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TOM TAT
Cong nghé thong tin lién lac bang v0 tuyen la cong ngh¢ duwoc yéu thich nhat trong
nhitng nam gan day, va nhu cau truyen di liéu toc dé ngay cang lon, du kién nam 2020 toc do
diz ligu tai xuong cua mang 5G la 10Gbps. Ky thudr da anten duoc xdc dinh la ky thudt cho
phép tang toc dg truyen dir lieu (tang hi¢u qua sur dung pho) theo so anten duoc dung. Mang
da cap hoac mang mdt dé cao dwoc xem la ing cu vién cho viée tang hiéu qua sur dung nang
lwong tuy theo mdt do cac tram phéat séng. Trong do kien trac Cell nho va mém durot nhiéu sw
quan tam cua nha nghién ciu vi kha nang cai thién toc do hudng lén dang ké. Trong bai bao
ndy chiing toi danh gid wu diém Cia hai dé xuat nay va su ket hop chung lai véi nhau thong
qua cong cu toi uwu bang Matlab CVX.

Tir khoa: Pa Anten; Mang da cap; Mang mdt dé cao; Mang 5G; Hiéu qud si dung pho; Hiéu
qua Stz dung nang lwong;

ABSTRACT

Wireless communication is one of the most popular technologies in recent years and the
demand for high data rate transmission is growing, and it is expected that in 2020 the
download speed of the 5G network is 10Gbps. Massive MIMO has been identified as a key
technology to handle orders of more data traffic (increasing spectral efficiency) by the
number of antennas used. Heterogeneous networks (HetNETs) or dense networks are
considered candidates for increased energy efficiency depending on the density of the
stations. In which, the small cell architecture and soft cell approach are concerned much by a
lot of researchers due to their significantly improving the uplink capacity. In this paper, we
evaluate the advantages of these two proposals and combine them together through the
optimization tool Matlab CVX.

Keywords: Massive MIMO; Heterogenous networks (HetNETs); Dense Networks, 5G
Networks; Spectral efficiency; Energy efficiency.

1. GIOI THIEU cho phép cac dich vu dir liéu véi toe do tai
xudng 1én dén 10Gbps do d6 hé théng s& &p
dung nhiéu cdng nghé ky thuat tién tién dé
dap wng nhu cau nham cai thién hiéu qua su
dung ngudn tai nguyén hitu han cua hé thng

Truyén thdng khong day ngay cang pho
bién do cac wu diém cua truyén dan bang
song vO tuyen dién tu:’ Bén canh d6 nhu cau
da phuong tién,..., phat trién khéng nging. hé thong.

Dy kién thé hé thong tin di dong thir 5 (5G) Thang 12 nim 2012 t6 chuc METIS
s& duoc phat trién va xuat hién vao nam 2020 (Mobile and wireless communications
[1, 2]. Hé thdng thong tin v tuyén 5G nay s& Enablers for Twenty - twenty (2020)
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Information Society) [1, 2] gdm 29 thanh
vién nhu Ericsson (Thuy dién), Alcatel
Lucent (Pbuc), Deutsche Telekom (buc),
DOCOMO Euro-Labs (buc), France
Telecom SA (Phap) va nhiéu t6 chac vién
thong cua Chau Au) lan dau tién duoc dé
xuat vé mang 5G. Hé thong duogc du kién s&
Xuat hién trong nim 2020.

Nam 2010, Tién sy Thomas L. Marzetta
lam viéc tai tai Bell Lab lan dau tién dé& xuét
giai phap str dung da anten (Massive MIMO)
cho céc tram thu phat géc BS (Base
Transceiver Stations) trong mang thong tin di
dong [3] nham ting kha niang st dung khdng
gian (spatial reuse), téi wvu hiéu qua sir dung
phd va giam nhidu. Trong [4-7], ky thuat da
anten con dugc dung dé ting hiéu qua sir
dung ning lwong bing céch chi cung cip
nang luong cho cac thiét bi di dong mong
muon va giam nhiéu 1an nhau.

Nam 2011, kién tric mang da cap
HetNETs gom nhiéu kién trtc cell khac nhau
trong do st dung cell nho SC (Small Cell)
duoc d& xuit trong [8, 9]. Véi kién tric nay
cac diém truy cap cell nhé SC sé chia tai véi
tram thu phat goc BS thong qua diéu khién
va két hop con dugc goi la giai phép Cell
mém (Soft Cell Approaches). Véi giai phap
nay khoang cach truyén cua thiét bi di dong
MS (Mobile Station) hay ngudi ding dén cac
tram thu phét s& giam ddng nghia véi giam
nang luong tiéu thu. Tuy nhién giai phap nay
lam ting nhiéu giira cac Cell voi nhau.

Trong bai bao nay, muc 2 s¢ gidgi thiéu
van tit vé cong cu toi uu bang Matlab CVX
duoc dung dé danh gia mot s6 md hinh hé
théng d& xuat. Muc 3, ching toi s& danh gia
wu diém cua ky thuat da anten vé hiéu qua sir
dung phé tin hiéu theo sé anten phét cua tram
BS. Hiéu qua sir dung nang luong theo mat
d6 tram thu phéat dugc mé phong trong muc
4. Két hop wu diém cua hai ky thuat da anten
va mang HetNETs dugc mo phong trong muc
5. O day chung t6i quan tdm dén van dé tdi
uvu hiéu qua sir dung nang lugng thong qua
bai toan téi wu van dam bao chat lugng dich
vu dit ra tai mdi ngudi dung ciing nhu gidi
han cong suit phat tai BS va SCs voi gia

thiét thong tin kénh duoc biét hoan toan tai
may thu va mdy phat dong thoi nhidu duoc
két hop xur ly. Va cudi cung 1a két luan trong
muc 6.

2. CONG CU TOI UU CVX (CONVEX
OPTIMIZATION CVX TOOLS)

Cong cu téi wu bang Matlab CVX s&
dugc dung trong cac phan sau caa bai béo,
ching t6i s& tém luoc mot sb wu diém va dic
tinh cua cong cu nay trong muc nay. bay la
mét céng cu téi uu duoc viét bang phan mém
Matlab. Cong cu nay duogc thiét ké dé giai
cAc bai toan téi wu 16m/16i co ban DCPs
(Disciplined Convex Programs) nhu bai toan
tuyén tinh (linear), bac hai (quadratic), bai
toan hinh chop (second-order cone programs)
va SDP (semidefinite programs) ciling nhu
cac bai toan phuc tap nhu t6i wu dya trén toi
thiéu norm (constrained norm minimization)

hoaic  cuc  dai entropy (entropy
maximization), cuc dai dinh  thuc
(determinant maximization) ,...,[11,12].

Mot s6 wu diém cua cong cu tdi uu
CVX:

+ CVX duoc viét biang ngdn ngitr Matlab
don gian va kha nang tinh toan phuc tap cao.

+ Hd trg nhiéu hé diéu hanh (Window,
MAC OSX, Linux 32 bits, 64 bits).

+ Mién phi cho cac nha nghién cau va
sinh vién.

+ H3 tro nhiéu cong cu giai nhu SeDuMi,
SDPT3,...(cho ban mién phi) va Gurobi,
MOSEK (cho ban thuong mai).

+ Tai liéu hudng dan chi tiét dé st dung.

+ Céc mo ta bai toan toi uu don gian nhu
mo ta trong todn hoc vi du nhu tim bién
xeR" sao cho ti uu min(||Ax—b||2) V6i
AeR™",
ta don gian nhu sau:
m =16; n =8,

A =randn(m,n);

b = randn(m,1);

cvx_begin

m>n, rank(A)=n ta c6 mod


http://www.ericsson.com/
http://www.alcatel-lucent.com/wps/portal?COUNTRY_CODE=US&COOKIE_SET=false
http://www.alcatel-lucent.com/wps/portal?COUNTRY_CODE=US&COOKIE_SET=false
http://www.telekom.com/home
http://www.docomoeurolabs.de/
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variable x(n)
minimize( norm(A*x-b) )
cvx_end

3. KY THUAT PA ANTEN - HIEU
QUA SU DUNG PHO

Ky thuat MIMO da tré thanh k§ thuat
khong thé thiéu trong cac hé thdng truyén
thong vo tuyén dir liéu téc do cao vi du nhu
hé théng LTE cac tram BS dung s lwong
anten 1én dén 8 [10]. Vé co ban khi s luong
anten ¢ may phat va may thu tang Ién thi hé
théng sé tao ra ¢ phan tap cao hon (degree
of freedom) hay n6i cach khéc 1a hé théng s&
hoat dong vai do tin cay cao hon vi BER cua
heé thdong duoc uwéc lwong 1A
BER ~ L

S

nd —d_. =n.n, bén canh do toc

do dir lieu cua kénh truyén MIMO ciing
duoc cai thién véi toc do duge ude luong la
R~rlog,(SNR)—>r_, =min{n,n.}

Trong d6 n.,n. la s anten phat va sé anten
thu. Bén canh tinh wu viéc cua ky thuat
MIMO thi d6 phic tap vé phan ctng, ning
luong tiéu thu ciing nhu qua trinh xi ly tin
hiéu caa hé thong ciing ting theo sé luong
anten, trong bai bao nay chdng t6i bo qua
viéc danh gia tinh phic tap nay. Ngay nay sb
luong anten duoc dung tai tram BS duoc dé
Xuit tang 1én con s l6n hang trim hang
ngan anten va duogc goi la ki thuat da anten
[3,6], k¥ thuat nay dang duoc nghién ctu
rong khap.

Hinh 1. M6 hinh da anten cho tram thu phat
goc trong thong tin di dong

Trong phan nay, ching tdi s& danh gia
hiéu qua st dung phd cua hé théng da anten
theo sé lugng anten. Xét tram BS véi s6
anten N, (1a mot sb I6n dén vai tram

anten). Trong tram BS cdé K nguoi dung
(hay thiét bi di dong) don anten. Gia thiét
kénh truyén vo tuyén 1a kénh fading
Rayleigh. Bé danh gia hiéu qua sir dung phd
theo sé lugng anten anten phat caa tram BS,
ching t6i gia thiét ky thuat phan b cong suat
dugc 4p dung sao cho ty sb tin hiéu trén
nhiéu SNR tai cdc nguoi ding luén dam bao
la -5dB. Dung luong kénh Egodic cua hé
thong 1a:

C :E{logzdet(lﬁNiHPH“j} (1)

BS

Trong d6 Hla ma tran kénh, Pla ma
tran duong chéo, cac phan tr trén duong
chéo 1a hé s6 phan bé cong suit sao cho dam
bao ty s6 SNR theo yéu cau tai cac ngudi
dung. Khi dung ky thuat ZF (Zero Focing) va
ky thuat thu két hop cuc dai ty s6 MRC
(maximum ratio combining) va xét d&én anh
huong caa nhidu thi téng téc do hay dung
lwong kénh cua hé théng sé 1a:

Cur o wre = E{log, det (1, + SINR)} )

Trong do SINR

W[ B %[}

N,
w" (Zh,ykxlvk + nj
k=1

tin hiéu trén nhiéu cong can nhiéu, h, 1a véc
to kénh truyén tin hi¢u mong muon, h,,la

SINR = la ty sb

2

E

véc to kénh truyén tin hiéu nhidu thu k"™, x,
la tin hiéu mong muén, x, , 1 tin hi¢u nhidu
thir k™, n 1a véc to nhidu tring Gauss cong,
w la véc to trong so hay by ma trudc
(precoding matrix) tai bo thu. Khi sir dung ky

H
Db
o
MRC thi véc to nay la w,,. =chtrong do
¢ la hang sb.

thuat ZF thi w,. = va voi ky thuat

Hinh 2 mé phong tong hiéu qua st dung
pho [bit/Hz/cell] theo sb lugng anten tai tram
BS véi s6 luong nguoi ding 1aK =20, sé
lrong anten tai tram BS tur 20-100 va c6ng
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suit duoc diéu khién sao cho ty s6 SNR tai
cac nguoi dung luoén ludén dam bao la -5dB.
Khi s6 lwong anten cang tang thi hidu qua str
dung phd tin hiéu téng ciing ting theo. Tuy
nhién két qua theo ly thuyét va phuong phap
1y twong (ZF) khi biét kénh truyén hoan hao
cho két qua kha cach biét so vai ky thuat thu
MRC thuong ding. Qua dé ching toi thay
rang sir dung Ky thuat da anten s& cho phép
cai thién hiéu qua sir dung phd dang ké khi
ting sO luong anten, tuy nhién viéc nghién
ctru phuong phap thu thich hop tlem can két
qua 1y twong van 1a mot van dé can duoc
quan tam.

100

—&—Tong Dung Luong Kenh
SO0FH —4—zF
— 7 -MRC

G0+

or

B0

a0

40+

30

Higw Qua Su Dung Pho [bit/s/Hzicell]

20 S‘EI AID S‘EI E:] F‘EI EID B‘EI 100
So Luong Anten ()

Hinh 2. Hiéu qud sir dung phé theo sé anten

phét tai tram BS

4. MANG DA CAP, MANG MAT DQ
CAO - HIEU QUA SU DUNG NANG
LUOQNG

Cung voi nhiéu ky thuat céng nghé moi
xuat hién dé dap (ng nhu cau truyén dir liéu
tbc do cao, giai phap kién tric mang da cap
HetNETs (Heterogeous Networks) gom
nhiéu ciu trdc cell nhu hinh 3 ciing dugc dé
xuat. Trong d6 tiép can cell nhé SC va mém
(Soft-cell approach) nhan dwgc nhiéu quan
tdm cua nha nghién cau vi c6 kha nang cai
thién tbc d6 husng Ién (nguoi ding phat 1&n
cac tram SC véi ton hao bé do cu ly ngén);
dung luong huéng xudng cai thién (tan dung
viéc str dung lai tai nguyén cua hé thdng cho
cac SC) va cai thién vung phuc vu [8]. Véi
mot SO uu dlem cua kién trac SC mot sé tiép
can nhu: t1ep can dua vao phan chia tai
nguyen hé thdng (resource partioning) nhur
tan sb va thoi gian trong d6 cac SC duoc xem

nhu mét SC doc 1ap vai tram BS; mét tiép
can khac 1a cell mém, cac SC duoc xem nhu
mot thanh phan cua BS khi khong dung dén
thi cac SC nay ¢ trang thai thu dong (passive)
khi can tham gia vao truyen nhan dix liéu thi
SC s& chuyén sang ché d¢ tich cuc (active)
dé thuc hién nhi¢m vu.

(«

) )

(g) A%

(g (5 (Q) (%
(g '

)
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K

Hinh 3. Kién tric mang HetNETs
(tram BS va cac trgm SC)

Viéc phan tich danh gia tong thé mang
théng tin HetNETs vo cung phuc tap vi du
nhu phén tich s6 luong tram BS, s6 luong
tram SC ciing nhu ving phu bao nhiéu 1a tdi
vu, phan chia tai nguyén hé théng sao cho
hop ly,... Do dé trong phan nay ching téi chi
xem xét danh gia hi¢u qua sir dung nang
luong theo mat dé cac tram trong mang va
chi xét mét loai tram va nguoi dung don
anten nhu hinh 4. Gia thiét cac tram BS duoc
bé tri trong khong gian 2 chiéu ¢ dang phan
bd Poisson diém PPP (Poisson Point Process)
véi mat do A, véi ving c6 dién tich 12 A thi s6
tram trung binh la 2A. Mdi tram BS dugc
trang bi M anten va phuc vu K nguoi dung
don anten. Cac nguoi dung sé duoc phuc vu
véi cac tram BS gan nhat. Gia thiét kénh
truyén fading Rayleigh.

Hinh 4. M6 hinh mang mdt d¢ cao

V61 m6 hinh nay ching t6i dinh nghia hé
s0 hiéu qua str dung nang leong HQSDNL la
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HQSDPV [bit/sysbol/km?]
CSTTV [J/symbol/km?]

_ Trong d6 HQSDPV la hiéu qua st dung
pho trén mot ving va dugc tinh |a:

HQSDNL =

(3)

HQSDPV = K (1—ﬂTKJ log, (1+SINR,, ) (4)

Trong d6 S 1a hé s6 st dung tin hiéu dan
duong Pilot (tinh hiéu chuan dung cho udc
lugng kénh), L la chiéu dai caa khéi, SINR,,,
la ty s tin hiéu trén nhidu cong can nhiéu.
SINR, la gisi han trén khi thong tin kénh
truyén vo tuyén duoc khoi phuc hoan toan va
khong c6 can nhiéu gitra cac tin hiéu dan
duong Pilot va SINR_ Ia gidi han dudi khi
kénh thong tin truyén khong hoan hao va can
nhiéu lan nhau giira tin hiéu dan duong Pilot
(contaimination) [13,14]. CSTTV Ia c6ng suét
tiéu thu vung duoc tinh theo [15] la:

CSTTV = ﬂ{(l— p Kl__ljcl r((%+/1) K +c2] ()

ﬂﬂ)az
+C,HQSDPV

V6i C,1a hé s6 phu thudc higu suat bo
khuéch dai tin hiéu va diéu khién cong suit;
a > 2la hé so suy hao kénh truyen; c, la hé
s6 phu thudc vao cong suat tiéu thu tinh (thu
dong), cong suat cho qua trinh xu ly tin hiéu
ddi nén, ...;c,la hé so ty 1é cho viéc mé va
giai ma tin hiéu.

Pé danh gia hiéu qua st dung ning
luong theo mat do tram, chdng téi gia thiét ty
so0 SINR tai nguoi dung dugc duy tri sao cho
toe do dit lidu 1a 1, 2, 3 [bit/Hz] twong {ing
véityso SINRIa 1, 3,7 dB.

Hieu ua Su Dung Nang Luong [Mbitiouls)

— = = Giol Han Ganh Tren (Mo Phong)
Gioi Han Canh Duol (Mo Phong)

0 r 3 s
107 10" 10' 10° 10 10
Mat Do Tram BS (Lamda) [BS&m?]

Hinh 5. Hiéu qua sur dung nang lwong
theo mat do tram BS

Két qua md phong HQSDNL theo mat do
tram BS duogc thé hién trong hinh 5. Két qua
nay cho thay hiéu qua sir dung ning luong
cao khi duy tri toc do truyén dir liéu thap va
cang tang mat do tram A thi hiéu qua st dung
ning luong ciing ting theo diéu nay c6 nghia
khi dung kién trac Cell nho s& cai thién hiéu
qua st dung nang luong. Tuy nhién khi mat
d6 tram ting cao dén mot gisi han (A > 10)
thi hiéu qua st dung nang lugng khéng con
cai thién dang ké du van ting mat do tram.

5. MO HINH KET HQP KIEN TRUC
CELL NHO VA KY THUAT DA
ANTEN

Trong muc ndy, md hinh t6i vu ning
lwong téng sao cho van thoa man chat luong
dich vu QoS (Quality of Services) dat ra
truéc véi kién trac tram thu phat géc BS
dung da anten két hop véi kién triic SC dugc
kién tao chong lap 1én nhau (overlay) cung
Vi gia thiét thong tin kénh truyén duoc biét
hoan toan tai may thu va may phat va chi xét
cac tram SC trong mot tram BS.

Gia thiét s luong anten duoc dung cho
tram BS 1a N, (Ia mot sb 16n gia thiét tir 8
dén vai tram anten) s& cung cip ving phuc
vu cho K < Ny nguoi dung (hay thiét bi di
dong) don anten thém vao do6 trong ving phu
cua tram goc BS s€ cd nhiéu cau trac SC
(S=0) duoc bé tri ngiu nhién véi mdi SC
duoc trang bi N, anten (gia thiét
1< Ny <4dé don gian bai toan) va bi giéi

han cong suat phét (gioi han ving pha s6ng)
giong hinh 6 bén dudi.

Hinh 6. M6 hinh phan tich BS dung ky thudt
da anten va cac tram SC

Kénh tir tram BS, SC thu j dén cac nguoi

dung tht k dugc md hinh la fading phang

khoi va dwgc bicu dién la hy; e C*"= va
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hl':j e C"Nsc do d6 tin hiéu nhan duoc tai
nguoi dung tha k 1a:

s
Y = th,oXk,o + thH,ij,j +ny (6)
=t

Trong d6 x, va x;la tin hi¢u phat tr BS
va SC tha j™ dén nguoi ding thu k™
n, NCN(O,GE) la nhidu Gauss trang cong.

Gia thiét tram goc BS va cac tram SC két ndi
vao duong truc (Backhaul) va cho phép két
hop phan phéi tai nguyén cau tric cell mém
(soft-cell). Mdi nguoi dung duoc phuc vu bai
tram BS va nhiéu tram SC tuy nhién thdng
tin dugc ma va phat doc 1ap voi nhau va
duoc goi truyén din da dong phan tap khdng
gian SMT (Spatial Multiflow Transmission).
Ban tin tir tram BS va cé4c SC thir j dén nguoi
dung thtr k dugc ky higu x , va x ; véi

X.; ~CN(0,1),j=0,.,S . Ban tin nay duoc

nhan véi vécto 1ai (beamforming vector) dé
tao tin hiéu phat di

X;= D Wy X gy @)

k=1
1=0,...,S, w,, e CNssd, W, | e CNsed

Trong bai bao nay chung toi s¢ quan tam
viéc toi uu vécto 1ai w nay sao cho téng cong
suit phat bao gom cong suit phat tinh (static
power - cong suat phéat phu thudc vao phan
cting thiét bj thu phat) va cong suit phat dong
(dynamic power - cdng suat phu thudc vao ty
1& cong suit duoc phat) [16, 17, 18] sao cho
van dam bao chét lugng dich vu QoS cua ting
ngudi dung. QoS chiing tdi quan tam 1a téc do
thong tin [Bit/s/Hz] voi gia thiét céc nguoi
dung phat théng tin song song v&i nhau.
Ching t6i dinh nghia chat luong QoS cua
ngudi dung thi k™ 1a log, (1+SNIR,)> 7,
Vvai 7, la thong s6 nguong quyét dinh chét
luong QoS trong d6

S
2 2
H H
|hk,oWk,o| +Z|hk,jwk,i|
i1

K S
H 2 H 2 2
Z(|hk,owi,o| +Z|hk,jwi,1| + 0k

1 =1

i=k

(8)

SNIR, =

Theo [16-18] ta c6 cdng suat phat tinh
va cong suat dong nhu sau:

K 2 S K 2
P = pOkZ_I:”Wm” +J_Z_1:'OJ;”WKJ'” ©)

S .
P =L Ny + 3N,

= 10
= o Nes + 2, (10)

Trong d6 p; >1 la h¢ s6 dic trung cho
higu suét cua bo khuéch dai do hoat dong ving
tuyen tinh giam tr 6-12 dB so vei diem bao
hoa dan den hiéu suat giam (theo [17] tram BS
hiéu suat bo khuéch dai la 38.8% hay
Do = %83 » tram SC hiéu suat bo khuéch dai 1a
52% hay p; =%os ), ;20 thé hién phan
cng suat suy hao trén mach (bo loc, bo tron,
bo chuyén doi, qua trinh xu ly tin hiéu giai nén,
dong bg, udc lugng kénh, bo cén bang...) trén
mot anten (doi vai tram BS  thi chon
17, =189mW , tram SC thi chon 7, =5.6mW ),
C=>1 la tong sé song mang thanh phan
(C =600 duoc chon gan vai hé thong LTE).

MJi tram BS va tram SC ¢ cong suat
giai han tuy theo khoang cach vung phu.

K
2 W Quw<ay,, =1L, (11)
k=1

Trong d6 ma trdn  trong sb
Qy eC™™s, Q, eC™, voi j=1..,S lacac
ma trdn dinh nghia duong. Ma tran nay s¢ la
ma tran duong chéo, cac phan tu chinh la cong
suat phét trén ting anten.q;, >0 la gisi han
cong suat theo ving pha cua ting tram théng
thuong q,, >q;, voi 1< j<S . Ching toi
chon cOng suét gi¢i han tram BS ¢, = 66mwW
twong tng vung phi khoang 1km va cong suét
gi¢i han tram SC q,, =0.08mW tuong (g
vung phua khoang 50m.

Ta c6 md hinh t6i wu ning lugng theo k§y
thuat da anten va SC duoc biéu dién nhu sau:

minimize P, +P
W VK, ] dyn sta

subjectto log, (1+SNIR,) >y, vk,  (12)

K
ZWEijAIWk,j Sq“, VJ,I
k=1
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Ta dit W, =w, ,w;;, Vk,j, ma tran
W, ; nay la ma tran dinh nghia duong

W, =0 va co rank(W,)<1

7.=2%-1 vk, Theo [12] ta c6 biéu thic
ti wu (12) duoc viét thanh biéu thic toi wu
(13) day la bai toan t6i wu SDR (Semi-
Definte Relation) va c6 thé dung cong cu toi
wu CVX dé giai.

e 3 30w+

j=0 k=1

(13)

subject to rank(
S " 1 K
;hk,j [1+ykjwk,j—izl“wij h,;>of vk
K
Ztr(Qj.l

k=1

W, )<t vk, j,

W, )<a;,, Vil

Trong d6 o la cong suat nhidu tring
Gauss. Theo [19] ta c6 biéu thic (13) ludn
ton tai két qua ti uu cho ma tran W, ; thoa
raLnk(Wk

W, ; ta cé mét so truong hop sau:

’j)él vk, j. Pé tdi wu ma tran

a) Ngugi dung thir k™ chi dugc phuc vy
boi duy nhat tram BS tac la
W, =0, 1<j<S

b) Nguoi dung tha k™ chi dugc phuc vu
boi tram SC tha j tac Ila
W,,=0, and W, =0 i#]

¢) Ngudi dung tha k™ duoc phuc vu boi
tram BS két hop véi cac tram SC
trong d6 phai cd téi thiéu mot tram
SC c6 cong suat tich cuc bang cong

K
suat gii han ( Ztr(Q“W;,j ) =4;,)

Viéc téi vu theo cong thirc (12), (13) s&
dugc thuc hién kha phuc tap va tén nhiéu
thoi gian néu sb lwong anten va sé luong cell
nho SC tang cao va kho thyuc hién trong thuc
té, do d6 c6 thé dung ky thuat MRZF
(Multiflow Regularized Zero Forcing) duogc
dung trong [6] dé chuyén doi bai toan tdi wu
(12) thanh bai tdi ti wu phan bd cdng suit
phat nhu sau:

(1) véi mdi tram phat j=0,..,S, K la
téng sé ngudi dung quan tam. Tinh thdng sé

-1
K1 K

—h h'+—1]| h, .
(Zo_z L ~ J ] K, j

i=1 Y k*j

Uy = Yk,

-1
K K

(Z ij IJ IJ hk,j
%

:l ki

2 .
Jik.j =|hi|_“juk‘j Vik, Qi =Uy;Qj Uy VK|
Lh s
(2) Tram SC tha j" giri thong sb g, ;.
Qjxi» VK,i,1 cho tram BS, Tram BS giai bai
toan toi wu phan bd cong suat.

zpzpk] sta
=0 k=

subject to ZQW P <0, Vil
k=1

minimize
P j20 Vk,j

(14)

S

Z gkkj[l+ ]zpugku O'k vk
j=0
3) Tram BS giri phan bé cong suét toi vu
@) gui p g
P, Vk giai tr (9 cho SC j". va

Wk,j =4 pk,juk,j

Trong phan mé phong ta thuc hién véi 1
tram BS c6 béan kinh 1 km, c6 4 SC phan bé
déu trong vung phu cia BS va c6 ban kinh
50m, sb lwong ngudi dung trong BS 1a 12 (4
trong vung phu cua 4 SC va 8 trong vung con
lai) cac nguoi dung dwoc phan bd déu
(uniform) nhu hinh 7. Hé théng duoc md
phong véi cac théng sé gan gidng hé théng
LTE va dugc mo ta trong [17,20] véi bang
thong s6 md phong nhu bang 1 sau:

Bdng 1. Thong sé md phéng

Théng S6 Gia tri

Higu sudt bo KB CS |}, =0.388, ), =0.052Y]

Max CS Phét /Anten | 9, =66,q;, =0.08mW,Vj,|

CS Tiéu hao trén

=189mW, . =5.6mW,Vj
mach thu dong /Anten o 7 J

Ban kinh gioi han

tram BS 1km
Ban kinh giagi han

tram SC 50m
Tan s séng mang F = 2GHz




29 Tap Chi Khoa Hoc Gi4o Duc Kj Thugt Sé 50 (11/2018)
Truwong Dai Hoc Suw Phgm Ky Thugt TP. Hé Chi Minh

Sb song mang C =600
Tong bang thong 10 MHz
Dai théng séng mang 15 kHz

Phan bé small-fading h,; ~CN(0,R,;)

Do léch chuan Fading

bong mo (shadow) 7dB

Tén hao dudng truyén

dB
véi khoang cach d 148.1+37.6log,, d

Cong suat nhidu trang

Gauss sz voi Noise 127 dBm

Figure 5dB

Nguoi dung (user)
*

Hinh 7. M6 hinh md phong

Hinh 8 thé hién két qua mé phong cong
suit tiéu thu trung binh trén séng mang tdy
theo chat lugng hé théng QoS tinh theo dung
lugng trén ting nguoi dung véi sé lwong
anten phat trén BS dugc chon la Ny =50 va
s6 anten trén SC dugc chon 1a Ny, =2. Qua
trinh nay dugc téi wu trong truong hop: Toi
uu theo (12) khi khéng cé Cell nho SC nao
ciing nhu khi c6 4 Cell nho va tbi vu theo
(14) khi c6 4 SC trong BS. Két qua nay cho
thdy riang chat luong QoS tai ngudi ding yéu
cau cang cao thi ning lugng yéu cau cang
nhiéu va khi ton tai SC thi ning lugng trung
binh trén séng mang duoc cai thién dang ké,
tuy nhién khi dung ti wu theo (12) ty Ié cai
thién dang ké nhung qua trinh thyuc hién trién
khai s& rat phuc tap khi sé luong anten Ién,
trong khi d6 theo thuat toan (14) MRZF thi
hiéu qua sir dung ning luong co cai tién it
hon nhung viéc thuc hién sé nhanh hon (chua
phan tich chi tiét duoc chi dwa vao thoi gian
md phong) va cé thé ap dung vao thuc tién.

Trong hinh 9 két qua md phong tong
cong suat trung binh trén séng mang theo du
thay doi so anten trén tram BS va tram SC.

4

G- Toi Uu: Chi Co B3
—#—Toi Uu: MRZF
—4& —Taoi Uu: Soft-Cell

QoS f Mguoi Dung [bits/s/Hz]
)
m

PR I 5 5 17 5 5 20
Tang Cong Suat / Sang Wang [dBm]

Hinh 8. Téng cong sudt trung binh trén séng
mang theo chdt lirong dich vu QoS cua tirng
nguoi dung
Hinh 9 cho thay khi ting s6 lugng anten thi
cdng suit téng trung binh trén séng mang cai
thién dang ké (tiét kiém ning lwong cung
cap) mac du theo Iy thuyét thi khi ting s6
lwong anten thi cdng suat phat tinh s& ting
len nhung trong tuong hop nay thi thanh
phan cdng suét phat /dong s€ giam nhiéu hon
SO Vi ting cong sudt phat tinh. Didu nay c6
thé ly giai do khi dung tram SC thi cdng suat
tiéu hao do duong truyén giam xudng. Bén
canh do6, két qua mo phong con cho thay khi
s6 luong anten tai tram BS 16n thi viéc ting
thém anten (trén tram BS cling nhu trén SC)
khéng cai thién hiéu qua nang luong dang ké.

100

cod oMo SCs

— -1 antenna/SC
—& —2 antenna/SC
—=— 3 antenna/z3C

90 ¢

0

7O
GOt

S0

So Anten Tai Tram BS, hbs

401

0F

) L L L S el L . e
18 20 22 24 % . 30 32 34 36 38
Tony Cony Suat/Song Mang[dBm]

Hinh 9. Téng cong sudt trung binh trén
s6ng mang theo sé lwong anten trén tram BS
va SC véi chat lirong dich vy cua tirmg nguroi

dung la 2 bit/s/Hz
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6. KETLUAN

K¥ thuat da anten cho phép cai thién
hiéu qua st dung phé khi sb luong anten ting
Ién. Mang mat do cao cho phép tang hiéu qua
su dung nang lugng khi tang mat do tram dén
mét gigi han nhat dinh véi gia triét cac tram
dugc phan b trong khong gian hai chiéu
theo quy luat Poisson. Khi két hop hai ky
thuat da anten va kién trtc cell c¢6 kich thuéc
nho dwoc bd tri chéng lap (overlay) trong
tram BS cho phép téi wu hiéu qua sir dung

23

ning luong thdng qua giai phap két hop khi
van thoa man mot chat luong dich vu dit ra
truéc. Tuy nhién gigi han cua bai toan két
hop ndy van con dang xét trong pham vi mot
tram BS chuwa phat trién m& rong cho mang
I6n. V&i nhu cau dir liéu cua mang truyén
thdng vo tuyén ciing nhu doi hoi vé tiét kiem
ning luong thi viéc két hop hai giai phéap ky
thuat nay vaéi nhau la mot giai phap sé duoc
str dung trong tuong lai gan.
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