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Tom tdt ndi dung—Ky thuat tai st dung tan sb dugc coi la mot
trong nhirng ky thuit then chét aé tang dung lu‘dng mang cua hé
thong mang LTE. Trong bai bao nay, ky thuit tai sit dung tan sb
mém duge mo hinh héa va phan tich dua theo cac Khuyén nghl
cla 3GPP cho mang LTE. Trong do, hoat dong chaa ky thuét tai su
dung thn sb dugc chia thanh 2 pha rleng biét: pha thiét lap va pha
truyen tin. Trong pha thiét 1ap, ngudi dung s€ dugc phan chia dua
trén cong suét clia tin hleu nhan dugc. Trong pha truyen tin, viéc
truyen tin gitra ngu’m truyen va cac tram phat dugc thuce hién. Pai
lu’dng dac trung cua hé thong Ia xdc sult phu song cta nguoi dung
s€ dugc phén tich bang céc biéu thic toan hoc va Kkiém chu’ng bang
mo phong Monte Carlo. Bai bao nay da dua ra dugc mot két luan
quan trong. Do la v1ec tang cong suat phat cta cic tram ¢6 thé sé
lam suy hao hiéu suét cua nguoi dung

Index Terms: Xac suht phu séng, ky thuit tai sit dung tan sb
mem, mang Poisson, LTE

I. G101 THIEU

Trong nhitng nim gan diy, mang thong tin di dong c6 tdc
dd ting trudng rat nhanh v& ca sd lugng 1an luu luong trao ddi
trén mang. Theo b4o cdo ctia Cisco [2], s6 lugng ngudi dung da
ting ghp 5 1an trong vong 15 nim qua. Béo cdo ciing du dodn
rang dén nim 2020, s6 lugng thué bao sé dat dén 5.5 ti, tuong
duong v6i 70% dan s6 toan thé gidi. Do d6 viéc cung cip ngudn
tai nguyén (tan s6) cho cic thué bao di dong la mot van dé rit
cAp thiét. Trong boi canh d6, ky thuat tdi st dung tan s [3]-[5]
dugc 3GPP gidi thiéu nhu 1a mét ky thuét kha thi ¢6 viéc nang
cao hiéu sut st dung nguon tai nguyén ctia hé thong.

Mot cach téng quat, k¥ thuat tai st dung tan sb phan chia
nguon tai nguyén (cdc khoi tai nguyén - RB) thanh 2 nhém
tai nguyén nhu Hinh [I| Nhém thi nhit dugc st dung dé phuc
vu ngudi ding c6 ti s6 tin hiéu-trén-nhiéu-cong-noise (SINR)
trén kénh diéu khién thip. Nhém nay dudc goi 1a nhém bién
(CE RBs) va ngudi dung tuong dng dudc goi la ngudi dung
bén (CEU). Nhém con lai duge dudc goi la nhom trung tim
(CC RB) dung d€ cip phat cho ngudi ding trung tim (CCU) c6
SINR trén kénh diéu khién cao.

Theo khuyén nghi ctia 3GPP, hoat dong ciia ky thuat tai st
dung tan s6 dugc chia 1am 2 giai doan nhu sau:

o Giai doan 1 goi 12 qud trinh thiét 1ap, tram phat sé dua
trén tin hiéu SINR trén kénh diéu khién dé phan loai ngudi
dung ra CCU va CEU [3]].

« Giai doan 2 goi 1a qua trinh truyén tin, dit liéu dugc truyén
gitta ngudi dung va tram phat.

Do kénh diéu khién dugc chia sé va ding chung cho tt ca cac
tram va cong suit trén cac tram trén kénh diéu khién 1a gidng
nhau. Do dé, mdi kénh diéu khién chiu anh hudng nhiéu tir tit
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ca cac tram 1an can va cong suit clia ngudn nhiéu 1a gidng nhau.
Bén canh do6, kénh dit liéu & dudng downlink chi hoat dong khi
tram phat c6 dit liéu dé truyén cho ngudi dung. Luu y ring cong
suit trén kénh di liéu phu thuoc vao ngu01 dung ma né phuc
vu (CCU hay CEU). Do d6, s6 lugng ngudn nhiéu va cong suit
nguon nhiéug & giai doan 2 s& phu thudc vao sb lugng CCU va
CEU dang hoat dong.

Viéc danh gia hiéu suét ctia mang st dung ky thuat tdi st
dung tan s6 12 mot yéu cau cép thiét. C6 rat nhidu phuong phap
danh gia hiéu suit mang dudc st dung nhu st dung cic cong
cu md phong nhu LTE Sim va Network Simulation 3 [5] va st
dung cac mod hinh toan hoc [6]—[8]]. Thong thudng, cac cong cu
mo phdng sé danh gia hoat d()ng ctia toan bd hé thdng va chiu
4nh hudéng ctia nhiéu yeu t6 khac nhau nhu chuyén giao, 1ap
lich, tdi st dung tan sb.....Do d6, cic cong cu md phong c6 thé
khong cho ta biét dugc chmh xac anh hudng cua cac k¥ thuat
tai st dung tan sb. Gin dy, mo hinh x4c suét théng ké trong d6
céc tram dudc phin bd theo phan bd Poisson khong gian (goi
tat 12 PPP) [9]—[11]] dudc st dung rong rai d€ danh gid hiéu suét
ctia mang LTE.

Hién nay, rit nhiéu két qua vé ddnh gia hiéu suit cia mang
LTE sit dung ky thuit tdi st dung tan s6 dua theo md hinh PPP
dugc trinh bay trong cic bdo cdo khoa hoc chuyén nganh. Rat
nhiéu diéu kién khac nhau nhu viéc phan chia CC RBs va CE
RBs, phan chia ngudi ding, xdc dinh cong suit phat da dudc
xem xét va danh gia [[12]-[14]. Bén canh d6 cic moi diéu kién



Hinh 2: M6 hinh mang PPP

khéc nhau ctia mdi trudng truyén séng nhu c4 mo hinh suy hao
va fading da dudc tap trung nghién cdu [15]], [16]. Tuy nhién
trong cic cong bd do, cac khuyén nghi ctia 3GPP vé hoat dong
cua mang LTE ciing nhu k¥ thuat tai st chua dugc theo sat mot
céach chit ché. Cu thé nhu:

« Nguyén ly hoat dong 2 pha ctia ky thuat tai sit dung tan s

chi dinh nghia cho CEU.

o S6 lugng nguodn nhiéu va cong suit cia ting ngudn 1a nhu

nhau cho ca 2 giai doan.
Trong cidc két qua gan day, chiing t6i di mo hinh nguyén
ly hoat dong 2 pha cho dutng uplink [17]]. Trong bai bdo nay,
chiing t6i s& md hinh héa dudng downlink bang cich theo st
cac khuyén nghi ctia 3GPP. Thong qua cic két qua phan tich va
mo phong, bai bao dua 2 két luan dang luu y vé hidu suit clia
mang trén dudng downlink nhu sau:
o Viéc ting cong suit clia tram phat doi khi 1am giam hiéu
suit ctia ngudi dung. Diéu ndy tri v6i quan di€ém phd bién
12 hiéu suit ngudi dung ti 1& thuan v6i cong suit tram phat.

o Hiéu suét ctia hé thong ti 1& thuan véi sb lugng CEU. Diéu
nay dbi lap véi két luan trong Tai liéu [14] do céc gia trong
[[14]] chua dinh nghia 2 pha hoat dong cho CCU.

II. MO HINH MANG

Trong bai bao nay chiing ta sé xem xét mot mo hinh mang
trong d6 vi tri cdc tram phat dudc phan bd theo mot phan bd
khong gian Poisson (PPP) v6i mat d tram la A nhu Hinh
M&i ngudi dung s& dugc gia thiét két nbi v6i tram gan nhit.
Ham mat d6 (PDF) cia khoang cach gita ngudi dung va tram
két néi 1a

Fr(r) = 2mAre ™" (1)

V&i ky thuat téi s dung tan s6 mém nhu md ta & Hinh 1} mot
khéi tai nguyén (RB) c6 thé dugc sit dung nhu 1a 1 CCRB & 1

cell va tai st dung nhu la 1 CE RB & cell bén canh. Pat P la
cong suit phat trén CC RB thi ¢ P 12 cong suét phat trén CE RB
(¢ > 1).

Dit 6 12 tap hop cdc tram nhiéu cia mot ngudi dung nao do,
6. va 6, tuong ting la tip hop cac tram nhiéu phat véi cong suit
P va ¢P (0.|J0. = 0). Mat do tram phét trong 6, va 6, lan
lgqt l’é %/\ va %)\; trong d6 A dudc goi 1a hé s6 tdi st dung
tan so.

o Tai pha thiét 1ap: cong suit nhiéu do dudc trén kénh diéu

khién 1a
0) —«
Iy=Y"Pg\Vr;: )
JjEo
trong d6 g'7) va r;. 1a o 1gi kénh va khoing cdch tif tram

nhiéu j dén ngudi dung 2.
o Tai pha truyén tin: cong suit nhiéu do duoc trén kénh dit
liéu 1a
I=> Pgp.ri®+ Y ¢Pgu.r;" 3)
S Jj€Eb,
Khi d6, SINR do dudc & ngudi ding trong 2 phase 1an lugt 1a
o Tai pha thiét lap
Pgr=«

“4)
trong d6 r va ¢ lan lugt 1a khoang cach va do 1¢i kénh gitta
ngudi ding va tram phat ngudi dung d6 két nbi.

o Tai pha truyén tin. Do cong suét phat d& phuc vu CEU gép
¢ 1an cong suét phat d& phuc vu cho CCU, cong suit tin
hiéu nhan dugc § CCU trong pha nay la

Pgr—
I+ 02

SINR = (&)

va§ CEU la ¢ SINR.

II. XAC SUAT VUNG PHU
A. DPinh nghia

Péi v6i CCU, CCU dudc coi la trong ving phi séng néu
SINR trén kénh diéu khién trong pha thiét 1ap 16n hon SINR
ngudng T va SINR trén kénh dif liéu trong pha truyén tin 16n
hon ngudng phii séng 7. Do d6, xac suit ving phi dbi véi
truong hgp CCU dugc dinh nghia nhu sau

Puo(T,\) =P (SINR > T|SINRy > T) 6)

Trong trudng hgp CEU, CEU trong viing phti séng néu SINR

trén kénh diéu khién trong pha thiét 1ap nhé hon SINR ngudng
T va SINR trén kénh dit liéu trong pha truyén tin 16n hon
ngudng phi séng 7. Xac suit ving phi dugc dinh nghia béi

Po(T,\) =P (¢>SINR > T|SINRy < T) )

B. Tinh todn xdc sudt ving phii



a) Vi CCU: Xéc suit viing pht c6 thé dugc tinh todn nhu  dé, ta c6
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thé dugc tinh nhu sau sau P (T, €)
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0. and all channels are independent Rayleigh fading channels, . .
‘ P vt £ St dung cac két qua lién quan cia CCU trong Phan|I1I-B0Oa, déac
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Trong Hinh [3| k&t qua phén tich dugc so sanh véi két qua
Pity = (r;./r)% ta thu dugc mo phdng d€ xac nhan tinh chinh xdc ctia két qua phan tich ly
thuyét. Cic két qua trong Hinh 1 dugc tao ra véi cac tham s co
ban SNR = 10dB va o = 3.5.
Hinh [3| chi ra su trung khép gitta két qua phan tich 1y thuyét
dy  vamo phong. Tir d6, ta c6 thé khang dinh su diing dan ctia ddnh

A—1 oo
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L(T,T)=e {1_ (1+fy*“/"’)(1+Tv*“/2)]dy
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e gia ly thuyét.
L A-1 D Anh huéng cta ti s6 cong suit giita CEU va CCU. Phén
= LT T, A NL(T, T, K) (10) nay chiing ta sé xem xét vé dnh hudng ctia ti sb giita cong suit

phuc vu ctia CEU va CCU 1én hiéu suat clia ngudi ding.
—wAr? [ [1* (ny—am)l(HT,yfa/z)}dy Luu y v6i m6 hinh tai st dung tan sb nhu Hinh [1} CCU va
CEU déu chiu 4nh huéng béi nhiéu tif cdc tram phat hoat dong

trén CC RB va CE RB. Trong d6, cong suit phat trén CE RB

Mdu sé6: : Gia tri ki vong & mau sb ctia Phuong trinh 8 14 gip ¢ 1an cong suét phat trén CC RB. V6i gia thiét ti 1& cong
truong hop dic biét ctia Gia tri ki vong & ti s6 khi 7 = 0. Do suét phat trén CE RB va CC RB ¢ cb dinh thi khi cong suét

trong d6 L(T,T,A) = e
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Hinh 3: So sanh va mé phéng
¢=2
1 T T :
ok —k— ¥ K ¥
0o5F Kk —¥ KKk KTE 3
o O
0
o
09 /O/ .
/
12
o 0.85 | 4 -
5 ¢
3
5 /
£ o8y / 1
a © 2 | —%-CCU
®
S /| —o-CEU
%)
Qo075 / :
N3 2
/
/
0.7 r/ 7
b
0.65 : : :
-10 -5 0 5 10
SNR (dB)

Hinh 4: So sanh va md phdng

phat trén CC RB (SNR) ting 1 lugng 1a § thi cong sudt phat
trén CE RB ting 1 lugng la ¢J.
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Hinh 5: So sanh va m6 phong

Déi v6i cad CCU va CEU, khi cong suit phit (SNR) ting 1én
1 lugng 12 § thi cong sudt phét clia tram nhiéu phat trén CC RB
va CE RB lan luot ting 1&n 12 § va ¢6.

Déi véi CCU dudc phuc vu trén CC RB, khi SNR ting 1én
1 lugng § thi cong suét cda tram phuc vu ciing chi ting 1én 6.
Trong trudng hop ¢ = 2, su chénh léch gitta cong suit clia cic
tram nhiéu phat trén CE RB va cdng suit clia tram phuc vu chi
12 2 1an. Do d6, 1di ich clia viéc cong sudt tin hiéu phuc vu ting
do SNR ting 16n hon anh hudng do cong suit nhiéu ting. Pidu
dé duoc thé hién & I—ﬁnh@khi xéc suat dugc phi séng ctia CCU
tang nhe. Pdi véi trudng hgp ¢ = 20, sy chénh 1&ch gitta cong
suét phat clia tram nhiéu trén CE RB va cong suit ctia tram phuc
vu 1a rat 16n, 20 1an. Do d6 khi ting SNR, viéc ting cong suit
ctia tin hidu phuc vu khong thé can biang dugc viée ting clia
cong suit nhiéu. Piéu d6 dugc thé hién & Hinh khi xac suit
dudc pht séng cia CCU giam manh.

Péi v6i CEU dugc phuc vu trén CC RB, viéc ting cong suit
phét SNR 1én § don vi thi cong suét phuc vu ciing ting 1én ¢4.
Do d6, khi SNR ting, tbc do ting clia cong suit tin hiéu phuc
vu nhanh hon cong suét ctia tinh hiéu nhiéu. Diéu d6 1am SINR
ctia CEU va kéo theo 1a xdc suit nam trong viing phii séng clia
CEU ting. Diéu d6 dugc thé hién ctia thé trong Hinh 4] va[5} khi
SNR ting, x4c suit nim trong ving phii séng ctia CEU ting.



V. KET LUAN

Trong bai bdo nay, chung ta dd@ m6 hinh hoa ky thudt tai s
dung tin s6 trong mang LTE duya theo mo hinh xac suat thong
ké, trong d6 cac tram phat dudc phan b ngiu nhién theo md
hinh Poisson khéng gian Cic két qua thu dugc vé xac suit nam
trong vung phu séng ctia ngudi dung dudc kiém tra bang md
phong Monte Carlo. Tit cac ket qua phan tich, ta c6 thé két luan
dudc rang viéc ting cong suit phat 6 thé lam suy hao hiéu suét
clia ngudi dung.
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