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ABSTRACT

Due to the spread of mobile devices and the introduction of high-quality services, mobile traffic
is expected to increase sharply and overload of cellular networks is expected. D2D communication
is a way to reduce the load and evolve to 5th generation. Since D2D communication directly
communicates between the terminals, it can reduce the overload of the cellular network and
improve energy efficiency, data rate and network performance. This paper proposes a D2D
handover scheme for D2D communication in cellular networks. The cellular network is a 3GPP
EPS, and the proposed D2D handover method improves the existing EPS handover process

Received 30 November 2017  considering compatibility between existing EPS and D2D communication. We also demonstrate the
Revised 5 January 2018 superiority of the proposed handover scheme using the network simulator ns-3. Simulation results
Accepted 1 July 2018 show that the proposed handover scheme is superior to existing handover methods in terms of
© 2018, The Korea Institute of CUE variation, packet transmission delay time, and throughput.
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2l fufo] 2o BE3 1FF HEU|T o] AB]A [oT AMHl2 52 AZE Ablas 440 2Hld E
S 543 771 doh Butd Ee] 543 ke A VEY A #is 5o #AE W
ANA AEH UEHZY 45 AstE 71 2ThHa and Min, 2013). A 483} Hojd= 440 AEF 4
E3 Al2EIQl EPS(evolved packet system)ye MZ-& AH| 29 QFAES F8317]dE Ao Ao
(Kim et al,, 2014). AAH 02 QAR THEA7]7] S8 A& HES A 84 2 X3S 93 A 42
£ F4l 7leo] =9=Ha AT

SA AE28 54 71€ 5 D2D (device-to-device) 412 U ESH D d=ete] WA H A3 YEHIE

=

AAA gk @ b AY EYge Faleth DD $AS AEY UESAY FotE Y 4 TH(Fodor

+=T}(Mancuso et al., 2014) (Kadowaki et al., 2015).

E =32 488 YESIYA D2D F4AlS #§ D2D d=o #oks AftEt AEE WEYIE
3GPP (Third Generation Partnership Project) EPS®]H, A|}st= D2D =2 ¥k 7]& EPSSF D2D F419]
S8HE st 7|E EPS =W #AL AT =3 UES A AlE#HCIHS NS-3 (network
simulator) & AF8-3t] AQbste H=ow kel 44E AFsATh AEdold A Ak A=
Weto]l 71E ren W Hlsl CUE ¥3td, 9zl e Ad AIRE 281 A& S $3ithe=

AL A=A
I. EPS¢} D2D FAl
1. EPSQ EPS #i=2hb| Hx}

EPS+ 3GPPol A A|Gd XFO 2 eNBE 7S BA| 2 (access) W EH Q! E-UTRAN (evolved-UTRAN)
9] (core) U EH ! EPC (evolved packet core)Z TAHT} <Fig. 1> EPCO| TF& =23 a Aol
E-UTRAN®| A AH8-H = o] & §4l7]eS LTEC|H, 742 LTE HESH 2 29 5 e AHA &2l UE
(user equipment)$} UES} LTE WEH A Ftol] T4 A4S AF3tar wlod (bearer) Ao, 52 Blax 9 53
2 a9 dA 2~ 54l B sk eNB (evloved-nodeB)E = o] T EPCS 7442 S-GW (serving-gateway),
P-GW (PDN-gateway), MME (mobility management entity), HSS (home subscriber server)® %] 1t} S-GW+ &
eNBS} 125 0] eNB 7F =9 W 43 A] anchoring point”} ¥/ ™, P-GWE IP (internet protocol) 2H5-8 2 Z
9, UE IP 4 @49 5 993t MME= 1583 ol5A #al, AlA (session) T, Wlojgy] &Y 5
AT HSSE AHEAL ZFUAR RS ALgA A2, 913 ARE A StE Y DB (database)©| T

A QW= ARBALY] o] FA S st A&HZH O FE AR AE AFdtr] 918 Hbelth <Fig. 2>+ EPS9
A= oMo AU 2E YeEPAY. UETE source eNB Aol A target eNBE ©]5 3t UEE A2l $]X] ol A
source eNB2| 4241 415 A7 BT} target eNBY G741 215 A717F O 0+ ALS2 31 source eNBO
Al o] AHEE Bigth Source eNBE UEE ¥4 AZHEeE UEQ AHI7F A4EH source eNBOl| A target
eNBZ A=W E ZAA St} Source eNBE= =W A AMAS UES target eNBOA] €8] 3 UEE source
eNBS} dZ29 FA Y35 1 target eNBS} T4 H3E A3 AH|2~E weth

fo Ho
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A —— Data interface
"""""" Control interface
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(Fig. 1> EPS network architecture

Before handover path
«~--—— After handover path
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A, FeoH YA T8 A=ow gedA
BEE Tl UBS| }=ewE ZAAsts Dot &

EPSe] == = AR, d=oH
2 F49H de JOAl = H
oW FHEAE A=Wyt A4S UEYL source eNBOlA] target eNBE F-A4 F3E HAT 7§ A4
25 WEA & F UEE Wold, glh F& THlehe Aot A= AT = FHI7L
AZ = UE7} source eNBS} <12H A YIE #31 target eNBS} T HIE AZAs= TAolg. o]
UE7} 21 9Jel AH] 2 EPCOlA] source eNB, target eNBS 714 UEOlA AEH) M=o SadAE=
o]z Aul2 ZZol| A source eNBE XA ¢l EPCOA] target eNB 2 ZE W73t ©A|olth.

<Fig. 3> 7|& EPS A=W AXE Yepdd A= oW ZAH A= UES 441 415 A7]7} measurement
event 7| % & THE3}H UE+ Measurement ReportE source eNBOAl EATE Source eNBi= UES] H=EQHE
A7 3}t9] target eNBOI Al Handover RequestE R WHT}. Target eNBE UEONAl Aul 2 FHAS A3 = S 74
$- source eNBOI|A| Handover Request ACKE HU|1 WO & FH|gHt) FH|7} $3 =W, source eNBE UES]
Al Handover CommandE FE3}1 UES 4" 74 Y 3E #+rth Handover CommandE -2 UEE target
eNBS} 57138 282 2lax 9-& 43313 Handover Confirme HUl A= oW APTEAE A5t A=
o AYFA7F YA target eNBE MMEO| Al Path Switch RequestE HUW I S-GWE P-GWoll Al Modify
Bearer RequestE MEate] A=E MAST A= HAo] $5HT target eNBT source eNB|A| UE Context
ReleaseE® EUY UE$} source eNB9} 924H EE HlojHE FHeth A= BE @A77 $EHH source
eNBol| Al A|¥]2E& AT UET source eNBS} AZ4H T4 3 E B target eNBO} 74 35 A4
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(Fig. 3> EPS handover procedure
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D2D T4l © Fhol A A4 ARZE AAst FAlshe 7]solth D2D §41S THFRE A ol A
A3 iz v A S 7ol A 243 F4 HFF o2 BESF APH AL AT 3GPPOl A £ ProSe
(proximity service)2H= D2D 541 B TFo| M3 = 31 9ITh3GPP TR 23.703 V12.0.0, 2014)(3GPP TR 23.303
V13.3.0, 2016)(3GPP TR 24.334 V13.3.1, 2016). 12|31 TSG RAN (radio access network) WG (working group)l
ol = “Study on LTE Device to Device Proximity Services’& A& 2 %73} 2S 2133t 1o IEEE
9] 802.15 Group®l| 4= PAC (peer aware communication)ZH= B3 S 2 D2D BAITH BFE38} AL &3}
I UTHIEEE P802.15-12-0063-02-Opac, 2013).

<Fig. 4>& D2D §4l°] 7Fed EPSE UER = Z1folth EPS 7]Wke] D2D F4lo] 7Hsg U ES oA
£ 71 AEY YEYIE AHE3H= CUE (cellular user equipment)2} D2D 5418 AR&-3h=
equipment)”} 1T} CUEE 7]E2] W EY I WA H eNBE 53] AulAE ¥y DUEE T 7F AH dlo]
HE F180 eNBollA] AlolE whol MulAE dh=th DUEE 7IA o2 2 ot g4 219 a9, ~Al&
gol| B3 HJEE wro} D2D FAlS FHITh

—_ /uy «—— Data signal
7 < Control signal

-

/

///
(

\
AN

\\
\\\ - -

(Fig. 4) D2D-based on EPS

M. D2D 4% 93 EPS =98 /A ukel
1. RIoksl= D2D $HEQH MADHA

AlRbste= D2D =W AL 47kA] GAZ F/JE T Measurement Reports &3] EQHE A8
D2D =W AATA, target eNBE o] A THE T3 7H43-& &o|7] 98 &vlshs D2D A=

A, source eNB} A2 H F4 Y IE 1 target eNBS} T4 HIE AAs= D2D = AyPA 1
2o Tdo] $X% A Ul DD A=W $ETAE FAHETE E3h D2D FAIS 913l measurement
event Blo]&o] F7}5]9loH, D2D §4l A9 D2D 54l 7bs o 55 sty =W E AAsH= D2D
oo AAWHES AbetAt AQkstE D2D =W o] FH|THA= D2D FAICE A o] e

oW A3 Al target eNB Y0l v D2 AT QW E Adske @] 1H4E aBjst A=W E A
871 el source eNB$} target eNB7} HEQHE Adst= @3 DD FACE AZAEO v ©H9
D2D 2&2E Z&5te] wE] d9dks AAE Friskdth Albsks D2D M=o HuA = thdol
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=

B D2D 4 I8t EPS HE=2w JM ot

target eNBE & Al WAstE A2 T3 @4E £017] 93l source eNBE 53 target eNBE &3t A
e F7FeIAT A EoE A stE D2D =W AT E A= HAe) FYUSHAl target
eNB7} MMESAl o] 53 vrte] 93] 5 B1dle o5 the] 91 AALS 33}

<Fig. 5>& D2D A=W #A S A3} T2 pro] Yehdth UE a9t b= D2D $41E ©]-83kal Slth. UE
a source eNB$} target eNB Al0] A& YX|o|A A=W FJHE AHYsty W=onE A
ZAolth. <Fig. 5> (a)© D2D A= W7} Adsr] [ o= D2D A=W A EAS D2D A= FHEA
£ YeEhATH Source eNB9} target eNBO| 5741 A1 & A7]7} measurement event &< $HESHH UE at™
eNBOll 7l Measurement ReportE EAT}. Source eNBE Measurement ReportS 53] D2D A=W E A7)
D2D =W AAHA 7} $E =T source eNBE target eNBOIA| D2D &4l ARV} X3tE A2 AHE
Z23to] target eNB7} UE aollAl ABl2 EH& AT 4 A=A FAgoh Mulx= £ AFo] 7153 7
5 source eNBE UE a9} boll A target eNBE ©]5A] THI 84S £0]7] $18 A2 D2D BA&AE 38}
D2D WEoH FHIGAE vt

<Fig. 5> (b)) D2D =2 W7} A3E T2 D2D A=W H3tAel D2D H=oH ASTHAE Yehd
ok D2D HE=oH HPAoA UE adl b A2 D2D 242 eNBE S H9k7] wjiol D2D 541S #
Aol A1 Jelol A D2D =W E Hd st UE a&= source eNBE 53l target eNBS} 5718+ 213
3t N2 ULE 3o} source eNBY H4H T4 HIE B target eNBS 74 H3E A
D2D H=on AYPAAV} HE W target eNBE MMECIAl UE a2 $1XE B3l D2D A=W E
3ot

+
w1

L

&
s

eNB

s°u
o eNB

(Fig. 5) Proposed D2D handover procedure (a) before
handover, D2D handover decision and preparation
step (b) after handver, D2D handover execution
and completion step
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2. Hlgtst= D2D SHEH ZAMEH

AFst= D2D M=o AATA = D2D F41-& o] 83l= ©Zo] measurement event Ab< FFE3} source
eNBol|Al B\ Measurement ReportZ =W A3 oREE AAst= dAlolth. d=oWE AA 37| 23]
7129] measurement eventol event D1, D25 F7}8l91, e e AA dug&S AA G <Table 1>
71&2] measurement event 5= event D1, D2E& A|¢}5l+= measurement event 57} El|©]E-©]t}. Event D12
D2D 5AIS ALgste FA7E A Aol FA AF A7I7F  £E 7$- RIS measurement event©] ™
event D2 D2D 541 4l&7F AEH T4l A5 HT ok QoS (quality of service)E HAAsHA £ 75 LAY
=& evento|th.

(Table 1) Proposed measurement event addition table

Event Description
D1 When using D2D communication, serving becomes better than threshold
D2 D2D communication becomes better than threshold

<Fig. 6> D2D A=W ZAAHWH S YeElY& ¢8| Fo|th Measurement Report= H -2 Zrol| whe}
source eNBE AEZ FAloZ AZsAY A=owE FPst Sl IFZv|HE= D2DD (D2D
distance), D2DDTH (D2D distance threshold), D2DTT (D2D trigger time), TTTD (time to trigger of D2D), RSRPS
(reference signal received power of source eNB), RSRPT (reference signal received power of target eNB), HOM
(handover margin), HTT (handover trigger time), TTT (Time to trigger), LTETh (LTE threshold), D2DS (D2D
communication signal) 18]I D2DTH (D2D threshold)”} 1Tt &1714, D2DD9} D2DDTH= UE a9t b Ale]2]
A2l 73 threshold, D2DTT+= D2D F419] trigger AlZt, TTTE HOM A& T3Sk Azt 144, HTT=
W= W9 trigger Al7F 12|21 RSRPSS} RSRPT+ source eNBS} target eNBEZHE] 41 421& Hl7]o]t).
ARbst= D2D A=W ZAH ¢aeFS UE a9t b7k D2D FAlS ©]83kal Q13 source eNB7F
H AATGA S A& 3 WA 212 D2D FAlo] A FAlolr] W
%ol UE a2} b9 ATE #sl= Z710]th. D2DD7} D2DDTHRE.Y ZtHH UE a%} b A7) Ho} #ddst
1 D2DTT7} TTTDEY Attd EZag =Wyt obdS om|gith 2748 W3t source eNBE UE
a®t be] A7} Hoh Aesto] D2D FAlOA AEe FAICE HETE F HA 272 source eNBS} target
eNBS| 4l A& H71E wlashs 20|tk UE a2l RSRPT7} UE a2] RSRPS+HOM #HHETh ATHA target
eNB7} source eNB2] FAl 21& A7|HT Ity #élal UE ael HTTV) TITREY v EZ Q3% =9
H7b obdS oulgth 2024E RS o == HASHA deth Al WA 232 UE ad
source eNB =41 213 A|7]9} LTE 41& A7] thresholdS Hlw3l= Z7 0|t Source eNB2] G741 415 A|7]7}
LTE A& Al7] threshold Bt} ®to = W& A3t vl MA 232 D2D A& Al7|E ddstes =4
ot} D2DS7} D2DTHE T Atk D2D §41¢) A&7} oksttia Behsta D2DTT/F TTTDRE T Aok &9
a3 Feonyt obd s ouidth 214 E wEstH A=W E Fstal NEEkA] Yo o E

Pahx) g

Measurement ReportS o} =
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UEaandbarein
D2D communications

}

Measurement control

toUE aand b
/L\
/// - \\\\\
7 D2DD>D2DDg - Yes Switching
~__ and D2DTT>TTTH ? _— from D2D to cellular
~_ _

~__
No

T
— T~
_— ~

e . O No
_~"RSRP;> RSRPg+ HOM
Not handover <\\\ and HTT> TTT? -

~ -
~ -
~ -
~_

lYes

- ~

e b ~
_— ~.__ No
- - ~
< RSRPs>LTE gy ? S Handover
~ _
~_ -
~_ -
~
I Yes
TN
/// \\ -

o — T
~ D2DS < D2Dyy ~_Yes
S~ and D2DIT>TITy?

~ -

(Fig. 6> D2D handover preparation step procedure
3. HMiotsl= D2D sHEH{ FEH|THA|

H=ow FultAle A=Wyt $357] Mol UE a9t be] D2D ZA2E nlE] &dste] J=omsE &
H|l= @Atk 7]&9] EPS+ X2 QIEFo]2~ =9} S1 QIEHo]x d=o A4 wet thEA =
2HE Fgth X2 UdEHol A A=l S X2 AEFH | A5 ) ©r]e] MuAE HADshy] 9l
ol & FHlskaL S1 IEH o)~ A=Wl S S1 JEFH |25 Fa &ar|e MulAE HEshr] $g
ol & FHIgTh AQtete R o] A9 ol 3 F4lstr] wEol D2D gl&2E AdFste] Fhlg
Tk D2D 242F O] FA| target eNB Aol & 2] %71 #13l source eNBS} target eNB7} &35t A 3hrh.

<Fig. 7>& =9 ZuaA AAE Yehlle 20|tk D2D F=oW AR A7 SEEH source eNB
= target eNBO|A| D2D Hnadover Request® 2T} D2D Handover Requestol]= D2D 541 AR 7} E3% UE
context info, UE history info 5¢] Z3= o] 9t} Handover RequestE -2 target eNB= MME$} Admission
Control & 3 Q1% AAE Fdsta H=QW7} 75T 749 UE a9} b7F AHEE A8 ZAA St source
eNBol| Al D2D Handover ACKE Rt} D2D Handover ACKOl = 2|42~ A H, CRNTI <] AR/} £3} 5
°] UE a7} ®t} W2 A=W & 4 9I=F S9FT} D2D Handover ACKE ¥ source eNBE= UE a%}
boll Al D2D Resource Reallocations REU] A|Z-2 D2D 2|AAE @sit) dd WAAE T2 UE a%} be
D2D Resource reconfiguratione F3§3te] M2 #AAZ W73 D2D Resource Reallocation ACKE R
Ao oWyt FHSEE ¢dTh
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Source Target
‘ VEa ‘ ‘ VEP ‘ eNB MME
il D2D Bearer

Measurement
event trigger

Measurement Report,

Handover

decision

D2D Handover Request | Handover preparation
procedure

D2D Handover ‘ Admission control ‘
Request ACK

Measurement Report

D2D Resource
D2D Resource Reallocation
Reallocation

D2D resource
reconfiguration

New D2D Bearer |
D2D Resource

D2D Resource Reallocation ACK
Reallocation ACK

(Fig. 7> D2D handover preparation step procedure

4. Hgtsk= D2D #HERH ASEHAIQL 2Z EH

i

A3t DAZ, source eNBE 53l target eNBY A2 74 @3
= GAlolth A= ASUAE target eNBZF MMEC Al UE
a2l 9% WAL Ll dAolt 71&2] EpSe| M=o H3PHAE source eNBOIA] target eNBE MNEQ
Y uj b2} source eNB AH0] 9] AAS #2131 target eNB} ThA] GZ2E 3l HAHolA A4 T
to] AYZITE Albete e AYAlE T AAsks HFolA Tste A2 T AREE £l
7] {3l 57189 glh S source eNBE T3l $-3]31¢] target eNBOA| AEsc) =0 SSTA
+ MME®IA Path Switch Request& HEU| UE a%] $IX& Higt}
<Fig. 8>& A= o APtA| o AaeA o] AxE vepdth = FrgA|7E 55T source eNB
= UE a°lAl Handover CommandE HU] A=W E A WS A wAAE v UE at target eNB
9} AZ Fuk AZHE £0]7] 93l source eNBOIA target eNB 22 571315 33t} Target eNB source
eNB A& & UL gl&2E @33t UE a7t A& F UESF 3tk ULS &% W2 UE atv target eNBO|A|
Handover Confimg Hu] A= oW7} FPEASS L] source eNBLFY] AAS #o] = AP
& g53%t A=W APAArt U target eNB= UE a9 A& 7341813 UE a2 H2E
Path Switch RequestE® MMECIAl HEgth A28 WA= AL 7|9 H=ZE W
A AYEH HZ HHL nf MMEE target eNBOIA| Path Switch Request ACKS Rl =

g erjAy.

176 PA=ITSYR|=EN| M177, H42(2018H 8)



Source Target
‘ UE a ‘ UEb ‘ oNB ‘ oNB ‘ ‘ MME ‘
T I I
‘ Handover execution procedure

New D2D Bearer

Handover Command

Synchrionization

UL Allocation

Handover Confirm

Detach from the source eNB

Handover completion
procedure

I
Path Switch Request

Legacy path
switch
procedure

Path Switch
Request ACK

(Fig. 8> D2D handover execution and completion step procedures

o
2

B2 Me 71E& A=W WAF} Atshs D2D A=W Wieks vl A%t WA AEdelA
HEY T 74 2 8748 Ay, Aoksts D2D A= en S FAF Aol 23S BEA3t A&
ol Adt= Ao T 3o ©E CUE /4 Wshe, @ Abo] H+ 93l A9 AA Azt 283 3
o AEFE SH3NAT S DUE7L 22 WFO R o|58 S5 F7lete] Agtshs d=ow WUete] &
A& EA5AT

Wk EPSOlA D2D F4l AH|2F o] 83l §47} source eNBOlA] target eNBE
4407 FX 5 source eNBOI|A] target eNBZ M= QW E AP sh= Aot} Ats)

£ gekg AEUCIME] Sla) BRSOl Al DD B4 TASe] Agdolie AAsGTh TFABAL )
Mok AGS SEF 1404 MAL ASIHGOM, A BHS 9Asto] NS3E oS3k

AlEHOIAE 3 VES T EEEA S AEe Lﬂ EQ I EPSela, 7709 o] At o] MelE 1

o Qbell el £E= uniformdHAl FASEAT. Z2be] Aol= 40078 UEZE A8k 1.5

m/s®] £E2 FAQIT Al 91X]3 4007§¢] UE F 20070 A2 §41& ©l83t= CUE®|aL 20070+

D2D $A41S o] 851= DUER FASHTh <Table 2= AEeold 37 44 she}e]elS Lehilch, Carrier

frequency= 2 GHz, bandwidth= 10 MHz, eNB2| transmission power= 46 dBm, UES] maximum transmission
power= 23 dBm, HOM 3 dBm, TTT= 100 ms, D2DDTHE= 50 m 12|31 TTTDE 50 mE TA ST
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(Table 2) Simulation parameter

Parameters Value
Cell Radius 1 km
Number of Cell 7
Maximum Transmission Power of eNB 46 dBm
Maximum Transmission Power of UE 23 dBm
Bandwidth 10 MHz
Number of UE 400
HOM 3 dBm
TTT 100 ms
TTTD 50 ms
D2DDTH 50 m

2. AIEZI0|M B4

B =FolA Ae D2D A=W Wk D2D §Al AN 2E AREStE UEZF 2 A= o] 53l A =
W7 B2 W D2D T4l MHIAE RS Zlo] FAoltt A= owrt B4 W CUEY /i F7HE,
UES] W+ i3l A2 A AL UBY Aelde S48t pe DUEZF 22 WEoR oFsle &R, A
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