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Tom tit: Can toi wu héa hiéu sudt nang lwong (EE) cho cic hé thong khong ddy song milimet (song mmy),
Vi van dé tiéu thy dién nang ngay cang tre nén quan trong o cdc dai tan 50 cao. Trong cdc he théng song mm
tién md hoa lai, cac phan tir dwoc t6i wu héa theo huwéng EE bao gom cdc bo tién md hoa twong tw va so ky
thudt s6 tai may phat, cac bg diéu hop twong tw va kj thudt s6 tai may thu, cing nhuw s6 heong cdc chuoz tan so
radio (RF) mo tuwong trng. Trai voi tinh todn cac ma trdn tien ma héa/ két hop toz wu mot cdch triét dé tat cd cdc
6 ¢6 thé ¢é cia chuoz RF nhw trong cdc cong trinh hien co, bai bao nay dé xudt mot phuong phap thay thé gom
hai giai dogn co tong hiéu sudt ti 1é gan nhu toi wu va dé phirc tap tinh todn thap hon nhiéu. Cdc két qua mé
phong dwoc cung cap thém dé xdc minh tinh hop 1é ciia phirong phdp dé xudt.

Tir khéa: Song mm; tién md hoa lai, hiéu ndng, it phirc tap.

1. Mé dau

Dai song milimet (mmWave) tuong tng vdi
dai tan tir 30 GHz dén 300 GHz hién nay dang dugc
st dung trong cac hé théng lién lac diém — diém, hé
thong duong truc, hé thong lién lac trong nha tdc do
cao (Wigig, WirelessHD). mmWave gitup giam kich
thudc anten, cho phép str dung cac mang anten 16n &
ca phia phat va phia thu s& bu dap duoc sy suy hao
trong khong gian tu do [4]. Do d6, hé théng massive
MIMO str dung dai song milimet dang dugc nghiém
ctru rong rai dé ap dung vao hé thong di dong thé hé
thir 5 (5G). [1-3]. Nguoc lai so v6i cac hé thong
massive MIMO ¢ dai tén thép sir dung tién mi hoa
toan bo trong mién sd (fully digital precoding), hé¢
thdng mmWave massive MIMO thuong sir dung tién
ma hoa lai twong ty va sb (hybrid analog and digital
precoding) dé c6 dugc sy can bang tot hon giira hiéu
sudt hé thong va gia thanh thyc hién [5-7].

Tbi wu hiéu suat ning luong (EE) hién nay
dugc chia thanh 2 hudng. Hudng thir nhit xac dinh
EE 1a ty sb giita toc do bit (sum rate) va tong cong
sudt tiéu thu [8-11]. Do tinh chat khong 16i (non-
convexity), thuat toan dbc l3p (iterative gradient) [8]
va thuft toan kho6i phyc tin hiéu thua thét (sparse
signal recovery) [9] dugc dé xuét dé t01 uu bo tién
m3 hoa va bd két hop véi diéu kién s6 RF m¢& da
duogc t6i vu hoa. Hudng thi hai 13 sir dung kién trac
sub-array dé giam cong suét tiéu thy [10,11]. Trong
nghién ctu [10], cac tac gia da dé xuat mot thuat
toan tién ma hoa lai dya vao bo triét nhidu ndi tiép

2

(successive interference cancelation - SIC), c6 thé
dat duoc hi¢u suét can téi uu véi do phuc tap thap.
Cac tham so lién quan duoc t6i wu hoa bao gom cac
ma trdn tién ma hoa/két hop ciing nhu sé luong cac
chudi RF.

Tuy nhién, ca 2 huéng téi wu déu sir dung giai
phap tinh toan t6i wu cac ma tran cho moi gié tri c6
thé co cua sb chudi RF. Do dé, o phic tap trong
tinh toan 1a khoang N lan cua sé 1an phép tinh cho
mot luot tinh toan ma tran, trong do6 N la s6 chuSi
RF tbi da. M6t phuong phap thay thé cho viéc tdi uu
hoa dé cap ¢ trén dugc dé xuat nhu sau: trudc tién
thue hién ti wu s6 chudi RF mé. Sau do, cac bo tién
m3 hoa va bo diéu hop cén tdi wu c6 thé duge tinh
toan vai s luong cac chudi RF tryc tiép.

2. M6 hinh hé théng

Xét hé théng mmWave MIMO don ngudi
dung dugc miéu ta nhu ¢ hinh 1. Trong d6 qua trinh
tién ma hoa/ket hop duoc thyc hién trong ca mién
tuong tu va mién s6. Tai may phat v6i N, anten thuc
hién truyen N; 1uong dir li€u doc lap toi N, anten thu.
Dé truyén din da ludng dir liéu, may phat sir dung
Ny, chudi RF, thoa man diéu kién N, < Nj. <N, .
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gi6i han cong suit may phat, Cac tham s6 dugc chon
sao cho ||FRFFBB|| < Ng, Ng<min {N;F,N;F},
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Hinh 1: M hinh hé théng SU-mmWave MIMO

Xét kénh narrowband block-fading, véi thong
tin trang thai kénh (CSI) hoan hao tai may phat va
may thu. Tin hi¢u tai ang-ten thu dwoc co thé duogc
biéu dién dudi dang:

y:\/;HFRFFBBS+n (1)

trong do \j; la cong suét thu duoc trung
binh, va n 1a véc to tap am vdéi i.i.d CN (0, 03).

Tin hiéu thu duoc sau bd két hop duoc biéu
dién nhu sau:

y= \/;Wg?WR[jVHFRFFBBS + Wgawgvn )

M6 hinh kénh mmWave thua thét Saleh-
Valenzuela (SV) dugc mo ta nhu sau:
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Mo hinh kénh SV trong (3) c¢6 thé duoc thé
hién dudi dang rit gon,

H=A aA,
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e Téc do dir liéu téng duogc tinh theo cong
thire:

R =log,
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trong d6 ma tran kénh twong duong H, la
H, = Wg;ngHF xrKap (6)

va ma tran hiép phuong sai nhiéu R, 13
2 H H
R, =0" Wy W W, W, (7)
e Mo hinh cong suit tiéu thu
Téng cong suit tiéu thu thuong duge mo hinh
la:

l)lot:l)lr+PRF+})C (8)

Trong d6 P, la cong suét phat, Pgp la cong
suat clia tit ca cac chudi RF, v6i mdi chudi RF bao
gom bo chuyen ddi, bd troq, bo loc, bo dich pha, bg
khuéch dai... Pc1a cong suat cua cac thanh phan co
dinh nhu b6 phén lam lanh.

e Cac phuong phap t6i wu EE hién tai
Cach don gian d¢ t6i wu hoa EE la
toi da hoa ti 1€ tong c6 thé dat dugc va tong tiéu thy
dién nang. Dung phuong phap trong [8] lam phuong
phap dai dién, bai toan muyc tiéu la
opt R
O =argmaxn(®)=—-
(]
©)
_ trong d6 © = {Wgp, Wir, Frr, Fpg, k}, va k
la s6 lugng cac chudi RF mé tai may phat. Cac rang



budc cia bai toan dugc bo qua ¢ day vi nhiing han
ché cua khong gian.

3. Phwong phap dé xuét

Tim kiém ® gan nhu tSi wu trong cach thay
thé co mirc d phuce tap giam. Thay vi tinh todn cac
két qua toi vu ddi véi tat ca cac phan tir bang D,
true tién ching toi c¢b ging dé co dugc sd luong
chudi RF mé tdi uu, tie 13, k. Khi do, cc bo tién ma
hoa va didu hop dugc tinh cho k cu thé chi trong mot
luot.

3.1. PROBLEM FORMULATION: Xay
dung mé hinh toi wu EE

Véi gia thiét N, = N,
thai kénh hoan hao (perfect CSI) tai phia phat va
phia thu. M6 hinh hoéa bai toan t6i uu EE nhu sau:

va thong tin trang

hai giai doan riéng biét. Trong giai doan dau tién, s6
lwong chudi RF mé tbi uu, &' dwgc tinh bang cach
giai phuong trinh (11). Sau dé trong giai doan thu
hai, d6i v6i gia tri &' thu dwoc, cic ma tran tién ma
héa/két hop co thé tlep tuc tinh dwgc vai mdt vong
s6 1an tinh toan.

P6i voi gia tri k%' xac dinh, cic ma tran
{Wss, Wgr, Frr, Fgg} co thé dugc tinh toan bang
cach st dung thudt toan doc (gradient algorithm)
nhu trong [8] hodc thuét toan tim kiém phu hop truc
giao (orthogonal matching pursuit - OMP) nhu trong
[5].

Qua trinh xt 1y quan trong hién nay la viéc
tinh toan k”’” Ttr cac biéu thirc trong (10) - (12), ¢o
the thdy rang ham muc tiéu la mot bai toan 1ap trinh
s nguyén khong tuyen tinh. Do do, ching toi sur
dung céac budc tim kiém duoc tom tt trong thuat
toén 1 dé tim ra 101 giai thuc té.

k™ =arg max 7, ’Hmﬁt to4n : tinh k

ke[ 1N |

(10)

trong do, C la dung lugng kénh tuong duong
v6i k chudi RF mo (opened RF),

Yo
Ck = 10g2 det(lk +WHkaHj
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) cling c¢6 thé xem 1a can trén x4p xi cua tong

tbc do c6 thé dat dugc (achievable sum rate) R;.

Cong suat tiéu thu ting chu yéu do cac chudi
RF, do d6, mé hinh céng suét tiéu thu don gian B,
duogc str dung thay thé (9) nhu sau:

B=Fydk+B, )

trong d6 P

xro 1& mue tiéu thu dién nang cua
mot chudi RF.
3.2. SOLUTION: Tim kiém lgp lai

Theo cong thirc EE dé xuit trén, c6 thé thay
rang vi¢c tinh toan @ c¢o6 thé dugc tach riéng thanh

Yéu'chu: H For k = N, : Ny,

1. Dt gia tri dau 7, =0

2. Xac dinh a,,i € [l,k] tir ma trin kénh thua
thét H;
Tinh {C,,B,,7,}, cho t6i khi &, <0
Trong d6 O, =77, =7,

Két thuc vong
Paura: k7 =k

W

4. Mo phong

Kich ban mé phdéng: St dung phan mém
matlab mé phong cac mang anten tuyén tinh déu
(uniform linear arrays - ULA) ¢ khoang cach bang
ntra budc soéng duge s dung ¢ ca may phat va may

thu. Cac goéc phuong vi va géc ning {¢, 6’} duoc
gia thiét 1a phan bd déu trong [0,27]. Cong suét
tiéu thy ciia mdi chudi RF (P, ,) duoc thiét lap la
48 mW [8] va 250mW [10]. sé luong t6i da chudi
RF dugc cdu hinh N, =20. S6 lugng ang-ten

phat, thu N, = N, = 100. Va ) lugng tia ctia kénh
thura thot 1a L = 20.
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Hinh 2. Hiéu suét niing lwong dé xuit véi sé lwong chudi RF mé k khac nhau

Hinh 2 cho thay hiéu suat ning lugng (energy
efficiency - EE) 77, dé xuat thay doi so véi k chudi
RF m6. Ny = 1 dugc su dung trong truong hop nay.
Két qua mo phong véi cac gia tri khac nhau cia ti sb
tin hiéu cuc dai trén nhiu (SNR) va Pgg 4. C6 thé
quan sat thay rang lu6n ludn c6 mot diém t61 uu duy
nhat cho k chudi RF m¢. Ung v&i SNR va cong suat
tiéu thu cta chuoi RF khac nhauﬂ s€ co cac diém toi
uu tuwong tng {12,8,10,4} nhu thé hién trong hinh 2.

Ly Py = 48mW lam vi du. Két qua thuc hién
cua ti I€ téng c6 thé dat dugc dai dién cho sb lugng
ludng dir lidu khac nhau, tirc 13, Ny = 1,2,4,8 tuong
ing. Trong m6 phong nay, ti 1¢ tong dugc tinh theo .
S6 luong chu01 RF mo téi vu theo s6 liéu EE . Va
cac ma tran tién ma hoa/diéu hop tuong tng tai may
phat va thu duoc tinh qua thuét toin OMP sau khi
nhan duoc k7. Cong suét tiéu thy nhanh RF phat/thu
Pre=35mW chiém 72,9% tiét kiém duoc 27,1% ning
lwvong. Chuong trinh nay c6 thé ap dung trong cic
truong hop khéc khi ta thay d6i k chudi RF mé.
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Hinh 3. S6 chudi RF mé trung binh

Hinh 3 cho thay sy phu thudc cua sé chudi
RF mé trung binh véi sé luong ludng dit liéu khéac
nhau, N, = {1,2,4,8}, P, = 48mW, SNR thay dbi tir 0
dén 20 dB. S luong t6i wu %" it hon nhiéu so véi
gia tri tdi da 1a 20, dic biét 1a & vang SNR thép.
Diéu nay c6 nghia 1a khong can thiét phai mo tit ca
cac chubi RF trong hiu hét cac truong hop. Trong
khi do6, viéc giam sb luong cac chudi RF md s& gop
phan 1am giam mirc tiéu thy dién ning do RF tao ra.

5. Két luan

Bai bao da dé xuét phuong phap t6i vu EE do
phure tap thip cho hé théng song mm. Phuong phap
dé xuét dya trén thudc tinh gin dang cta hé théng
song mm c6 cac mang ang ten 16n, ciing nhu dic
tinh thua thét ciia kénh giam dan. Tir d6 tinh toan sb
luong chudi RF mé ti wu. Thong qua cac két qua
mo phong, chi ra rang tmg voi SNR va cong suét
tiéu thu cua chudi RF khéc nhau s& c6 cac diém toi
uu EE tuong Uing.
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OPTIMIZED ENERGY EFFICIENCY SOLUTION FOR MICROPHONE MILIMET
APPLICATION FOR 5G MOBILE TECHNOLOGY

Nguyen Thac Dung', Nguyen Van Anh', Pinh Cong Hung'
Telecommunication University

Abstract:It is necessary to optimize the energy-efficient (EE) performance for millimeter-wave
(mmWave) wireless systems, since the power consumption problem becomes increasingly crucial at high
frequency bands. In hybrid precoding mmWave systems, the EE-oriented optimized elements include the
analog and digital precoders at the transmitter, the analog and digital combiners at the receiver, as well as
the corresponding number of opened radio frequency (RF) chains. In contrary to calculate the optimal
precoding/combining matrices exhaustively for all possible numbers of RF chains as in the existing works,
this paper proposes a two-stage alternative method with nearly optimal sum rate performance and much
lower computation complexity.Simulation results are further provided to verify the validation of the
proposed method.

Keywords: mmWave; Hybrid precoding; Energy efficiency, Low complexity.



