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TOM TAT

Trong hé thdng mang di dong khong day, chuyén giao (Handover) la méot khai
niém nham phuc vu duy tri két ndi thiét bi nguoi dung UE. D€ thiét bi nguoi dung
UE di chuyén tir tram phat séng nay t6i tram phat séong khac ma khong mat két noi
thi viéc duy tri két néi lién tuc nay la mot yéu t8 quan trong. Vi vay, chuyén giao
o vai tro truc ti€p trong qud trinh phat trién cua mang HetNet 5G. Chuyén giao
con déng vai tro trong viéc duy tri ceong d6 tin hiéu, cAn bang tai, hiéu qua chi phi
va tiéu thu nang luong. Bai viét nay xdy dung va danh gia mo hinh phén tich kich
ban chuyén giao qua két ndi kép (DC-Dual Connectivity) gitta mang LTE véi mang
5G New Radio (NR) trong mang 5G HetNet dua trén m6 phong Simu5G. Két qua
phan tich cho thdy duoc tinh hiéu qua cta viéc trién khai két hop chuyén giao va
két n6i kép gitta mang LTE va 5G nhim mé rong pham vi pht séng va nang cao
toc do truyén dix liéu.

T khoa: DC, LTE, NR, Simu5G, 5G HetNet.

1. MO PAU

Cong nghé di dong 5G da duoc gidi thiéu dé tang cong sudt hé thong va cung
cap két noi phd bién. Do dé, cac dai song milimet (mmWave) da duwoc dé xuét la giai
phép phu hgp va hiéu qua nhét cho 5G va cac mang di dong thé hé tiép theo [6-8].
Mang UDN (Ultra Dense Network) la mang c6 nhiéu 6 hon nguoi dung hoat dong.
Noi cach khac, mat d¢ diém truy cap 16n hon mat d6 nguoi dung. biéu nay sé chu yéu
doéng gop vao thong lwong cao hon, hiéu qua nang lugng nang cao, két ndi pho bién,
giam khoang cach bao hiém trong moi treong trong nha va ngoai troi va nang cao chat
luwgng dich vu (QoS). Céc thiét bi cong nghé dwoc trién khai cia HetNets sé két n6i cac
thiét bi gia dinh véi Internet. Ché€ do truy cap NSA (Non Standalone Access) cua 5G va
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6G sé cho phép két néi kép (DC), hoat dong trén nén tang NR va 4G Evolved Packet
Core (EPC), d€ c6 thé truy cap dong thoi cac cong nghé khac nhau [1-10].

Sw phat trién manh mé ctia cac két noi di dong la mot thach thice d6i véi cac
mang di dong trong twong lai. S6 lwong thiét bi di ddong dwoc két ndi dang ting theo
cap s6 nhan. SO luwong thiét bi IoT cling dang tang lén rat 16n. Voi nhiéu thiét bi di
ddng, mang sé yéu cau bang thong cao hon va két ndi 6 moi noi (Ubiquitous
connection) [1][14]. Do d6, nhiéu loai 6 nho khac nhau duoc dé xudt hoat dong trong
cac mang di dong 5G trong twong lai dé€ tang cwong két ndi, khai thac kha nang tai st
dung khong gian pho va giam thiéu khoang cach vung phu séng. Viéc trién khai cac
loai t& bao khac nhau lam viéc cung nhau tao thanh HetNet, cho phép nang cao thong
luong ctia toan bd hé thong. HetNet duoc dinh nghia la su tich hgp cuia cac macrocell
bac cao hon va cac 6 nho bac thdp hon, chang han nhu picocell, femtocell va cac ntt
chuyén tiép [1].

Théch thitc cia van dé chuyén giao lién mach tang lén khi thuc hién HetNets.
Chuyén giao la mét ky thuat chuyén d6i dam bao tinh di déng lién mach gitra cac t&
bao trong cac mang di dong. Day 1a mot qua trinh cho phép thiét bi di dong chuyén két
ndi tir 6 nay sang 6 khdac va tai dit liéu theo cach khong c6 sy gian doan nao xay ra
trong treong hop ly twdng. Quyét dinh chuyén giao la mot phan quan trong cua quan
ly di dong trong cdc mang di dong.

D liéu Dir liéu
mang mang

4 g%
Mang 16i z Mang 16i

Tram phat

=
<2 “i
Tramphat X2 \\ Tram phat
gNB eNB 74 gNB

= BEE | - [

(A) (B)

I

Hinh 1. Kién tric SA (A) va ENDC (B) trong trién khai Simu5G.

Simu5G la mot thu vién md phong mang 5G dua trén phan mém mo phong
OMNeT++ [13-14]. Simu5G cung cap trién khai thanh phan UPF ctia mang 16i 5G. Mo6-
dun UPF trién khai GTP d€ dinh tuyén cac gdi dix liéu IP gitta cadc gNB va mang dix
liéu. Mot gNB 6 thé duoc két n6i voi mang dit liéu thong qua mang 16i, nhu trong
Hinh 1 (A). Kién trac nay duoc goi 1a trién khai Stand Alone (SA) va du kién s€ xay ra
trong cac trién khai méi nhat, chi danh cho 5G. b€ hd tro diéu nay, 3GPP dinh nghia
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viéc trién khai két ndi kép E-UTRA/NR (ENDC) thé hién trong Hinh 1 (B) [11]. Simu5G
cho phép mot nguwoi moé phong ca hai kich ban SA va ENDC. Khi d6, mét UE c6 thé
dong thoi két ndi voi cong nghé truy cap 5G NR va 4G LTE-A EPC [3]. Két ndi kép
(DC) cho phép 5G NR hoat dong cung véi hé thong LTE-A EPC. Kha nang két noi kép
MR-DC (Multi Radio-Dual Connectivity) cho phép DC thong qua cong nghé RAT
(Radio Access Technologies). SeNB hoat dong bang cach st dung cong nghé truy cap
NR 5G, trong khi MeNB st dung cong nghé Evolved Universal Terrestrial Radio
Access Network (E-UTRAN). Hai eNB thuong duoc két ndi thong qua mot dwong truc
khong ly tuong (Non-Ideal Backhaul). Chiing cting hoat dong trong trueong hop nay
véi hai bo 1ap lich ddc 1ap [3]. Cach tiép can nay cd thé nang cao thong lugng tong thé
va hiéu qua quang pho ctia HetNet trong twong lai.

Bai viét phan tich mo hinh chuyén giao qua DC trong mang 5G HetNet véi viéc
mo phong duoc tich hop trong trinh gia lap Simu5G. Mot s két qua phéan tich mé hinh
cting da duoc thé hién thong qua viéc danh gia voi cac do thi, lam co sé cho cac nghién
ctu tiép theo. Noi dung tiép theo cua bai bao gom: cdc nghién ctru lién quan dén trong
mang di ddng 5G HetNet va md hinh kich ban m6 phong chuyén giao qua két n6i DC
trong mang 5G HetNet ma bai bdo xem xét sé duwgc trinh bay ¢ phan 2. Két qua phan
tich thong qua cac d6 thi cia mot s6 mo phong, sé dwgc trinh bay ¢ phan 3. Cudi cung
la phan két luan.

2. PHUONG PHAP NGHIEN CcUU

Cac tiéu chuan thé hé thit nam (5G) duoc phat trién boi dw an 3GPP nhim dap
tng cac yéu cau hiéu sudt da dang va khit khe ctia cac dich vu méi dugc tao ra boi
nhiéu tng dung khac nhau. Danh muc 3GPP phan loai cac ting dung trong ba loai dich
vu khac nhau: Bang thong rong di dong nang cao (eMBB), Truyeén thdng c6 dd tré thap
cuc ky dang tin cdy (URLLC) va Truyén thong loai may 16n (mMTC). NR 5G 1a giao
dién vO tuyén modi dugce phat trién boi 3GPP, c6 thé hoat dong trén hai dai tan, FR1
(dudi 6 GHz) va FR2 (trén 24 GHz). Mdi dai tan s& c6 ddc diém lan truyén nhat dinh
[1].

Su gia tang dang ké vé so luong nguoi dung va sy gia tang luu luwong di liéu di
dong can thiét cho cac ing dung bang thong cao da dan dén tinh trang thiéu bang tang
dudi 6 GHz. Do d6, dai mmWave c6 tam quan trong hang dau cho cac hé thong mang
di dong thé hé tiép theo. Tdc do di liéu 16n duoc cung cdp boi cac bang tan mmWave
chu yéu la do lwong phd tan c6 sdn trong cac bang tan nay 16n. Tuy nhién, cac lién két
mmWave cé pham vi truyén tai thap hon va cé thé bi tic nghén. Da két ndi la mot
trong nhitng cach tiép can chinh dé€ giai quyét nhitng van dé nay. N6 dwgc dinh nghia
la kién trtic hé thong trong d6 mdi thiét bi nguoi dung (UE) dugc két nsi dong thoi voi
nhiéu tram goc va la tinh nang chinh cua thong s6 ky thuat 3GPP NR. Kha nang két ndi
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dong thoi véi nhiéu cong nghé truy cap vo tuyén 1a mét giai phap quan trong dé trién
khai 5G lién tuc. Da két ndi nang cao hiéu suat hé thdng bang cach cung cap nhiéu két
ndi.

Trong pham vi bai bao nay, ching toi tap trung phan tich va danh gia mot hé
thong 5G c6 kha nang NR-DC d€ cung cap cho UE dong thoi ca kénh bang tan thap va
bang tan cao. NR-DC ¢6 thé dam bao t6c d6 di liéu cao hon, do tin cay cao hon va do
tré thdp hon, nhitng diéu nay rat quan trong d6i véi cac ing dung méi ndi nhuw thuee t&
tang cuong/thuc t€ do (AR/VR) hodc cac ting dung quan trong nhu xe tu hanh, doi hoi
mtec dién ap thap cuc ky dang tin cay, giao tiép cé do tré. Viéc danh gia hiéu suat cta
mot hé thdng nhu vay duoc thyc hién thong qua goi md phong mang 5G 1a Simu5G
dwa trén khung OMNeT++ [12].

2.1 M6 hinh mé phdong kich ban chuyén giao qua két ndi DC trong mang 5G
HetNet

Muc tiéu chinh cta phat trién 5G la dat duoc muc tang dung luong va vung
phti séng cao hon bang cach stt dung DC véi cac mang 4G LTE-A EPC hién c6. DC la
mot giai phap sang tao két hop 4G LTE-A hién tai v6i thé hé tiép theo 5G bang cach tan
dung phd NR. Diéu nay c6 nghia la bang tan LTE-A 20 MHz cua 4G c6 thé duoc st
dung dong thoi véi bang tan cao hon géap ba lan, tic 1a 60 MHz NR cta 5G. Ché dd
song mang phan chia cd thé duoc ap dung d€ st dung dong thoi cac dai tan s6 cii va
NR. Uu diém ctia viéc st dung DC la dat duoc thong luong cao hon véi cach ti€p can
hiéu qua vé chi phi [11].

Hinh 2. Kich ban chuyén giao qua DC trong mang 5G HetNet
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Qua trinh chuyén giao la mét budc quan trong d€ duy tri két ndi trong 5G
HetNet. Theo Hinh 2, quy trinh chuyén giao qua DC trong 5G HetNet dwoc trinh bay:

- UE duoc két noi dong thoi voi LTE MeNB va 5G SgNB (smallcell-1).

- Khi UE di chuyén ttr smallcell-1 sang smallcell-2, MeNB sé gtti mot thong bao
canh bao t6i smallcell-2 dé€ thong bao cho né vé sy xudt hién caa UE. Khi UE di vao
vung lan can, né bit ddu nhan tin hiéu hoa tiéu (pilot signal) tir smallcell -2 mdi.

- Smallcell-2 sau d6 sé gui tin hiéu yéu cau dén MeNB dé€ kich hoat qua trinh
chuyén giao. MeNB kiém soat tinh di dong ctia UE tit 6 nay sang 6 khac trong 5G
HetNet, qua trinh chuyén giao bat dau. MeNB kiém tra gia tri RSRP (Reference Signal
Received Power) ctia smallcell-2 tai UE. Néu gia tri RSRP ctia UE tai smallcell-2 cao
hon smallcell-1, qud trinh chuyén giao bat dau.

- Trong qua trinh nay, tai mot nat SgNB c6 thé lién tuc nhan duoc hai ludng luu
luwong di liéu: tir cac UE mdi va tir cac UE chuyén giao.

- Tuong tw, quy trinh chuyén giao lap lai khi UE di chuyén tir smallcell-2 sang
smallcell-3.

2.2 M6 phéng kich ban nghién cttu

Muc tiéu kich ban mo6 phéng: Phan tich, danh gia két qua cua qua trinh chuyén
giao dua trén két ndi kép gitra cac nat SgNB theo mo6 phong 6 Hinh 3.
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Hinh 3. M6 hinh m6 phong chuyén giao qua DC trong mang 5G HetNet

Cac tham s6 mo phong
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Bdang 1. Tham s6 chung

TT Tén tham s& Gia tri

1 app PacketSize 20000 byte

2 app sampling_time 0.05s

3  app startTime uniform(0.02s, 0.05s)

4  app finishTime 29.9s

5 app tos 20

6  sim-time-limit 120s

7  enableHandover TRUE

8  handoverLatency 0.05s

Bang 2. Tham s6 cac UE Bang 3. Tham s6 MasterEnb1, secondaryGnb
TT Tén tham sO Gia tri TT Tén tham so Gia tri
1 ue[0] (X)Y) 50m, 500m 1  masterEnb1 (X,Y) 500m, 200m
2 ue[l] (XY) 100m, 500m 2 secondaryGnbl1 (X)Y) 200m, 400m
3 uel2] (X)) 150m, 500m 3 secondaryGnb2 (X,Y) 500m, 400m
4 ue[3] (X)Y) 500m, 500m 4  secondaryGnb3 (X,Y) 800m, 400m
5 ue[4] (XY) 800m, 500m 5 masterEnbl carrier 2GHz
Frequency
6 speed 16.7mps 6 secondaryGnb carrier 4CHy
(~60km/h) Frequency

7 MovementHeading Odeg

3. KET QUA VA THAO LUAN

Dua theo cac mo hinh da phan tich ¢ trén, trong phan nay, bai bao sé tap trung
vao phan danh gia hiéu nang hé thdng voi cac thong sd d€ nhan manh tinh hiéu qua
cta cac md hinh ma bai bdo da phan tich thong qua phan mém tinh toan dwgc tich hop
truc ti€p trén mo phong. Dua theo két qua phan tich tir cac lwge do trang thai, chung
toi sit dung phuong phap phan tich so sanh, ttr d6 tinh toan cac thong s6 d6 do (nhiéu
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tinh hiéu, thong leong truyén, tac nghén géi tin...), sau d6 tién hanh md ta vé mat &6
thi sy bién thién cua cac gia tri phu thudc vao luu luong mang.
3.1. Tai cac nut UE

Ty 1& nhiéu tin hiéu trong trueong hop tai vé caa cac UE[0], UE[1], ..., UE[4] st
dung song LTE va song 5G duwoc mo ta theo Hinh 4, Hinh 5.

SINR measured at feedback computation, DL SINR measured at feedback computation, DL

N

— MliCell withSeg
Mltcel vithse

— MuliCel_vithsecondaryGab.uel0] celarbic channeModelo]

uleice_withsecondaryGnb.uel1).cellularic channelviodel(o]
— MuliCell vithsecondaryGab.uel2] celuarhic channelodello] »
~— MukiCel_withsecondaryGnb.uel3 ) cellularhic channelModel[a]
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Hinh 4. So &6 nhiéu tin hiéu tai vé tai UE[0],  Hinh 5. So &6 nhiéu tin hiéu tai vé tai UE [0],
UE [1], UE [2], UE [3], UE [4] st dung séng  UE [1], UE [2], UE [3], UE [4] st dung séng 5G
LTE

Qua so d6 6 Hinh 4, Hinh 5 c6 thé thay dwoc ty 1é nhiéu tin hiéu déi véi song
LTE thdp hon séng 5G. Nhu da trinh bay, song 5G stt dung giao tié€p bang mmWave c6
mot s§ ddc tinh lan truyén chinh khéc véi bang tan vi song va dan dén nhiéu tin hiéu
khi ¢ nhiéu thiét bi cung hoat dong trén cing mot kénh, dong thoi song 5G ciing bi
anh hurong nhiéu tr mdi tredng cac vat can séng (cac tda nha, mai ton, twong...). Trong
mo phong mang 5G giao tiép bang séng sub-6GHz hoat dong trén dai tan sd tir 1 - 6
GHz va do d6 né ¢6 kha ndng cung cdp tdc dd dir liéu cuc cao (hang Gbps) cho cac
thiét bi di dong, c6 thé cung cdp dung lwong mang vuot trdi. Tuy nhién, giao ti€p bang
tang sub-6GHz 16n hon LTE nén dat ra nhiing thach thitc vé mat quan ly nhiéu. D&
giam thiéu nhiéu tin hiéu ctia séng 5G bang cach t&i wu hoa cac thuat toan chia sé tai
nguyén, quan ly hang doi, phat trién thém nhiéu tram phat 5G va két hop voi co sd ha
tang mang LTE hién c6 bang cach kich hoat co ché chuyén giao.

Trong qua trinh chuyén giao qua giao dién X2, mot ma dinh danh duwgc st
dung d€ trao ddi cac thong bao diéu khién gitta eNodeB (masterEnbl) nguén va
secondaryGnb dich. Ma dinh danh nay duoc goi la "UE X2AP ID" va dugc st dung dé
nhén biét cac ban tin diéu khién cho UE dang chuyén giao tir viéc phuc vu eNodeB
(masterEnb1) sang cac secondaryGnb lan can. Khi eNodeB (masterEnb1) phuc vu gt
Yéu cau chuyén giao dén secondaryGnb lan can do diéu kién vo tuyén kém, dong thoi
n6 thém ID vao ban tin Yéu cau chuyén giao. ID nay dugc goi la "Old ID eNodeB UE
X2AP". Néu phan hoi tir secondaryGnb muc tiéu la tich cyc thi phan hoi d6 sé 1a Xac
nhan yéu cau chuyén giao va eNodeB (masterEnbl) cling sé thém ID mdi vao thong
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bao nay la "New ID eNodeB UE X2AP". Theo m6 phong trén tin hiéu ID tir masterEnb1
phuc vu cho cac UE chon séng ctia secondaryGnb gan nhat duoc mo ta theo Hinh 6.

ID of the serving eNodeB for the UE

—— MultiCell_withSecondaryGnb ue[0].cellularNic.nrPhy
MultiCedl_withSecondaryGnb ue[1].cellularNic nrihy
MultiCell_withSecondaryGni.ue(2].cellularNic.nrPhy

—— MultiCell_withSecondaryGnb.ue[3].cellularNic.nrPhy

—— MultiCell_ withSecondaryGnb uel4].cellularhic.nihy

A

& 300

2 © 3 # 100
Time [s]

Hinh 6. So d6 ID ctia masterEnb1 phuc vu UE

Qua so d6 ¢ Hinh 6, ¢ thé thdy duoc tai cac ID (2, 3, 4) chinh noi xay ra chuyén
giao gitta UE véi cac secondaryGnb. Su chuyén giao nay phu thudc vao vi tri UE bat
dau di chuyén ra khoi viing pht séng tit mot secondaryGnb dang tiép song dé€ chuyén
dén mot secondaryGnb c6 séng gan nhat. MasterEnb1 sé quy dinh ID dé UE tiép song
chuyén giao véi secondaryGnb duoc dinh sén.

3.2. Tai nat tram phat song BS, Server, PGW

Thong lwong duoc do dwa trén thoi gian cac goéi dén thanh cong chia cho thoi
gian can thiét d€ goi dén gitra cac BS dwgc thé hién qua Hinh 7, Hinh 8.

T Secans
Mo ascompr el N Throughput masterEnbl

0040

0035

[ )
3
\ 5
I\ Zoms
H
£ 0020
§
F 0018

0010

I I 0005
i |

— 0000

Time [s]

Hinh 7. So d6 thong luong tir secondaryGnbl, Hinh 8. So d6 thong lwgng tir masterEnb1 t6i
secondaryGnb2, secondaryGnb3 téi secondaryGnb1, secondaryGnb2, secondaryGnb3
masterEnb1 twong tng 56, 57, 58 twong 1tng 5, 6, 7

Qua so d6 c6 thé thdy duoc thong luong truyén dir liéu qua lai gitra
masterEnbl, secondaryGnbl, secondaryGnb2 va secondaryGnb3 khong c6 thay doi
nhiéu vé duong truyén két n6i gita LTE va 5G. Thong lugng trao doi dit liéu tai cac
diém masterEnb1 véi secondaryGnbl, secondaryGnb2 va nguoc lai ¢d luu lwgng 16n
do nguyén nhéan tai cic vi tri secondaryGnbl, secondaryGnb2 tap trung nhiéu su di
chuyén qua lai gitta cdc UE két hop véi sy chuyén giao gitta masterEnbl véi
secondaryGnb1, secondaryGnb2. Viéc tap trung luu luong nay dan dén két qua tac
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nghén 16p MAC véi ludng d@ liéu tai 1én tai vi tri masterEnbl & thoi diém 0.0040s, vi
tri secondaryGnb1 ¢ thoi diém 0.0046s va vi tri secondaryGnb2 & thoi diém 0.0045s
duoc thé hién trén Hinh 9.

Doy ot tho MAC iy DL

Hinh 9. So d6 tac nghén 16p MAC ludng dit lidu tai 1én

Két qua gui goi tin tai nut masterEnb1, Server va PGW khi ¢6 yéu cau can xt ly
ttr cac UE duoc biéu thi tai Bang 4.

Bang 4. Két qua guri gdi tin tai nut Server, PGW va masterEnb1

Ky vong D¢ 1éch chuan Phuong sai
TT Vi tri nat S8 dém
(Bytes) (Bytes) (Bytes)
1  Server 398 20.008 0 0
2 PGW 19990 4037,600000 893,024406 797492,590045
3  masterEnbl 955 4042,600000 893,248982 797893,743260

Tai vi tri PGW c¢6 s& dém 16n nhat, tai noi nay thuwong xuyén xay ra viéc truyén
qua lai cac gdi tin dén tir masterEnb1 t6i Server va nguoc lai. Vi tri Server voi cong viéc
xt ly viéc chuyén giao va gui gdi dit liéu voi kich thudce goi tin dat ky vong ~20.000
Byte, cac goi tin da dwoc giri di hoan toan.

4. KET LUAN

Bai bao da tap trung nghién ctru mé hinh tich hop hé théng chuyén giao theo
kién truc két noi kép DC trong mang 5G HetNet. Trén co s d6 thuc hién xay dung
mot kich ban mé hinh md phong co ché chuyén giao trén mang LTE va mang 5G. Mot
s0 két qua phan tich md hinh ciing da dwgc thé hién thong qua viéc danh gid véi cac d6
thi, 1am co sé cho cac nghién ctru tiép theo. Két qua moé phong da cho thay viéc co ché
chuyén giao trong mang 5G ddéng vai trd quan trong trong viéc phan bd sap xé&p cac BS
mot cac hiéu qua hon trong thuc t€. Ttr d6 c6 thé trién khai ing dung bai toan chuyén
giao cho cac kién tric doc lap trong mang 5G, ciing nhu mé rong nghién ctu tng dung
cac phuong phap hoc may, hoc tang cuong vao cac bai toan quan ly tai nguyén két hop
co ché chuyén giao trong mang 5G Hetnet.
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PERFORMANCE EVALUATION OF HANDOVER MODEL
IN 5G HETNET NETWORK WITH DUAL CONNECTIVITY
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ABSTRACT

In the wireless mobile network system, handover is a concept that serves to
maintain the UE user device connection. In order for a UE user device to move
from one broadcast station to another without losing connection, maintaining this
continuous connection is an important factor. Therefore, handover has a direct role
in the development of the HetNet 5G network. Handover also plays a role in
maintaining signal strength, load balancing, cost efficiency and energy
consumption. This article builds and evaluates a model to analyze the handover
scenario over dual connection (DC) between LTE network and 5G New Radio (NR)
network in 5G HetNet network based on Simu5G simulation. The analysis results
show the effectiveness of deploying a combination of handover and dual
connection between LTE and 5G networks to expand coverage and improve data

transmission speed.

Keywords: DC, LTE, NR, Simu5G, 5G HetNet.
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