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Abstract. In general, Relay Stations (RS) have been used in the 4G LTE systems to extend
the coverage or to improve the wireless links in a certain area of a certain Base Station (BS)
via relaying the information between BS and particular Mobile User (MU). This use of RS
leads to the use of frequency resource assigned to BS has really not been optimised.
Moreover, maintaining the radio connection for handover calls in mobile communication
systems still remain the challenge to both researchers and services providers. The use of RS to
enhance the successful probability for handover calls as well as to utilise efficiency the
frequency resource is the interesting topic for researchers. In this paper, RS not only helps the
BS to expend the coverage but also to exploit capacity maximally for new calls while still
satisfy the channel requests for handover calls from MU, even from MU using real time data
services. Furthermore, the use of RS in this paper also provided an additional view to the
researchers in term of channel allocation to BS efficiency to optimise the channel utilisation
in the system. The simulation results show that when the BS have been assigned 30 frequency
channels, the use of RS allows to guarantee the probability of handover success is above
99.9%.
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Tom tit. Thong thudng, cac tram chuyén tiép RS (Relay Station) duoc st dung trong céc hé
thdng 4G LTE véi muc dich mé rong vang phuc vu hodc cai thién chit lugng pha séng cho
mot ving cua mot tram g6c BS (Base Station) nao d6 thong qua viéc Chuyén tiép cac thdng
tin giira tram goc BS t6i mot ngudi su dung di dong MU (Mobile User) cu thé. Piéu nay lam
cho viéc sir dung tai nguyén tan s6 vo tuyén duogc Cap phat cho cac BS chua thuc su toi uu.
Ngoai ra, viéc duy tri két ndi cho cac cudc goi chuyén giao trong céc hé thong théng tin di
dong van lubn 1a mot thach thic véi ca cac nha nghién ciu va cac nha cung cap dich vu di
dong. Viéc sir dung cac RS dé nang cao ti 1é thanh c¢éng cho cac cudc goi chuyén giao ciing
nhu tan dung hiéu qua tai nguyén tan sb 1a mot dé tai hap dan cho cac nha nghién ctu. Trong
bai bao nay, cac RS dugc st dung khdng nhung dé mo rong ving phu cua cac BS ma con
gitp cho BS khai théac t6i da dung Iugng cho cac cugc goi méi ma van dap tng duoc yéu cau
phuc vu cta cac cudc goi chuyén giao, ké ca vaéi cac MU sir dung dich vu dir lidu (data) thoi
gian thuc. Hon nira, viéc st dung cac RS da giup cho cac nha khai thic mang cé thém mot
g6c nhin vé viéc cép phat dung luong hop 1y cho céc BS nham tdi uu hoa bai toan st dyung tan
s6 trong hé thong. Cac két qua md phong chi ra rang khi cac BS duoc cip 30 kénh tan sé, viéc
sir dung RS cho phép bao dam xac suit chuyén giao thanh cong trén 99,9%.

Tw khoéa: tram chuyen tlep, chuyén giao, chét lugng dich vu, két ndi dir liéu thoi gian thuc,
tan dung tai nguyén tan s, 4G-LTE.
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1. PAT VAN PE

Hién nay, cac hé thng thong tin di dong thé hé thw tu 4G LTE (4™ Generation Long
Term Evolution) da dugc thuong mai hoa rong rai dé dap ung cho cac dich vu di dong téc do
cao. N6i mot cach khac, cd thé coi 4G LTE la hé thong di dong bang rong day du dau tién
trong cac thé hé thong tin di dong dua trén nhiing thdng s6 nhu 1a: téc d6 dir lidu cung cap cho
MU dat t&i 300 Mbit/s v&i bing thong 20 MHz [1]. Bé dat duoc nhitng két qua 4n tuong do,
cac hé thong 4G LTE doi hoi mét bang tan twong Gng da 16n. Tuy nhién, tai nguyén tan sb
cung cap cho cac hé thong thong tin di dong dang ngay cang tré nén khan hiém. Trong khi do,
cac yéu Cau vé bing tin M&i cho viéc khai thac va mé rong hé thdng cua cac nha cung cap
dich vu vién thong di dong van khéng ngung tang 1én [2]. Trong khi cho doi cac nguon tai
nguyén méi dugc phé duyét mot cach rat han ché, cac nha cung cip dich vu di dong phai tan
dung bang tan di duoc cung cip dé bao dam chét luong dich vu QoS (Quality of Service)
trong hoat dong cua hé thong, dic biét 1a hoat dong chuyén giao [3-8].

Chuyén giao 1a két qua cua viéc cac MU di chuyén ty do trong khi dang st dung dich vu
mang va la mot hoat dong co ban cua hé thong thong tin di dong. Trong hoat dong chuyén
giao nay, viéc bao dam két ndi cho cac MU khi di chuyén thuc sy 1a mot thach thic cho ca
cac nha nghién ctu va cac nha cung cap dich vu di dong [4-8]. Pic biét, viéc gia ting dang ké
cac loai hinh dich vu sé liéu (data) thoi gian thuc nhu cudc goi hinh anh (video call), cac tng
dung doi hoi cac két ndi truc tiép voi bang tan Ion khi MU di chuyén nhu hoi nghi truyen
hinh, gido duc truc tuyén, y té tir xa da lai mot lan nira dit ra cac cac thach thuc vé bang tan
va chat luong dich vu tuong mg dbi voi cac nha khai thac mang luéi [9]. Mot cach ngan gon,
viéc tan dung tai nguyén tan sé dé bao dam chi tiéu QoS thdng qua chi sb xac suit rot cuoe
goi (call dropping propability) trong 4G LTE cho ca 2 loai hinh dich vu thoai (voice) va s6
liéu (data) van ludn dugc dit ra cho cac nha nghién cau.
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Hinh 1. Chuyén tiép trong 4G LTE [1].

Trong [1], cac RS duoc sir dung nhu 13 mot tram lap (repeater) dé cai thién vung pha
s6ng cua cac BS nhu mo ta trong hinh 1, trong d6 “Donor cell” 1a tram gdc (con dugc goi la
eNode B hay Node B cai tién trong cac hé thong 4G LTE), con “Relay cell” la tram chuyén
tiép. M6 hinh chuyén tiép nay dugc dé xuat bat dau tir phién ban phat hanh thir 10 (Release
10) cua hé théng 4G LTE, trong d6 ¢ 2 dudng két ndi vo tuyén 1a dudng “backhaul” giita BS
dén RS, va dudng “access” giita RS va MU. Puodng “backhaul” 1a “dudng chinh” duoc sir
dung cho céc két ndi chinh thirc giita BS va cac node (bao gom ca UE va RS), con duong

“access” 1a duong “truy nhép” mang y nghia la giup cho cac UE truy nhap vao mang I6i (toi
BS) théng qua RS. Mdi dudng két ndi nam trong mot biang tan {twong ung trong hé théng. Nhu
vay, RS phai hoat dong dugc cung mét ldc trén ca 2 bang tan nay nén dan toi viéc xay ra
nhidu giira céc tan sé ngay tai chinh RS. Ngoai ra, cac RS c6 thé hoat dong ¢ mot trong hai
ché do: khuéch dai chuyén tiép AF (Amply and Forward) hodc giai ma réi mai chuyén tiép
DF (Decoded and Forward). Trong ché d6 AF, cac RS s& khuéch dai ludn ca cac tin hiéu
nhiéu can thiép vao duong truyén vo tuyén nén thuong anh hudng dén gia tri caa ti s tin hiéu
va nhidu SNR (Signal to Noise Ratio). Tuy nhién, co ché hoat dong cua AF thuong don gian

528



Transport and Communications Science Journal, Vol 73, Issue 5 (06/2022), 526-539

va thoi gian tré 1a nho do khéng can phai xir ly tin hiéu tai RS. Nguoc lai, co ché hoat dong
ciia DF can thoi gian giai ma va khéi phuc tin hiéu tai RS roi méi phét toi dich nén phic tap
hon, ciing nhu thoi gian tré 16n hon nhung gié tri SNR dat dwoc trong co ché DF kha t6t do
tin hiéu nhidu da dugc khir bo tai RS trude khi phat di. Cho du hoat dong ¢ co ché ndo, cac
RS ciing chi don thudn 1a céc tram lap dé cai thién chi s6 SNR nham dat dugc gia tri dung
luong kénh (channel capacity) tdi da trén mot kénh vo tuyén. Cac tinh toan nay cho phép dat
duoc cac gia tri tiém can véi dung lugng kénh Shannon [10-11] va cai thién mét cach dang ké
cac thdng s6 mang nhu 14 Xac suat ding (Outage Probability), thong lwong (throughput), va
tré (delay). Cac nghién ctru theo huéng nay tlep can vai chuyén tlep trén quan diém cua
chuyén tlep 16p vat ly, tac la cai thign cac tham 30 trén duong truyén vat ly dé dat duoc céc
gid tri tot nhat trén kénh truyén dan duoc cung cap. Trong khi dé, cau hoi vé viéc dung luong
kénh v tuyén cua hé thng duoc khai thac va tan dung nhu thé ndo thi khong dugce dé cap
trong céc tai liéu nay. Dac biét, 1am thé nao dé dam bao QoS trong truong hop luu luong cua
mot ving nao d6 trong hé thong ting 1én mot cach dot bién trong mot khoang thoi gian nhat
dinh van 1a mét thach thic 1on can duoc nghién ciu. Mot cach ngan gon, cac chuyén tiép 1op
vat ly s€ cai thién cac hiéu nang mang sau khi cac kénh vo tuyén di duoc phan chia cho cac
MU. Nguoc lai, trude khi cac kénh vé tuyen duoc phan chia, va ky thuat phan chia dé bao
dam tai nguy@n vo tuyén duoc tan dung t6t nhat nham théa man cac yéu cau két ndi cua cac
MU, déc bi¢t la cac yéu cau cap kénh cho cac cudc goi chuyén giao cia MU khong duoc giai
quyét & 16p vat Iy ma nim & cac 16p cao hon. Pay chinh 1a dong lyc dau tién cho nghién ciu
trong bai bao nay.

Trong cac hé thdng thong tin di dong, co6 2 loai hinh cudc goi la: cudc goi mdi va cude
goi chuyén giao. Cugc goi moi dugc hiéu la cac cudc goi Xuat phat tir cac MU khi lan dau mo
may va quay sb dé yéu cau két ndi, con cudc goi chuyén giao la khi cac MU dang trong mot
cugc goi va di chuyen sang vung phuc vu cua mot BS khac. Cd 2 loai hinh cudc goi nay déu
yéu cau dugc cap kénh vo tuyén dé co thé két ndi va sir dung dich vu mang nhung hé théng s&
dap ung khéac nhau cho céc yéu cau nay. B4i véi cudc goi chuyén giao, viéc bi ngit ngang
cudc dam thoai s& mang dén cam giac kho chiu va nhiéu 1oi phan nan tir khach hang hon 13
viéc théng bao tam thoi chua thé phuc vu va dé nghi thuc hién lai cudc goi. Nhu vay, cudc goi
chuyén giao ludn c6 muic d6 uu tién cao hon, va théng thudng, dé bao dam chi s6 rét cudc goi
cho phép, céc nha cung cap dich vu di dong can phai sir dung k¥ thuat du trir kénh [5-6, 12-
13]. Trong truong hop nay, dung lugng cua cac BS khong duoc su dung t6i da cho cac cugc
goi méi. Ky thuat chuyén tiép kénh CRS (Channel Relaylng Strategy) dugc de Xuat dé tan
dung t6i da dung lugng cac BS cho cac cudc goi msi ma van bao dam duoc két néi hop Iy cho
cac cudc goi chuyén giao [4]. Trong CRS, cac RS dugc st dung dé hoan doi kénh (channel
swapping) gitra cac BS nguon (noi MU dang duoc phuc vu) va BS dich (noi MU sé& chuyén
giao t4i) nén khong yéu cau viéc duy trir kénh cho céc cudc goi chuyén giao & cac BS. Tuy
nhién, trong nghién ctru nay, tac gia chi mai tinh toan cho cac cugc goi thoai (voice calls) véi
thoi gian két ndi ngan ma chua tinh toan dén cac cudc goi s6 lidu thoi gian thuc véi thoi gian
chiém kénh 1au hon rat nhiéu so voi thoi gian chiém kénh cua cac cudc goi thoai. Hon nita,
cac tinh toan trong [4] duoc &p dung véi cac BS c6 ban kinh phua song 16n, trong khi cdc BS
cia 4G LTE c6 ban kinh pha séng nhé hon. Pay chinh 1a dong luc tiép theo cho cac tinh toén
trong bai bao nay.

Phan con lai cia bai bao dugc Cau tric nhu sau ddy. Muc 2 s&€ mo ta nguyén ly CRS. Muc
3 s& phan tich cac noi dung vé duy tri két néi cho céc cudc goi chuyen giao trong 4G LTE &p
dung CRS. Muc 4 s& trinh bay cac két qua tinh toan, va Muc 5 s& két luan bai béo.
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2. NGUYEN LY CHUYEN TIEP KENH CRS

Trong thuc té, cac MU thuong phan b6 khong déng déu va luu lwong trong hé thong ciing
khong dong déu giira cac BS. Do d6, voi cing mot luong tai nguyén tan s nhu nhau, c6 thé
xay ra hién tuong thira va thiéu kénh tan sé mot cach twong ddi gitra cac BS. Tirc 13, khi luu
lwgng & Mot vai BS nao d6 tang 1én mot cach cuc bo (thuong xay ra khi cd céc su kién tap
trung dong nguoi nhu cac 1& hoi, hoi nghi, cac khu vui choi vao cac ngay cudi tuan) thi cac
BS nay s& khong du tai nguyén tan sb dé dap ung cho cac yéu cau goi cua cac MU khi ma tat
ca cac kénh tan sb trong cac BS nay déu di bi chiém dung; dong thoi, néu nhu cac MU di
chuyén va tap trung cuc b tai mot vai BS 1ién quan dén cac sy kién dé thi cac BS 1an can lai
¢6 luu lwong thip hon han nén khong st dung hét cac kénh tan sé duoc cung cap [4-5, 14].
Céc BS c6 luu lwong cao va thiéu kénh tan sé duoc goi 1a cac BS “ndng”, con cac BS ¢o luu
lwong thap va thira kénh tan sé duoc goi 1a cac BS “lanh”. Trudc khi c6 ki thuat CRS, ngudi
ta da nghién ciru va dé xuat ki thuat muon kénh nhung k¥ thuat ndy gap phai cac van dé nhu
la nhidu dong kénh 1am han ché kha ning muon kénh ty do hodc l1am ting ti 1& chuyén giao
noi viing trong BS (inner-cell handover) lam ting yéu cau xu ly chuyén giao trong hé théng.
Do d6, ky thuat muon kénh da khong khai thac mot cach hiéu qua céc tan sé ranh & cac BS
“lanh” [14]. CRS da khic phuc cac nhuge diém va hién thyc hoa bai toan muon kénh théng
qua viéc sir dung cac RS dit ¢ giita cac BS dé cho phép chuyén tiép cac luu lugng vuot
ngudng tir cac BS “néng” sang cac BS “lanh” mot cach tu do ma khong gap phai cac han ché
vé nhidu ciing nhu 1am giam ti 1& cudc goi chuyén giao trong hé thong [4-5].

2.1. M6 hinh nguyén ly va cac yéu cau ciaa CRS

Hinh 2. So d6 nguyén ly CRS.

Mo hinh CRS duoc thé hién nhu trong hinh 2, trong d6 c6 3 BS va 4 RS tuong tng la C1,
C2, C3,vaR1, R2, R3, va R4. Vi tri cua céc va ban kinh phuc vu cua cac RS 1a nam tai dinh
cuia cac BS vai ban kinh bang mét ntra ban kinh cua BS nhu da duoc phan tich trong [4-5]. C6
2 loai CRS tuong wng vai 2 loai hinh cudc goi: CRS tinh SCRS (Static CRS) cho cac cudc goi
méi va CRS chuyén giao HCRS (Handover CRS) cho céc cudc goi chuyén giao.

Pé c6 thé mod ta mot cach ngin gon cac nguyén Iy cua SCRS va HCRS, gia sir rang C1 va
C2 la cac BS “nong”, va C3 la BS “lanh”. Ngoai ra, cac BS lam vi¢c trén cac kénh tan so cua
4G LTE, con cac RS lam viéc trén cac kénh tan so cua chuyén tiep (thuong dugce dé xuat la
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vung tai nguyén ISM (Industry, Science, va Medicine) ding cho Cong nghi¢p, Khoa hoc, va
Y té twong tmg. Tuy nhién, dé hé thdng cd thé 1am viéc duoc, cac RS phai két ndi duoc vai ca
BS va MU trén cé4c kénh 4G LTE va ISM. Diéu nay ciing dong nghia vdi viéc cac MU ciing
phai c6 kha ning hoat dong trén bing tan ISM dé két ndi voi RS, bén canh viéc hoat dong trén
bang tan 4G LTE truyén théng.

2.2. Chuyén tiép kénh tinh SCRS

Trong hinh 2, gia st UE2.1 va UE2.2 la ca&c MU nam trong ving phu séng cia BS
“néng” C2 va dang yéu cau thiét 1ap cudc goi moi. Do C2 1a BS “néng” nén nd khong con cac
kénh kha dung dé dap tmg cho cac MU nay. Khi d6, co ché CRS duoc kich hoat dé cho phép
C2 muon kénh tir BS “lanh” C3 nhu sau day.

Dbi véi truong hop UE2.1, do vi tri ciia né nam trong viing phuc vu cia R1 nén co ché
két ndi cua SCRS 1a: R1 két ndi véi C3 trén kénh kha dung cua C3 (C3 = R1), sau do, R1 két
ndi voi UE2.1 trén kénh ISM (R1 = UE2.1). Ldc nay, hé thong 4G LTE s& xir ly viéc cap
kénh tan sb cho R1 nhu 1a d6i v&i cac MU truyén théng, hay UE2.1 duoc C1 cip kénh thong
quaR1 (C3 > R1 > UE2.1).

Trong trudng hop cua UE2.2, do nd khong nam trong ving phuc vu cua bat ky RS nao
gitta C2 va C3 nén viéc cap kénh truc tiép cho UE2.2 tir C3 thong qua cac RS la khéng thé
thuc hién duoc. Lic ndy, c6 thé ap dung thém k§y thuat hoan dbi kénh nhu sau: tim mot MU
dang str dung kénh tan s caa C2 (gia sir 1a UE2.3) va dang nam trong ving phuc vu cia cac
RS nam giita C2 va C3 (gia str 14 R3 nhu trong hinh 2). Thuc hién CRS cho UE2.3 nhu twong
tu véi UE2.1 dé cap kénh tir C3 cho UE2.3 (C3 = R3 - UE2.3). Sau khi &p dung CRS,
UE2.3 s& giai phong kénh ma nd dugc C2 cung cap. Lic nay, C2 s& lay kénh ma UE2.3 giai
phong ra dé két ndi cho UE2.2 (C2 > UE2.2). Nhu vay, hoan d6i kénh da lam ting kha ning
phuc vu cua hé théng 18n mot cach déng ké.

2.3. Chuyén tiép kénh chuyén giao HCRS

Can phai nhac lai gia sir rang céc cell C1 va C2 trong hinh 2 1a cac BS “néng”, con C3 1a
BS “lanh”. Nhu vay, néu mot MU thuc hién viéc chuyén giao cudc goi tir C1 hodc C2 sang
C3 s& ludn dugc phuc vu bai céc kénh kha dung cua C3. Van dé s& kho khan hon nhiéu khi
cac MU thyc hién chuyén giao sang cac BS “néng” Vi tat ca cac kénh tan so trong cac BS nay
déu da dang bi chiém dung. Cac truong hop can phai 4p dung HCRS dé duy tri két ndi cho
cac cugc goi chuyen giao trong hinh 2 la: chuyén giao tu C3 sang C1 hoac C2 (trr BS “lanh”
sang BS “nong”), chuyén giao gitra C1 va C2 (chuyén giao giira 2 BS “nong”). Nguyén ly cua
HCRS trong céac trudng hop nay 1a twong tu nhau, d6 12 sir dung CRS két hgp nguyén ly hoan
d6i kénh (channel swapping) dé ting xac suét chuyén giao thanh cong trong hé théng.

Pé tim hiéu nguyén ly cia HCRS, gia st rang UE1 trong C1 thuc hién chuyén giao sang
C2 nhu md ta trong hinh 2. Do C1 va C2 déu 1a 2 BS “ndng” nén C2 khong con kénh kha
dung cho cudc goi chuyén giao cua UEL. Trong thuc té, néu khong co6 cac RS thi cudc goi cua
UEI duoc tinh 1a chuyén giao ngay khi UEI vuot qua duong ranh chung (canh chung) gita
C1 va C2 trong qua trinh dam thoai va di chuyén. Tuy nhién, khi cac RS dugc trién khai thl
mic du UE1 di di chuyén vao ving phuc vu ciia C2 nhung van tiép tuc duoc cp kénh tan sb
tr C1 thong qua R2 nhu sau: C1 > R2 (trén kénh cua UE1 dang c6) va R2 > UEL (trén kénh
chuyen tlep) bay la y nghia mo rong ving phu song cua cac RS trong ky thuat CRS khi ma
céc két noi vo tuyén caa UE duoc cung cap bai cac BS trén cac kénh tan sé cua hé thong 4G
LTE s& van duoc duy tri ching nao UE van con nam trong ving phuc vu cia RS. Trong
truong hop cudc goi cua UEL du 1au dén mic nd van di chuyén ra khoi viing phu song caa
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R2, lic nay UEL s& phai giai phong kénh caa C1 ma né dang chiém. Bé duy tri cuc goi cho
UE1, hé thdng can phai tim duoc mot MU cua C2 va dang sir dung kénh tan sé do C2 cp,
nhung dong thoi ding trong viing phi song caa cac RS dit gitta C1 va C2. Gia sir rang UE2.4
thoa man diéu kién nay (st dung kénh caa C2, dang dam thoai, va ding trong ving pha song
ctiia R1) nhu mé ta trong hinh 2. Lic nay, UE2.4 s& chuyén qua két ndi véi R2 dé duoc phuc
vu bai kénh do UE1 di giai phong trude d6 théng qua két ndi C1 > R1 = UE2.4, ddng thoi,
UE2.4 giai phong kénh ciia C2 do né dang chiém dé C2 chuyén kénh nay qua phuc vu UE1
(C2 > UE1) nhu nguyén Iy hoan ddi kénh da dé cap ¢ trén. Pay 1a ¥ nghia cua HCRS trong
viéc duy tri két ndi dé giam ti 1& rét cudc goi chuyén giao (call dropping) trong cac hé thong
thong tin di dong.

3.DUY TRI KET NOI CHO CAC CUQC GQI CHUYEN GIAO TRONG 4G LTE
BANG KY THUAT HCRS

3.1. Xac suat chuyén giao cudc goi HCRS

Hoat dong chuyén giao ciia cac MU trong hé thdng phu thudc vao céc tham sé chinh sau
day: vi tri ban dau cua MU trong BS, mé hinh di chuyén, va thoi gian chiém giir kénh (thoi
gian két néi cuoc goi) cua MU. C6 thé &p dung cdng thuc tinh cia Erlang dé tinh xac suat
chuyén giao that bai P, nhu trong cong thuc (1):

T N/

N.!
R = N <

< k

> (Tl
k=0

Trong d6, N 1a s6 kénh tan s6 dugc cap cho BS, T 1a luu lugng cudc goi trong BS, va
P, duoc tinh 1a xac suét yéu cau goi bi tir chdi va gid tri P, nay con dugc goi 1a cp do dich
vu GoS (Grade of Service) [15]. Trong thuc té luu lwong T cua mot BS bao gom luu luong

cuoc goi mai (cudc goi duoc khoi tao trong BS) va luu lugng cudc goi chuyén giao (cudc goi
tur cac BS xung quanh chuyén téi). Thong thuong, luu lugng T dugc tinh nhu trong cong thirc

).
T=%=/1-t )

Véi A, p twong tng la tdc d6 cude goi dén (call arrival rate) va toc do két thiic cudc goi
(call terminated rate) va thuong dugc chon theo cac phan bé Poisson va phan bé ham sé mii
am. Toc do két thuc cudc goi cling lién quan dén thoi gian chiem gitr kénh (thoi gian dam
thoai) nhu trong cong thuc (3):

e t>0
f(t) = { @3)

0, t<0

1)

Dé ¢6 duoc luu lugng chuyén giao, truée hét MU phai thiét 1ap cudc goi méi thanh cang
trong mot BS cu thé. Nhu vy, luu lwong chuyen giao c6 thé duoc tinh thdng qua xac suat
chuyén giao caa MU. Bé tinh todn xé4c suat chuyén giao, bai bao nay s& tap trung vao viéc
danh gia kha nang ma MU s& di chuyén ra khoi viing phuc vu caa BS hién thoi trong thoi gian
dam thoai cia MU, ké tir lac MU bit dau khai tao mot cudc goi méi trong BS. Cac tham sé
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chinh dé tinh toan xac suat chuyén giao duoc sir dung la: vi tri ban dau cia MU trong BS, toc
d6 va hudng di chuyén, va thoi gian dam thoai cua MU [4-5]. Céc tinh toan trong nghién cuu

nay duoc tham khao tur [4-5,7-8,16] nhu trong hinh 3 vai nhitng gia dinh nhu sau:
1) Gia sir MU c6 vi tri ban dau tai U dugc xac dinh theo d =d(C1,U) trong cell (BS) C1

v6i ham phan bé ngau nhién nhu trong cong thirc (4):

1
f(d)=<R’
0, d>R

2) Trong qua trinh dam thoai, MU di chuyén véi cac tham sé: van téc di chuyén {/, thoi
gian dam thoai trung binh t, va huéng di chuyén o =R (C1U,UD) = ~C1UD véi D la diém
dich dén (c6 thé) cua MU. Trong do:

1
. L 2 e LA . , 0=V,
I. Van toc di chuyén ¢ ham phéan bo ngau nhién: f (v) =4v,,,, (5)
0, V>V

ii. Thoi gian dam thoai 6 ham phan bd theo luat ham s6 mii am nhu trong cong thuc (3).

iii. Huong di chuyén: cac MU duoc di chuyén ty do vaoi hudng di chuyén « phén bo ngau

nhién trong khoang (0,2rx).

Hinh 3. M6 hinh tinh toan xéc suét chuyén giao.

Trong [15], tac gia tinh toan chuyén giao khi MU di chuyén ra khoi viing phi séng cia
mot cell hinh tron véi ban kinh R, =0,91Rvéi R 1a ban kinh BS (khi MU vuot qua diém D1
nhu trong hinh 2). Str dung khai ni¢m va cac tinh toan R, trong [4-5,16], coi cell tuong
duong cua cell C1 trong hinh 3 la mot hinh tron ¢6 dién tich trong duong téng dién tich cua
ban than cell C1 va phan dién tich mo rong cia 6 RS bao quanh C1, khi d6 ban kinh cell
tuong duong ctia vung phu hinh tron trong HCRS Ia R, ;,crs) =1,35R dugc trinh bay nhu trong
cong thirc (6). Khi 4p dung HCRS, MU duoc tinh la chuyén giao khi n6 vuot qua diém D2
nhu trong hinh 2. Luc nay, xac suat chuyeén giao cua MU duoc tinh la xac suat dé khoang cach
tu tdm C1 cua tram goc BS dang phuc vu MU dén diém dung cuoi cung D (Destination) khi
MU két thlic cugc goi I6n hon ban kinh tuong duong Ry crs) Cia BS. Gia st MU di chuyén
véi van toc va hudng khong doi trong suét cude dam thoai, khi d6 xac suat chuyén giao cudc
goi B, cia MU trong truong hop khdng ap dung va c6 ap dung HCRS dugc tinh nhu trong
cong thac (7) va céng thic (8).
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3V3 2 2 33+2r
”Rti(HCRS) :TRZ +6'§”(%) = Ry(ners) =R B — ~1,35R (6)
P, =Pr{C1D>R,} =Pr{{d*~2-d-(v-1)-cosa+(v-0)° > R, | )

R, =Pr{C1D > Ry cny | = Pr{\/dz —2-d-(v-t)-cosa+(v-1)* > Rd(HCRs>} (8)

Gia tri C1D trong cac cong thuce (7) va (8) dugc tinh theo dinh Iy cosine trong tam giac,
trong d6 d la khoang cach ban dau khi MU bat dau két noi cugc goi trong cell, o 1a goc chi
huéng di chuyén, v va t 1a van toc va thai gian chiém dung kénh. Nhu vay, P, ting ti I¢ thuan
V6i v va t va ti 1¢ nghich véi ban kinh cell. Cac két qua tinh toan P, dugc thé hién trong hinh
4 va hinh 5.

= Khéng HCRS, t=300s = C6 HCRS, t=300s = Khéng HCRS, t=600s €6 HCRS, t=600s
= Khéng HCRS, t=900s = C6 HCRS, t=900s = Khéng HCRS, t=1200s = C6 HCRS, t=1200s
m Khéng HCRS, t=1500s m Cé HCRS, t=1500s m Khéng HCRS, t=1800s m C6 HCRS, t=1800s
o
P
3% 3
o B ]
a o 283 2
~ e P~ w R wy 00 o0
5 ~ls ] w i
2|13 =3 P o % 83 2
- i oq o o 2 o >
= 5 s|= “ = n ] b
2 - 3 =t = 3 ] T
2 ] s s ] ] 8 =
2 =3 S ~ = 2 I ki = =2
- 3 b= | | = @ = ™ B
~ wy =3 o > ~ hiid wy
an ~ - wy o ™~ =] o
~ =] | — = o~ r~ = w e
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L] et ] uh ™
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Hinh 4. Xac suét chuyén giao cudc goi P, (%) véi van tc di chuyén 1m/s.

= Khtng HCRS, t=300s m Cé HCRS, t=300s m Khéng HCRS, t=600s C6 HCRS, t=600s
= Khéng HCRS, t=900s m C6 HCRS, t=900s m Khéng HCRS, t=1200s = C6 HCRS, t=1200s
= Khéng HCRS, t=1500s m CS HCRS, t=1500s m Khéng HCRS, t=1800s = C6 HCRS, t=1800s
~ ~ .
oy ™ . w0~ o
= 2 3% o o = o
5 8,56 3 o S 2.5y . = —
= gto == = oo, oop =i 5 ©o —~ - ~
~ aifl @ o cog ol co S s 3 bag 3 s = 5 <9,
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Hinh 5. Xac suét chuyén giao cudc goi P, (%) vai van téc di chuyén 5m/s.
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Nhin chung, khi ban kinh cell ting 1én thi x4c suat chuyén giao giam, con khi thoi gian
dam thoai ting thi xac suét Chuyen giao tang 1én mot cach dang ké cho ca 2 truong hop khong
va c6 &p dung HCRS trong hé thong Thém nita, cd thé thay rang véi cling mot thoi gian két
ndi 300s, khi MU di chuyén véi toc do trung binh ciia ngudi di bo (1m/s) thi P, giam hon 5

lan khi ban kinh cell ting tir R=300m 1én R=700m (nhu trong hinh 4), con khi MU di chuyén
V6i toe do 5mi/s thi P, chi giam chwa dén 0,5 lan véi cling mot muc ting cta ban kinh cell
(nhu trong hinh 5) khi ap dung ky thuat HCRS. Viéc tinh toan xac suat chuyén giao da mang
lai ¥ nghia thiét thuc cho cac nha quan ly mang dé khai thac tai nguyén tan sé hiéu qua nhat
phuc vu cac cudc goi chuyén giao. Khi 4p dung ki thuat HCRS, xéc suat chuyén giao da duoc
giam di mot cach dang ké 1am giam ap luc xu 1y chuyén giao 18n hé théng. Cac gia tri nay
hoan toan cé thé so sanh dugc véi cac két qua trong [17].

3.2. X&c suat chuyén giao thanh cong trong hé théng &p dung HCRS

Xac suat chuyén giao thanh cong phan anh kha ning duy tri cudc goi cho cac MU trong
hé thong. Thong thudng, ti 18 chuyén giao that bai cho céc cudc goi thoi gian thuc trong cac
hé thong thong tin di dong thuong dwoc yéu cau nhoé hon 2%, trong khi ti 1 két ndi that bai
cho cac cudc goi mai cé thé cho phép téi 5% [18]. Pé danh gia hiéu qua cua ky thuat HCRS,
gia st rang ca 3 cell C1, C2, va C3 trong hinh 2 déu 1a cac cell “néng”. Cac trudng hop cé thé
xay ra cho qua trinh chuyén giao trong hé théng nhu mé ta trong hinh 2 1a: chuyén giao tir C1
sang C2 va nguoc lai, chuyén giao tir C1 sang C3 va nguoc lai, chuyén giao tir C2 sang C3 va
nguoc lai. Bé danh gia hiéu qua cia HCRS, gia thiét rang hé thong 3 cell nay la * ‘rat nong”
v6i mat do MU tap trung cao va luu luong cudc goi l6n dén mac ma cac kénh tan s6 dugc cap
cho céc cell bi chiém hét ngay cho céc cudc goi méi trong khoang thoi gian ngan. Hon nita,
néu nhu mot MU két thic cudc goi trong cell va giai phong kénh thi s& c6 ngay mot MU khac
chiém kénh cho cudc goi méi cia minh; nguoc lai, khi mot MU dang trong trang thai goi va
di chuyeén ra khoi ving Pphuc vu cua cell hién thoi thi cling s€ giai phong kénh, nhung kénh
nay s& duoc tam giir dé chd kich hoat HCRS cho viéc duy tri cu¢c goi chuyén giao; néu
HCRS that bai, kénh d6 ciing s& duoc cap cho cudc goi méi. Do vai trd caa cac cell 1a nhu
nhau trong hinh 2 nén & day s& phan tich va tinh toan xac suat thanh céng cho mét cudc goi
chuyen giao giita 2 cell bat ky, gia str cua UE1 khi chuyén giao tir cell C1 sang cell C2. Xac
suat dé cudc goi cia UEL chuyén giao thanh cong twong dwong véi Xac suat co it nhat mot
MU cuia cell C2 dang st dung kénh ciia C2 dé thuc hién cudc goi va dimng trong viing phuc vu
ctia tram chuyén tiép R1 hodc R2 dé cd thé hoan ddi kénh tryuc tiép gitta C1 va C2 théng qua
R1 hoic R2. Do tit ca N kénh tan s6 ctia C2 déu dang bi chiém bgi cac MU nén xéac suat nay
duoc tinh théng qua ti sé giira phan dién tich phi song ciia cac tram chuyén tiép R1 va R2
nam trong cell C2 véi dién tich phi song cua cell C2 va duoc md ta nhu trong cong thire (9).

(9)

2 Ne
Sty )| 2':1),'”(%) 5"
P, (in—relay(C1-C2)) =1-| - | =1-|1-—3 7= =1—(Ej
T

cell

Ldc ndy, xac suit chuyén giao thanh cong cua hé théng nhu trong hinh 2 khi 4p dung
HCRS vai cac gia tri dung luong cell khac nhau dugc mo ta nhu trong bang 1.

Bang 1. Xéc suat thanh cong cia HCRS.

Nc 5 10 15 20 25 30
P_succ. (%) 59,81 83,85 93,51 97,39 98,95 99,58

535



Tap chi Khoa hoc Giao thong van tai, Tap 73, S6 5 (06/2022), 526-539
4. KET QUA TINH TOAN

Str dung Matlab R2014b dé mé phong hé thdng nhu trong hinh 2 bang viéc gan céc toa
d6 cua cac BS va cac RS. Cac MU duoc gan ngau nhién theo céc tham sb nhu mé ta trong
muc 3.1 vai cac gia tri van toc di chuyén di b 1 m/s (twong duong véi khoang 3.6 km/h) va
di chuyén vira 5 m/s (twong duong 18 km/h dé phd hop véi mét do thué bao va luu lwong rat
cao lam cho cac MU kho khan trong viéc di chuyén) véi cac thoi gian chiém dung kénh 1a 5
phat, 10 phdt, 15 phat, 20 phat, 25 phat va 30 pht cho cudc goi thoi gian thuc. Luu db thuat
toan cho mé phong dugc thé hién trong hinh 7. Hon nita, md phong duoc thuc hién theo su
kién; tirc 1a sau khi gan céc tham sé cho MU di chuyén trong hé thdng, cac su kién sau day co
thé xay ra véi cac MU trong hé thdng sau khi khai tao cudc goi maéi trong céc cell:

1) Két thac cugc goj (call terminated) trong BS ma np khai tao cudc goi méi va giai
phdéng kénh tan so6 - kich hoat mét MU mai dé chiém kénh vira dugc giai phéng.

2) Di chuyén ra khoi BS ma né khai tao cudc goi moi:
a. Chuyén giao thanh cong (handover successes).

b. Chuyén giao that bai (dropped) - giai phéng kénh tan s6 ve cho BS - kich
hoat mot MU méi @é chiém kénh vira duoc giai phong.

START

(BAT DAU)

Handover
(Chuyén giao) HCRS
Sai

. Terminated
(Ket thuc cudc goi)

v

Update
(Cép nhat)

STOP

Hinh 7. Luu db thuat todn 4p dung HCRS trong hé thong dé duy tri cudc goi chuyén giao.

A

Quan sét hé thdng vai s6 luong su kién 12 10°, cac két qua nhan dugc vé Xac suat chuyén
giao thanh cdng tir cac md phong dugc the hién nhu trong bang 2, bang 3, bang 4, bang 5,
bang 6 va bang 7. Trong d6, bang 2 va bang 5 mé ta ket qua caa hé thong véi cac dung lugng
kénh cua cac cell N. =5 va N, =10, bang 3 va bang 6 mo ta két qua cua cac dung luong
kénh cua cac cell N, =15 va N, =20, bang 4 va bang 7 mo ta két qua cua cac dung luong
kénh ciia cac cell N. =25 va N, =30, véi toc do di chuyén tuong tng 1a v=1(m/s)va
v=>5(m/s). Co thé nhan thay rang cac két qua md phong déu cao hon so véi cac tinh toan Iy
thuyét nhu trong bang 1, tic 1a kha ndng duy tri két ndi thanh cong cho cac cudc goi chuyen
giao trong thuc, te cao hon. Bicu nay ching to su vuot troi cuia HCRS trong viéc cai thién hiéu
nang cua h¢ thong.
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Bang 2. Ti ¢ chuyén giao thanh cong (%) véi v=1(m/s), N. =5 va N, =10.

R(m) | 300 | 400 | 500 | 600 | 700 | 300 | 400 | 500 | 600 | 700
Nc 5 10
5 | 742373777423 ]7459 74,67 93,22]93,16 93229352 93,71
10 | 735073347350 73,30 | 73,62 | 92,82 | 92,46 | 92,82 | 92,66 | 93,06
t 15 | 73,22 |73,05 73,22 73,29 | 73,25 | 9257 | 92,42 | 92,57 [ 92,70 | 92,88
(phat) | 20 [73,18] 73,14 73,18 | 73,08 | 73,10 | 92,63 | 92,48 | 92,63 | 92,66 | 92,60
25 [72,91]73,02]7291 73207306 9253|9255 | 92,53 | 92,61 | 92,56
30 [ 72,77 72,98 | 72,77 | 73,17 [ 73,39 | 92,60 | 92,55 | 92,60 | 92,58 | 92,37
Bang 3. Ti I¢ chuyén giao thanh cong (%) véi v=1(m/s), N, =15 va N, = 20.
R(m) | 300 | 400 | 500 | 600 | 700 | 300 | 400 | 500 | 600 | 700
Nc 15 20
5 [98,29]9813]98,299822]9821 99,51 995199519959 | 99,62
10 | 97,89 | 97,96 | 97,89 | 98,10 | 98,09 | 99,45 | 99,42 | 99,45 | 99,53 | 99,51
t 15 [ 97,99 | 98,02 | 97,99 | 97,96 | 98,07 | 99,40 | 99,44 | 99,40 | 99,43 | 99,44
(pht) | 20 [97,94 97,90 | 97,94 | 97,90 | 97,96 | 99,48 | 99,39 | 99,48 | 99,43 | 99,46
25 [97,90 | 97,90 [ 97,90 | 97,94 | 97,99 | 99,41 | 99,43 | 99,41 | 99,41 | 99,46
30 | 97,98 97,90 | 97,98 | 97,88 | 98,07 | 99,38 | 99,37 | 99,38 | 99,39 | 99,43
Bang 4. Ti I¢ chuyén giao thanh cong (%) véi v=1(m/s), N, =25 va N, =30.
R(m) | 300 | 400 | 500 | 600 | 700 | 300 | 400 | 500 | 600 | 700
Nc 25 30
5 [99,90 [ 99,89 99,90 [ 99,90 [ 99,91 | 99,97 [ 99,97 [ 99,97 [ 99,98 [ 99,97
10 [99,83 | 99,85 | 99,83 | 99,87 | 99,89 | 99,96 | 99,95 | 99,96 | 99,96 | 99,97
t 15 [99,82 | 99,85 [ 99,82 | 99,85 | 99,85 | 99,95 | 99,96 | 99,95 | 99,97 | 99,96
(pht) | 20 | 99,83 | 99,84 99,83 | 99,85 | 99,86 | 99,95 | 99,96 | 99,95 | 99,94 | 99,97
25 |99,85 | 99,85 | 99,85 | 99,97 | 99,81 | 99,96 | 99,95 | 99,96 | 99,96 | 99,96
30 | 99,85 99,84 | 99,85 | 99,84 | 99,84 | 99,96 | 99,95 | 99,96 | 99,95 | 99,95
Bang 5. Ti & chuyén giao thanh cong (%) véi v=5(m/s), N, =5 va N, =10.
R(m) | 300 | 400 | 500 | 600 | 700 | 300 | 400 | 500 | 600 | 700
Nc 5 10
5 |73,08[73,01]73,08][7313[ 72889259 [ 9253 [ 9246 [ 92,51 [ 92,55
10 | 733173147333 73,08]7330] 92339254 | 9259 | 92,63 | 92,55
¢ 15 | 73,16 | 73,45 | 73,37 | 73,11 | 73,17 | 92,78 | 92,40 | 92,50 | 92,46 | 92,66
(pht) | 20 | 73,533 73,09 | 73,02 | 73,26 | 73,08 | 92,71 | 92,41 | 92,68 | 92,75 | 92,67
25 | 73207316 | 73,21 | 73,34 | 73,07 | 92,77 | 92,59 | 92,64 | 92,54 | 92,61
30 |7307 73027359 | 73,26 | 73,34 | 92,66 | 92,48 | 92,50 | 92,58 | 92,51
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Bang 6. Ti & chuyén giao thanh cong (%) véi v=5(m/s), N, =15 va N. =20.

R(m) | 300 | 400 | 500 | 600 | 700 | 300 | 400 | 500 | 600 | 700
Nc 15 20

5 [97,87[97,96 97,88 97,93 97,91 99,43 [ 99,44 [ 99,43 [ 99,43 | 99,40
10 | 97,83 97,91 (97,91 | 97,92 [ 97,89 | 99,35 | 99,41 | 99,42 | 99,42 | 99,43
t 15 | 97,98 97,91 | 97,88 | 97,89 | 97,89 | 99,43 | 99,37 | 99,43 | 99,35 | 99,40
(phat) | 20 | 97,95 97,90 [ 97,96 | 97,86 | 97,91 | 99,44 | 99,40 | 99,41 | 99,38 | 99,38
25 | 97,92 97,85 | 97,97 | 97,96 | 97,87 | 99,40 | 99,44 | 99,45 | 99,44 | 99,40
30 |97,95(97,92 (97,94 97,87 [ 97,91 | 99,43 | 99,42 | 99,43 | 99,45 | 99,43

Bang 7. Ti I¢ chuyén giao thanh cong (%) véi v=5(m/s), N. =25 va N, =30.

R(m) | 300 | 400 | 500 | 600 | 700 | 300 | 400 | 500 | 600 | 700
Nc 25 30

5 |99,83197,96[99,831]99,84 [ 99,81 99,95 [ 99,95 [ 99,95 | 99,96 | 99,95
10 [ 99,82 [ 99,83 99,86 | 99,83 | 99,83 | 99,95 | 99,95 | 99,95 | 99,94 | 99,94
t 15 | 99,85 | 99,84 | 99,84 | 99,82 | 99,83 | 99,95 | 99,96 | 99,96 | 99,95 | 99,95
(phat) | 20 | 99,82 99,86 | 99,83 | 99,83 | 99,83 | 99,95 | 99,95 | 99,96 | 99,94 | 99,95
25 |99,83 99,83 99,84 | 99,83 | 99,87 | 99,95 | 99,96 | 99,95 | 99,95 | 99,94
30 [99,85 [ 99,84 | 99,80 | 99,45 | 99,84 | 99,96 | 99,94 | 99,96 | 99,95 | 99,95

5. KET LUAN

Bai bao da trinh bay mot giai phap ky thuét tan dung tai nguyén tan s6 trong cac hé thong
4G LTE dé duy tri két ndi cho cac cudc goi chuyén giao thoi gian thuc thdng qua cac tram
Chuyen tiép. C6 3 dong gop quan trong da dugc trinh bay trong bai bao, gom 2 dong gop truc
tiép va mot dong gop gian tiép. Thir nhét: sir dung HCRS ket hop hoan dbi kénh da gitp mo
rong ving phu caa cac BS va do d6 da lam giam céc yéu cau chuyén giao mot cach dang ke
Thir hai: bai bao di dat duoc két qua kha quan trong md phong hé thong Vi cac cudc goi sd
lieu thoi gian thuc chiém kénh thoi gian dai va luu lugng mang rat cao véi xac suat nghen
mang Ién. Tha ba: tir két qua mé phong dat duoc véi dung lugng BS a N, =30, co thé xem
Xét tinh toén bai toan cip kénh tbi wu cho tung loai dich vu dé dat duoc hiéu qua tbt nht
trong viéc khai thac tai nguy@n tan s6. Tuy nhién, bai b4o van con ton tai mot sé van dé sau
day. Tht nhét, viéc tinh toan bai toan phan chia kénh tai nguyén v tuyén trong cac bang tan
cu thé ctia 4G LTE cho céc loai hinh dich vy ciia hé thong, va kém theo d6 1a bai toan str dung
lai tan s& van chua duoc dé cap trong bai bao nay. Ngoai ra, viéc tinh todn van chi mai dirng
lai & mot md hinh hé thong nho véi céc van tée di chuyén cia MU ¢ muac do thap va trung
binh. Cudi cling, can phai xem xét viéc ap dung cac tinh toan trén cho cac hé théng sau 4G.
Céc van d& nay c6 thé 1a hudng nghién ctu tiép theo trong thoi gian téi.
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