Ky thudt Dién tir - Tw dong hoa

TOI UU HOA TONG CONG SUAT PHAT TRONG TRUYEN DAN VO
TUYEN PA ANG-TEN CO POI TUQNG XAM NHAP TRAI PHEP

Tran Hoang Linh®", Nguyén Huy Hoang?, Phan Huy Anh®,
Truong Xuan Thang', Nguyén Thi Thu Trang”, Nguyén Thanh Huong’

Tém tit: Vin dé t6i thiéu cong sudt ciing dwoc xem la mot dang bai todn beamforming
trong truyén dan vo tuyén da dng-ten va hién dang thu hit dwoc sw quan tim ciia giGi
nghién ciu, dac bi¢t trong boi canh an ninh [p vt ly — co doi twong xam nhdp nghe lén.
Thuee té cho thdy, cdc bdi todn t6i thiéu cong sudt véi ham muc tiéu khéng 16i c6 cac diéu
kién rang buéc SNR thuoc lop bai toan NP-hard nén co do phuc tap tinh todn cao va
thwong khé xdc dinh dwoe gid tri toi wu. Cdch gidi thong thieong la chuyén doi bai todn
toan phuong rang bugc bdac hai (QCOP) sang bai toan ldp trinh ban nghia (SDP) rut gon
két hop ngdu nhién hod hodc co thé giai bai todn bang mét chuéi SDP. Ca hai cdch trén
déu lam tang s6 bién phu rdt dang ké dan tdi gia ting dé phitc tap tinh toan. Trong bai
bao nay, bai toan QCQP dwoc mo hinh hod thanh mot chudi cdc bai todn bdc hai dé gidi
truec tiép chir khong can chuyén doi sang ma tran SDP dé lam tang so bién. Két qua mé
phong cho thdy gidi phap nay cho két qua gan 16i wu dong thoi giam dang ké dg phirc tap
tinh todn so véi cdc phwong phdp truyén thong néu trén.

Tur khoa: Beamforming; SINR; Toan phuong rang bugc bac hai QCQP; NP-hard; Lap trinh ban nghia SDP.
1. GIOI THIEU

Trong méi trudng mang khong day, thong tin phat quang ba thuong dé bi khai thac béi cac
dbi twong xam nhap trai phép, dic biét khi cac may thu 1én c6 dugc cdu hinh va giao thirc khong
khac gi may thu hop phap thong thuong. P6i v6i mang truyén thong dan sy thi day co 18 khong
phai 1a vin dé qua 16n, tuy nhién, dbi véi cic mang thong tin dic chung trong an ninh, qudc
phong thi vin dé nay s& lam phat sinh cac rui ro bao mat de doa dén sy an toan cua mang. Cac
phuong phap bao mat hién tai thuong dugc trién khai ¢ 16p tmg dung, tuy nhién, cac giai phap
bao mat trén ngay cang kho trién khai, kém hiéu qua do cdc yéu cau tich hop, k¥ thuat tinh toan
va phuong thirc tan cong mang khong day thay doi khong ngung [1]. Cong trinh [2] cho thdy néu
dbi tugng xam nhap bi han ché vé thong tin kénh truyen hodc bi ché ap & mirc SNR dudi mot
ngudng nao do6 bang cac ky thuat & 16p vat 1y thi hé thong c6 thé coi dat duoc muc bao mat tdt.
Nhu vay, mic du van phai 4p dung cac ki thuat ma hoa & 16p cao, viéc tich hop bao mat 16p vat
1y 1én h¢ thong s& mang lai cac thiét ké t6i ru hon nira vé mdt an toan thong tin.

Trong bai bao nay, chung tdi xem xét bai todn twong tu nhu md hinh duge nghién ctru tai
cong trinh [8-10] va [20] v&i bbi canh phai dam bao an ninh 16p vat 1y & mirc tdi da cho mot
mang khong diy da an ten phat quang ba. Theo d6, mét tram gbc duogc trang bi nhiéu dng-ten
phat di cing mot tin hiéu mang thong tin dén mot s6 may thu hop phap, mdi may thu c6 mot
ang-ten. Gia thiét dat ra 1a c6 mot may thu xAm nhap trai phép va nghe 1én Eve ¢ cau hinh phan
climg tuong tu nhu mét may thu ho‘p phap dong thoi c6 kha nang giai ma tin higu dugc phat tur
tram gbc. Van dé can xu 1y 1a giai quyét bai toan tao bup (beamforming) tai tram gbc da ang-ten
dé vira ché ap d6i tuong nghe 1én, vira dam bao chat lugng tin hiéu tai cic may thu hop phap
dong thoi téi thiéu hoa duge cong suat phat. Doi véi dang bai toan nay thi ky thuat beamforming
dugc cho la mét trong nhirg ky thuét hiu qua nhét, co thé mang lai két qua t6i wu [15]. Bai toan
gbe quy hoach toan phuong v6i rang budc toan phuong (QCQP) s& dugc m6 hinh hod thanh mot
chudi céc bai toan bac hai ma khong can néi 16ng rang budc lam tang sO bién nhur trong [5, 6, 9,
16] va [17]. M6t bai toan co6 kich ban tuong tu cling da duoc giai quyét trong [20], tuy nhién, giai
thuat chi dung ¢ mue ép dung ky thuat t6i uu hoa dugc sir dung trong [16] va [17] cho truong
hop c6 ddi tugng xam nhap mang trai phép. Két qua mo phong ching to giai phap dé xuat cho
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két qua tiém can t6i wu dong thot giam dang ké d6 phuc tap tinh toan so véi cac phuong phap
truyén thong: k¥ thuat SDP két hgp ngau nhién hoa (Rand) trong [5, 6] va k¥ thuat chuoi SDP
héi tu nhanh (NSM) trong [16, 17] va [20].

Gia thiét: Cdac ma trdn va vec-to c¢ét duoc ky hiéu bdng ky tw viét hoa in dgm va thuong tuong
tng. Poi voi ma tran Hermitian Athi Armax (A) la tri riéng lon nhat. Khi A>O0thi ma trgn A

dwoe goi la ma trdn ban xdc dinh va khéng am (PSD). Chiing ta gid thiét <A> =trace(A) khi A

la mgt ma trgn vuong va <A, B> =trace(AH B) khi ma trgn Ava B cung kich thudc vdi AP a
chuyén vi lién hop phitc cia A. Twong tw khi hai vec-to phitc x va y ¢é cing kich thuée thi:

H
(xy)=x""y, Ix=
hang ky vong ciia bién ngdu nhién x.

2. MO HINH HE THONG

Mo hinh h¢ thong clng twong ty nhu trong [20], trong do, mdt hé thong truyén dan VO tuyén
phat quang ba gébm 1 tram goc sir dung N ang-ten truyén tin hiéu (s) mang thong tin gidng nhau
dén M may thu hop phap, mdi may thu dugc trang bj mot dng-ten. Hé thong nay hoat dong trong
diéu kién c6 mot ddi twong Eve xam nhap voi cau hinh phan cimg tuong tw may thu hop phép va
c6 thé giai ma dugc tin hiéu (s) phat ra tir tram gbc. Thong qua phan hdi tin hiéu din duong
(pilot) dé xac dinh thong tin trang thai kénh truyén phuc vu cho bai toan beamforming (hodc
bang co ché khac ngoai pham vi nghién ctru cia bai bao), tram gdc biét duge su ton tai ciia dbi
tuong xam nhap, nhung khong biét dugc vi tri vat Iy ctia Eve. Do @6, nhiém vu cua tram géc la
sir dung cong cu thudt toan beamforming dé ché ap Eve bang cach thiét 1ap mot ngudng tin hiéu
thu SNR trén Eve & mic thap, nhung van dam bao SNR clia nguoi ding chinh 16n hon & mot
mirc phi hop, ddng thoi thoa man ham muc tiéu 1 tdi thiéu cong suét phat trén tram gdc.

User 1

2 2 . o
<x,y>| :trace(XXHyyH):‘xH y‘ - Ngoai ra, E, Ila toan
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Hinh 1. M6 hinh hé thong beamforming khi c6 doi tiwong xdm nhdp nghe lén.
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Xét h, = [h,y,hin,... by ]T,i = 1,2,..., M 12 vec-to h¢ sb kénh truyén gita tram goc va
ngudi dung hop phap tht i, trong khi I = [1,,1,,...,1,]7 1a vec-to h¢ s6 kénh truyén giira tram
gdc va may nghe trom Eve. Gia thiét tin hiéu phat (s) c6 trung binh bang khong, dang tap tring
véi phuong sai bang 1, nhiéu thu dugc n; tai may thu cling thuéc dang AWGN vai phuong sai
crf. Tuong tu, phuong sai nhiéu tai Eve 1a r:TE:. Do @6, tin hi€u nhan dugc ¢ nguoi dung hop phap
thiri la:

d; =x"hs+ni=12...M )

va tin hiéu tai may nghe trdém Eve 1a:

de =xMIs+ng @)

SNR tai may thu hop phap tht i dugc xac dinh boi:

2
xHhi‘

o

SNR; = i=12,...M 3)

Tin hiéu truyén dan thir cap trén Eve la:
A1
SNR, = | = 4)

)

Bai toan toi ru hoa cong suat phat c6 dang:

) 2
min [X]
xeCN

| 1y

I

Thoa man: =a,i=12,....M 5)
2
|

<
<p
o¢

bay 1a bai toan toan phuong rang budc bac hai QCQP nhung khong 16i do rang bugc SNR
cho may thu hop phap c6 dau “>”. Bai toan ndy thuoc nhom NP-Hard va khong thé giai truc tiép
ma phai s dung cac cdng cu t61 wu hoa khac, voi tra gia 1a do phire tap va thoi gian tinh toan 1on
hon. Trong [5, 6, 9, 16, 17] va [20], cach chuyén do6i bai toan thong nhat 1a sir dung ma tran PSD
X thay thé cho véc-to beamforming X = XXH , ddng thoi ky hiéu H; = hihiH , L=l H
Bai toan ti wu cong suat phat bac hai tai tram gdc dugc xac dinh lai thanh bai toan SDP
nhu sau:
min  trace(X)
XeCNXN
trace(XH Hi)

o

>a:,i=12,...M (6)

H
trace()z( L) <p

Oe¢
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X=xxH

Néu loai bo di rang bude X =xx'1 (hang ma trin bing 1) thi bai toan téi wu hod trén tro
thanh bai SDP thong thuong va hoan toan co thé giai truc tiép cho két qua tbi wu. Tuy nhién, két
qua nay khong dam bao hang cua X bang 1, do d0, khi chuyén d6i tr¢ lai dang vec-to thi gia tri
ctia x khong phai 14 t6i vu. Trong cac cong tnnh [, 6], cac tac gia da sir dung phuong phap ngau
nhién hoa sau khi phan tich SVD ma trén X, va gioi thiéu mot bién vec-to ngau nhién dé cau tao
thanh vec-to beamforming. Bai toan QCQP ban dau s& tro thanh bai toan tuyen tinh va do do giai
dugc dé dang. Tuy nhién, két qua cua bai toan nay khong dat duoc gia tri toi wu nhu da dugc
chting minh bang 1y thuyét va mo phong trong [16] va [17], ké ca khi da klem tra toi hang triéu
phép thtr. Do do, phuong phap ngau nhién hoa (Rand) khong thé cho gié tri toi wu ké ca khi da
thuc hién ngau nhién hoa ti con s6 vo cling 1én.

Cung trong [16] va [17], cac tac gia da bién d6i bai toan SDP trén vé dang co thé giai duoc
bang cach tng dung tinh chét ciia ma tran SDP nhu sau: Néu trace(X) > Amax (X) 1udn ding
cho moi X>O0thi c¢6 nghia ring chi c6 modt tri riéng cua X khac O théa min
X=Amax (X)mexmw’ trong d0, Xmax 2 vec-to riéng chuan héa cia ma tran X tuong ng
v6i tri riéng 16n nhat A5, (X). Do d6, bai toan t0i wu sau khi xir ly rang budc hang ma tran
bang mot s& tré vé dang  min  f(X)=trace(X)+ u[ trace(X) — imax (X) |. Pay 1a bai

0<X<CNxN
toan thudc pham tru 1y thuyét ham phat chuan xac (Exact Penalty Method) trong t6i uu hod co
ban. Tiép theo, dwa vao mot chudi phép lap cac SDP, bai toan co thé giai ¢ gia tri t6i wu. Tuy
nhién, bai toan nay cé nhugc diém la viéc sir dung ma tran SDP X s& lam tang so bién tir N Ién
N(N+1)>.

Trong bai nay, chung toi sir dung mot giai thuat twong ty nhung khong bién ddi tir vec-to X
sang ma tran X, do d6 s€ khong lam tang sO bién 1én qua cao. Bang két qua mo phong, giai thuat

nay cting cho thdy bai toan s& dugc giai ¢ két qua can tdi uu, dong thoi giam thoi gian tinh toan
rat dang ké. Ly thuyét cho giai thuat nay s& duoc trinh bay chi tiét & Phan 3 dudi day.

3. PE XUAT GIAI PHAP TOI UU HOA CONG SUAT PHAT TRAM GOC

Trong phan ndy, mot giai phap tdi wu hoa cho bai toan cuc tiéu cong suit phat tram gdc véi
rang budc dam bao SNR cho ngudi ding hop phap va ché ap ddi twong xam nhap trai phép Eve
cho mot mirc SNR thap dugc xay dung truc tiép trén vec-to beamforming. Trudc hét, chung ta
b6 sung thém mot ma tran ban xac dinh khong am Y €C"™™, véi cac thanh phan duong chéo dugce
cho nhu sau:

Y(i,i) = ‘xHh‘ —xHhnHxi=12,. )
Nhu véy, rang budc SNR cho ngudi dung hop phép trong (5) ¢6 thé dugc viét lai nhu sau:
e a0’ —Y(i,i)<0,i=12...,M (8)
Tiép tuc ky hidu &(x) = [X h XH h2 xH X "hy, ], ta thanh 1ap ma tran Y nhu sau:
Y &(x)
z{ ) }zo ©
¢ (x) 1

R rang, néu ¥ c6 hang bang 1 thi két qua tdi wu ctia ¥ s& cho ra truc tiép két qua cia vec-to
beamforming x. Ap dung phuong phap ham phat chuan xac cho ham muyc ti€u, bai toan toi uu

Tap chi Nghién ciru KH&CN qudén suw, S6 Déic san HNKH dinh cho NCS va CBNC tré, 11 - 2021 33



Ky thudt Dién tir - Tw dong hoa

hoa ban dau sé duoc viét lai nhu sau:

minxH x— p[trace(Y)—Amax (Y)]
xeCN
st Y>0
2io?-Y (i,i)<0,i=12..M 10)
2
i
<p
o8

Nhu véy, cac rang budc déu co dqng ham 16i. Van d& can xtr 1y nim & ham muc tiéu, do ham
Amax (Y) cling khong phdi 1a ham 16i. Ap dung tinh chit vé mbi quan hé giita vec-to riéng 16n
nhét va trj riéng 16n nhét clia ma tran:

max (A) = Amax (B) = xH (A-B)x oo (1)

Trong d6: 4,12 tri riéng 16n nhét, x, . 1 véc-to riéng lién quan dén tri riéng 16n nhét

twong trng voi tri riéng do. Cong thure nay co thé viét lai dudi dang gradient nhu sau:

Amax (Y +AY) = Amax (Y) = XHaXAYX max

5 Y+AY  §(x+Ax) 5 Y E(x) 12)
@ J—
M eHxeax) 1 M eHx) 1
AY &(Ax)
2 Xmax H Xmax
&' (Ax) 1
Nhu vay, bat dau tir cac gia tri X(k) , Y(k) cho trudce, bai toan toi wu hod ban dau co thé viét

lai thanh mot chudi cac bai toan 13p nhu sau:

min >’ Hy y[trace(\_()—ﬂmax (YN (xM ) H (v=y (KM 2k )M ) HeH (x—x(k))}

st Y=0
aic?-Y (i,i)<0,i=12..M 13
2
X
<p
of

Trong do, xx'axz Xmax L 2:-,M) va X%naxz Xmax (M +1).

B:E“mg cach giai lién tuc bai toan lap trén, két qua sé dan hoi tu vé gia tri can t8i wu. Giai thuét
cho bai toan nay dugc chia thanh 02 giai doan nhu dudi day:

Giai doan khéi tao (tim hé sb p)

- Buée 0: Khoi tao véi p di 16n (u = 0,5) va X0, v(©

- Bude k+1: Giai bai toan lap; Néu nghiém 7(k+1)

reset: 7(k+1) > 7(0) . Y(k+1) -> Y(O) , X(k+1) -> X(O) va lay gia tri p ¢ bude nay. Néu chua

thoa man cac rang budc.

thoa min diéu kién c6 hang bang 1 thi
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thoa man diéu kién hang bang 1 thi tiép tuc giai thuat.
Giai doan t6i wu hoa
- Buwée 1: Nhén gia tri ctia p, X(O) , Y(O) c6 dugc 0 giai doan trén va giai bai toan lap.
- Bwéc k+1: Gitt nguyén gid tri cia p va gidi bai todn lap, so sanh gid ftri
[(Xk)H Xk) (Xk+1)H k+l)] . néu A bl 0 <A LN N < -6 N N cos Ay e
: gan bang 0 (dicu kién dung < 107) thi dung giai thudt; néu
khong, tiép tuc cho dén khi thoa man didu kién dimg. Luc ndy giai thut s& dimg & gia tri can t6i uu.

4. KET QUA MO PHONG

Phan nay chiing t6i trinh bay cac két qua mo phong dé chimg minh hiéu qua cua ky thuat dé
xuét, bai toan SDP rut gon (nhu trong [3, 6] va [8]) duoc giai dé sir dung 1am can dudi tham chiéu
cho viéc so sanh véi cac ky thuat tdi wu hoa khac. Pau tién, k¥ thuat ngau nhién hoa Rand tuong ty
nhu trong [5] va [6], ciing nhu dwoc tham chiéu cho phuong phap nonsmooth trong [16] va [17], s&
duogc ap dung dé giai bai toan nay & cip do sir dung két qua toi wu sau 1 triéu 1an ngiu nhién hoa
bién tuyén tinh. Tiép do, k¥ thuat nonsmooth (NSM) trong [16] va [17] ciing dugc sir dung dé so
sanh vi cac k¥ thuat nay da dugc chimg minh cho két qua cong suat phat & mirc tiém céan t6i uu. Vé
mit cong suat phat, k§ thut nao cho két qua cang gin can dudi SDP hon thi cho kha ning téi uu
hoa cong sudt t6t hon. Yéu td thir hai dugc so sanh 1a thoi gian tinh toan trung binh — ciing 1 tham
s6 dai dién cho do phurc tap cta hé théng. Tai mbi kich ban kénh truyén, thoi gian nay s€ dugc ghi
lai trong Matlab va s& tinh trung binh sau mdi chu ky mé phong gdm 1000 phép thir Monte-Carlo.
K¥ thuét sir dung trong bai toan nay co tinh chét twong tu nhu k¥ thuét tdi wu hoa phd (spectral
optimization) dua trén cac théng s tri riéng va vec-to riéng cuia ma tran, do d6, ching ti ky hiéu
cho k¥ thuat nay 14 tdi wu hoa SPT dé phan biét véi cac ki thuat tham chiéu néi trén.

Céc két qua mo phong duoc trinh bay véi hai cAu hinh hé thong duoc sir dung: (M N,L)=
(12, 24, 1) va (M, N, L) (16, 32, 2); trong d6, M 1a s lugng ngudi dung chinh, N 13 s6 dng-ten
& tram goc va L 1a s6 lugng dbi tugng nghe 1én. Chiing t6i sir dung phuong phap md phong
Monte-Carlo dé giai bai toan SDP trén Matlab bang b cong cu giai thuat tdi wu hoa Yalmip [18]
va SeDuMi [19]. Tai mdi gia tri ngudng SNR clia nguoi dung chinh thi gia tri cong suat twong
g v6i mdi phuong phap déu duoc 1ay trung binh sau 1000 phép thir. Kénh truyén & day duoc
gia thiét 1a Rayleigh phang va dugc chuan hoa. Gia tri kénh truyén duoc tao ra bang ham ngiu
nhlen randn() ctua Matlab. Véi phuong phap ngau nhién héa Rand, bai bao str dung 1000 gid tri
ngiu nhién dé tim ra két qua tot nhét c6 thé.

(M, N, L)=(12, 24, 1)

Hinh 2 chi ra téng cong suat beamforming cho céc gia tri ngudng SNR ctia ngudi ding twong
Gmg tir 10 dB dén 20 dB. R& rang, k¥ thudt dé xuét cho két qua t6i wu t6t hon nhiéu so véi ky
thuat ngiu nhién Rand va gan bang vi NSM, dic biét & ving SNR cao. Tai viing SNR thép, gia
tri toi vu cua ca ky thuat dé xuit va ky thuat Rand déu nam kha g?m can dudi SDP do tai vung
nay ban than bai toan tim can dudi SDP déu cho da sb gia tri c6 hang br:ing mot.

Hinh 3 cho thiy, thoi gian tinh toan trung binh cua k¥ thuat d& xuét 6n dinh va thdp hon nhiéu
lan so véi cac k¥ thuat tham chiéu 1a NSM va Rand. Diéu nay kha hién nhién khi Rand sir dung
t6i 1 tridu két qua nglu nhién twong tng vé6i viée phai giai 1 triéu bai toan tuyén tinh. Con dbi
v6i NSM, viéc giai bai toan QCQP chuyén doi sang mot chudi bai toan SDP s& lam sd bién ting
[én rt nhiéu. K§ thuat SPT trong bai bao nay chi ting thém mot s6 bién phu han ché nén quy mo
va d6 phuc tap tinh toan dwoc giam hon rit nhiéu. Ngoai ra, tinh 6n dinh vé mit thoi gian tinh
toan khi thay d6i SNR ciing 14 diém dang chua y cua SPT.
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Hinh 2. Cong sudt phdt ciia tram goc theo ngudng SNR.
cua nguwoi dung voi M = 12, N =24, L=1.
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Hinh 3. Thoi gian tinh todn trung binh cua thudt todn vng véi M = 12, N =24, L = 1.

(M, N, L) = (16, 32, 2)

Tuong tu nhu kich ban 1, khi ting quy mé ctia hé thong 1én va c6 toi 2 nguoi ding nghe 1én

thi k¥ thuat dé xuat SPT van cho két qua t6i wu héa tét hon so voi ky thuat ngdu nhién Rand, k§
thuat SNM va nam rat gan can dudi SDP doi voi gia tri cong suat phat dugc toi wu hoa (hinh 4).

Hinh 5 ciing cho ta thiy thoi gian tinh toan trung binh cta k¥ thuat dé xuat 6n dinh va thap

hon rat nhiéu so véi cac ki thuét tham chiéu Rand va NSM, tham chi chénh 1éch vé toc do tinh
toan con 16n hon nhiéu so véi kich ban 1. Pay ciing 1a dleu dé ly giai khi quy m6 bai toan tang
lén thi s6 bién can phai giai cla bai toan NSM s€ tang rat cao dan tdi chi phi thot gian dé giai
ting bai SDP ciing s& 16n hon. Diéu nay ciing twong ty v6i bai toan Rand khi mdi bai toan 1ap
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trinh tuyén tinh tuong img véi mdi gia tri ngdu nhién ciing ¢ quy mé 16n hon. Tuy nhién, mic
tang thoi gian ciia Rand 1a khong qua 16n nhu cua NSM.
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Cong suat toi thieu may phat MIMO

Hinh 4. Céng sudt phdt ciia tram goc theo nguong SNR ciia nguoi dung
voiM =16, N=32,L =2.
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Hinh 5. Thoi gian tinh todan trung binh cua thudt toan vng véi M = 16, N = 32, L = 2.
5. KET LUAN

Véi yéu cau t6i wu hoa bai toan beamforming cho mot mé hinh truyén dan vo tuyén co ban
trong boi canh phai dam bao an ninh 16p vat 1y, bai bao nay da chi ra k¥ thuat ngau nhién hoa
Rand va t6i uu hoa nonsmooth (NSM) thong thuong khong thé cho két qua toi uu voi thoi gian
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tinh toan nhanh. Tir d6, chiing t6i dé xuat mot thuat toan lap hiéu qua, giai quyét truc tiép bai
toan bac hai, khong can chuyén d6i bién vec-to chinh thanh ma tran PSD dan t6i lam giam s6
bién phu. K¥ thuat beamforming nay gitp dat duoc cac két qua tdi uu cong suat phat cta tram
gbc, thoa man viéc ché ap triét dé dbi twong nghe 1én ‘nhung van dam bao chét lugng tin hiéu cho
cac may thu hop phap. Céac két qua md phong cho thay ky thuat dugc d& xuét cia chung toi vuot
troi vé thoi gian tinh toan so voi phuong phap truyén thong dua trén ky thuat ngiu nhién hoa
(Rand) va t6i wu hoa nonsmooth (NSM).
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ABSTRACT

OPTIMIZING BEAMFORMING POWER
IN MULTI-ANTENNA TRANSMISSION WITH EAVESDROPPERS

The problem of minimizing transmit power of a multi-antenna base station is usually
considered a form of beamforming problems in multi-antenna radio transmission and is
currently attracting the attention of researchers, especially in the context of physical
layer security — with the existence of an eavesdropper. In fact, power minimization
problems with non-convex SNR constraints belong to the class of NP-hard problems
which normally introduce high computational complexity and are often difficult to
derive the optimal solution. Conventional solutions are to formulate the quadratic
constraint quadratic problem (QCQP) to a reduced semi-definite programming (SDP)
problem tailored by randomization technique, or can be solved by a sequence of SDPs.
Both methods significantly increase the number of auxiliary variables leading to
increased computational complexity. In this paper, the QCQP problem is modeled as a
series of quadratic problems that can be solved directly without up-converting the vector
to SDP matrix. Simulation result shows that this method can provide near-optimal
results while significantly reducing the computational complexity compared to both
traditional methods.

Keyword: Beamforming; QCQP; Physical layer security; Semi-definite programming.
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