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Tém tit: Ky thuit tdi st dung tan sb theo ti 1& dudc coi 1a mot trong nhiing ky thuat then chét d€ ting dung lugng mang
ctia hé théng mang LTE (4G, 5G). Bén canh d6, k¥ thuit song cong phan chia thdi gian thich nghi (TDD thich nghi) ciing
dugc coi 12 mot ky thuat tién tién trong hé thong tin di dong thé hé méi 5G. Tuy nhién, viéc danh gia hiéu suit hé théng
mang LTE st dung dong thdi hai k§ thuit ndy chua dudc nghién ctu mot cach diy di. Trong bai bdo nady, ching ta si
dung mo hinh x4c suit théng ké d&€ md hinh héa hai ky thuat ndy trong mang LTE. Tham s6 dung d€ d4nh gia trong bai
bdo 12 xdc suit phli séng clia ngudi ding bién (cach xa tram phuc vu). Bai bdo dua ra biéu thiic x4c suit phii séng ctia
ngudi ding dong bién thdi phan tich dnh hudng clia cic tham s6 lién quan dén xdc sult niy. Bai bdo dua ra mot két luan
quan trong cho viéc thiét ké mang: dé ting xdc sudt phd séng clia ngudi ding bién, viéc giam sb lugng tram co s§ st
dung cling mdt séng mang tai cing mdt thoi diém mang lai hiéu qui cao hon viéc ting s6 luong tram phat trong mang.

T khéa: Xdc sudt phi song, TDD linh déng, ky thudt tdi sit dung tdn s6, mang Poisson, LTE.

Fractional Frequency Reuse is one of the most popular techniques to improve the performance of LTE networks (4G

and beyond). Recently, Dynamic Time Division Duplex (dynamic TDD) has been introduced as the potential technique
for 5G cellular networks. However, the co-existence of these techniques in 5G networks has not been fully investigated.
In this paper, we ultilize stochastic geometry to model and evaluate the performance of cellular networks which deploy
both fractional frequency reuse and dynamic TDD. The paper derives the average coverage probability of the cell edge
user and then analyze the effects of the network parameters on this coverage probability. An interesting fact is found
in this paper which states that reducing the number of interfering base stations is more important than increasing the

Title: Performance Analysis of LTE Networks Enabling Dynamic TDD
Abstract:
number of base stations in the networks.
Keywords:  Coverage probability, dynamic TDD, fractional frequency reuse, Poisson point networks, LTE networks.

I. GIOI THIEU

Su bing nd vé s6 lugng thué bao ciing nhu luu lugng
dit liéu trong mang nhiing nim gan day da thic diy cdc
nhd mang va cdc t6 chdc nghién ctu va phdt trién hé
théng mang thé hé thi 5 (5G) LTE [1]. Theo céc hé tiéu
chuén dugc cong bd tai phién ban (Release) s6 15 vio nim
2018 [2] va cédc phién ban sau nay, hé thdng thong tin di
dong 5G sé ké thita mot sb k§ thuat tidu biéu ctia 4G LTE
(LongTerm Evolution) [3] nhu k§ thuat tai st dung tan s
theo ti 18, hay goi tat 1a ky thuat tdi sif dung tan sd, va tich
hop mot s k¥ thuat méi nhu k§ thuét song cong phan chia
theo thoi gian linh dong (Dynamic TDD: Dynamic Time
Division Duplexing).

Ky thuat tdi sit dung tan sb [4, 5] 12 mot ky thuat truyén
théng clia mang thong tin di dong cho phép céc tram khac
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nhau st dung chung mét dai tan sb. Tuy nhién déi véi cac
hé théng trude ddy, cic tram mudn st dung tan s phai &
nhitng vi tri cach rit xa nhau d€ tranh gy nhiéu truyén tin
gitfa cac tram. Dbi v6i hé thong LTE, ky thuat tdi st dung
tan s6 dudc cii tién d€ cho phép nhiing tram canh nhau
ciing c6 thé tai st dung tan s6 clia nhau. Trong hé théng
5G mat dd cic tram phat trd 1én day dic va co thé 16n
hon 100 tram/km? [6], ky thuét tai sit dung tan s dudc ap
dung nhu mot ky thuit then chdt d€ phan chia ngudn tai
nguyén cho céc thiét bi.

Ky thuat TDD linh dong cai tién tir k§ thuat TDD dudc
gidi thiéu cho hé théng mang 4G LTE thong qua céc phién
bén tit 8 dén 14. Trong d6, mbi tram di dong st dung ciing
mot séng mang dé trao d6i thong tin vdi tram co sé né két
nbi. Khi d6 viéc truyén va nhan tin dién ra trén séng mang
d6 mot cach ludn phién. Nhu vay, v6i ky thuat TDD, mbi
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Hinh 1. Chia sé song mang gitta tram di dong va tram cd sG.

séng mang dugc chia sé gilta tram cd s§ va ngudi dung.
Piéu d6 c6 nghia 1a mot séng mang dude sit dung cho
dudng xudng bdi mot tram phat nao d6 cé thé dudc tai st
dung cho dudng 1€n bdi tram phat 14n can. Nhu vay, mot
ngudi dung bit ky trong mang c6 thé chiu dnh hudng bsi
nhiéu tf c& tram co s& va tram di dong.

Céc phién ban trén ciing da gidi thiéu ky thuat TDD ban
linh dong (semi-dynamic) d€ lua chon ciu hinh vé ti 1& vé
s6 khe thai gian giita dudng 1én va dudng xubng. Tuy nhién
ti 18 vé s6 khe thdi gian nay thudng 1a c¢b dinh va do d6
ky thuit nay con bdc 16 nhiéu han ché khi luong tai trén
dudng 1én hoic dudng xubng bién ddi nhanh. Do dé, ky
thuat TDD linh dong [7, 8] da dugdc gidi thiéu va thu hut
rit nhiéu sy quan tim. Véi k§ thuat nay, viéc cip phat khe
thoi gian dudc thay ddi mot cich linh hoat theo luu lugng
tai trén ca duong 1én va dudng xudng, dé tir d6 ting dudc
dung lugng hé théng [9, 10]. Hinh 1 1a mot vi du vé ky
thuat TDD.

Hién tai, da c6 rit nhidu bai bio khoa hoc nghién ciiu
tinh kha thi cia ky thuit TDD linh dong trong mang 5G.
Cic tdc gia trong tai liéu [11] dua trén md hinh xic suét
théng ké d€ danh gia hiéu suat ctia ky thuat TDD linh dong.
Tuy nhién, cic biéu thiic dua ra chua chi ra rd rang 4nh
hudng ctia k¥ thuat nay t6i hiéu suit hé théng. Cac két qua
phén tich cu thé dat dudc dua trén md hinh mo phéng. Tai
liéu [12] da phén tich tinh kha thi cta viéc ap dung k¥ thuat
TDD linh dong d6i v6i hé thong LTE thé hé méi, cu thé 1a
mang thong tin di dong 5G. Trong tai liéu [7, 8], hiéu suét
cua ky thuat TDD linh dong da dugc phan tich trong hé
théng mang siéu day dic, mot trong nhiing mo hinh mang
cua hé thong tin di dong 5G. Ngoai ra, tai liéu [10] con so
sanh hiéu suit cta ky thuat TDD linh dong va TDD ban
linh dong trong diéu kién truyén tin c6 xuat hién dudng
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truyén thang va khong xuit hién dudng truyén thang. Cac
két qua trén déu cho thiy ky thuat TDD linh dong hoan
toan c6 thé mang lai nhiing 1¢i ich nhu ti wu héa hiéu
suit phd, nang cao hiéu suét ngudi ding.

Céc tai liéu trén da dua ra rat nhiéu phuong phap c6 thé
phan tich hé suit ctia ky thuat TDD linh dong. Tuy nhién,
cdc tai lidu trén chua d& cap chi tiét dén ky thuat tai si
dung tan sb. Trong cic md hinh phan tich, cic tic gia déu
gia thiét ring ky thuit tai s dung tan s6 toan phin (hé s6
tai sit dung A = 1) dudc st dung. V6i hé s6 tdi sit dung tan
s6 A = 1, tht ca ngudi dung dudc phuc vu cung véi mot
mic cong suat. Tuy nhién, phuong phdp nay giy ra nhiéu
nghiém trong cho ngudi dung va giy ra su suy hao manh
vé hiéu suét hé thdng [5]. Pic biét phuong phap nay khong
dap tng dudc muc tiéu clia cac ky thuat tai st dung tan
s6 theo theo khuyén nghi ctia 3GPP 1a lam ting hiéu suét
ctia nhiing ngudi dung c6 kénh truyén kém hoic bi suy hao
manh bdi moéi trudng.

Trong bai bao nay, ching ta m6 hinh héa mang di dong
st dung dong thoi ky thuat TDD linh dong va k§y thuat tdi
st dung tan sd véi hé sb tai st dung A > 1. Hiéu suit
ctia mang dugc phan tich thong qua xdc suit phi song
clia ngudi dung & bién, 1a nhiing ngudi ding c6 ti sb tin
hiéu trén nhiéu cong dn (SINR: Signal-to-Interference-plus-
Noise) thap. Bai bdo dua ra dudc biéu thiic tinh xdc suit
phi séng ciia ngudi dung dong thdi phan tich anh hudng
clia cdc tham sb nhu ngudng phi séng, mat do tram phat
va ti 1é tram co s6/tram di dong st dung cung song mang
lén hiéu suét clia mang.

1. MO HINH MANG

Trong bai bao nay, chung ta mé hinh cac tram phat theo

céc thong sb sau:

« Mat do tram phat 12 mot bién ngiu nhién tuan theo tién
trinh Poisson khong gian (Spatial PPP: Spatial Point
Poisson Process), nhu hinh 2, ¢6 tham sb gid tri trung
binh la 4;

« Vi tri cdc tram dudc phan bé mot cac ngiu nhién theo
phéan bd chuén;

« Ngudi dung dugc gia thiét két nbi v6i tram gan nhit &
khoang cach r. Ham méat dé (PDF: Probability Density
Function) cua khoang cach gitta ngudi dung va tram
né két ndi la

fr(r) = 2rAre A, €))

Trong tim clia bai bdo 1a phan tich hiéu suit clia ngudi
dung dugc phuc vu bdi séng mang con (sub-carrier) s. Ta
gia thiét ring tit ca cac tram lan cin dugc cAp phat séng
mang con s déu dang phét trén séng mang con nay. Trén
thuc té, néu nhu mot tram phat ni khong phét trén séng
mang con s thi sy xuit hién cla tram ni ndy khong anh
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Hinh 2. Vi du v& md hinh mang PPP.

hudng dén hiéu suit ca ngudi dung trén séng mang nay.
Khi d9, tram phat ni khong thudc pham vi xem xét ctia bai
bdo va mat do tram phat vin tudn theo phan bb Poisson
nhung v6i tham sd gid tri trung binh 1a pA (0 < p < 1).
Ta gia thiét rang phuong phap truyén TDD linh dong két
hop vé6i phuong phép tdi st dung tan s6 ciing dugc st dung.

1. Ky thuét tai sit dung thn sb

Y tudng ctia ky thuat tai sit dung tan sb ciing la chia
ngudi ding va sd séng mang dugc cip thanh cac nhém véi
muc dich 12 méi nhém ngudi dung dudc phuc vu bdi mot
nhém séng mang nhu Hinh 3. Thong thudng ngudi dung sé€
dugc phan chia thanh ngudi dung trung tdm (CCU: Cell-
Center User) va ngudi dung bién (CEU: Cell-Edge User).
Trong d6, nhiing ngudi dung dugc c6 ti s6 SINR ciia nd
16n hon ngudng SINR dinh trudc thi dugc phén loai thanh
CCU, va nhiing ngudi dung con lai dugc phan loai thanh
CEU. Do cdc CCU chia sé toan bd ngudn tai nguyén véi
nhau nén mat do tram phét st dung séng mang s dé€ phuc
vu CCU 1a 1) = A Ngugc lai, do cac CEU trong mot
nhém A tram khong chia sé cac séng mang véi nhau nén
mat do cdc tram st dung séng mang s dé€ phuc vu CEU
la 2©) = A/A, trong d6 A dudc goi 1a hé s6 tai st dung
tan sb.

Tiép theo chiing ta sé tip trung xdy dung biéu thic vé
SINR cia ngudi dung trong pha thiét 1ap va pha truyén
tin. Dbi véi pha thiét 1ap, tuong tu nhu gia thiét trong céac
nghién ctu trude day ciing nhu khuyén nghi ctia 3GPP, ti
s6 SINR trén kénh diéu khién sé dugc st dung dé phan
loai ngudi dung thanh CCU hodc CEU. Do cac tram phat
trong cling mot hé théng mang st dung cing séng mang
va cling mot mifc cong suit dé truyén cdc thong tin diéu
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khién, mdi kénh diéu khién sé chiu anh hudng nhiéu tir tit
ca cac tram lan can.

Cong suét nhiéu thu dugc trén kénh diéu khién duong
xubng ctia ngudi dung CEU u 1a

1= Pag;l;®,
jeo

@

trong d6 P, 1a cong suit phat trén kénh diéu khién dudng
xudng, g; va r; 1a do 1¢i cong suét cia kénh truyén va
khoang céch tif tram nhiéu thi j dén ngudi dung u, « 1a
hé sb suy hao clia méi truong truyén tin, 6 1a tap hop chiia
tit cd cdc tram phat co sé gay nhiéu 1én kénh diéu khién.

Khi d6 ti s6 SINR trén kénh diéu khién la

Pagl™@
10) 4 g2’
trong d6 / 1a khoang cach tit CEU u dén tram né két nbi
va 02 1a cong suit ctia on Gauss.

Déi v6i pha truyén tin, do CEU thudng dudc phuc vu véi
cong suit cao hon cong suét phat trén kénh diéu khién, ta
dit cong suét phat ctia CEU 1a ¢P4, v6i (¢ > 1). Qua trinh
truyén tin dugc thuc hién trén kénh di liéu va st dung ky
thuat TDD linh dong. Cong suit tin hiéu nhan SINR trong
giai doan nay sé dugc phan tich trong phan tiép theo.

SINR(© = 3)

2. Song cong phan chia thoi gian linh dong

Theo phuong phap TDD linh ddng, moét song mang cé
thé dugc st dung cho dudng xudng va dudc tii st dung
cho duong 1én & tram lan cin. Nhu viy trong truGng hgp
mang dat tii cao nhit thi tit ci cdc tram phat dudc cip
phép st dung séng mang con s (bao gdm ca tram co s& va
thiét bi di dong) déu phat trén séng mang nay. Khi d6 sd
lugng tram nhiéu t6i CEU sé chinh 1a s6 lugng tram phat
trong mang trt di 1 (trtt di tram dang phuc vy CEU d0).
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Ta dit € 1a ti 1& s6 tram phat trén séng mang con s la
tram co s6, ti 1& s6 tram phdt trén séng mang con nay la
tram di dong s& 1a 1 - e. Dt 6% va 6 1an lugt 1a tap hop
cdc tram nhiu co s§ va tram nhiéu di dong d6i v6i CEU
u trén séng mang s tai pha truyén tin. Khi d6 mat do cac
tram phat trong OS) va 0% tuong ting 12 €A va (1—€)A®).

Luu y 6 1a tap hop chiia tit ci cic tram phat cd sé giy
nhiu 1én kénh diéu khién ctia ngudi dung CEU u tai pha
thiét 1ap nén 95;) s€ 1a tdp con cua . Tuy nhién, Qif)
12 hai tap hoan toan ddc 1ap nhau.

va @

bit [ va d 1a khoang cach tit CEU u t6i tram nhiéu co
s& va tram nhiéu di dong. Ta luu y rang do CEU u két nbi
véi tram co s& gan nhit & khoang cach r nén ta c6 r < d.
Tuy nhién, tram nhiéu di dong thi c6 thé 3 ngay canh CEU
u, do d6 gan nhu khong c6 su tuong quan gita d va r.

Téng cong suit nhiéu tai CEU u dudc tinh theo cong
thic sau:

“

192 3 Mgt Y Pgdy”

g(e) g(e)

trong d6 P((;) va P9 1an lugt 1a cong suit phét cia tram
nhi€u cd s§ va tram nhiu di dong trén séng mang s, g4
va g, 12 do 10i cong suit ctia kénh, a 1a hé s6 suy hao cda
mdi trudng truyén séng.

o Cic gid tri cong suit dugc xic dinh nhu sau:
P(e)
P(e)

Taditp = P\/P%. Ti s6 SINR thu dugc tai ngudi ding
CEU u trong pha truyén tin la

éPy,

5
oP,. &)

PEIE)g/V_a

(s) =
SINR"™ = 1O 192

(6)
trong d6 g’ 1a do 1oi cong suit cta kénh truyén tai pha
truyén tin.

Trong bai bio nay, ching ta gia thiét do 1oi cta kénh
truyén tuan theo ham phan bb Rayleigh. Do d6, do 1di cong
suit sé ctia kénh truyén sé tuan theo phan bé mi véi ham
phan bd mat do va tich liy lan lugt 1a

N
®)

f6(g) = exp(=g),
Fc(g) = 1-exp(-g).

Ham sinh momen (MGF: Moment Generating Function)
clia bién G dudc tinh theo biéu thic sau:

M(g) = Elexp(-sg)] = )

1+sg’
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Déi v6i mo hinh mang tuan theo phan b6 Poisson khong
gian, thong s phd bién dudc st dung d€ danh gia hiéu suat
hé théng chinh 12 x4c suit ngudi dung dudc nim trong viing
phti séng clia mang, hay goi tat 1a xdc sudt phii séng. Trong
céc tai liéu trude day, ching ta da dinh nghia xdc suét pht
séng cho CEU cu thé nhu sau.

Su kién pht ngudi dung dudc phén loai thanh CEU la
(SINR < T), trong d6 T 1a ngudng SINR diing dé phén
loai ngudi ding thanh CCU hoic CEU. Su kién CEU nim
trong viing phii séng cia mang la (SINR > 7)), trong d6 T
la gid tri SINR tdi thiéu dudc yéu ciu d€ truyén tin giita
CEU va tram c0 s6.

Do d6 xdc suét phi séng ctia CEU dudc dinh xdc dinh
bing biéu thifc xdc suit c6 diéu kién sau:

P(T,T,€) = P(SINR > T| SINR® < 7). (10

Ta luu y:

« SINR va SINR® déu 1a cdc gid tri ngiu nhién va phu
thudc vao cic bién ngiu nhién nhu khoang cich giita
cdc tram, do 1gi cong suét ctia kénh truyén. Do d6, xdc
suit phii séng dugc tinh thong qua viéc tinh ky vong
clia xdc suit c6 diéu kién véi cac bién ngiu nhién trén.

o Ta st dung ky hiéu P thay cho ky hi€éu P khi dinh
nghia biéu thiic xic suit dé bi€u hién xac suit & day
1a x4c suat c6 diéu kién va dudc tinh qua viéc iy gid
tri ky vong.

Dbi v6i hé théng mang thuc té, gid tri T c6 thé dudc
thiét 1ap bdi nha mang dé dat dugc ti 16 CCU va CEU nhit
dinh con gia tri T phu thudc vao kha ning thu phat ctia
thiéu bi ngudi dung.

Ap dung dinh 1y Bayes, ta c6

P(T,T,€)
P(SINR > T, SINR® < T)
B P(SINR® < T)
Ji7 B(SINR > T, SINR) < T|r) fr(r)dr
N [T B(SINR®) < T|r) fr(r)dr

, (1D

trong d6 fgr(r) 1a ham phan b6 mat do xdc suét cla bién r
dudc dinh nghia & phuong trinh (1).

1. Tinh P(SINR > T,SINR? < T|r)

Phuong phap tinh gid tri P(SINR > 7, SINR@) > T|r) da
dugc trinh bay trong cic tai liéu gan diy. Trong bay nay,



ching ta chi nhin manh lai cdc budc co ban d€ tinh todn
va su khéc biét trong két qua. Ta c6

P(SINR > T,SINR? < T|r)

e 7 .—a

Pdgr

1) + g2 <7

r) . (12

Do g va g’ 1a c4c bién ngu nhién c6 ham mat do tuan theo

I

TI©)
Pgr-a

ham md nén ta cé

1) + o2 1) + g2
(_T_(f [1_exp(T_<f
r Pdr‘”

TI®
TP, a ) r]
d

;f—f,) (1 B [exp (-

4

. (13)

Xem xét biéu thic ky vong thit hai trong biéu thic (13),
dit 1a £(T,T,e,r) va thay cac gid tri 1© va I®® tir cic
phuong trinh (2) va (4), ta ¢c6

H exp [———
jeeif)
. TP gd-®
(r.fen =2 x [ exp|-—mt || 14
(@) Pra
Jj€0, d
ng Ta
J
X 1—[ exp (— s
L jeo

Ta hIAu y rang 6 S:hl’Ia tap ,6’(;) nhung doc lap véi 9(;) nén
L(T,T,e,r) co thé duge viet lai nhu sau:

[ l_[ TPff)djT"
exp|—————¢
je'® P(e)r—ﬂ
Tl @
E| X l_[ exp( )
jeone's
Tl a Tl._"
jEH(e) ]
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Do céc gi4 tri do 10i cong suét clia kénh 1a cac bién Rayleigh
doc 1ap nén ta co

1
ieol® 1+ Tnd @y
(T T er)=E|™ r[1+na (15)
JGH\H(E)
1 1
o1+ le‘“r“ 1+ T re
trong d6 5 = P\ /Pf;).

St dung céc tinh chit cia ham sinh xic suit (PGF:
Probability Generating Function) [13] v6i bién sb la d;
trong tap 6', I; trong tap 09 ta c6

(T, T,e, r)=

ex 27r/l— d;dd;
p( / ( 1+Tnd ay ) ! ’)
x exp [-27A(1 - 6)/ P 11d;
P A, T+ 7o |1
I 1 1
o - Ldi;|.
Xexp( T A./r ( 1 +7A_,lj_ara 1 +le—(xra) J /)

St dung phucng phép ddi bién y = (d;/r)* vay = (I;/r)?
dbi véi ca ba tich phan & trén, ta thu dugc

1- I &
exp (—271/1 €r2/ il - dy)

A 0o y¥?2+Tp

€\ o [ 1

Xexp —Zﬂ'ﬂ(l—x)r l l—m dy

€ i 1 1
X —2mA—r? 1- dy]|.

CXP( d Ar [ ( 1+f“y—(l/21+Ty—a/2) y)

St dung tinh chit ctia hAm Gamma dbi tich phan thi

I’lhét va dét .E(T,T) = /loo (1 — mlﬁy—“/z) dy, ta co

(T, Te, r)=

2/0.’ e 2

,
sin (2”)

X exp (—27r/l (1 - i) L(T, O)rz)

_27r/l(1 —€) (T

Aa (16)

X exp (—27r/l§£(T, T)rz) .

Tuong tu, gid tri ky vong thif 2 trong biéu thic (13) dugc
tinh dua trén cach tinh gid tri ky vong thd nhét v6i T = 0
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va mat do tram nhiéu 13 A/A. Cu thé

1@
Elexp|—————||r
Pij)r‘“
2741 - . \2a 2
= exp (——ml( I (Tn) sin (_ﬂ) r2) an
a a

X exp (—271’/12.[:(0, T)rz)

2. Tinh P(SINR@ < T|r)

St dung cic phép bién ddi tuong tu nhu trén ta c6

|

P(SINR® < T|r)
=1—P(

Pygl™@
2jeo Pagil;" +

>T

2

o2 gjlj_a
=1-exp (_TPdl“’)E l_[exp -T = r
Jj€o
—1—exp (—TPdl_n)exp (—27w £(T,0)). (18)

Thay cac biéu thiic (17) va (18) vao biéu thiic (11), dong
thoi st dung phuong phap ddi bién ¢ = 27Ar?, ta thu dugc
x4c suit phii séng ctia CEU nhu sau:

P(T,T,€) =

2(1-¢€)
T TAa

L\
exp |-t (Tn) @t X

b exp (—% (5)** = 2 (0, T)t) &
—ep (= (L + ) ()") x
exp (-225¢ L(T,0) - % LT Ty
L= fi7exp (-L ()" - 2L(T,0)) dt
(19)

trong d6 vy = Pq/o? va y© = P90, Ddng thoi n =
YOy

Biéu thifc (19) cho ta thiy ducc mbi lién hé xac suit phi
séng ctia CEU véi cac tham sb cAu hinh hé théng nhu ti
1¢ giita s6 tram phat co s va tram di dong st dung cung
mot s6ng mang €, ngudng phan loai CCU va CEU T va do
nhay ctia thiét bi 7. Két qua nay la dong gép chinh ciia bai
bao nay.

3. Cac truong hgp dac biét

a) Khong st dung TDD linh déng: Trong trudng hgp
nay, khong c6 su chia sé vé& séng mang tram phat co s& va
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tram di dong. Tic 12 € = 1. Khi d6 xdc suit phii séng cla

CEU la
P(T,T,¢) =
exp (~1 = L ()" = 3£0.7)
. i d
b —exp (- (£ + ) (2)77) ’

X exp (—2%.{3(1 0) — 2 £(T, f)t)

1- /Ow exp (—% (
Két qua nay cho thiy xdc suit phi séng ctia ngudi dung
khi khong sit dung ky thuat TDD linh dong. Két qua nay
da dugc trinh bay trong cic Tai li€u truéc day nhu [14].

L

L) o pr, 0):) dt

b) P, va P; vo cung lon so vdi o2: Khi dé Ya —
Vi y,, — oo. Xdc suit phi séng ctia CEU trong trudng hop
nay la

P(T,T,€) =
~ \2/a
exp (—t - % (Tn) sin”“)[)
. A dt
/0 exp (—%L(O, T)t)
X
— exp (~285 £(7,00 - X £(7, T
1= [ exp (—2L(T,0)) dt
1
Ze) /i N2/ 7 . ~
142029 ()% sm(%n)ﬁfz(o,n 5
1
14+ 2029 ()" 2 285€ £(T,0)+2 L(T,T)
_ - SIH(T) 20
= I (20)
1- 1+2L(T,0)

Thong thudng dbi v6i mot hé théng mang thong tin di
dong, cong suét cla cdc tram phat thudng rat 16n so véi
cong suét 6n Gauss. Do d6, biéu thiic (20) c6 thé dung dé
dénh gi4 hiéu suit ctia k§ thuat TDD linh dong va ky thuat
tai st dung tin sb & 16p vat ly.

IV. MO PHONG VA DANH GIA

Trong phan nay, ching ta sé sit dung phan mém Matlab
dé kiém nghiém tinh ding dan cta két qua phan tich ly
thuyét thong qua mo phéng Monte Carlo. Pong thdi chiing
ta dua ra cic nhan xét vé dnh hudng clia cic tham sd mang
t6i xdc sudt phi séng ctia CEU.

Theo khuyén nghi ctia 3GPP, cong suit t6i da clia mot
tram di dong va tbi thi€u mot tram co sé trong mang LTE
1an lugt 33 dBm va 53 dBm [15]. Do d6 trong phan niy ta
stt dung ti s6 7 = 0,01. Bén canh dé, gia tri ctia ¢ thay ddi
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Hinh 4. So sanh két qué Iy thuyét vi mé phong.

tly vao tinh chét cda mang, nhung cac khuyén nghi dua ra
xédc dinh ¢ dao dong tir 2 dén 20 [16]. Do d6, trong bai
bdo nay ta st dung ¢ = 10. Dua theo két qua tir hinh 4,
chiing ta thiy cdc dudng lién thé hé két qua ly thuyét tring
khép véi cac dudng tao bdi cic diém roi rac thé hién gia
tri md phdéng. Do d6 chiing ta c6 thé két luan vé su hop ly
ctia phuong phap phan tich ly thuyét.

Theo hinh 4 ta thiy khi ngudng pht séng T ting, xic
suit phi séng ctia ngudi dung gidm manh. Vi du d6i véi
trudng hop ti s6 y4 = 0 dB, khi ngudng phii séng ting tit
T =-2,6 dB 1én dén T = 3,6 thi xdc sut phi séng giam
37,22% tir 0,7684 xudng 0,4824. Piéu nay hoan toan hop
ly v6i hé thdng ngoai thuc té vi 7' dai dién cho yéu cau
vé d6 16n ti sb6 SINR ctia thiét bi thu d€ c6 thé thuc hién
truyén tin. Khi 7' ting ddng nghia v6i viéc do nhay cta
thiét bi kém di va né can mot ti s6 SINR 16n hon dé truyén
tin. Dng thdi, ti s SINR lai khong phu thudc vao 7. Do
d6, khi T tang thi xdc sudt pht séng ctia ngudi ding giam.

Ciing theo hinh 4, ta thdy xdc suit phii séng ting khi
ta ting ti s& cong suit phat clia tram phat v6i cong sut
dn Gauss y4. Vi du véi truong hop T = 0,5 dB, khi ti sb
¥a = 0 dB ting 1én y4 = 10 dB thi xdc suét phd séng ting
21,06% tit 0,6367 1én 0,7708. Ta luu y ring khi ta ting ti
s6 Y4 c6 nghia 1a ta ting cong suit phat clia tit ca cic tram
phit, bao gém c4 tram nhiéu va tram phuc vu. Do dé trong
trudng hop nay, ta c6 thé két luan ring: viéc ting cong suit
phét c6 thé dugc st dung d€ ting xic suit phii séng clia
ngudi dung. Cac két luan tuong tu véi mo hinh khong st
dung TDD linh dong ciing da dudc dua trong cic két qua
nghién cuu li€n quan.
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Hinh 5. Anh hudng ciia hé s6 € 1én xdc sudt phi séng.

1. Anh hudng ctia hé sb € 1én xdc suét phi séng

Hinh 5 cho ta thiy dugc su anh hudng clia hé sb € 1én
xdc sudt phi séng ciia ngudi dung. Ta nhic lai rang, mot
ngudi dung trong mang ludn chiu nhiéu tif cing sb lugng
tram phat (tram di dong, tram co s6) khi ti sd giffa tram
cd sG véi tram di dong st dung cung mot séng mang tai
cing mot thdi di€ém e thay d6i. Khi ta gidm e, s6 lugng
tram nhiéu 12 tram co sd gidm va s6 tram nhiéu 1 tram di
dong tang. VGi trudng hgp dic biét € = 1 tuong tung véi
trudng hgp khong st dung TDD linh dong, tiic la khong
c6 su chia sé séng mang gilra tram co s§ va tram di dong.
Khi dé, tram di dong chi chiu nhiéu tif cac tram co s&. D6i
v6i trudng hop € = 0 hay 1 —e = 1 tidc 1a tit ca tram nhiéu
clia ngudi dung ta dang xét 1a tram di dong. Do cong suét
phét clia cic tram di dong ludén ludn nhd hon cong suit
phét clia cdc tram co s nén khi e giam, tong cong sut
nhiéu ctia ngudi dung gidm. Diéu nay kéo theo ti s6 SINR
va X4c suit phii séng ting.

Vi du dbi vé6i truong hop hé s6 € giam tir 0,8 xubng 0,4
tuong duong vé6i s6 tram nhiéu 1a tram co sé gidm tir 80%
xubng 40%, x4c suat phii séng clia ngudi dung ting 1én 9%
tir dén 0,8083 1én 0, 8803.

2. Anh hudng ciia hé sb A 1én xac sult phii séng

Hinh 6 cho ta thiy dudc anh hudng ciia mat do tram
phat 1én xdc suét phli séng clia ngudi dung. Ta thiy khi ta
ting mat do tram phat thi xdc suit phd séng ting nhung
nhanh chéng dat dén ngudng va khong thay ddi. Két luan
nay ciing tuong tu nhu cic két luan da dudc tim ra trong
cac nghién cdu truéc day nhu trong [17].

Hinh 6 chi ra rang ngudi dung dat dudc ciing mot gia tri
x4c suit pht séng 1a 9,04 tai hai bd s6(1=0,1vae=0,2)
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Hinh 6. Anh hudng ciia hé sé A 1én xac sudt phi séng.

va (1 =0,4 va A =0,3). Khi A giam tir 0,4 xubng 0,1 thi
mat d§ tram gidm di 75%, trong khi d6 khi € giam tu 0,3
xubng 0,2 thi mat do tram cd so phét trén cing mot séng
mang tai ciing mot thdi di€ém chi gidm di 33,3%. Do do, ta
6 thé noéi ring dé€ nang cao xac suit phi séng viéc giam
€ ¢6 hiéu qua hon viéc tang A.

V. KET LUAN

Bai bdo da st dung md hinh xdc suit théng k& d€ mo
hinh héa dudng xudng cia mang thong tin di dong LTE
st dung dong thoi k§ thuat tdi st dung tan sb cling va
ky thuat TDD linh dong. Trong d6 xdc suit phi séng cla
ngudi cung bién CEU dudc tap trung danh gid. Bai bao
da dua ra biéu tinh tinh xdc sult phii séng ctiia CEU trong
moi trudng pha-dinh Rayleigh. Cic két qua md phéng va
phan tich da chi ra rang: (i) ky thuat TDD dong c6 thé cdi
thién mot cdc 16 rang xac suit phi séng ctia CEU; (ii) dé
ting xdc suit phi séng ciia CEU thi viéc giam sb tram co
sG phat trén cung modt song mang mang lai hiéu qua hon
viée ting s6 luong tram cd sd trong mang. Tuy nhién, dé
danh gia chinh xdc hiéu suit ctia ky thuat TDD linh dong,
x4c suét phii séng clia ngudi dung trén dudng lén ciing can
dudc xem xét va tinh todn cu thé.
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