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ABSTRACT

Since the number of user equipments has also increased rapidly, the problem of network load due
to frequent handover of user equipments has occurred. As a solution to this we expect to be able
to reduce network overload problems and the delay caused by handover using LTE-based D2D
communication. In this paper, we proposed a proposal to support handover via a preceding user
equipment using LTE-based D2D communication by handover method of existing LTE network. We
proposed a method that can efficiently solve the handover situation of the user equipment via the

Received 26 April 2019 preceding user equipment in order to reduce the overlapping signal used at the time of handover
Revised 23 May 2019 between the base station and the user equipment. The handover delay accompanying the change in
bcegplz6 1) Limdn 20D the number of user equipments was able to confirm the result that the suggested scheme was reduced
© 2020, The Korea Institute of as compared with the existing LTE handover.
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QA 4MT o] FFAlA 5AIT ol FEA o E dolrtr] fIj =T oA Ee= BZukd HlolH
Egge] A wWete] A3A HJL, AR FI5E o] 83t AZE FA HAE 44 sl Aol D2D
(device-to-device) E410|Th(Panigrahy et al., 2018). D2D F4l2 AEH UEYZY Fo Y EHA (core
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<Fig. 1> LTE network architecture

2. D2D S4I
DDE =t 717§ thgo Amet 2ol mg flol 2AUN AT WL b U ARE A
& Btk DD FAE B B A B8 29D W ee] o FEAe

3GPPI A& LTE-Advanced$} release 140 %A E Q1= LTE-Advanced pro®l 7]¥HS
& FZ18ta 921, IEEE (Institute of Electrical and Electronics Engineers) |41+ Wi-Fi
(wireless fidelity)oll 71¥FS & D2D 54191 Wi-Fi direct £F A4S F23k UTh(BGPP TR 24.334, 2016)
3GPP A& release 14 Al2El9] Q47]&S 93k ZHASHE 0 2 Proximity-based service (ProSe)E 417 3}93 2.
™, F TSG (technical specification group) RAN (radio access network)l X8} 3]9]& F3lo] ProSes 913
T olE # 0] 29} physical layeroll g £F317F M3 1 It} T3 IEEE 802.15 Groupol A= PAC (peer
aware communication)= D2D #H =3} S st o

LTE U ES 3 7|5te] D2D B4l 7|AF o2 5E we] g4 29 dd g ~7AE7] 59 Hag B
£ o} Fagitt @] SHA 2 A &9 Y ALY AHE AL gloH, HES T SH
A Fek A g A AR BolFdo R a&A AHe A Aok

<Fig. 2>+ A2 7|¥e] D2D A& =43} 3 Aot} A&7 7]%ke] D2D §4le 98t 7I& LTE &
o] WEZ ProSe Function®} ProSe Application ServerS ©@3l= 7|6 E55S F718F91, AFEAF @2
= ProSe Applicatione F7}3F3th. ProSe Functione WEZ #& 2ol ALe&HE =832 758 93

o

112 OIRTSYL| =27 M197, TH22(20204 42)



§t LTE sHE2B x| gt

D2D M@ kg of

00

e
fr 5
rf
e
2
R

7} & ProSe Application ProSe Application®] 8% T3} Ao JRE w3k o

o}, 718 o2 7]29] EPCY 715532 MMES A= HSSZH-E ProSed #HHAE 71!
13}31, 2o ProSeE AFEE HA3to] UTh= Z& E-UTRANO A|Fdhs 98 dof x5
ZRE ProSe GLUZHE HRE 250, S-GWlAE MMEZRE WEHN I FA | &
A P-GWOIlA ©Ee] HEE HEg

off N
oft

i
ol ¢

i
i,
3
f
i

5]
il &
o =
L

ProSe
Function | >~

PC2

ProSe

Prose P ~{  Application
Application 2 Server

PCs eNB {{-[-{ MVE PCRF [~ Operator's
A IP Service

UE
ProSe

Application

eNB %x S-GW H P-GW

Access Network Core Network

<Fig. 2> D2D based cellular network architecture

98 D2D A Zukel

E
et

. &34 A=

1. LTE S$iE2H{Q} LTE 7|HtQ| D2D stle| EMAE

ARES olFo] e AL UFLEL ol gl HY AEe BATS ASTE TRES 240
AHGAEN7] 713 NBOIAH THE NBE ol Fslof sHe WEQME BEA ot <Fig 3-& HA 483 5
o9t LTE WEA =S A=om Aol thste] e Zlolth 2 A8¢ WaEL NBSt 771402 2
Aol SIRAR, $A8 Aol 719} olF E3E ke AAUEE F3 Woloksir, eNBolAE AT

E9A FRolA HelFe v 520

3 2AEHS AHHSE FPsfof gir) o] 2 st} Fof Y E
Ak A2 YEYFAE A=z 3 eyl 27 A9 H AxZ Qs G st AT
2 Qg AA FOo= Qlste] AE @ AHIAE AFHE F ik B FEoHE A E37] ffsiA B
3} source eNB, target eNB A}©] Measurement Report, Handover command, Handover Confirm 52 A|jAEE
53 g2 AaE F71H o2 dhEs)of $O(3GPP TS 36.300, 2016) 18] LTE WIEHY A 7]4ke] D2D 541
= f8t 71E eNBERH FHFE Dsfof ks HolA Fak g B AR A AELHE A AN
7lv 898 F UHE & T Utk

B =R A= 3GPP TS 23303904 A&t proximity service’t £3¥ LTE UIEY D A43o)A D2D &
A& 58 LTE =W E Adste AU L8 T4t D2D @8 A9t B7F $48 22 source eNBE
%3t LTE 9140] Holglem, 7+ @2 LTE 79| D2D 2 o] Ho Utk + ©Zo] source eNBE| AH]

£
[
to

H

Vol.19 No.2 (2020. 4) The Journal of The Korea Institute of Intelligent Transport Systems 113



)
NS}
(w)
rz
oot
il
e
o
k=)
o0
rot
5
m
|—o\I
In
o
T
Ral
rio
0
e

2 T90lA target eNBE| AHIZ THO2 o] Fd A4, X2 £ S1 B=oH o] dojdtt. s
A7 S #5877 B2 AFe AHsA HA 9] AAE soiuAl 2 Aela, D2DE % B
3 FEEE FUkshe FAlO wet dAl s YES A dHEske HA soid AlE et =3 g
o] o]FAHE HEr] A7 AoAlEe FuE sl AA Alte]l FThste EAZE TS < U

olgid =AM S si2sty] fl8l LTE 7]9ke] D2D T4l0] 7hsdt VES A oA THE = J=eHE
Z0]aL, HAo] JuenE MY & 4 UES D2D F4le T3 LTE A=on AApe| 1has) 71 gt
A7 asit

Function

.
D2D UEA

Application

Operator’s
IP Service

[me]  [pore]-—

= = = LTE communication Communication for
= Moving direction handover procedure
-------------- LTE based D2D communication

%] Application

Application

<Fig. 3> Route scheme of handover message in LTE network

2. D2DE #E& =2 7|y

I MESA 342 LTE U ESIE o83 AEe] UESIE AHgstH, Ak 7HE st o2 1t
LTE 7]%ke] D2D B4lo] 78S 7143t 3GPP release 14014 A13%¥ LTE 7]%k2] D2D 5418 9135k
0] YIE] Aol ProSe Functions 7}t al, @itell= D2D &A1& 3+ ProSe Applications F71FSA T

B =FolA Atsk= LTE 7|%F D2D 5418 &85 d=o 7|y 8292 <Fig. 4>9F 2t} 7|24
1+

D2D UEB |- == _
|
| Application

3 -
D2D UEA

Application

Function

-
-
-

Operator’s
IP Service

E ~ProSe
% Application

= = = LTE communication Proposed route of
— Moving direction LTE handover
LTE based D2D communication

<Fig. 4> Proposed route scheme of LTE handover message in D2D communication

114 OIRTSYL| =27 M197, TH22(20204 42)



Hp
o

D2D M@ ©tats 0|88 LTE H=2H X

o
e

A Rksk= LTE 719k} D2D F41S 283 d=on 7o) Znt 4°L HAA AR =AEE <Fg 5>3 2tk
o] YIES A S A Tt AS}H B7L glom, ‘i} 42 LTE 7|5He] A& FAlo] 7kt D2D 4ls #3
Hojg 7t A=) F S-S source eNBOll EA3kAL Jom, AIFEE e deon A Motk
Source eNBO| Al @& A Z LTE 7]4ke] D2D 541& ]88l = Folth @2 AV} target eNBE] A H| 2=
TYHOoE o]FetA HuA A=oH A=t dojdtt o] F T B EJ & eNBO| AH|Z TH 0.2 o] F3}
Al ok &2 BO o] F3HaFS &Rlsty] f1st HIskal = ThE eNBY AR} o WE ASAZ]E vl
ok 3t} o] = 9|5}e] Measurement ReportE E3ka] wA|A] lﬂ-r«] A5 A71E X8} 3 RSRP (reference
signals received power)2} RSSI (received signal strength indication) & &1e o+ ot eNBES Al5AH|7]E vl
sto] ok A9] Maikeka) B zlswkgko] UX|stH BY} 5Aldl oF 3li= Handover RequestE source eNB7} o}

T

AZ £ %h:}

3. Hgkst=

mlm

0]E St} Sk target eNBE Measurement reports
A} Sh target eNBE W= $H5 2 o] FoiZ Q)T

TESF Handover Request ACK-2 T AS
AAE WA H AL
Handover Request ACKE
Y5l whke] AR E MME|A ProSe Function® & Hg

3kl BlAl Mgdth e
, D2DE 9l5le] 9] XA HE MMESA ProSe Function® 2 g3t}
Z‘i%@ﬁ @ BE e HAE X9 & ghgsta W A9 miREA E D2DE
st AAE vh-el gkt

Start: A, B
using LTE, D2D N

A, Bin sourceeNB

!

A, B communicate with D2D

Send Location Report B
from MME to ProSe Function

A handover execution
to target eNB

B handover complete
from source eNB to target eNB

!

B handover execution
to another eNB

T
Send Location ReportA
from MME to ProSe Function

1 t
Compare eNB RSRP Ahandover complete
(source eNB, target eNB) from source eNB to target eNB
f
Send

Handover Request ACK
fromEPC to Bvia A

Send

Handover Request
from B to target eNB via A

i

Fol| A Aeksl= LTE 71¥e] D2D E418 8831 LTE
U= ? om I HHgozE A HAZ T A9l B 7F D2D AZ0] Hojgls AejolA v A} 3
3te B, T HAE A A= A F A=W E A3 3t BY JEE Pot
© 2 ASt B9 D2D A9} o] F3}

Agshe 34, vhA o}

<Fig. 5> Proposed LTE handover message path flowchart using D2D communication

AN oWyt APE= AxE A A 7FA FA

Vol.19 No.2 (2020. 4)

The Journal of The Korea Institute of Intelligent Transport Systems

nhReE B AL




D2D M@ kg of

27

=)

I

()

LTE HE2H

X

o

Ak A e o] HAARGL <Fig 6> £k & A9t BE 47 LTE 541 53t eNBF H&ES
Sl B74€ 73 glom, LTE 7)ike] DoD BAlo] shssittn 1@tk e e o\B o) 5
Ao $1x]5}H, A Z D2D discovery I4S F5to] AZE WA, o] AAE 7N E D2D setup &
R

Source Target HSS /

‘ UEA ‘ ‘ VEB ‘ J eNQ ‘ MME ‘ ProSe Function ‘ ‘S_GW‘
|__ ___________________________________________________ _|
i b2 J] DbrB__ ] 81 Bearer (DL/UL) | !
I I
Vo DRB ] S1 Bearer (DL/UL) |
b ] !

D2D Connection

1. Measurement Report (UE A)

5.

6. Handover Comm:

easurement Re

2. Handover Decision (UE A)

3. Ha
4. Hand

port (UE A)

and (RRC Conné

ndover Request

(UE A)

ver Request AC

K (UE A)

ction Reconfigu

7.Co

mpare direction of UE B

8. Handover Reque:

12.
13.

14. Handover Confirm

st (UE A)

9. Synchronization (UE A) and H

s

UL Allocation (UE

Q.

SN status Tran

sfer (UE A) and

ration) (UE A)

andover Request (UE B)

Handover Requg

11. Handover Decision (UE B)

A) and Handover Request ACK

UE B)

Handover comm:

and (UE B)
(UE A) (RRC @

onnection Recol

nfiguration compjlete)

st (UE B)

<Fig. 6> Proposed handover procedure of LTE based D2D communication (Continue)

F=owrt dojur] A, 14

2t TAE uRe} Zo] A Z D2D WY E

7}A 3

ol o U:] 1;].\:11-34_ source

eNB 7t DRB, source eNBS} S-GW Ztell= S1 H|oj27F AP o|9lt). & AojA AAb= 7] LTE =
el Axte} FYsit) o] & @l B Eg =9yl Fasit) B BE source eNBS} target eNB 5 12
eNBEHE ASE SAd FAlet7|o o] eNBO| AlsA|7]9] Foto] 7hgattt. e A8 T BojlA] &
2§ 3 Measurement reportS E5F] 7] Target eNBE 3= 7o opd o AdA] ST

Measurement report message®ll= =430k & A S| T AR, Fuh= AR, offset T HIAA D527,
218 ID9} RSRP9} RSSI7F 3t o] Jlth. RSRP= 578 Y E Yo Al 549 NS5 xohste T4 A9

9] BEES Wan U912 48 B8} & Zo|th RSRPE o] £3}0] eNBRFE 7} 457} asly deje
AZEE Altete] @ido] HolA gle ATE 11 4 3Uth RSRPE M 9& - 40dBmellA] -44dBmO.& = o

e, ¥9E 1dBm @9 E UFo] RSRP_00S ‘RSRP<-140dBm’, RSRP_01- -140dBm<RSRP< -139dBm’ %

116 PR TSYUZ| =27 TI193, M22(2020H 42)



D2D M@ chabg 0|83t LTE sH=26f X9l ot

2, PpA 0.2 RSRP_972 ‘-44dBm<RSRP'Z g 3}5{c.

Buta} eNBO A S miobsly] $18te] o]9} o] vk A9} BollA target eNB 7F =7
=gt ojne Folsjo} sheh T A9l BO] RSRP/F BA0] Z7IEHAL 7HastE 2o wero o]% = 9
S A = gon, A= W S 71—71] QE}U% H]—]:H Hlako 3 o] % z(g o ELQ_];_L 2 ot =78

s

ri
=
w2
%
=
o
2y
S

fl

Handover CommandE % O]-°=1 target eNBZ I = OIH xél_x}x] 3y ZH]E H:}.

Weow o]t A, 9 A% BE D2D 2l 7bsstEE, BE AR Handover
Request messageE {530t 45+ Handover Request message LH D2D Ax} 5 3kl ProSe Authorized S
FEAS target eNBOIA ST source eNBSF 0] D2DE A 4= I EE A YUdfof dtr). o] FEA] source
eNBE ©Ho] 22 target eNBRZ 0|58t A< #2131 target eNBZ Handover Decision A}E Z 3§}

Source Target
eNB eNB

HSS /

‘ UEA ‘ ‘ UEB ‘ ProSe Function

] DRB Established (UE A)

‘ MME ‘ ‘ ‘ S-GW ‘

15. Path Switch Request (UE A)
16. Modified Beargr Request (UE A

17. Synchronijzation (UE B)

18. Modified Bearer Response (UE A)
19. Modifled Bearer Respopse (UE A)

S1 Bearer Established (UE A)
20.|Location Report (UE A)
21. Location Report ACK (UEA)

Philabhiiit bbbt

22. UL Allocation (UE B)
23| Handover Confirm (UE B) (RRC Cgnnection Reconfiguration complete

DRB Established (UE B)
24 Path Switch Request|(UE B)

25. Modified Bearer Request (UE B

26. Modified Bearer Response (UE B
27. Modified Bearer Response (UE B)

S1 Bearer Established (UE B)
28. |Location Report (UE B)
29. Logation Report ACK (UE B)

) D2D )| DRB i S1 Bearer (DL/UL) )

] DRB | $1 Bearer (DL/UL )

<Fig. 6> Proposed handover procedure of LTE based D2D communication
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<Table 1> Simulation parameter

Parameters Value
Cell radius 1km
Number of eNB 6
Handover overlap area 200m
UE distribution Uniform
Carrier frequency 2GHz
Bandwidth 10MHz
Number of UE 2 to 500EA
Velocity of UE 20 to 180km/h
Moving direction of UE eNB A to eNB B
Transmit power of eNB 46dBm
Transmit power of UE 23dBm
Transmit power of D2D user 13dBm
UDP file size 200Mb

<Table 1> A& o)A 874 44 dev|ElE Uepdth =2 9|9
9] eNBE FAHAJT BT =2 oA 22 Bgo g gsia
A&sta Qlry J8]3 @2 LTE UEY A9} D2D 5A& AHE
olt}. Tt oA o] A 2 MBule] EAjsitta 7Hgsi, 7 Ao
200me= FHE, A Wi ot Bxs FYskA skt &R Age HA 27094 50070 7HA S
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