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HES T Fo s 4 Wk F 7P FEWT Qe Proximity Services F3<¢ A9 &
&4 FUE Y3l dEE T3 AAE S ARSI O A A edgeoll Al AEE AMS
A2l Proximity Service AR&AFe] A ZH Zl’ﬁ EA7F At B =Fo A= eNBoll
Proximity Function®] 7153 d2teElE& MEA FJsta, ProSe IFHEHW]EI9} ProSe user
equipmentol] Tt ARE X2 AEHo|~E Tl AF A nssiA FozA A 14 st
WehS ARbeT) 94 ProSe B4 HA A Fag AL B3 A 7 1 BAE €O
A e AYE gFeitt 282 ProSe B4l A3 ol A= ProSe application code, ProSe
application QoS, ProSe application ID9] validity timerE 7|¥Fo.Z 7Hd& Y274 ¢k& A3}
3 Ade A dggtoz A 3 M EAE sjAdTh

sl Alo] : Proximity Service, ProSe Function, A It 7Hd, A& FAE, A AT

ABSTRACT

The Proximity Service, which is one of the most popular network capacity improvement
methods, uses the frequency reuse in order to increase the frequency efficiency. As a result,
inter-cell interference between cellular and proximity service users occurs at a cell edge. In this
paper, we proposed a mitigation scheme for inter-cell interference, where we suggested a new
function of and eNB with ProSe function exchanging information about ProSe parameters and
ProSe user equipment with neighboring cells via the X2 interface. As the first step, the resource
which did not cause the inter-cell interference problem were pre-allocated through the frequency
sensing in the ProSe direct discovery. As the next step, the inter-cell interference problem was
solved by reallocating appropriate resources based on the ProSe application code, the ProSe
application QoS, the ProSe application ID and validity timer in ProSe direct communication.

Key words : Proximity Service, ProSe Function, Inter-cell Interference, Cellular Networks, Resource
Relocation
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2utd Y ES I AREARY] Tkt QAR 719 A VIEY A 8% ol Bayo] ZUslth dA)
mmWave, A& HEIoNAH =& A 7, A Fag A4E 7fte g 3= F34 Ff, D2D
(device-to-device) FAlol2t B2l = A4 BT & Tk s o] AAEHIL ok o] FollA 7 FEEHT
A= 322 D2D 5Alo]Th(Belleschi et al., 2011). D2D F41-2 &) 3GPP(Third Generation Partnership Project) 2}
ITU(International Telecommunication Union)ol A A &8 YEIE 7Hko 2 thofdt w3317} 218 Fo]v, 3GPP
o4& D2D $41& ProSe(Proximity Service)® HHate] 312 218 Fo|tH3GPP TS 23.303, 2016).

Proximity Servicedll Al F3r& T2 ¢ B3, & J3, BE F HIAF A AHEsHE B2o] Jhsdt
A9, thFE-9] Proximity Service®] ¥ AFolAM= ¢ FA AUES FE AHEITHMach et al., 2015)(3GPP

Of

TS 36300, 2016). ¥ BaE the Faol Hlst FE3] LEHA & Ee AL Fi5 3E /AL
Rom, o FAae o F3 Histe 73S WE ProSe AHEALS] Al djAo] o Htie o|HE& Ztett

(Min et al., 2011).

Proximity Service®] &2 WELA =Yl loiA 7 & olsr= AE2] AHEA9F ProSe /\P%Z} 3+
T FHE A 4] A A o]t} Proximity Service Wi AEZ AR 29 FIFE FA3te] A
£33tk 23 olH e FH4 FH WAl ProSe AFE ALY A EE AMEAlA JEEFHoE 70?'& e B
A7 AEe AFHEAFS] QoS B & EAIE YA o) E sidsty] 8 A v9 AEE, A #
g, 2AEY, SE2EP A 22 T Ao A a2 F o] AAFH AL QTHMach et al., 2015; Liu et al.,
2015; Asadi et al,, 2014). ZLeu} thES] 1M A= @Y A Yol A E o] sidE L Qi o] 3 7H
TAE A WE A A4 B kol A 7 7ol o & 1A EA1E DA77 T A =3 RE
TN sfA oA ok gt

B =foAe ol AAE A Wi 7] A siEgRbl A b o] Yoyt A 2k 3] EA s ARt

of tis] AAlstaA; shoh A Yo o] 714 EA AAL FEZXOZ T eNB(evolved-nodeB)oll A A
X 0% Aests WA o A T8y A AR Y3 FuTE AMSSe AE HESA
4e B4 T Aol Akl FEnt ofye} QI A ] YHYS HoE I
$te] B =Fo A= 3GPPolA] 2] 8k ProSe Function®] ProSe application code®} L ¥+9] o2 de}
U E & eNBoIAl #E|3I=F Aoksit) o]} 87 ProSe application QoSE AFAl Fosly #Egozx 3+
A A HEE ALE A Dstet dHZAR AHEEHA Stk o] ]38 ProSe BHEHHIEIE 7|WEO R
eNBO| 2+l #&] "ebell s A A8t ProSe B3 ProSe B4 A& oA 14 ¢3S 11]/‘13”4

ProSe &4 “d&ol| A= Proximity ServiceE AHE3F3LA} k= UE(user equipment)SolAl AH8715¢ 34
£ A st A SAAA s TP ARE Ade eNBYF Adete] it 1 E]"Ez‘ eNB7}
ProSe application code®} £ =&FoA] A 2]|3t ProSe application QoS % 1 8}2] ProSe ¥elv|EE #a| s},
O]Z—] Al 37 J,]_ _'_ro}o:] Al 7} 7]-@ BH(])J KR H} X]‘FS‘_}E}A‘

ProSe B4l 8ol UEEY ol wet AEA HAE & e ] ZAE A A &3 iAo
siagith A A 3 B2 F HAE vdoh A HAE 38 A oA AT AL S A
FEh T A= AMHITES FE Aol itk ProSe monitoring UES] A& A4S dAA7
ProSe E4lo] dg3it) A WA= AME7FsE Aol gidd I8 &Y FollA ProSe application code?
validity timerE 7|9t & 7P wWhE AR Yol AH87bsdk AdS Zhof A itk

A QA We] A5 HAS5S Hsted 24 AlEg ol el th VIES A 74 B Aue] E Ak AlEH o
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A& Yt ProSe UES] A 7k M4 943t o ASS flsto] 32 Fa9] Hles 20%, 40%, 60%=
A7kl ProSe UEQ] Ha Agde ST =3 A58 UES] 4 3t 4 943 4% AS5< flste 5

1.4

N

2 2431E 2Ish eNBQ| AHE 2

UE9] EMM(EPS mobility management), ECM(EPS connection management), RRC(radio resource control)”’d-Ell ]|
e} eNB= Z7F 2 UEQ AEIF RS} ID #+-& Felsith. UEY “JHl7F EMM-registered, ECM-connected,
RRC-connected JEl ¥ 79 eNBe 71 B2 UEQ Ad& HEFh o] AHolA S5 Hlojz], S1 #ojd,
radio Wlo]27} Ao o™ eNBE UEQ] TAIL C-RNTI, ECGI, AS Security, EPS bearer ID, DRB ID, QCI
5o genElE #eldth o]¢k $7 eNBE LTEYA 9] ICICE 918f Q1A A3 114 1S do7= A
AEE w8ty ths F7] Fetoll A edgedll A E2 5 TAAE Aol thE HEE I3

ProSe 412 AE8 FAldE EA A ZyHE TG54 Anj2oltt. b Q13 Ao IHA
A= gubdRl &2 T4l vlal oSt AZstA A, o2 3l 7]&9 A& AR QoS BA
of & ZAE TAYAZITE ProSe A9 A T M 315 $8iAl= 94 ProSe Function®] ¥4 715 & eNB
o A 2]3l] eNB7} ProSe UES] A< AHA 02 A3 =E dfoF gt} whetA] ProSe B4 7} ProSe 54!
o] a3k ProSe application code® eNBol| #3}A| st o] & A A3 FH3HA 3t S dsfste W
kS AT

B =il E eNB7F A1 A edgedll HA|SHAIRE THE Aol F&E o] QlomA Al 3F TS HAAZ
4 )= ProSe UE AR E #&]5HA] o). Proximity ServiceS AH&3h= UES] th3F A X += ProSe application
code®} &7 UEQ] location, ProSe application®] validity timer, 3-5% 34 A X, ProSe application QoSE &
A B oA A 2k Tl ZAE A

i

(Table 1) Example cell resource management

Cell coverage Inter cell UE ID location QoS ProSe app code Reuse frequency
C_UE x shared
Center
eNB B C_UE y dedicated
Edge eNB B P_UE a high code 1 shared
eNB C P_UE b low code 2 dedicated

<Table 1> & =FoA Qst= eNBE A4l A AW E| Ao AX|st= UESS] A &l kot
eNB= A1) A AW Ao &3|3)= AEH UES ProSe UEE 7831, 0|9} &7 A centere} A edgel
UEE U] #E]git). eNBel|l ProSe application code &2 7155 7} 3}3l ProSe application QoS, ProSe
application®] validity timer, $1%], AAME-H T3 FRE I BEdrh A edge Fw° UES] gk AR
+ OA QIS AME &7 $ #Esi, F71402 X2 T AE il I oA Bt
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(Table 2) Example neighbor cell resource management

Service Inter cell UE ID location QoS ProSe app code Reuse frequency
eNB B C_UE z shared
Cellular eNB B
eNB C
eNB B P_UE ¢ high code 3 dedicated
ProSe eNB C P_UE d middle code 4 shared
eNB C P_UE e low code 4 shared

eNBe 1% Aol &3laA Aol A edgeol] Y13 UEES AR X5 BT o =M, A4 A edgeol
A d 2 7] BAE SIS <Table 2> £ =04 AdskE AF eNBoll HIX|shH=
UES9] 7 #e] wetolth X2 QIEF o] 25 Fal +33 HRE 7|vto 2 A58 UES ProSe UEE &7
stal Z4zre] Q1A Aol gk 9 X9} ProSe application codeS | teh. o]9} &7 ProSe application QoS, $]
A Bk I A AY FERE v F7)o] A A edged] UEY A

2
>
oo
i,
X
B
—r
o
f
it
oot

2. ProSe MM AX IIAEMIAM 2Hd 3|m]

A7 7] @l ke F 27 R Uro] Ajbeth AT 204 & ProSe B4 AAS 7|HEo 2 S

7Idke 2 714 A3e AY-& &gt ProSe application coded} AREgH AYP-E Q1 Aol dgo=
e B4 o] % ProSe A AolA BT F Qe A ZAE A o] F AT 394 = ProSe
8o A AE2 UEZ} A 8hAY = ProSe UEZ} o] 3ol me} HAske =2 1 EA4A1E a4
A 29] ProSe B ol A e] IH ehs) QEE 27k & Lol A |, ProSe UEZF FU 3 Aol &
$-9} ProSe UE7} Z2F & Aol £& A2 vro] HRbS ARbgeh

=
tlo

w2

(0]

@ oo X
Oﬁ__ﬂiﬁg

_—

1) & ProSe UEV} S5t doi| 2(X|3

<Fig. 1> ProSe §4 3ol A UE7} $L & Aol &3 495 UElATE P_UE a%l b E5F eNB A°l &3
o Q1FH Zdelolt). P_UE a& announcing UE9] “¢E}o] 1L P_UE b= monitoring UE “gE¢]t}. o] % P_UE
b ProSe Function®. 2 &HH-S discovery filterS 53l P_UE a2] ProSe application codeZ RFZASH o]t}

A2

(Fig. 1> ProSe UE located in the same cell
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<Fig. 2> ProSe &4 #A4ol|A F UEZ} $Y3 Aol &3 1S v 1] 39 & Weks Yehdth <Fig. 2>
ol 419] UE at= <Fig. 1>2] P_UE a9} $Y3}3 UE b= P_UE b9} 5¥3lth. UE b discovery filters 7]HES.
E ProSe application codeE 7 ¢t} o] v 7A-& 913) ProSe application code®} ProSe application QoSE
eNB A°|A] Rt} ProSe application QoS 53 ProSe 541 A&ol| A2l 7+ 39 & $3] ALEHTh o|F
ProSe application codei= ProSe Function®l|A] HUJX]31 ©]Z &I} ProSe Function ProSe application IDE &
2 WA RO EEAAH UE bol| Al EeT} ProSe application IDE 4413+ UE b= AlA A4S FdPstr] $3l
S HAATA B3 AT TR Tk E BAAE S B3l eNB Al ¢¥iTh eNB A+ eNB B
ANA tha 771 &S A edgeol A AHETFS3H A ARE QA 3Th o9} I UE adl A= AHE7HET T

BrE B =g AASt] Z}Z) UE a9t UE bo] T3 54 Rl eNB A9 the 7] 5<2He] A edge
o] A AHE Aol gk ARE st BAsta H2A ] e AEgith o] % Med AYS UE a%
boll Al 2t} &42]al UE a$} b ProSe §4le A 3T) o] F eNB A= eNB BollAl O 7] & AHEE A
o JH9} 37 ProSe application code®} ProSe application QoSE Rt}

2) + ProSe UEZt ZtZt CHE Mloj| 2|x[st HF

<Fig. 3> ProSe &4 &4 UEZ} 24+2F th& Aol 9313 792 Uehith P_UE ai= eNB A°l £3)
2121 P_UE b= eNB Bell 391 215 H ZAejo]t}h. P_UE av announcing UE®] “JEj°]il P_UE b+
monitoring UE®] “3E°]t}. P_UE b ProSe Function®.Z T2 discovery filterS F3ll P_UE a2| ProSe
application codeE T “JEjo|Th.

ProSe

UEa eNB A UEDb eNB B HS8 Function

1. Matching request{ ProSs app|code, ProSe app Ro8)
2. Matehing requept{ ProSe app cod

o
—

3. Matching rquJat( ProSe app ID)

4. Matching reepdnee( ProSe app I}

&. Frequency sening report

€. Frequency infol requsst

7. Fraquency infolack

8. Frequency senging request
2. Fregquency ﬂniinﬂ report

Interference analysis &
Frequency sel

10. ProSe resgurce allocation

11.ProSs radic résource allocation

Direct communication (

12. Edge ProSe gession report{Pro$e app code, ProSe app QoS)

(Fig. 2> Matching procedure in the same cell for avoiding interference
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(Fig. 3> ProSe UE located in difference cell

<Fig. 4> ProSe ©4] #AoA F UE7} 247 o Ao &3] gle o ] 3|98 WS Jepith
<Fig. 4>°142] UE a: <Fig. 3>2| P_UE a9} $¥3}3 UE b= P_UE b} FY3lt} UE b discovery filterS
7]¥E2 2 ProSe application code€ 7ttt o] % w3 & 9)3l ProSe application code?} 37 ProSe application
QoSE eNB BellAl ¥/ EWit}, ProSe application code= ProSe Function®lZ] EUX|1 ©]& &R1%H ProSe
Function-> ProSe application IDE &7 ™A Ao ZFAIAH UE boll Al &t} ProSe application IDE 4213
UE b ©]& 7|WFO.E UE a®t Al A& 93] FHe] Fo4E S5t T3+ B E eNB BollAl €1
T} eNB Bi= eNB A°lA|l T 7] 59 A edgeoll A AHE7bs3 A ARE 23t} o|9F 7 UE acll
AE AH&7Fss Tk &S AT 247 UE a%t be] Fab &4 FHL eNB A9 U 7] &<+
edgef-oll A1 0] A+ AHE- dgol] ik ARE xedste] EAstal HZ o AdS Addt) o] Hded 7
& UE a8t bollAl 42+ &2]al UE a9 b ProSe F4l& 3T ©]F eNB BE eNB A7 O F7
B4 AT Y JRL A ProSe application code®} ProSe application QoSE R AT}

Prose

UEa eNB A UE I eNB B HSS Funcfion

1. Matching raqulet( ProSe app cofle, ProSes app Qo$)
2. Matching requpst( ProSe app cofle}

3. Matching rsqdasl[ ProSe app ID

4. Matching resppnes( ProSe app ID)

5. Frequency serjzing report

€. Fraquency infe| request
7. Fraquency sensing raquest
8. Fracuancy mi'ng rapeit

9. Frequency in’l’oLck

Interference analysis &
Frequency selecton

10. FroSe radic reource allocation

11. ProSe radic rgsourcs allocation

12. PrcSe radio rpsource allocation

Direct communication O

13, Eclge ProSe gession report{Profe app code, ProSk app QcS)

(Fig. 4> Matching procedure in the difference cell for avoiding interference
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3. UEQ| o|=0 mE Ztd =lm

ProSe ®4% ©]& ProSe UEE ProSe %N Asgct A 7k S FZ ProSe F41 Aol A A3
<Fig. 5>+ ProSe 54 % cly

P_UE a$} P_UE b7} +6M£D% eNB Boﬂ C_UE x7]- 4389t} P_UEEY ProSe %Alﬂr C UE/| Ankz Q]
A NS 22 Fug AU AHg3th P_UE at P_UE b7} ProSe 541 A8l A C_UE x7} A edgeol
Aot TS T f1e AHESH] WiEol AE8 UEE ProSe UECIAl 23S A AIZIL

(Fig. 5) Interference due to cellular UE movement

<Fig. 6> ProSe 541 “g3toll A A center®] ProSe UE7} A edgeZ FH-E w &Ast= 714 S veRiTh
eNB Aol P_UE a$} P_UE b7} 439128 eNB Bell&= C_UE x7} 43 %lth. P_UEES] ProSe 5413} C_UE2
YHkZ ] AEY FAL U FI4 AUS AHESHE P_UE a9 P_UE b 7} ProSe 41 4394 C_UE
x7F AL A= A edgeol] HIZEHH T FHFE A7) Wil ProSe UEE A& UEONA 1M
< TN

iP P UEa: lmo of

(Fig. 6> Interference due to ProSe UE movement

utebs AAzto 2 AFeHA wstst= UESS] 9xlol met TAste A 3t 3 B4l 2 S e
o} & =&ollA= ProSe UEY| ol&3 AE8 UEY o5l @& A 3t 7H4 4 E ProSe UEECNA &%
AAE gl et 247k d2A A oM M FAE A

ok

1) ProSe A2l & &

ProSe &A1 &4 UE ool mt& A 7F ZHAdo] AYsHH eNB= AHS7He s e AHd o= A €93
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=

t}. <Fig. 7> eNB7} ProSe FAlIAl THE ProSe AHd Al &9 A4S Yehdth X2 IH#H |~ F3f <
q AR AR R AT FHE T AT Proximity Servicel Al THE A& & gt} UE
bt TOE IF A9 AEY UEY A= st A 3+ 114& w4 "k oo UE b ProSe application
code, @A| UE b7} il & AEH A2 QoS, YA, 1S TN E Fu¢ FH, J8a Fi4
BSOS F7] Boko] ALR7FS3 Fu HHE eNB AolAl HWITE eNB AE 1% 4 eNB BollAl T
F7] 59 A edgeol| A AHE7Fs AHY ARE A, UE aAlE F34 §41S 53] AFE7Hs3 Tk
AEE TR 7T A ARE RO R A8T7HET Aol ATHH eNB A ProSe UEENAl A 22
AL A et

UEa eNB A UEb eNB B HSS FEL?:’tSiﬁn

1. Interfarence regjuesi{ ProSe app qode, cellular eer\j:e Qo8,
< location, interflerence fraquency, frequency gensing|info}

2. Frequency sensing request
2. Frequency senLing report

4. Frequency info| request

5. Frequsency infg ack

Interference analysis &
Frequency selecygn

€. ProSe radio repource reallocation)

7. PreSe radio regource reallccation|

8. ProSe radic resource reallocation

Direct communication O

§.Edge ProSe sspsion report

(Fig. 7> ProSe resource reallocation

2) ME3 X3 sid = xf g

TeF eNB7F 91 Ao HE FHE HROE A 9 Jhed FrE Aol fltta BT eNBE
monitoring UE bo] TA| ALE F91 AE2] AH] 29} Proximity service2] QoSE Hw sl AYLS A &3},
Proximity Service”} &2 AJH]2RT} QoS7} T eNB+= monitoring UER] UE be] A &8 AZE A 3|
A8kl ProSe T4l A 0.2 &Fsto] ProSe T4l 7hHsdHA Tk

<Fig. 8> eNB7} ProSe BAlAl & & A ddo] E7ls 499 AE] Ade At A &
T A4S Yebdth A4 UE a%t be 7 A& HES Zo| HEHAA e dejoln AEY An| 29}
ProSe A HI2~E EAlOl A& Folth UE o]l wet A 7 7H4 47 2483 UE be 3ld eNB AoA 3t
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A,

ProSe
UEa eNB A UEDb eNB B HSS Function
1. Intsrference riueat( ProSe app dode, cellular ssnfil'.s Qo8,
c lecation, interfgrence frequancy, [requency sensing|info)

2. Frequency senging request
3. Frequency sea‘ing repart

4. Frequency infg request

5. Frequency infg ack

Interference analysis &
Frequency selecygn

Compare the ProSe service QoS
with cellular Service QoS

8. Cellular radic resource relsase

7. ProSe radio regource reallocation
—

8. ProSe radio rezource reallocatioh
9. ProSe radic r¢source resllocation

Direct communication O

10. Edge ProSe gsssion repart

(Fig. 8) Reallocation after release of cellular resource

3) AF8 Jtsst A of7| = 1 g2

eNB7} Q1% Aol 2 HEE weo=w A g9 /s Fad Aol gt ATGEHW eNBe
monitoring UE b2] &R A& F<l WEF A 8|29} Proximity Service?] QoSE vl sl AY& A &gt
RFeF Proximity Service”} A-&2] AH|2=R T QoS7F W eNB+ monitoring UER! UE be] 452 A2 3
A 3}A] 23 ProSe application code$} validity timerE 71HFO.Z 713 w2 AJZF Ujol] A87153 AY-& &4
gt

<Fig. 9> eNB7} ProSe BAloA T2 A &9o] 8715 & 7499 ProSe application code®} validity
timers 7|WFO.E 7P WhE AR WOl AHETEEE A S Bt o] & Al et S UEhith @
Al UE a%} b= BF AE2] UES Zo HEHAA e deioln AEY AR 29} ProSe AHIAE SA
ARE- ZFolth UE o]sell met A 7k 4] EA17F 'EA3E UE b eNB AolAl 7H4 A 43S <dh o %

108  PA=ITSYR|=EN| M177, M12(2018H 28)
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eNB Bo}o] AR WS B3l AR 7Hed AdE ZAT BT AR FolAY e AR S ZAE
WA 7= AL E 18| ProSe A do] EVFsdtttal #esith o|wf eNB A+ monitoring UE b®
ProSe application QoS¢} & A A& 591 AE2] AuH]2 QoSE Hl w3t} vk ProSe application?] QoS7t AE
2 AH]|2=9] QoSET Wi AEY AH|2E FHAINA & FHH A FollA ProSe application code}
validity timerE 7|¥FO.2 o2 7P wWhE ARF Wl AHETEEEE AUE HETh oF IS BAAITIA

%E AYE A S w7hA] ProSe FAlE FA FHAIZIT validity timers 7|HEO. 2 2H2 2 o] ALE-

A
=
7Festd s TANAY ALS A EFstal oA ProSe FAS AT A eNBOlAl A WA A
de dela 5 AT e AR

ProSe

UEa eNB A UEDL eNB B H88 Function

1. Interference refuest( ProSe app Jodet, cellular mr\ril;e Qes,
< lacation, interfarence fraquency, frequency sensing|infc}

2. Frequency sanging request
3. Frequency sstniing report

4. Frequency infd request

5. Frequency infg ack

Interference analysis &
Frequency seleciion

Compare the ProSe service QoS
with cellular service QoS

T
Direct communication
stop and waiting

Search for available frequency

6. ProSe radie rlourca reallccatior)

7. ProSs radic regource reallocation|

Direct communication (

8. Edge ProSe 5Fssian raport
|

(Fig. 9> Available resource wait and reallocation

4

o

3 452 AU 0|9 G BB UBY B AeFE IA 245
P3l A5E W 4 £
9] Hole] EdY 8% P4e FAT,
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1. AlEg0|d 2

B A EH ol thEk MEY A 742 3GPP LTE WEYAE 7|qto g AA3t. AlEgold nd
Y3 Fu4 AHYS AR TID We] LTES 7M. 3k NS3S ALgshe] AE3th AlEd o]
doll= ZF 3709] eNBE i3It A E5-2 7 AlEd ol e} 20%, 40%, 60%E 3 T3 H]
£ gElstd A%HES WY ProSe UBS] $E 7 20-1507H4 F74A710 AEL
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(Table 3) Simulation parameter

Parameter Description
Cell radius 1km
UE distribution randomly
Carrier frequency 2GHz
Frame structure TDD
eNodeB Tx power 46dBm
Max Tx power 23dBm
The number of cell 3BSs
The number of cellular user 100 at each cell
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(Fig. 10> Average throughput of ProSe UE (a) Shared frequency 20%, (b) Shared frequency 40%,
(c) Shared frequency 60%
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(Fig. 11) Average throughput of cellular UE (a) Shared frequency 20%, (b) Shared frequency 40%,
(c) Shared frequency 60%
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