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Tom tdt noi dung—Trong hé thong mang siéu day dac, ky thuat
tai su dung tan sb dugc coi la mdt trong nhu’ng ky thuét then chét
dé kiém soat nhiéu va ting dung lugng, hé thong Trong bai bao
nay, hiéu suét cta ky thuat tai swr dung tan sb cirng duge phan tlch
va danh gia trong hé thong mang co6 cac tram phat dugc phan )
mot cach siéu day dac. Trong d6, mang dugc mé hinh dua theo
phan b6 Poisson khong glan Thong qua viéc phan tlch xac suat
phu séng cua ngu'(n dung va hiéu suét phé, ta thay rang hiéu suht
cua mang c6 thé giam neu ta tang mat do tram phat va dai lugng
nay ciing chiu anh hudng rat lon tr mu’c do can bang vé ngui dung
trong mang. Pac biét, mét két luan rat quan trong dugc trinh bay
trong bal bao nay la: ngu‘ol dung trong moi tru’ong chiu anh hudéng
nang né cha suy hao van c6 thé dat dugc xac suét phu séng cao hon
$0 véi truong hgp né G trong méi trudng it chiu anh hudng cia suy
hao.

Index Terms: Xac sult phu song, mat do tram phat, mang siéu
day dac, ky thuit tai si dung tan so

1. G161 THIEU

Trong hé théng mang thong tin di dong 5G, cdc tram phét c6
thé duoc phan bd mot cach sidu day dic 1én dén hang trim tram
mdi km? d€ cung cip cic dich vu vé6i toc do cao. Khi dé hé
théng mang c6 thé dugc goi 1a mang v6i mat do tram siéu day
dac (Ultra Dense Networks - UDN) [[1]]. V6i mat do tram siéu
day dic, viéc tdi st dung ngudn tai nguyén tan sb giita cic tram
1a mot diéu tat yéu. Khi d6, ngudi ding nhan dugc 1 ngudn tin
hiéu mang thong tin can thiét (tin hiéu mong mudn) va chiu anh
hudng bdi nhiéu tif tit ca cac tram lan can. Piéu d6 ciing dong
nghia véi su bung phat vé nhiéu trong hé théng mang UDN. Do
d6 viéc st dung cac ky thuat ti st dung tan s6 d€ 1am giam anh
hudng ctia nhiéu 12 mot van dé rat can thiét [2]).

Y tudng chinh ctia ky thuét tdi st dung tan s6 1a chia ngudi
diing va nguon tai nguyén (RBs) thanh cac nhém khac nhau dé
mdi nhém ngudi dung sé duge phuc vu bdi 1 nhém ngudn tai
nguyén. Thong thudng cong suit phét trén cac RB cda 1 nhém
1a gibng nhau nhung khic nhau giita cdc nhém. Theo khuyén
nghi ctia 3GPP, hoat dong ctia ky thuat tai st dung tan s sé
dugc chia thanh 2 giai doan [3[], [4]]. Giai doan 1 dudc goi 1a
giai doan thiét 1ap. Trong giai doan nay, tram phat dua trén ti s6
glu’a cong suét tin hiéu mong mudn va cong suét ciia nhiéu cong
on Gauss (SINR) trén kénh diéu khién dé phan loai ngudi dung.
Néu SINR trén kénh diéu khién ctia ngudi dung 16n hon SINR
ngudng 7" thi ngudi dung sé€ dugc phan loai 1a ngudi dung trung
tam (CCU) va dugc phuc vu bsi RB trung tim (CC RB). Néu
SINR trén kénh diéu khién ctia ngudi diing nhé hon T thi ngudi

dung s€ dudc phan loai 1a ngudi dung bién (CEU) va dugc phuc
vu bdi RB bién (CE RB).

Trong pham vi clia bai bao nay, chiing ta xem xét ky thuat tai
st dung tan s cting nhu Hinh V(’Si mo hinh tdi st dung tin s6
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Hinh 1: K¥ thuét tdi st dung tan s6 ciing

nhu trén, CC RB dugc dung chung cho tit ca cic tram. Trong
khi d6, nhém RB con lai dugc chia thanh A nhém trong d6 méi
nhém sé dugc gan nhu tai san riéng ctia 1 tram trong nhém gdm
A tram phat canh nhau va dugc goi la CE RB cua tram phat do.

Viéc phan tich hiéu suat ciia mang UDN st dung k¥ thuat tan
s6 da dugc trinh bay bdi cac nhém nghién ciu khic nhau véi
nhiéu md hinh va méi trudng truyén séng khac nhau [1]. Cac
tac gia trong [5]], [6] dd xem xét anh hudng ctia dudng truyén
thang (LOS) va duong truyén khong thang (non LOS) t6i hiéu
suit clia mang. V6i mat do tram siéu day dic, cic tac gia trong
[7] da uSc lugng mang véi gia thiét sd lugng tram phat 16n hon
s6 luong ngudi dung. Rét nhiéu céc tic gia da tip trung mo
hinh héa su suy hao ctia dudng truyén ddi v6i mang UDN, ma
ndi bat trong d6 13 mo hinh dugc trinh bay trong [8]]. Trong [8]],
céc tac gia di mo hinh suy hao ctia dudng truyén theo ham mii
PL = exp (—ar?). Thong qua cdc kiém nghiém do dac trén
thuc té, cac tac gia da chitng minh dugc tinh ding din va chinh



xdc clia mod hinh nay. Dic biét, m6 hinh trén da gidi quyét dugc
vin dé cia md hinh truyén théng PL = R~ 1a PL > 1 khi
r < 1. Tuy nhién, cic két qua nghién cifu déu tip trung vio
phuong phdp tai st dung tin sb6 v6i hé sb tdi st dung tan sb
A = 1, tic 1a khong c6 sy phan chia CCU va CEU ciing nhu
CCRB va CE RB.

Trong céc két qua gan day tai [9], chiing t6i dd mo hinh mang
UDN sif dung k¥ thuat st dung tan s6 cing (Strict Frequency
Reuse - Strict FR) véi hé sb tdi sit dung 1a A > 1. Trong cong
do6, chiing toi da phan tich dugc xac sut phi séng clia ngudvi
diing. Trong bai bao nay, cdc két qua trong [9] dudc phit trién
dé danh gid hiéu suét cta toan hé thdng mang ciing nhu anh
hudng ctia cac hé s6 ctia ky thuat tai st dung tin s6 1én mang.

II. MO HINH HE THONG

Trong bai bao nay, ching ta xem xét mot hé théng mang trong
d6 céc tram dugc phan bd mot cach siéu day dic theo phan bb
Poisson khong gian v6i mat do 1a \. Mdi ngudi dung sé dudc gia
thiét két n6i v6i tram gan nhit. Him mat do6 (PDF) ctia khoang
cach giita ngudi ding va tram két néi 1a

Fr(r) = 2mAre ™" (1)

Gia thiét kénh truyén chiu 4nh huéng ctia Rayleigh fading
v6i do 10i cong suit 1a g. Khi d6 ¢ sé c6 phan bd clia ham mii
f(g) = exp(—g). Gia thiét cong suit phét trén CC RB va kénh
diéu khién ctia cdc tram bang nhau va la P. Cong suét phat trén
trén CERB 1a 6P (0 < ¢ < 1).

M0 hinh suy hao ctia cong suit phat theo khoang cach dugc
mo hinh nhu trong [8]]. Cu thé, suy hao clia cong suit tin hiéu
trén 1 khoéng cach r 1a PL = exp (—ar”), trong d6 o va 3 1a
céc hing sb va c6 thé nhian mot trong cac ciip gia tri sau

o B=2,a=3x10"°: Cic gia tri ndy tuong ting véi trudng
hop s lugng cic vat can trén dudng truyén ti 1& véi binh
phuong khoang céch truyén. Hay néi cach khdc, tin hiéu
chiu anh hudng cta fading manh.

e B=1,a =3x10"2: Cic gia tri ndy tuong ting vdi trudng
hop cic vit can tuan theo ham phén bb chuin hay néi cach
khéc s6 luong cdc vat can ti 1 véi khoang céch truyén.

e =2/3,a=0.3: Céc gid trj nay dugc ding mo hinh moi
truong truyén khi cic vat thé dudc phan b mot cac roji rac
trén dudng truyén.

a) Tai pha thiét ldp: : Kénh diéu khién dugc dung chung
gitfa tAt c4 cac tram nén mdi kénh diéu khién chiu anh hudng tir
nhiéu cta tit ca cdc tram 1an cin. Do d6 cong sut tin hiéu trén
kénh diéu khién tai pha thiét lap 1a
Pgl® exp (—arﬁ)

c0 Pol”) exp (—arf) + o?

SINR(1,r) = 2

trong d6 ¢(®) va r 12 do Igi cong suét va khodng cich tir ngudi
ding dén tram phat; g§o) va r; 1a do 1¢i cong sult va khodng
céch tif ngudi dung dén tram nhiéu j5; 0 13 tap hop cdc tram giy

nhiéu 1én ngudi dung.

b) Tai pha truyén tin: Cong suit nhiéu thu dugc tai vi tri
cua ngudi dung la 9]

Pgexp (—arﬂ)
> jeow P]‘(Z)gjz exp (—Oﬂ"fz) +0?

trong d6 z = {(c, e)} tuong tng véi trudng hgp cia CCU va
CEU.

SINR(P®) 1) = (3)

« Trong trudng hgp CCU thi P{*) = P. Do CC RB dugc
chia sé gifa tit ca cic tram nén mat do cdc tram trong tip
nhiéu 6(¢) 1a \.

« Trong trudng hgp CEU thi P} = ¢P. Do CE RB la
nguon tai nguyén riéng cia moi tram trong 1 nhém A tram
nén mat do céc tram trong tap nhiéu 00 1a %)\.

III. XAC SUAT PHU SONG VA HIEU SUAT PHO

A. Xdc sudt phii song

Trong phan nay, ching ta sé danh gi4 x4c suit dudc phi séng
cia mdt ngudi dung trong mang UDN. Xét mot ngudi ding
cach tram phuc vu ctia né6 mot khoang r. Trong hé théng mang
st dung k¥ thuat tdi st dung tan s6, CCU tai vi tri cich tram
phat mot khoang  dat dugc cong suét tin hieu STN R(P(©) r)
tai pha truyén tin khi tin hiéu tai kénh diéu khién tai pha thiét 1ap
théa man STNR()(1,r) > T. Tuong tu, CEU dat dugc cong
suét tin hiéu SIN R(P(®), ) tai pha truyén tin khi tin hiéu tai
kénh diéu khién tai pha thiét 1ap théa man SINR() (1,7) < T.

Nhu viy, tai mot thai diém, xdc sut ngudi ding dugc phi
song la

P(SINR(P® ) > T|SINR® > T)P(SINR® > T)

+ P(SINR(P®),r) > T|SINR < T|)P(SINR"® < T)
4)

trong d6 P(SINR(P©) . r) > T|SINR® > T) va
P(SINR(P®),r) > T|SINR® < T|) tuong ting la xdc
suat dugc phi séng cia CCU va CEU; P(SINR®) > T) va
P(SINR®) < T) tuong ting la xdc suit ngudi dung dugc phan
loai 1a CCU va CEU.

Do SINR 13 mdt bién ngiu nhién va 1a ham ctia do 1di kénh,
khoang cach tif ngudi dung dén tram nhiéu va tram két ndi nén
xé4c sudt phi séng & Biéu thiic 4] ciing 12 mot bién nhiu nhién.
Do d6, dé tinh dudc xac sudt phi séng trung binh clia ngudi
duing, chiing ta cin tinh gid tri trung binh (ky vong) ctia P. Tir
d6, P dugc st dung thay cho P dé€ mo ta gia tri trung binh cla
Xéc suat.

Nhu vy, x4c suit d€ mot ngudi dung & khodng cach r tif tram
phat dudc ndm trong viing phii séng clia mang la

P(T,T,r) =P(SINR®) > T,SINR(P®,r) > T|r)
+P(SINR®) < T,SINR(P® r) > T|r)

Do d6, xdc suit trung binh clia ngudi dung dugc phi séng



béi tram né két ndi 1a
P(T,T)
© A
— [P dn fatr)ar
0

o0
= 27r)\/ rexp(—mAr?)
0

P(SINR® (1,7) > T, SINR(P,r) > T|r)
+P(SINR®(1,7) < T, SINR(¢P,r) > T|r)

&)
trong d6 fr(r) dudc dinh nghia bsi phuong trinh 1}
Dua trén cic két qua thu dudc tir bai bao [9], ta c6
P(SINR(1,7) > T,SINR(P,r) > T|r)
_ (4T A~
=¢ 5N L(T,T, A\ 1)
P(SINR® (1,r) < T,SINR(¢P,r) > Tr)

(6a)

e~ TR 2(0,T, . 7)

T g | O

x 2 (1,0,1850 1)

trong d6 .2 (T, T, \) =
2—8

__2ma G(n) [=in)] B <) <)
e BaZ/P Jo u [1 c<r>+Tyc(r>+T"y]d”

va((r) = exp (—ar?).
Thay cac biéu thiic ctia Phuong trinh @] va |6b| vao Phuong
trinh 5 ta thu dugc:

P(T,T)

)

(4D . 9
=27\ e SNRCH) L(T, T, A\, r)rexp(—mAr<)dr
0

—|—27r)\/
0

¢~ TN L(0,T, X, 7rm)
_(%47) SR (T, T, A, )
x 2 (1.0, 052 7,.)
rexp(—mAr?)dr (8)

St dung phucng phép thay ddi bién s6 7 = 7Ar2, tich phan
trong bié"uAthl'Ic trén c6 dang ctia x4p xi Gauss - Laguerre . Do
d6, P(T,T) c6 thé duge xép xi bsi

Ng
P(T,T) =Y wme” VR f(T TN\, Tm)

m=1

¢~ wsRem 2(0,T, 2 r)

* 767($+T> SNRC.,Z”(T, T,)\,r) ©)
¥ & (T, 0, <A;1)A,r)
trong d6 7, = 4/ 2 A, Wy, VA t, 12 trong s6 va nghiém clia da

thic Laguerre.
B. Hiéu sudt phé

Gia tri cuc dai ctia thong lugng mang (hay hiéu sut phd) theo
don vi dién tich dugc tinh theo cong thitc Shannon mé rong nhu

sau [8]]
e(A) = AE [log, (1 + SINR)] (10)

Do d6, véi trudng hgp CCU, hiéu suit phd dugc viét lai nhu
sau

D) = AE {logQ (SINR(P(C), r) + 1) ,

(SINR<°>(1, r) > T) ]

= /\/ P(ln (SINR(P(C),T) + 1) > 7,
0

SINR(1,r)>T r) dv (11)
batt = e” — 1, Phuong trinhdu(_jc viét lai nhu sau
<A
N = / ——_P(SINR(P® r) >t
o t+1

SINR®(1,7r)>T

r) (12)

Tuong tu, ta c¢6 hiéu suit phd ctia CEU 1a

SIS
() = / IP’(SINR PE )y >t
e“(N) i1 ( r) >t

SINR(1,r) <T

7'> (13)

VAy ta c¢6 hiéu suit ctia phd ctia mang theo 1 don vi dién tich 1a

e(A) = D) + (N

-

P(T,t,r)rexp(—m r?)drdt  (14)

t+ 1
trong d6 P(T', t) dugc dinh nghia béi Phuong trinh 8]

IV. MO PHONG VA DANH GIA KET QUA

Trong phan nay chiing ta s& st dung mo6 phéng Monte Carlo
dé€ kiém tra lai két qua phan tich 1y thuyét; va phan tich anh
hudng ctia ngudng SINR, ngudng phu song va mat do cia tram
1én hiéu suit cia mang.

Nhu dudc chi ra & Hinh [2 cic két qua phan tich ly thuyét
tring khop véi cac két qua mo phong. Dicu d6 chiing minh duge
su dung dén cta cac két qua phan tich ly thuyét. Khi ngudng phu
song T tang tuong duong véi viéc thiét bi ngudi ding yéu cau
cong suét ctia tin hiéu nhan cao hon dé€ c6 thé gidi ma dugc tin
hiéu nhan. Piéu d6 c6 nghia 12 khi yéu cau vé ngudng pht séng
cang ting thi xdc suit ngudi dung nam trong ving phi séng
cang giam. Hién tuong nay dudc thé hién ro trong Hinh [2] khi
ngudng phi séng ting, xdc sut phii séng giam manh.

So véi trudng hgp 8 = 3/4 va 8 = 1, mdi trudng c6 5 = 2
chiu anh hudng ning né nhit ctia suy hao. Do d6, x4c suét ngudi
dung dudc phii séng trong trudng hop 5 = 2 1a thip nhét.
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Hinh 3: Anh hudng ctia mat do tram phat 1én hiéu suét ctia mang

Dé khio sit anh huéng clia mat do tram phat 1én hiéu suit
clia mang, ta vé su thay ddi ctia xdc suat pht séng khi mat do
tram phat ting tir 10-100 tram/km?.

Mot diéu rét thd vi dugc rit ra tit Hinh 3| va Hinh 4] mic da
khi 8 = 2/3 tin hiéu it chju anh hudng cia suy hao hon khi
B = 2 va B = 1 nhung khi x4c suét phi séng ctia ngudi ding
khi méat d6 tram nho hon 20, ngudi dung trong moi trudng véi
B =2 va B =1 lai dat dugc xac suit phi séng cao hon ddi vé6i
trudng hop 8 = 2/3. Hién tugng nay c6 thé dugc giai thich nhu
sau:

o Trong md hinh mang nay, cé tin hiéu mong mubn va tin
hiéu nhiéu déu chiu 4nh hudng bdi cling hé s6 suy hao. Do
d6, v6i mot hé sb suy hao nhit dinh, su suy hao ctia 2 loai
tin hiéu nay la tuong duong nhau.

Hieu suat pho
.
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Hinh 4: Anh hudng ctia mét do tram phat 1én hiéu suét ciia mang

o Trong trudng hop véi ngudng SINR cb dinh, hé thong
mang dat dugc mic can bing t6t hon vé s6 lugng CCU
va CEU nén sé dat dugc hiéu suit cao hon.

Mot hién tugng kha th vi tiép theo d6 1a khi mat do tram ting,
xéc suat phii song ctia ngudi ding giam manh trong trudng hop
[ = 2 va ting téi dinh trudc khi gidm ddi véi trudng hop 3 = 1
va B = 2/3. Piéu nay dic biét khic véi cdc két qua cong bd
trudc day [[10] va c6 thé dudc giai thich nhu sau:

o Khi mat d6 tram ting, cong suét ctia tin hiéu mong mudn
tang do khoang cach gilta tram va ngudi dung giam va kéo
theo SINR ting [10]. Pidu d6 lam thay d&i sb lugng CCU
va CEU ctia mdi tram. Pén mot miic nao d6, mang sé dat
dugc mifc d6 can bang CCU va CEU tdt nhat. Khi do6, xac
suét phii séng ctia ngudi dung sé 12 16n nhAt.

o Khi mat do tram du I6n va tang mot cach lién tuc, cong
suit ctia tin hiéu mong mubn ting dén mot ngudng va thay
ddi rat cham [10], trong khi s6 Iugng tram nhiéu ting lién
tuc. Diéu d6 lam cho ti s6 SINR clia ngudi dung va kéo
theo xdc suit phii séng gidm manh.

B. Anh hudng ciia ngudng SINR

Hinh [5| khao sat anh hudng ctia ngudng SINR 1én xic suit
ph séng ctia ngudi dung. Chiing ta nhic lai rang ngudng SINR
dung d€ phan loai ngudi dung thanh CCU va CEU. Do d6, khi
ngudng SINR ting thi s6 lugng CEU ting va CCU gidm. Nhu
dudc chi ra tu Hlnh khi ngudng SINR ting, x4c suat phii song
ctia ngudi dung (c6 thé 1a CCU hoic CEU) ting. Diéu nay dudc
giai thich nhu sau:

o Cong suit ctia tram nhiu ctia CCU va CEU déu bing cong
suét phat ctia tram chiing két nbi.

o Mait do tram nhiéu ciia ngudi ding trén CC RB 1a ) trong
khi mat do tram nhiéu ctia ngudi ding trén CE RB chi 1a
MA/A. Do d6, xdc suét phi séng clia ngudi dung trén CE
RB 16n hon ciia ngudi dung trén CC RB.
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Hinh 5: Anh hudng ctia ngudng SINR 1én xdc suit phi séng véi
mat do tram A = 20

Do s6 luong CEU ting khi ngudng SINR ting nén xdc suét phi
song trung binh ctia mdt ngudi ding (cé thé 1a CCU hoidc CEU)
tang.

V. KET LUAN

Trong bai bdo nay, ching ta da phan tich hiéu suét ctia mang
c6 mat do siéu day dic sit dung k¥ thuat tdi st dung tan s6 cing.
Hai dai lugng dic trung ctia mang dudc st dung 1a xdc suét phi
séng clia ngudi ding va hiéu suit phd. Két qua phan tich dugc
kiém dinh bang mo phong Monte Carlo da chi ra cac két luén
rit quan trong vé xu huéng thay d6i ctia hiéu suit mang siéu
day dédc nhu sau: (i) Trong truong hgp tin hiéu chiu anh hudng
ning né ctia suy hao (8 = 2), hiéu suit ctia ngudi ding van c6
thé t6t hon dbi v6i trudng hop tin hiéu ti chiu dnh hudng ctia
suy hao hon (3 = 1, 3 = 2/3); (ii) Trong khi déi véi cic mang
thong thuong, khi ting mat do tram thi x4c suét phi séng ting
dén gi6i han trén va diing lai, nhung ddi v6i v6i mang siéu day
dic thi xdc suit phii séng c6 thé gidm manh. Su thay ddi nay c6
thé diéu khién bang cach thay ddi su can bing ciia mang vé sb
lugng CCU va CEU.
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