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Tom tdt—Viéc sit dung hgp 1y rit nhiéu dngten &
tram gbc dé phuc vu dong thoi nhiéu thué bao tao
ra mot su dot pha vé tbc do dir liéu trong mang
thong tin di dong. Hé théng nay cé tén goi FD-
MIMO (Full-Dimension Multiple-Input Multiple-
Output) va da duge lua chon la mét wng ci cho
mang thong tin di dong thé hé 5 (5G). Tuy nhién,
da s6 cac bai bao c6 lién quan tip trung vao hoic
ting tong dung luong truyén tin véi mét cong suat
tiéu thu ¢6 dinh hoic kha ning giam cong suét tiéu
thu nhung van dam bao tong dung lugng truyén
tin cho trudc. Mot sb it bai bao nghlen ciu hiéu
qua su’ dung ning lugng cua hé thong nay nhu’ng
chu yeu cho mé hinh don cell, do dé b6 qua mot so
tinh chét quan trong cua hé thong nhu nhiéu tin
hiéu hoa tiéu. Trong bai bao nay, ching téi dé xuét
mot phuong phap méi d€ phan tich hiéu qua st
dung niing lugng cta hé théng FD-MIMO va véi
nhiéu cell hoat déng trén cing bing tan. Cac két
qué tinh toan sb cho phép chiing t6i dua ra nhitng
nhén xét thii vi vé cach lam ting hiéu qué sit dung
ning lugng ctia hé thong nay.

Tit khéa—Mang 5G, hiéu qua st dung nang
lugng, hé thong MIMO co rat 16n, hé thong MIMO
v6i rat nhiéu angten & tram goc, thong tin '"xanh".
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Mang thong tin di dong thé hé 5 (5G) van dang
trong giai doan hinh thanh, mot trong nhitng muc
tiéu thiét ké quan trong nhat van 1a tip tuc ting
tbc do dir liéu. Thong tin da diu vao da dau ra
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(MIMO - Multiple-Input Multiple-Output) 1a mot
trong nhiing k¥ thuat thong tin quan trong huéng
t6i muc tiéu trén thong qua viéc st dung nhiéu
ang-ten 3 tram phat va/hoac mdy thu. Tuy nhién,
thyc té 1a cac hé théng di dong té bao thé hé
thi 4 (4G) trd vé truSc van chua dat dudc miic
toc dd cao ma cong nghé MIMO hita hen do méi
xem xét st dung sd luong dng-ten chua 16n [1].
Vi du trong hé théng 3GPP LTE/LTE-Advanced
(hay 4G), mdi tram gbc c6 tdi da 8 idngten trong
khi thiét bi ngudi dung c6 t6i da 4 Angten. Ting
s6 dng-ten & tram gbc d€ phuc vu dong thai nhiéu
thué bao hon trén cling mot tai nguyén vo tuyén
1a mot hudng nghién cifu hita hen dé phat huy hét
kha ning ctia ky thuat MIMO trong cac hé théng
di dong té bao [2]. Trong khuon khé bo tiéu chudn
3GPP LTE-Advanced Pro (tit Phién ban 13 trg di
hay mang 5G), ky thuiat FD-MIMO da dugc lua
chon 12 mdt trong cdc cong nghé tng ci dé ting
tbc do di liéu. Cu thé, bang viéc st dung hang
chuc hay thdm chi hang tram angten & tling tram
gbc va st dung phuong phap truyén dan MIMO da
ngudi dung (MU-MIMO - Multiple-User MIMO)
dé phuc vu dong thdi hang chuc ngusi dung [2],
ky thuat FD-MIMO c6 tiém ning ting toc do dit
liéu téng cong ctia mang 5G 1én nhiéu lan.

Da phan céc bai bdo trudc diy khi nghién ciiu
céc hé théng thong tin MIMO véi rat nhiéu dngten
& tram gbc thudng tap trung vao hodc kha ning cai
thién t6ng dung lugng truyén tin v6i mot cong suit
tiéu thu cd dinh [2]-[4] hodc kh4 niing gidm cong
suét tiéu thu nhitng van dam bao tdng dung luong
truyén tin cho truéc [5]. Trong thuc té, mot cach
tiép can dé€ dung hoa hai muc tiéu thiét ké c6 phan
mau thuin nhau nay 12 t6i da hod ty s6 hiéu qua st
dung niing lugng cta hé théng. Theo dinh nghia,
hiéu qua st dung ning lugng ctia mot hé thong
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thong tin 1a ty sb gita tong dung luong thong
tin dudc truyén di trén tdng cong suét tiéu thu
tuong tng. Trong kha ning hiéu biét ctia chiing
t6i, dén nay c6 khd it bai bdo da nghién ctu hiéu
qua st dung ning luong ctia hé thdng thong tin
MIMO véi rit nhiéu dngten § tram géc [6]-]9].
Bai bao [6] so sanh hiéu qua si dung hiéu qua
ning lugng gitia hé thdng MIMO véi nhiéu dngten
& tram gdc va hé thdng st dung cell ¢d nho. Tuy
nhién, bai bao niy mdi chi tinh dén cong suit tiéu
thu lién quan dén biic xa tin hiéu. Bai bao [7] dé
xuAt mot mo hinh cong suét tiéu thu méi khong
chi bao gdm cdng suit phat trén bo khéch dai cong
sudt ma con 13 cong suét tiéu thu mach bdi cic
thanh phan ctia tram gbc va bdi céc thiét bi tuong
tg. Tu md hinh méi dua ra dudc cong thiic tinh
hiéu qua ning lugng, sau d6 xac dinh dudgc sb Ang-
ten can thiét d&€ mang lai hiéu qua ning lugng cho
hé théng MIMO c¢& rit 16n. Tuy nhién, mo hinh
cong suét tiéu thu sit dung trong bai bdo [7] kha
don gian va chua phan anh dudc cac dac trung
riéng ctia truyén dan MIMO da ngudi ding. Cac
bai bdo [8], [9] dé xuit mot mo hinh cong suht
tiéu thu thuc t& hon va c6 kha ning phan anh co
ché xit Iy tin hiéu va truyén din MIMO da ngudi
dung d€ nghién cttu hiéu qua st dung ning luong
ctia h¢ thong MIMO don cell v6i nhiéu dngten &
tram gdc. Viéc xem xét chi mot cell duy nhat bd
qua mot s6 tinh chat quan trong ctia hé théng nay
nhu nhiéu tin hiéu hoa tiéu va nhiéu lién cell khi
truyén dit lidu.

Trong bai bdo nay, ching tdi xem xét hé thdng
thong tin MIMO véi rt nhiéu dngten & tram gdc
va véi nhiéu cell hoat dong trén cuing mot bing
tan. Chung t6i gia thiét hé théng nay hoat dong &
ché do song cong phan chia theo thdi gian (TDD -
Time Division Duplexing) trong d6 tram gbc uéc
luong cac hé s6 kénh truyén dua trén tin hiéu hoa
tiéu & duong lén. Ching toi gia thiét tram gbc
st dung ma trudc truyén ty sd cuc dai (MRT -
Maximal Ratio Transmission) dé truyén dit liéu
& duong xubng. Péng gép chinh cla ching toi
trong bai bao nay la d& xuit mot phuong phap
mdéi dé phén tich hiéu qua st dung ning lugng
ctia hé théng trén bang céch sit dung cic tiép can
tim gia tri tAt dinh tuong duong va mot mo hinh
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cong suét tiéu thu dudc stra d6i t mo hinh dé
Xuat trong céc bai bao [8], [9]. Két qua phan tich
cho ra mdt gid tri xap xi ctia hiéu qua st dung
ning luong cta hé théng dudi dang mot ham s6
ctia mot s6 tham sb hé théng nhu hé sd pha dinh
pham vi 16n, sb dngten & tram gbc, s6 thué bao
trong mdi cell, cong sult tiéu thu ciia mdi phan
td trong mang. Két quia mo phéng sd cho phép
chiing t6i c6 mdt sb nhan xét quan trong vé anh
hudng ctia cac tham s6 hé théng 1én hiéu qua
st dung ning lugng ctia hé thdng. Vi du, khi cb
dinh sb thué bao trong mot cell, ton tai mot gid
tri s6 dngten trén tram gbc tdi vu. Pang chi y 1a
gia tri t6i wu nay nam trong gi6i han cho phép
clia cdc cong nghé ché tao dngten hién nay. Bén
canh d6, khi c6 dinh sb dngten trén tram gbc, ting
s6 thué bao trong mot cell ¢6 thé gép phan lam
ting hiéu qua st dung ning lugng. Chi y ring,
mot phan két qua ctia bai bao nay da dudc trinh
bay trong [10]. Tuy nhién, [10] chi tip trung vao
truyén din & dudng xudng trong khi bai bdo nay
nghién cifu truyén din & ca dudng 1én va dudng
xubng. Ngoai ra, so véi [10], bai bdo nay cung
cép thém céac két qua md phéng mdi va tit dé c6
nhitng quan sat va nhin xét mdi vé hiéu qua st
dung niing lugng cta hé thdng thong tin MIMO
st dung nhiéu #ing-ten & tram gc.

Céc muc con lai cta bai bao dugc t§ chic nhu
sau. Muc II md td mo hinh hé thong va qua trinh
do va uéc lugng kénh cla hé théng. Muc III phan
tich luong dit liéu tong cong co thé truyén dudc
va tong cong suit tiéu thu tuong dng trong mot
khung truyén din dé tit d6 phan tich hiéu qué st
dung ning lugng ctia hé théng. Muc IV cung cip
két qui md phdéng va tinh toan s6 d€ kiém chiing
két qua phan tich. Cubi cing, muc V dua ra mot
s6 két luan va hudéng nghién ciu tiép theo.

Quy udc ky hiéu todn hoc: Cic ky tu thudng
viét nghiéng (vi du, a) ky hiéu cdc gia tri vo
huéng, cic ky tu dugc to6 ddm thudng (vi du, h)
ky hiéu cac vector trong khi cic ky tu dudc t6
dam va in hoa (vi du, H) ky hi€u cac ma tran.
In va Oy ky hiéu ma tran don vi va ma tran toan
gia tri khong véi kich thuéc N x N. Dbi v6i ma
tran A thi AT 132 ma tran nghich dio, A* 1a ma
tran chuyén vi lién hgp phic, va tr(A) 1a vét ctia
ma tran. E[-] ky hiéu phép toan ky vong thong ké.
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Il. MO HINH HE THONG

Xét mot mang thong tin di dong té bao dua
trén TDD FD-MIMO véi C' cell, hay 6 t& bao.
Mbi cell c6 mot tram gbe véi Ny dngten dé€ phuc
vu dong thdi cho U ngudi ding dudc phan bd
mot cich ngiu nhiéu trong cung cell, trong d6
N; > U. Cac cell va tram gbc dudc danh sb
bdi tap C = {1,2,--- ,C}. Nguoi dung trong cell
¢ € C dugdc danh sb bdi tap U, = {1,2,--- ,U}.
Thiét bi dau cudi ngudi dung st dung chi c6 mot
dngten. Gia thiét ring hé théng hoat dong & ché do
TDD trong d6 truyén din & dudng 1én va dudng
xubng & tit ca cac cell dung chung mot bing tan.
Gia thiét rang tit ca cdc truyén din dudc dong bd
ca vé cAu tric khung, vé thoi gian va vé tan so.

Gia thiét mo hinh kénh pha dinh khéi can tinh
trong d6 cic hé sd kénh truyén dugc coi nhu
khong thay d6i trong mdi khéi tai nguyén thai
gian-tdn s& c6 kich thuéc 7, = BoTc lan st
dung kénh, trong d6 B¢ (Hz) la d§ rOng bang
thong két hop va T (gidy) la thoi gian két hop
clia kénh truyén, va 7, > U. Bén canh d6, gid
thiét ring cac khung truyén din dudc dong bd
trén toan mang va dng véi cic khdi tai nguyén
thoi gian-tin s6. Gia thiét ring mot khung bao
gdm Tp lan st dung kénh d€ truyén tin hiéu hoa
tiéu ¢ dudng Ién, 7qq lan st dung dung kénh dé
truyén dit liéu dudng xubng va 74, lan st dung
dung kénh d€ truyén dit liéu dudng 1én, trong d6
Tp +Tdd + Tdu = 75, T = U, 794 > 0 va 7q, > 0.

Ky hiéu hy., € CNM>*! 1a vector hé s6 kénh
truyén dudng 1én tif thué bao u € U, téi tram gbc
b € C. Bai bdo nay xem xét md hinh kénh truyén
khong tuong quan vé khong gian [2], [3]

hbcu :B;C/Egbcu (D

trong d6 gpe, € CN*! 12 vector hé s kénh truyén
pha dinh nhanh va By, 12 gid tri tit dinh biéu dién
hé s6 kénh truyén pha dinh pham vi 16n bao gdom
cdc hiéu ing nhu suy hao dudng truyén, che khuét
va suy hao xuyén tudng. Gia thiét rang cdc hé sb
clia gpe, 12 doc 1ap thdng ké& va cung tuin theo
phan bd chuén, tic 1a gpe, ~ CN(0,1y,). Ching
toi ciing gia thiét kénh dudng 1én va kénh dudng
xubng c6 tinh chét thuan nghich (reciprocity) hoan
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hdo. D€ tién viét cic biéu thiic todn hoc, gia thiét
h;;cu € CxM lé vector hé s6 kénh truyén dudng
xubng tir tram gbc b € C ti thué bao u € U.. Ky
higu Hy, = [hper hyper -+ hyp] € CN*V 1a ma
tran kénh dudng 1én t6ng hop tir tit ca cac thué
bao trong cell ¢ € C t6i tram gbc b € C. Khi do,
H;_ la ma tran kénh dudng xubng téng hop.

Trong giai doan dao tao va udc lugng kénh
truyén, cic thiét bi diu cudi trong cling mot cell
truyén céc tin hiéu hoa tiéu tuong hé tryc giao
tiing cap & duong 1én [2], [11]-[13]. Gia thiét toan
mang dung cung mdt tdp tin hi€u hoa tiéu. Cac
tram gbc udc lugng cic hé s6 kénh truyén tiic
thoi dya trén tin hiéu hoa tiéu nay d€ st dung khi
truyén dif liéu trong céc 1an st dung kénh con lai
ciia khung. Ky hiéu cic bién trung gian sau

— + cu 2

= oo CZ_: Be 2)

ébcu :ﬁbbgﬁbcu ) (3)
bu

MBbi tram gbc b st dung phuong phap udc lugng
kénh sai s6 trung phuong nho nhit (MMSE -
Minimum Mean Squared Error) dé€ thu dugc mot
udc lugng sau cda hyy, [2], [3]

hyp Do Ny + > B +7pp ). (@)
ebu b

Chd y ring hyp, ~ CN(0, &Iy, ). Sai s6 udc
lugng kél;lh dugc cho bdi flbbu = hyp, — flbbu
trong d6 hyp, ~ CN( (Bbbu Sbbu)INt) Do tinh
chét truc giao cla phuong phép udc lugng MMSE,
hbbu va hbbu khong tuong quan vGi nhau. Thém
vao do, vi ca hbbu va hbbu tuan theo phan bd
Gauss, nén hai vector nay doc 1ap tuong hd. Cha
y rang moi thiét bi diu cubi chi c6 thong tin thong
ké vé trang thdi kénh truyén giita thiét bi d6 va
tram gdc trong cung cell.

Il. HIEU QUA S’ DUNG NANG LUQNG
Khong mait tinh tong quat, hiéu qua st dung
nang lugng s€ dugc tinh todn dya trén lugng
dit lidu tong cong dudc truyén trong mot khung
truyén dan va cong suit tidu thu tuong ung. Gia
thiét rang cac phan ti thiét bi tuong duong & cac
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tram gbc c6 gid tri tham sd hoat dong gidng nhau.
Tuong tu, gia thiét ring cdc phan ti thiét bi tuong
duong & céc thiét bi dau cubi cling c6 gia tri tham
s6 hoat dong gidng nhau.

A. Phdn tich téng téc do dit liéu dat duoc

1) Truyén dit liéu é duong xudng: Ky hiéu
T py, 12 di liéu ma tram gbc b € C truyén cho
thué bao u € U trong mot 1an st dung kénh,
v6i E[z¢pu]] = 0 va E[|lzp|?] = 1. Tram gbc
b € C st dung ma tran tién ma hod f,,, € CNVex!
d€ anh xa xfp, 01 cac dngten phéat. Ky hiéu
zpu ~ CN(0,07) 1a tap Am Gauss tring cong tai
thué bao u € U,. Ky hiéu céac tram gbc st dung
cong suit phat trung binh nhu nhau va ky hiéu 1a
pt. Thué bao u € Uy, nhan dugc tin hi€u sau

c U
Yt bu :\/ZTfZ Z VAR Eort ok + 2 pu (5)

c=1 k=1

trong d6 )\, 1a hé s6 chuin hod dng véi gi6i han
cong suét phat trung binh va dudc tinh nhu sau

1
YR S— 6
"SI £ 2

Trong bai bdo nay, gia thiét ring cac tram gbc
st dung ma tran tién ma hoa MRT. Ma tran tién
ma hod nay dudc thiét ké dua trén udc lugng kénh
tuong tng, tuc la fy, = hyp, VOi moi b € C va
u € Up. Ching t6i cling st dung phudng phap
tinh gid tri tuong duong tit dinh (deterministic
equivalence) dudc st dung réng rai nhu trong [3],
[4] d€ tim gid tri x4p xi cla ty s cong sudt
tin hiéu trén cong suit nhiéu va tap am (SINR
- Signal-to-Interference-plus-Noise Ratio) dudng
xubng ung véi thué bao u € Uy. Ky hiéu mot sd
bién trung gian sau:

-1

U
Ay = < > fbbk) (7
k=1

A =i ®)

Bou(1p) = Aeien ©)
c;éb

Cou(Tp) p7+ > AcBockbobu-  (10)

(c,k)#(byu)

S63-4(CS.01) 2016

Gia tri SINR tuong duong tat dinh dng véi thué
bao u € U, dusi diy dudc tinh bing cach thay

thé Riycy, = Bpeul N, vao Dinh ly 5 trong [3] va st
dung mdt s6 bién ddi toan hoc co ban
AbuNt
_ 11
Tt bu = BouNe + O’ (11)

Gia tri tit dinh tuong duong cta lugng di lidu
dudng xubng dat dudc (tinh theo bits/s) trong mot
khung truyén dan tng véi thué bao u € Uj, 1a

R by =Taalogy [1 + 7 pu) - (12)

2) Truyén dit liéu & duong lén: Ky hiéu Ty py 12
dit liéu ma thué bao u € U, truyén cho tram gbc
b € C trong mdt 1an st dung kénh véi E[z, p,|] =
0 va E[|2, pu|?] = 1. Ky hiéu zj, ~ CN(O O'QINL)
la tap 4m Gauss tring cong tai tram gbc b € C.
Gia thiét cdc thiét bi dau cubi c6 cong suit phat
trung binh nhu nhau va ky hiéu la Dr- Tram gbc
b € C sl dung mot ma tran thu tuyén tinh MRC
6 dang Wy, = hyyy, € CNex1 g8 xip ly va thu
dugc tin hiéu sau ddy dé€ tich song Ty by

cC U
Yrbu =VPr Y ) Wi faaen + zep. (13)

c=1 k=1

Ky hiéu céc bién trung gian doc 1ap véi N; sau

Ay =€y, (14)
Bipu =) & (15)
c#£b
0,2
Cr,bu =+ Z ﬁbckfbbu (16)
T (ek)#(bu)

Thay Rpey, = BpeuIn, vao Dinh 1y 3 cta [3] va
sau mot sd bién ddi todn hoc co ban, chiing toi
thu dugc gia tri tit dinh tuong duong ctia SINR
ung v6i thué bao u € U, nhu sau
Ar,buNt

S i1 N (17)
Br,buNt + Cr,bu

ﬁr,bu =

Gia tri tit dinh tuong duong cta lugng dif lidu
dudng 1€n dat dugc (tinh theo bits/s) trong mot
khung truyén din dng véi thué bao u € U, la

Rr,bu =Tdu 10g2[1 + ﬁr,bu} (18)
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3) Luong dit liéu tong céng: Gia tri tht dinh
tuong duong ctia lugng dii lidu tong cong cia cell
b dudc truyén trong mot khung truyén dan 1a

U
Rb = Z(Rf,bu + Rr,bu)'

u=1

(19)

B. Phdn tich téng cong sudt tiéu thu

Phin nay phan tich cdc thanh phan cong suét
tiéu thu chinh cia hé théng trong mot khung
truyén dan. Cu thé, trong bai bdo nay, ching toi
dé xuét ap dung mot phién ban sita d6i cia mo
hinh cong suit tiéu thu cta trong hé théng truyén
dian MIMO da ngudi dung dugc dé xuét trong [9].

1) Céng sudt biic xa song dién tiv duge ky hiéu
1a Prp. Ky hiéu npg va nug 12 hiéu suit ctia bo
khuéch dai cong suit tuong tng tai tram gbc va
tai thiét bi dau cudi, trong d6 0 < ngg, nug < 1.
Khi do, ta co

:Uppr + Pf7dd + UprTau

TTUE BS TTUE

Prp

(20)

trong d6 cac sd hang lan lugt 1a cong suat biic
xa dé truyén tin hiéu hoa tiéu, dé€ truyén dit liéu
dudng xudng va dé truyén dif liéu dudng lén.

2) Cong sudt tiéu thu ciia chudi thu phdt
(transceiver chains) dudc ky hiéu la Prc. Ky hiéu
Pgg va Pyg 1a cong suit tiéu thu cla tit ca cic
phan ti mach dién ti danh riéng cho mdt dngten
tuong ing & tram gbc va & thiét bi dau cudi. Chu
y rang ca Ppg va Pyg khong phu thudc vao N, U
va tbc do dif lidu. Do cdc ing-ten déu hoat dong
trong ci khung truyén din nén ta c6 [14]

Prc =N¢Pps + UPyg (W) 21

3) Céng sudt tiéu thu trong qud trinh udc luwong
kénh (channel estimation) dugc ky hiéu la Pcg.
Ky hiéu Lpg va Lyg 1a hiéu suit tinh toan & dang
s6 cac phép toan gid tri phic trén Joule (hay sd
flop/Watt) tai tram gbc va tai thiét bi dau cubi. Khi
udc lugng kénh truyén, tram goc b thuc hién phép
nhan ma tran Y, € CNX™ véi ¢, € C*L.
Day 12 mot phép tinh dai s6 tuyén tinh thong
thudng va dudc thuc hién mot 1an trong moi khung
truyén dan. Nhu vy, ta c6
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_2UNtTp

Tos (W).

Pog (22)

4) Cong sudt tiéu thu ciia cdc khoi ma hod va
gidi md kénh trong cell b € C dugc ky hiéu la
Po/pp- Ky hiéu Pcp la tdng cong suét tiéu thy
(tin theo Watt/bit) d€ ma hod va gidi ma mot bit
thong tin. Khi do, ta cé

Pcpy =Pcp Ry (W). (23)

5) Céng sudt tiéu thu dé truyén dit liu duong
truc ung véi cell b duge ky hi€u la Ppr. Ky hiéu
Py 1a cong suét tiéu thu (tinh theo Watt/bit) dé&
truyén 1 bit dit liéu qua dudng truc. Khi dé, ta c6

Pguyp =PprRy (W). (24)

6) Céng sudt tiéu thu ciia qud trinh xit Iy tin
hiéu tuyén tinh dudc ky hiéu 1a Prp. Tram gbc
thuc hién hai hoat dong xi ly tin hiéu tuyén tinh
sau: i) xdc dinh ma trin tién ma hod/ma tran thu
va ii) nhan vector ky hiéu can truyén v6i ma tran
tién ma hod hodc nhan tin hiéu thu dudc véi ma
tran thu. Cha y rﬁng hoat dong dau tién chi dugc
thuc hién mot 1an trong mdi khung trong khi d6
hoat dong thi hai dugc thuc hién cho méi lan s
dung kénh trong qua trinh truyén dit liéu. Vi vay,
Prp c6 thé duge tinh nhu sau [9]

3N U 2N U
Lgs Lgs

7) Céng sudt tiéu thu cé dinh dudc ky hiéu 1a
Prix(W). Cong suét nay thuong dugc danh cho
viéc lam mat nha tram, bao hiéu diéu khién va bd
xt ly bing tan gbc.

8) Cong sudt tiéu thu téong cong trong cell b
dudc ky hiéu 1a P, va dugc tinh todn bing tdng
clia tit ca thanh phan cong suét tiéu thu chinh da
néu & trén. Cu thé, ta cé

Pp = + (1 — 1) (W). (25

Py =Prp + Prc + Pcg + Popy
+ Pguy + Pup + Prix. (26)

Thay thé Ry trong (23) and (24) bdi gid tri tat
dinh tuong duong Ry, va thay thé cac két qua nhan
dugc vao (26), ching tdi nhan duge P, 1 gia tri
tat dinh tuong duong clia cong suét tiéu thu tdng
cong ung véi cell b.
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Prp c6 thé dugc tinh nhu sau [9]

2N U
+ (Tt 77—P) Lt
BS

Pp = (W). (25

Lps

7) Céng sudt tiéu thu cé dinh duge ky hiéu 1a
Prrx(W). Cong suit nay thuong duge danh cho
viéc 1am mat nha tram, b4o hiéu diéu khién va bd
xt ly bing tan gbc.

8) Céng sudt tiéu thu tong céng trong cell b
dugc ky hiéu 1a P, va dugc tinh todn bing tdng
ctia tt ca thanh phan cong suét tiéu thu chinh da
néu & trén. Cu thé, ta cé

Py =Prp + Prc + Pce + Popy
+ Peuyp + Pup + Prix.

Thay thé R; trong (23) and (24) bdi gid tri tat
dinh tuong duong R}, va thay thé cac két qua nhan
dugc vao (26), chiing tdi nhan duge P, 1a gia tri
tat dinh tuong duong ctia cong suét tiéu thu tdng
cong tng véi cell b.

(26)

C. Hiéu qud sit dung ndng luong

Hiéu qua st dung nidng lugng cida cell b dugc
ky hiéu 1a EE} va dudc tinh bang ty sb gitta lugng
dit liéu tdng cong dugc truyén di thanh cong trong
mot khung truyén dan trén tong cong suit tiéu thu
tuong tng. Tic 1a EEy, = £ (bit/J). Vi vy, gid
tri tt dinh tuong duong cta hiéu qua st dung
nang lugng cda cell b dugc tinh nhu sau

e Ry
EE, =— (bit/J).
v =7 (it/)

27)

Chi ¥ rang két qua trong (27) khi 74, = 0 chinh
la két qua trong [10]. Néi cach khéac, két qua
phén tich hiéu qua nang lugng trong bai bao nay
la trudng hop téng quat cta két qua trong [10].
Ngoai ra, néu dit 7494 = 0, ta sé thu dugc hiéu
nang st dung nang lugng dudng 1én.

V. KET QUA MO PHONG VA TiNH TOAN SO

Trong phan nay, chiing t6i md phong mdt mang
thong tin di dong c6 7 cell, mdi cell ¢6 hinh luc
gidc déu dugc bd tri nhu trong Hinh 1. Trong
do, cac tram gbc dudc dit & trung tam cia cell
va dugc miéu ta bang hinh tron. Thué bao c6 vi
tri phan bd déu ngiu nhién trong dién tich cta
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mdi cell vi dugc miéu ta bing hinh chit nhat.
Do dén thoi diém bai bao dugc ghi ding, 3GPP
van chua théng nhit bd tham sé cho hé thng
thong tin di dong 5G phat trién trén nén LTE/LTE-
Advanced. Vi vy, ching t6i c6 thé sit dung mot
phan bo tham sb clia hé thong thong tin di dong
4G LTE/LTE-Advanced khi xay dung kich ban mo
phéng. Vi du, mé hinh suy hao dudng truyén la
128,1+37,61og;y(d) véi d > 0,035km la khoang
cich truyén dan tinh theo km. Bang IV trinh bay
mot s6 tham s6 hé thdng chinh dung trong md
phong. Chung t6i s€ khao sat hiéu qua st dung
nang lugng cua cell trung tdm trong Hinh 1.

%@ bao

Tram géc (BS)

Hinh 1. M6 hinh mang dugc md phdng gdm 7 cell.

Hinh 2 trinh bay két qua mo phong hiéu qua st
dung ning lugng ctia hé théng MIMO sit dung rit
nhiéu dngten & tram gbc dudi dang ham sb cta N,
cho cdc gia trj khac nhau cia U € {6, 12,18, 24},
7o = U, Tad = Tau = (7 — 7p)/2. T céc két qué
mo phdng trén, chiing ta c6 thé c6 mdt sd nhan
xét nhu sau. Trude hét, v6i U cb dinh, hiéu qua
st dung ning luong cta hé thdng 1a mot ham
16i clia sb6 Ang-ten tai tram gdc. Piéu ndy c6 thé
giai thich dua vao tdc do ting cia toc do bit tdng
cOng va cua tong cong suat tiéu thu khi ting ;.
Chii y ring, tong cong sudt tiéu thu la mot ham
tuyén tinh bac nhit ctia N;. Trong khi d6, téc do
bit tong cong 1a mot ham logarithm cta N;. Vi
vdly, trong mién gid tri Ny nho, khi ting N, hiéu
ning st dung ning luong cia hé thong ting gin
nhu tuyén tinh. Néu tiép tuc ting N;, dén mot
thoi di€ém nhit dinh, téc do ting clia toc do bit
tong cong s& cham hon téc do ting cia téng cong
suit tiéu thu, khién cho hiéu qua st dung ning
lugng ciia hé théng bat dau giam. Tiép theo, vdi
U € {6,12,18,24}, s6 dng-ten tai tram gbc tdi
uu vé hiéu qué st dung ning lugng tuong dng la
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= {44, 60,68, 76}. Hién nay, mot s6 cong ty
da trién khai thit nghiém mot s6 hé thong thong
tin di dong MIMO c¢6 téi 128 dngten nhim muc
dich nghién cifu va thit nghiém. C6 thé nhan thiy,
d€ t6i uu hiéu qua st dung ning lugng trong hé
thbng MIMO st dung rt nhiéu #ing-ten & tram
dngten va phuc vu dong thoi U = 42 thué bao
va iii) méi tram gbc c6 Nt = 128 dngten va phuc
vu dong thoi U = 60 thué bao. Gia thiét ring
Tdd = Tdu = (Tt — 7p)/2. C6 thé nhan thiy ring
hiéu qué st dung ning luong ctia hé thdng gidm
theo thoi gian do va udc luong kénh. Diéu nay c6
nghia 1a thdi gian do va wéc luong kénh tdi uu
bing sb thué bao trong mot cell. Nhan dinh nay
cling phu hgp véi viéc st dung kénh hoa tiéu truc
giao trong hé thdng thong tin MIMO c¢d rét 16n
dugc md phdng.

28 %
L A

=6 UEs/cell
=12 UEs/cell
=18 UEs/cell
= 24 UEs/cell

Hiéu qua str dung néang lugng trung binh [Mbit/Joule]

u
u
u
U

-
=
-
—he

1 A . . . . H ;
20 40 60 80 100 120 140 160 180
S6 ang-ten tai mot tram géc

Hinh 2. Anh hudng ciia sb lugng dng-ten tai tram gbc 1én

hiéu qua st dung ning lugng trung binh véi sd thué bao
trong mot cell cho trude.

3.6

- N‘ =144 angten
- N,=128 angten
-o- N =84angten

Hiéu qua str dung nang lugng trung binh [Mbit/Joule]

6 12 18 4 30 36 42
S6 thué bao trong mét cell

Hinh 3. Anh hudng ciia s thué bao trong mot cell 1én hiéu
qua stt dung ning lugng trung binh v6i s dng-ten tai tram
goc cho trudc.
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—_— Nt =76 angten, U = 24 thué bao/cell
R Nt =96 angten, U = 42 thué bao/cell

N |- N‘ =128 angten, U = 60 thué bao/cell
~

\.\.
\\\.
O

Hiéu qua str dung nang lugng trung binh [Mbit/Joule]

i i i i i
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Thei gian do va ude lugng kénh [sS [an sur dung kénh]

Hinh 4. Anh hudng ctia thdi gian do va udc lugng kénh (7p)
1én hiéu qué st dung ning lugng trung binh véi sb dng-ten
tai tram gdc va sb thué bao trong mét cell cho trudc.

V. KET LUAN

Trong bai bdo nay, ching tdi d& xuit mot
phuong phap phan tich hiéu qua st dung ning
lugng cia mot hé théng FD-MIMO da cell.
Phuong phdp nay dua trén cich tiép can tim gia
tri tit dinh tuong duong va mot mo hinh kha thuc
té vé cong suat tiéu thu trong mang. Két qua mo
phdng cho thdy véi sb thué bao trong mot cell
cho trude, ton tai mot gia tri sd Angten trén tram
gbc t6i uu. Gia tri t6i uu ndy ndm trong gidi han
cho phép ciia cic cong nghé ché tao dngten hién
nay. Bén canh d6, véi s dngten trén tram gbc cho
trude, ting sd thué bao trong mot cell c6 thé gop
phén lam ting hiéu qua st dung ning lugng. Mot
huéng nghién ctiu tiép theo 1a xac dinh tim cach
xéac dinh sb dngten t6i uu tai tram gbc v6i sb thué
bao trong mot cell cho truc. Mot hudng nghién
cttu khac la khao sat hiéu qua nang lugng cla cac
hé théng FD-MIMO st dung céc phuong phap xi
ly tin hiéu tuyén tinh phic tap hon.

LOI CAM ON
Cam on Phong thi nghiém Hé théng Vo tuyén
va Ung dung, Hoc vién Cong nghé Buu chinh
Vién théng da hd tr¢ trong qua trinh thuc hién
bai bao nay.
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ENERGY EFFICIENCY OF FD-MIMO
SYSTEMS IN 5G NETWORKS
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users maymake a breakthrough in data rates in cellular
networks. This technology is often known as FD-MIMO
(Full-Dimension Multiple-Input Multiple- Output) and
has been chosen as one of the key candidate technologies
for the Ffth generation (5G) cellular networks. Much
prior work on FD-MIMO, however, focused either on
improving sum-rate for a given power consumption
or on reducing power consumption under a constraint
of minimum date rates. Some prior work consid-ered
energy effciency of FD-MIMO systems but only for
single-cell scenarios and hence ignored important
properties like pilot contamination. In this paper, we
propose a new method to analyze energy effciency of
a multi-cell FD-MIMO sys-tem. Numerical results give
us interesting insights into how to maximize the energy
effciency of this system.
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