥ thuat nay da duogc nghién clru nhiéu va cai thién
dang ké trong viéc gia tang tham s6 SINR hodc t6c do di
lieu & bén nhan. Bong thoi ky thuat nay cling dwgc dung
dé cai thién dic tinh truyén thong nhan thuc cho cac hé
thdng thu va phat & cing mot tan s6. Cac nghién clru truéc
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day [2] da dwoc chiing minh mot cach hiéu qua déi v6i hé
théng truyén dan nhém don va sau dé mé rong cho tredng
hgp cac da nhdm ngudi dung [3].

Tuy nhién, cac hé théng truyén thong khong day cé
chuyén tiép da duoc nghién ctru rat nhiéu trong may nam
gan day. Cac nit truyén théng chuyén tiép phan tan gitta
mot s6 lwgng cac ngudn va dich. Trong mang chuyén tiép
khong day da nguoi dung, phan tap hop tac dwgc st dung
dé cai thién tai chat luong duong truyén, do tin cdy va ma
rong pham vi bao phd mang. Qué trinh chuyén tiép throng
dugc chia thanh céc giai doan: Giai ma va chuyén tiép (DF),
nén va chuyén tiép, khuéch dai va chuyén tiép (AF). Trong
dé qua trinh AF duoc quan tdm nhiéu béi vi mic dé phic
tap dé ti€n hanh thyc hién la nhd nhat do tat ca cac bén
thu, bén phat, nit chuyén tiép duoc trang bi don anten.
Trong qué trinh AF cac nut chuyén tiép khuéch dai cac tin
hiéu tlr cAc ngudn phat va sau d6 truyén céc tin hiéu vira
khuéch dai ti cac diém bén phia thu.

Gan day, ky thuat chuyén ti€ép da anten da duoc quan
tam nhiéu trong mang truyén thong hop tac do nhiéu kha
nang cai thién dwoc cac dac tinh mang. Khi hoat ddng nhu
la n(t chuyén tiép, cac nit da anten cé thé khai thac manh
viéc phan tap khong gian dé cai thién tham s6 SINR ciing
nhu viéc khir nhiéu giao thoa giita cac user khi so sanh voi
trvong hop cac nat dwoc trang bi don anten. Thay vi viéc
khuéch dai cac tin hiéu & cac nit chuyén ti€p bang cac
vector trong s6 diéu hwdng thi chuyén ti€p MIMO c¢6 thé
tien ma hoa céc tin hiéu bang ma tran tuyén tinh giéng nhu
cac da anten dwogc thuyc hién tai mot nat. DE giai quyét van
dé tdi vu hoa, nhiéu ky thuat khac nhau da dwoc st dung
nhuv la phwong phap SDP.

Céac md hinh chuyén tiép vo tuyén dé thuc hién viéc t6i
wu héa cdng suat can xay dung duoc cac ham muc tiéu két
hop vai cac ky thuat téi vu khac nhau dé giai duoc bai toan
nham tim ra duoc gia tri gan t8i vu bén canh dé sir dung
céc thuat toan nham cai thién téc do hdi tu nhanh.

Phan con lai cla bai bao duwoc t6 chirc nhw sau; Muc 2
trinh bay xay dwng ham muc tiéu cho mot s6 moé hinh
chuyén tiép vo6 tuyén. Muc 3 thé hién ndi dung két luan va
dé xudt huvong nghién cru khoa hoc ti€p theo.

2. XAY DUNG HAM MUC TIEU CHO MOT SO MO HINH
CHUYEN TIEP VO TUYEN

2.1. M6 hinh Single Group Multicast

Chung ta xem xét mot cdu trdc co ban clia hé théng vo
tuyén don gian nhv hinh 1 [7, 8]. Trong hinh 1 bén phét th
cdp dung N anten dé truyén tin hiéu s mang cung thong tin
toi M user bén thu thit cdp, mdi user dwgc mac mot anten.
Hé thong thir cap hoat ddng ddng thai véi mang so cap voi L
user dwoc phép sir dung phd. Trong trudng hop nay chiing
ta xem xét truyén dan xudng c6 hwéng tir cac tram géc tdi
cac user. Hoat déng clia hé théng thi cap khong anh hwéng
ti viéc truyén dan cia mang so cip. Nguyén nhan gay nhiéu
giao thoa tai tram g6c thi clp do cac user so cip bé hon
hodc bang mic cho phép. Ngoai ra viéc thyc hién

124 | Tap chi KHOAHOC & CONG NGHE @ S6 48.2018

beamforming phai théda méan dam bao ty s6 tin hiéu trén tap
am (SNR) cho céc user thit cap. Ching ta gia dinh rang cac BS
thir clp c6 trang thai thong tin kénh da duoc thiét 1ap hoan
toan tir ca céc user so cap va tram goc thi cap.

Secondary N-antenna

Y~ &

1%
~ &
S p 2™ User M
~ 9
g

i Prima ref(s)
Primary Transmitter rimary Receiver(s)

Hinh 1. Md hinh hé thong single group multicast

Pdac biét, xem h; la vector kénh gitta tram phat thiv cap
va tram thu thit cdp th( i, trong khi do6 |, 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
thiv cdp. Tin hiéu dugc truyén s ¢ tri trung binh bang
khong va phuong sai bang 1, d6i vai nhiéu n; & phia thu thi
i ¢ tri trung binh la khdong va phrong sai la 62 Véix € CV 1a
dwoc beamforming khi dé tin hiéu thu tai user thi cp thi |
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, hys.

T4t ca cac user thi cdp nhan cting théng tin, nhiéu gido
thoa tir cac hé théng so cdp khdéng duwoc xac dinh do dé cé
thé xem nhu nhiéu trang. Khi d6 ty s6 SNR tai bén thu thi
cdp thi i duogc xac dinh cong thic;

x>
SNR;(x) = = 12,.,N,

i

Va nhiéu giao thoa do truyén dan tir tram thi cap tGi
cac user so cap thir j la;

INT,0) = ¢, 1)[*,j = 1,2, ..., L.

Tuy nhién tong cbéng suat beamforming tai tram géc
thir cdp duoc tinh toan theo cong thirc:

P:(X) = (X, X).

Van deé bai toan t6i vu héa cong suat beamforming voi
diéu kién rang budc la nhiéu giao thoa tai cac user so cap
va ty s6 SNR thir cap dugc xac dinh theo diéu kién nhu sau:

min{x, X)
s.t
(xxH,?ih{*) S

Oj

(xx", L) < B,j = 1,2,..., L.

a,i= 1,2,.., M
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Trong dé, ham muc tiéu la téng cbng suat
beamforming, diéu kién bat dang thic duoc hidu rdng ty s6
SNR tai mdi phia thu thir cdp phai I6n hon mét nguéng c6
gia tri 1a o; va nhiéu giao thoa gay ra bdi qua trinh truyén
dan tht cdp tai phia thu so cdp co gia tri bé hon ;. Bai toan
téi wu dat ra la cac ham khéng 16i va la cac dang NP - hard
va khéng thé giai dugc mot cach bang phwong phap tric
ti€ép. M6t trong nhitng phuong phap pho bién cé thé giai
duoc laky thuat ngau nhién.

Néu thay thé X = xx" véi X trd thanh ma tran positive
semidefinite, khi d6 c6 thé bai toan trén duoc biéu dién
duéi day:

min(X)
Xe CNXN
st. (X,H)=a,i= 1,2,.., M.
(X,L) <B,i= 12,..,L

rank(X) =1, X =0,
h

Y L11.: GNP
Oday:H; = —-val=1ll"
i

[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 hang clia X thi bai toan la mot dang
SDR va c6 thé giai duoc gidng nhu cac da thikc trong mién
thoi gian. Tuy nhién dé giai dwgc ham muc tiéu la t6i wu khi
cac diéu kién rang budc cé rank la 1. Trong trvong hop nay
vector beamforming t6i wu c6 thé xac dinh duogc tir cac
vector gia tri riéng 16n nhat ctia ma tran X. BG6i v6i cac bai
toan c@ 16n khi sd user M va sd anten N tang |én thi yéu cau
bai toan toi vu dugc giadi khi hang ma tran I&6n ~h01n 1. bé
thuc hién duoc téi vu cé thé sir dung ky}huét ngau nhién &
cac nghién ctu trwdc day. Tuy nhién van khong ddm bao
duoc rang cé&c cach gidi xap xi khoé tim duoc gia tri t6i vu.

Thém vao dé, doi véi mic do quan trong cla dich vu thi
can thiét 1ap téi cac user c6 mirc d6 wu tién thap. Diéu nay cé
thé xem nhu céc bai toan max min SNR dé cung dam béo
duoc tong cong suat beamforming voi cac diéu kién nhiéu
lien kénh. Bai todn max min co thé dugc xem xét sau day:

max min (xxH, hih?)
XecNi=12,..,M ciz
s.t. (x,x) <P
(xxH L) < Bj,j = 1,2, ..., L,

O day, P la gia tri giéi han téng cdng suét BF. Trong diéu
kién truyén dan da ngudi ding véi tat ca cac user déu thu
dugc théng tin nhu nhau thi gia tri t6i thiéu SNR xac dinh
dwoc dung lwvgng kénh truyén.

Bai toan t6i wu da cho & trén ciling la dang khong 16i va
Ia NP hard, viéc bién doi d6i voi cac bai toan cé kich thudc
c® lon.

2.2. M6 hinh Multiple Group Multicast

Tl treong hop nhw hinh 1 chiing ta cé thé mé réng cho
trvdng hop multiple group multicast nhu hinh 2. Cac user
thir cdp duoc chia thanh G nhoém {g, g, ...gs}, cac user

trong m6i nhém déu thu nhan cting mot thong tin. Voi x, e
CM la vector BF dugc cung cdp cho cac user trong nhém g
tai cac tram g6c thi cdp c6 N anten. Hé théng nay hoat
dong khi xuat hién sy c6 mat clia L user thu so cdp duoc
phép. Tat ca cac thanh phan con lai trong hé théng duoc
gid dinh giéng nhu trong hé théng single group multicast.

Secondary N-antenna
; BS g
Group 1
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i
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Group G,
o
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~N

Primary Transmitter Primary Receiver(s)

Hinh 2. M@ hinh hé théng multiple group multicast
Tong cbng suat beamforming 1a ham cé dang toan
phuong dugc mo t& nhu sau:

G
PT(x,g) = Z(xgﬂxg>
g=1

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

(xgxl, h;hi')

)= Ykuglxgxl, hhi') + o

Trong dé thanh phan tt s6 la cdng sudt tin hiéu mong
mudn tai user th¥ i va thanh phan méau s6 la téng nhiéu
giao thoa trong nhém va nhiéu trdng. Ngoai ra nguyén
nhan gay ra nhiéu giao thoa cla ctia phia thu so cap thi j
trong qua trinh truy@n dan thi cap c6 cong thic:

G
INT () = ) el !
g=1

Pau tién la bai toan tdi thiéu cong suét BF dé ty so SNR
thir cip va diéu kiéu nhiéu giao thoa so' cdp dugc xéac dinh
nhu sau:

SNR;(x,

min Pr(x,)
x, € cN,g=12,..,G
st. SI NKxg) > o,i€ggi=1,..,M
I Nxg) <Bpi€ggi=1,..,L
Tuy nhién bai todn max min ty s6 SNR phia thu so cap

dé dam bao can bang tham s6 QoS voi cac user thir cap
duwoc mo ta nhu sau:
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max
x4 € cN,g=1.2,..,G

st Pr(x,) <P

I Nxg) <Bpi€ggi=1,..L

V6i P, la cong suét dwgc cung cdp 16n nhat cho phép.
Céc bai toan t6i wu trén déu thudc dang bai toan NP - hard
khong 16i. Khi so sanh v&i cac bai toan véi hé thdng single
group multicast thi cac bai toan t6i uwu trong hé théng
multiple group multicast sé phtrc tap hon do phai x ly cac
ma tran va cac diéu kién rang budc SINR la cac ham khéng
16i c6 dang toan phuong [5].
2.3. M6 hinh Two stage relaying model

Viéc st dung cac nut chuyén tiép don anten c6 thé
nang cao dugc hiéu nang cho hé théng truyén dan nhiéu
ngudi dung mot cach rd rét. Ching ta xem xét md hinh nhu
hinh 3 [9].

minSI NKx,)
i=12,...M

S
v
D,
Sz N
LS~
~
o
-
Lo

Dy

Hinh 3. M& hinh Two stage Amplify - Forwad

Trong do, M user (S;...S,) hoat ddng nhu cac ngudn
cung cap tin hiéu téi M thué bao thu (D,...D,,). Qua trinh tin
hiéu tir nguodn téi dich dwoc thuc hién thong qua N nat
chuyén tiép (R;....Ry). Qua trinh truyén tin hiéu chi duoc
thuc hién qua cac nGt chuyén tiép va gia dinh thuc hién két
ndi tryc tiép gilta cac user. Pong thoi mdi thué bao thu
phat va cac nat chuyén tiép dwoc trang bi mot anten. Qua
trinh truyén tin duoc chia thanh hai giai doan, giai doan
dau tién mdi tin hiéu dwoc truyén tir phia ngudn dwoc nhan
vGi ma tran trong so tai cac nut (khuéch dai) va sau do &
giai doan thi¥ hai cac nut chuyén tiép sé truyén céc tin hiéu
da duoc khuéch dai t6i cac phi thu. Tuy nhién, & moi diém
thu tin hiéu ca thanh phan tin hiéu va nhiéu giao thoa dugc
cdng thém thanh phan nhiéu trang.

DBau tién, M ngudn phat truyén M tin hiéu doc lap duoc
mo ta bang vector s = [s,,5, ...s,]" t6i M diém thu tvong
(*ng. Ngoai ra cac tin hiéu truyén duwoc gia dinh c6 ky vong
bang khéng va cung phuong sai o = E[|s;|?]. Vector kénh
h; = [hiy, ... ] tir ngudn phat thi i t¢i cac nat chuyén
tiép va |, = [ly, l...I]" 12 vecror kénh tir N nat chuyén tiép
téi ngudn dich thiv i. Tai cac nat chuyén ti€p & giai doan
khuéch dai vector trong s beamforming x, = [X;, X,... X"
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duwoc nhan voi tin hiéu nhan duoc sau dé cac tin hiéu dwoc
truyén t6i phia thu. Vi vay ty s6 SINR tai thué bao thu th i
duoc xac dinh nhu sau:

o2l(x, c;?

SNR;(x) = 2
o} Zi#j|<X, Cji)| + o2(xx", L;) + 03

Trong do: ¢; = h; ©l;1a do tang ich kénh va dich pha gilra
ngudn phat j téi ngudn thu I; 6? va o4 la ky vong clia
nhiéu tréng tai cac nat chuyén tiép va dich tuvong ng voi
L; = diag(|li;12, iz %, ., Nin[?).

Tong cong sudt beamforming tai N chuyén ti€p cé biéu
thic:

Pr(x) = (xx",R),

V6i R la mot ma tran tric giao va phan ti tryc giao cla
thit n cia ma tran duoc xac dinh Ry, = o2 X, [hy, [* + of.
Cong suat truyén dan riéng tai nat n duoc mo t&

Py(x) = Rpnlxyl?

trong do x, la phan t th* n clia vector beamforming x.

Hai bai toan t6i vu can nghién ctru: Dau tién 1a téi thiéu
téng cong suat beamforming dé thda man diéu kién rang
buéc SINR tai cac user thu phia dich, khi do bai toan dwoc
dinh dang nhu sau:

min Pp(x)
x€CN
st. SI NRx) 2 a;,i €ggi=1,..,M

Téng cong sut beamforming t6i wu s& dan tdi viéc suy
giam cbng sudt tai cac nut chuyén ti€p. BE khac phuc
nhirng han ché trong trwong hop nay thi can théda maén
diéu kién bai toan t6i wu cdng suat riéng tai cac nit chuyén
tiép. DOng nghla vai viéc phai thda man cac digu kién bat
budc clia SINR tai phia thu. Khi dé bai toan dwoc xay dwng
nhuv sau:

min max P,(x)
xech i=12,...M
st SI NRx) >o;,i=12,..,M

Ca hai bai toan trén déu la cac bai toan khong 16i va
dang NP hard vi céc diéu kién rang budc Cta SINR. Thong
thuong, cac bai toan nay duoc chuyén déi vé dang SDP
bang cach bién d&i bién ma tran X = xx" voi X € C™ la ma
tran positive semidefinite d6i xirng. Mot s6 phan mém st
dung phuong phap lva chon diém khéi dau trong giong
nhu [4] c6 thé giai dwoc bai toan t6i wu mot cach phu hop.
Viéc gidi nhirng bai toan lién quan dén hang clda ma tran
I&n hon 1 yéu cau nhiéu budc tinh toan dé dat dwogc gia tri
t6i vu nhu k§ thuat ngau nhién. Khi x ly tinh toan thém
cac budc nay sé lam tang dé phuc tap tinh toan. Tham chi
khi giai quyét dwoc mic do phic tap tinh toan thi cé thé
khong tim duoc gia tri t6i vu.

2.4. M6 hinh Multi-stage Relay Model

Hai bai toan toi uvu & trén dé giai dvoc thuong co ty &
khong kha thi la rat 1én khi cac nit chuyén ti€p phuc vu
nhiéu user v6i yéu cau ty 1& SINR cao. Chdng han hang chuc
nat chuyén tiép chi co thé phuc vu tir 3 dén 4 user tai cling
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mo thoi diém. DE khac phuc han ché cla trwong hop nay
mot mo hinh chuyén tiép khéng day da ching AF tao ra
M +1 khe thoi gian thay thé truong hop hai giai doan nhw
mo hinh hai chdng. So d6 chuyén tiép da chiang nhu hinh 4
c6 M node ngudn trao déi thong tin véi M node dich thong
qua N chuyén tiép. Chang ta gia dinh rang khéng c6 truong
hop trao doi thong tin truc tiép tlr cac node ngudn tdi cac
node dich. Tai M khe thoi gian dau tién, tin hiéu tir mi user
dugc truyén téi toan bd N chuyén ti€p voi khe thoi gian
tuong (ng. Qua trinh truyén tin cla cac user nay dwgc xem
nhu thoi gian trec giao. Mi nat chuyén tiép lwu trit tin hiéu
tai moi khe thoi gian. Hon nita, mdt node chuyén tiép co
thé hoat dong nhw nét don vi xt ly trung tam ma co thé
tinh toan céc vector trong s6 beamforming cla tirng tin
hiéu trong mdi khe thoi gian tai cac node do. Do vay, sé xay
ra yéu cau nhiéu qua trinh hop tac tai cac nit chuyén tiép.
DGi véi cac khe thoi gian cudi, cac tin hiéu tai cac nat
chuyén tiép dwoc giri téi toan bé M bo thi tai cing mot thoi
diém. Cudi cung tai mdi user thu, c& thanh phan tin hiéu va
nhiéu giao thoa dugc cdng voi nhiéu trdng. Cac gia thiét vé
do ting ich kénh, tin hiéu ca nhiéu giéng nhu truong hop
ctia mo hinh chuyén ti€p hai chang. Véi x; 1a vector chuyén
ti€p tai khe thoi gian tht i, ty s6 SINR tai user thé i duoc
biéu dién:
o {cy, x)?
o2 Zi¢j|(xj,cﬁ)|2 + X (xxf, G + o

v6i G; = a2diag(|Ly;|" || [l ).

SNR;(x)) =

Time slot 1

Time slot M

Hinh 4. Md hinh hé thong Multi-stage RelayModel
Tong cong suét chuyén tiép duoc xac dinh béi cong
thirc sau:

M
Pr(x) = Z<Dkﬂxkxllj>
k=1

voi Dy = diag(o2|hyi|? + 02, ..., 02 |hy|? + 02).

Cac vector trong s6 nay phai dwoc thiét ké dé tong cong
sudt tai cac nut chuyé’n~ ti€p dat gia tri nhd nhat trong khi ty
sO SINR tai nut dich van dwoc dadm bao 1én hon mot muc
nguwdng nao do. Vi vay bai toan t6i wu dugc mo ta nhu sau:

min  Pr(x;)
xeCcNi=12,..,.M
st SINR;(x;)) = a;,i=12,..,.M

Bai toan t6i wu trén la nhi*rng bai toan toan phuong véi
diéu kién rang budc khong 16i. C6 thé st dung k¥ thuat SDR
dé gidi M ma tran positive semidefinite d6i xing véi cac
bién X, dwoc thay thé béi cac bién x,. Trong mé hinh nay
ching ta thay rang st dung k¥ thuat SDR thi ma tran can
tim luén ludn c6 hang bang 1 khi d6 van dé t6i wu duoc
dam bao.

2.5. M6 hinh Single MIMO Relay System

MIMO
relay

Hinh 5. M& hinh Single MIMO Relay System

Chiling ta khao sat md hinh truyén théng chuyén tiép
MIMO dugc xét nhu hinh 5 [10] véi M ngudn phat giao ti€p
véi M dich nhan dwgc ho trg nat chuyén ti§p MIMO c6 N
anten. Khi st dung chuyén tiép MIMO sé dan t6i gia tang
két ndi truyén tin, diéu nay ddm bao khéng hinh thanh cac
két nGi truc ti€p tlr ngudn tai dich. Qua trinh chuyén tiép
MIMO hai chang voi giao thitrc khuéch dai chuyén tiép sé
duoc khao sat. Vi vector tin hiéu s truyén tr M nguon phat
dugc gid dinh cd ky vong bang khong va phuong sai
os = E[|s;|?]. Vector kénh huéng Ién h; gitta ngudn thir i va
chuyén tiép, trong khi dé |, 1a vector kénh huwéng xudng
gitta chuyén ti€p va dich thu thit i. Tin hiéu thu dwoc tai nat
chuyén tiép dwoc xac dinh:

yup =Hs+ nr

vGi n, = [n,,....nx]" €C" la nhiéu trdng cong tai nat
chuyén tiép c¢6 phuong sai o, = E[|n,,|?],

n=12..N.

Gid st X la ma tran tién gidi ma beamforming duwogc
nhan vai cac tin hiéu thu tai nGt chuyén tiép dwgc nit
chuyén tiép truyén tdi cac nat dich.

Yam = XHs +Xn,,

trong do6 H la ma tran kénh huéng 1én gdém cac vector
cot.

Khi dé tin hiéu thu duoc & phi dich thu c6 dang;

Yq=L'XHs + L'Xn,+ ng,

vGi ng 1a nhiéu Gaussian trdng cong tai cac dich co
phuong sai o,° va L’ la ma tran kénh huéng xudng.

Tong cong sudt beamforming tai cac nit chuyén ti€p co
bi€u thic:

2
Pr(X) = E {[|yampll } = (0ZHHY + 621,)X"X).

Tuy nhién, cong suét riéng tai moi anten clia nit chuyén
ti€p c6 thé duoc xéc dinh:
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P,(X) = X(n,: )[c2HH" + 621 ]X(n, :)H.

V&i X(n,:) 1a hang thi n clla matran X

Tham s6 QoS duwgc xac dinh la ty s6 tin hiéu trén tap am
SINR tai dich thu thiv i ¢ cdng thirc nhu sau:

o2(L,1H X h;hH XH)
02 Yo (LI XPREXT) + 6211 hihH) + o2
voi |, = (I')" 1a thanh phan phc lién hop clia théng tin
kénh hwéng xudng tai user thi i .

Trong truyén théng chuyén ti€p, muc tiéu cda nut
chuyén tiép la hd tro qua trinh truyén tin tir ngudn tgi
dich dam bao duoc chat lvgng dich vu trong khi tiét kiém
c6ng sudt tai nat chuyén ti€ép dé. Bai todn tdi wu téng
cong suat beamforming véi diéu kién rang budc SINR
dwgc md ta nhu sau:

min Pr(X)
x€CN
st SI NRX) > o;,i=12,..,M

Mot diéu chéc chin rang ham muc tiéu P(X) 1a ham
toan phuong 16i trong khi cac diéu kién rang budc la ham
toan phuwong khong 16i. Khi dé van dé t6i wu la cac bai toan
toan phuong khong 16i ctia ma tran X gap nhiéu khoé khan
dé giai.

Gia st rang t6i thiéu hoa cong suét téng cé thé dan toi
khdng can béng gitra cac anten khi d6 mat s6 it anten dwoc
cung cdp cong suat thap hon cac anten khac. Thém vao do,
thuc té cac loai anten ngay nay dugc kem theo khuéch dai
riéng bi han ché vé dung lvong. Viéc téi thi€u cong suéat
truyén cuc dai gitta cac anten voi diéu kién rang budc QoS
clla cac user sé dugc thé hién thdong qua bai toan toi vu sau:

max min SI NRX)
xecChN i=12,...M
st Py(X) <p,i=12..,N,
voi p, la mirc ngudng céng suat tai chuyén tiép cla
anten th( n. Bai todn nay ciing la bai toan c6 ham muc tiéu
khong 6i.
3.KET LUAN

Bai bao da trinh bay mot s6 mé hinh co ban trong viéc
xac dinh bai toan t6i wu cdng sudt cho mang chuyén tiép
vO tuyén. Trén co s& cac mo hinh da xay dwng cac ham muc
tiéu cong sudt tai cac nat chuyén tiép vo tuyén. Pay la mot
trong nhirng van dé dugc nghién clru nhiéu dé ap dung doi
vGi cac mang vo tuyén thé hé méi, mang internet téc dd
cao. Bong thoi lam can ct khoa hoc khi st dung cac ky
thuat t6i wu khong 16i phli hop voi cadc mé hinh dé giai
quyét bai toan t6i wu cong sudt. Ngoai ra két hgp cac thuat
toan cai tién nham giai quyét cac van dé lien quan dén téc
dd hoi tu bai todn nhu cac kj thuat SDP, k§ thuat ngau
nhién, Nonsmooth...Két qua clia bai bao la mot huéng mé
m&i cho nhirng nha khoa hoc quan tam t6i cac van dé vé
t6i wvu hoa cho mang vo tuyén chuyén tiép MIMO. Pay la
mot van dé con duwoc nghién clru va quan tdm nhiéu trong
twong lai.

SNR;(x)) =

128 | Tap chi KHOAHOC & CONG NGHE @ S6 48.2018

TAI LIEU THAM KHAO

[1]. FCC Spectrum Policy Task Force, 2002. Report of the spectrum efficiency
working group. Federal Communications Commission, Tech. Rep. ET Docket No.
02-135.

[2]. N. D. Sidiropoulos, T. N. Davidson, and Z-Q. Luo, 2006. Transmit
bemforming for physical-layer multicasting. IEEE Trans. Signal Processing, vol.
54,n0. 6, pp. 22392251

[3]. T. Phan, A. Vorobyov, N. D. Sidiropoulos, and C. Tellambura, 2009.
Spectrum sharing in wireless networks via QoS-aware secondary multicast
beamforming. IEEE Trans. Signal Processing, vol. 57, no. 6, pp. 2323 —2335.

[4].J. F. Sturm, 1999. Using SeDuMi 1.02, a Matlab toolbox for optimization
over symmetric cones. Optim. Methods Softw., vol. 11-12, pp. 625-653.

[5]. S.Boyd, L.Vandenberghe, 2004. Convex Optimization. Cambridge.

[6]. D. Geshert, S. Hanly, H. Huang, S. Shamai Shitz, 0. Simeone, and W. Yu,
2010. Multi-cell MIMO cooperative networks: a new look at interference. IEEE
Journal on Selected Areas in Communications, vol. 28, no. 9, pp. 1380—1408.

[7]. T. M. Cover and A. A. E. Gamal, 1979. Capacity theorems for the relay
channel. IEEE Transactions on Information Theory, vol. 25, no. 5, pp. 572-584.

[8]. L. Sanguinetti, A. A. D. 'Amico, and R. Yue, 2012. A tutorial on the
optimization of amplify-and-forward MIMO relay systems. IEEE Journal on
Selected Areas in Communications, vol. 30, no. 8, pp. 13311346,

[9]. A. El-Keyi and B. Champagne, 2010. Adaptive linearly constrained
minimum variance beamforming for multiuser cooperative relaying using the
kalman filter. IEEE Transactions on Wireless Communications, vol. 9, no. 2, pp.
641-651.

[10]. T. Riihonen, A. Balakrishnan, K. Haneda, S. Wyne, S. Werner, and R.
Wichman, 2011. Optimal eigenbeamforming for suppressing self-interference in
full-duplex MIMO relays. in Proceedings of the 45th Annual Conference on
Information Sciences and Systems, pp. 1-6.





