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ABSTRACT

In this paper, we propose a power control scheme for effective serving cell selection in Relay environment of
3GPP (3rd Generation Partnership Project) LTE (Long Term Evolution)-Advanced system. A conventional serving
cell selection scheme which does not use channel states of backhaul link has a problem that this scheme does
not select serving cell supporting maximum throughput. Also, conventional proposed serving cell selection
schemes that eNB or RN transmits channel states of backhaul link have problems that conventional schemes
need to additional data transmission, serving cell selection process complexity is increased because UE considers
channel states of backhaul link, and received signal is degraded because strong interference which is trnasmission
signal from RN. Therefore, for solve these problems, we propose power control scheme that RN control

transmission power according to received SINR (Signal to Interference plus Noise Ratio) of backhaul link. By
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extensive computer simulation, we verify that the power control Relay scheme is attractive and suitable for the

Relay environment.

I.M &

FHoll & dlole AzjaE 87 ArlEE
s HER PC 59 ®Euld 7)7] Hge] F&shAl
AT 9o ZskETA R Skl 9le mnf
o ENY (rafficys T8317] 3l ~"Ex &
% 2ol 7l1eT o B ~HEZS AMgsle
71€, 2Elx 29 s 9 o] B cell$ A
sk wie] mEE glvk ey cell s F7HA19)
b 27] dxplg 2 fx]u]ge] @2 A

ir

A& 7S el cell AAMIE-E Fol7] $l3lY
FALE WE HIE J43hs Relays} a2 nlak

22 3GPP LTE-Advanced Al2®lol4 we{s s
glor, ol9} Zr& Relay: 2 data rated Ze=
AR  (coverage)E FHNAF|3, cell A2
throughput& 3717 cell AAA2)
throughput& #1719, cell AME|AE )22
e e 7R gl

]9} o] 3GPP LTE-Advanced A|2-&l2] Relay
AN UEE 4 41559 RSRP (Reference
Signal Received Power) &7%-& <33}] serving
cell& A=sE7] wfell Al &m0} cloldlE o
A"t w#f3le] serving celld AAZc}L 2] A
Az Bzt deldE Sanc g Ay o}
Al RNE serving cellZ A=sitizte & 8 =)
Ardo] FA] ¢drid RNol $:AlgH Al59] AHewr}
=7 $OBZ eNBE serving cell2 A1=gF Anc}
& throughput & ZH= FAgo] whaygic) BHE

UE7} 91& g=9] Ad AelE ueslx] Ealod
) throughputd A|Y3k= serving cell S =43}
A Fdh= EAAE $43l7] 1814 3GPP RANI
(Radio Access Network 1)of|4] @& 77} o5
A1 glew, 7 AFE eNB7} ¥E 2=z [y
BEE 2| ZR3H= 713 RNo) AE =)=39) A
AEE x™se 7Y Sol A=) o] W
=2 WE Yz Ad HEE 2 xEsl] UEZ
BE Bz Ad AuE wElsA Zake siE
serving cell A 7|99 AL #HAF 5 gk
Tzt 7)) S Wk WE g=e A An
E SERP] AT F7HHQ dioly Ase] A
ato] dlole] g A8E ARAIE EAALS 7}
2132, UEA serving celld A=shs o] Bat

216

}

o

=7} Z7ksled UES] ¥ 4nlE S7H7IH
Azl FAA-2 RNo| $A18k= 4137} 7
AlZ 2 A3ge 7 UBY F4l Als Aol
e FAHE e P

wapd] B =Folli= UEZ} serving celld Al
g Aol WE 3] Ay g 2 &
el throughputS A|¥3k= serving cell-& 4l
a3 ¢ e BARAY 71E 7 e 2R
< HA3] $ste] BE H=Z2 A Aol w2}
RNe] 21 A#Eg 2H3|= power control 71HE&
Algrgkc} e]e} o] A|ekshl= power control 7|H
< g 30 Ad A wet $4 A¥E =
Aslel WE =m0 Ad Al £ %o RN
o] 4l AHE E94 RNS cell 7ARIAI7}F 21
7] &l HE Yz Ad eyt FA ool
T B3t dAlx H3v) oeldE gk A
g A7) Fola] RNZE serving cell2 Al€she
TARE AT 5 glon, 7] A HRkbEe]
ZHRA 3i|l F7H A dle]e]d] Afel 28k wo]
B HEE 749} UENA serving cellS A1€s)7]
Az AE B3tz 2oL 2E|m AP Al A
Hl A~ 38 Ade] cleldE =] Ad
Bot St WE Sz Ad At £ et
4] eNBE serving cellZ A=sh= 7390l RNoIA]
FAsh= Alze] 7l slx] Al Alsr) 3}

= TARE AEdE 5 ol AHE 2tk

2 =5 ML o #Ah IAeRe
3GPP LTE-Advanced A]Z~®l2] Relay &7el gk
S tigle] dolr o] Alxgle] FA|H el i3}
o] 7l&slger, MAeM+ #d throughput2 A
A3 serving cellS AHEHA] Fdle FAAHE sl
Azlr] $1%F 718 sAuRbel i dga EAE-E
Attt N Akslhe WAl ik A
F3l AR WY S Holw, VAA A
FE AEdEeld ZAxz Alglshs ve Al

dFdte, THAe R ViRelx] 28 dech

7F

71_]__/1

A

M

et
ﬂlg. i)

=

> &

. AJAE @

3GPP LTE-Advanced Alx®lolE & data
rateS Z= AHEAE FHA7]x, cell A
throughputS A 717 cell 7 Ao14 2] through



¥ / 3GPP LTE-Advanced A|2~®12] Relay 2744 F-824] Serving Cell A=-&

213 Power Control 714

puts AT, cell AviE|RZE H)x)717] 3]
3lo] Relays AHEsP71 2 AAslgic) R o)9} 2+
< Relay 3|4 eNB, RN 2|3 UE A}O]oﬂb
that ol 37k FRe] vl Ak A
A A= WE YPI2 eNBo RN Alole) "TJEL:E:
ojulsts, RN7F eNBRYE| HHE Faihs 3=
dlole] AlZ®el ohjzl RN-& eNBSF 57|77}
s o 7] Wi F7] Az Y A=EE AT
= 3 AgEich T wiAle dAx 332 RN
UE Alele] =75 ow|shs, RN} UE7} 7|29
eNB2} UE7} E4lel= At vl A ARs 3
ke sixjnte g rjoldle 8lmE eNBS) UE
Atele] AR Relay’} 2] g 71& A
A EAl Fdsie) o)9) 72 Relay Al~ElollA
Relays AH48R= 7J-$ol UEE RN2} eNBEF-E
AR Al 3E2] RSRP 242 %519 serving cell
Aygic}, BH,
7] dog Wi =39 Ad AE mElK
E.b—}b_ 7]_,_4 Servmg cell ,Heu 711340 ou,q]/\ e
22} A Al vleldlE mrRr) Folx RNE
serving cell2 A1=igh 790l WE 8)=z9] Ad 4
e7h F2] vt RNo| 4213 Al3e] A3} o)
vl AlsHA hAEkely] wihitel]l Al #l=s) ol

mlo

2 "‘°PE UE®] 541 Al A3l g3yt oAy
g Az7t ek webi] RNE serving cell 2 A1)
g Axct ME a0} AL =z Ad Adske
T2f8le] eNBE serving cellZ Al=lsh= #o] o

& throughput$ #9985+ glet ole} o] UE
7F serving cell& Al=sh= HAol4 wWE elg9)
Al S eldhs e wk=A) desh UET}
WE o] Ad AHE o4 4 QEE sl
elkel tigt A7) 4 e sk

E wiodes WE 33z z#isle] serving
cell$ Addah= A7t W& Y35 w#isix] Fa}
3L serving cell& Al=ish= 71&9] 7)Ha} u)|aslod]
e S5 $18ke] SINR 3%} cell throughput
<& CDF (Cumulative Distribution Function) ¥3ej|
A A% vlaE esElglon, A ¥a SINR
SINRovprvves W& = SINR  SINRpackhaut k™
MAl2 2 SINR SIRNiccess S Shannon capacity
A (D)F o83l =37 A ()8 ALyt P

H

J(x) =log,(1+x)

Fixy=2"-1 W

SINReNB—RNf UE

_ el
=/ 1 R 1
f(SINRAccess link ) f(SINRBackhaul link)

I. WE 23 e Mej 228 JHel JI1E sz
o

UE7} 92 ®=9] Ad Aels aeishx] X3
o throughputs A|8h= serving cell& A=s}
7 Fake 2AAE sdsl] flsi4 3GPP RANI
oA W AFr} o] R 3L glom, o Ante W
< %39 A ARE wEHIe 7S] Al
e}t Pl o] Aol o9} 22 7)== Aok ukA
ol eNB7} WiE =9 A AWEF 2EEsE 7]
w3 RNl WE mel A AnE olzEehe
7ol SA EAA e disia dohict

3.1 eNBe| Bz 213 g el 2l=E Ty

UE7} serving cell s Al&isls A of4 W& 9
=) A AbeE 18R] 3] ol throughput
4 A8k serving cell S A=A} Fale A
& dEs] sl eNB7F HE WA A ARE
UECA 2lzEshs 7ol A=tk o) 7
eNB7} W& =2 Ad AHHEE 2 EEFT UE
e WE Yze) A2 H3F aedsled serving
cell& Aeigle] QA2 Bz} thelde gawc
Ad Al Eoets 9E 3] Ad AL £
Z] ¢¥olr] RNE serving cell2 A1=&}e] throughput
o] Zradle FAEE AT 5 Qlch

o|2igt 7|¥-2 UE7} serving cellS Al=H3l= 3}
Ao g Hze] Apd ANE 3T 5 °l°1
) throughput2 2]443H= serving cellS A&
a QAT oI e FAEE /R QdTh
A, BE Y30 Ad ARE HEEEp] 43 T
A9l Hlole o] Paslw, eNBE A cell
ok UE°lA| broadcasting ®M]e2 )
£ 39 A2 HEE 28 3] d&Ee] eNBL
o EAlshs BE WE J3E Ad ARE 2E
gajo}l slu o]e} Zh2 FyE] dlelew dle]
B Ad 388 e EARE Zeth =E,
UElA serving cellS ZA3l= A 6l4] 7]Ee
g =5 weiskA] %5l serving celld A9l

o

217



A8 E 7] *11-03 Vol 36 No. 3

A HEcE A2y Baler) Svlsle] UES] Y &
HE S7MIZIcE aeja g AR EARe o
£ 235 783 serving cell A8 IS A
eNBE serving cell2 A=sle]%, RNo| $4lsh=
Azt 743 A AlZR 3RS m|AA o33
UES] ¢4 Als Aol 34 dsisEs FAEE
Zreth

3.2 RN2| 8iE 23 i Ael 2|Zg 71y

UE7} serving cell & Aldlshe= #A oA 9E g
28] Ad AeE 22stA] Z3ste] A throughput
4 A3l serving cell g AlelalA] 2l FAIA
3 eNB7} WE 39| Ad HEE =xEshke V)
e FAPE diAsk] $i8le] RNe| W& aj=9]
A2 HRE UEANA SlZ"3sl= 7o) Ag=ich

o] 7|H2 eNB7} ARAlAA A4sha Qs 28
UElA W& gze] Ad AnE elxes)] ¢l
of 2E ME gz Ad Ane deleE A4s)
© 7145} 8lasle] RNo| zMile] wiE g=e] A
g AR 21419 cell gkl $1x13F UEelA] 2%
T Hleg WE 330 A3 AR 2xEd 2
8% dlofele] ko] FolEX A3 FH
dlole] #Foz Qg Af &g bl Axd
Bl Sl EAEE etk =3} eNB A
g A 2" 7S S RNe] SAlsHE
AlB7) 7k 7] Alss ofskg viMA UEY <
A A Aol aA dskEle AR AR 2
vt wepa] ole} ZHE y|Ee] A wikle] FiX| 1
e FAEE HFZTE ¢ Qe AEE 7Yel &7

21= 1
V. Hiotsl= Power Control 7]

Relay® AH3H= LTE-Advanced AJ2lollA
UE< serving cell-& Al9sle #AAlox] WlE g=m
o g Aels z#E 4 glo] Ao throughput$
A3 serving cell g AlaA] Esh= A4S
7RI olek =8, 719 1A Wil eNBY RN
o] WiE =] A AlE TxE FE ke
F7Hl dlole] Aol HQsle] dlole] H4E0)
Aasta, UEA 9E 3=E& weidled RSRPE
Ak AR Bak=rt 2718, RN A~
Bz Aol cleldle slze] Aduc X
BE )=o) Ad Al 34 ¢dold eNBE serving
cellZ2 g UEZ} RNIA fAlshe Az 2fgh

218

ZHde] e s Al Aol dilEle BAIRS
7RI Qlch webd B =Rl UB7L serving
cell A= Ao W& 2=z weisr] F3l4
Z ) throughput2 R}5h= serving cells A3}
2 Zslar, 7189 sA wWekEe] /ML Sl EA
e H2 5 oe NE Hzo A A o
2} power controld $¥FHE RelayE AlRFEIC

WBE g=z0) A Ao el RNel $41 A
& ZA38lE power control 713 RNo| WE ¥
ze] #4 SINRE HAsle] 9E H=ze 4
SINRe| whi} $Al AHS ZAAg) o]e)h 2w
e olgsle] UEE WE Y=o Ad AdE 2
23] 9, AN e} tloldE =2 RSRP
2 243} serving cellE AlEshe 718 FHE
sl FHol throughputS P& § U serving
cellg Al 4 gck 23 12 WE =z Al
Abe7b 2] Eslo] RelayZ} 441 AEE HAaAA
Relay®] cell AMA7} Zashe HE #Hae] A
g Aol wel A1 AHE 28k power
control 71%HS vieh=, UE7} W& =39 A4
AR E 3eislA] Esh= 71E serving cell A 7]
HE Aol s WE 330 we} RNG cell ¥
2jx7} zAdsel UEZF ¥E ®H=E e
serving cellS A®sle 71} 22 535 4&
F Sk

Aok power control 7ol g =)=z
SINRell we} 4l AHE s AL 4 (3)
3} zck

Py = Ré;‘u —{SIN] Rg{;ihaul ik~ SINRy o) Oormar (3)

01714 Py & Relay®l Hu} £41 A= o2 30
dBm¢ & AE, Ade] Zrld i FR S

Weak Backhaul lin

Cell coverage decraase

Serving cell selection
epn. macro eNB and RN

Direct fink

Access & Backhaul link power § Direct link power
Access link

gl 1. g sz ad Aol wel Relaye] 41 AH
Z4 8= Aeksle= power control 71



=4/ 3GPP LTE-Advanced Al2#¥19] Relay 3

1o A] E-E4 4] Serving Cell A19-& 18t Power Control 7]

%

(path loss)& & dl, SINR G v ©|BX R
7Fsdk W& gze] Aoy SINRS  ojwlahd,
SINRy. i = Relayolir] &g W& g9
SINRE 2juigh). 2 EFollile SINRp e ©
eNB2} Relay’} A 35m o]t dolzio}l sh= =
Azt A7 ¢4, 323 46dBmel eNB2| Ho &
Al AHEg mesle]  Agsigichk =3 power
control¥l $41 ##Ho] Relay”} 4l 7Fgst 4
AHe] W R 2SN Ovne v A3} factor
= ofulsked A (@)} 2

Pch
(o3
Novmal — SINRM(L'( SINRMM (4)

Backhaul link ‘Backhaul link

A7 A SINRpm s £ 0)BROZ Pe3 WE
2372 #HA4 SINR-E &jvsln) eNB RN7F &)
00m el sl & slek st Az eAdg
olgslel £ 4 ik 9 A 33 WF ol4a]
R, W a‘:i«l Apsgo] ddetsled RelayellAe] &

7] SINR  SINRg s ©) SINRY i o] 22X 7

v'H S (=)
%, Relay®] $A1AH Py & 250 cell AN S
ZolAl slvi, w2 WE =] Age] st
Relay"ﬂﬂﬁl %Xé SINR SINRBnckhanHmk o] SINRgfgdwuHink

of T8led, Relayd] $414# P Z7MA
cell #Av|2|A}E Szl ‘11%" gl

2% 29} 32 Atk WE = Ad Al
e} $4l HHE 245K power control 713 olA]
A AHE A Al i A=) RN
FA1 AZol] 93t 7149 ool WE Bl 23}
power controlell o|3iA ZrAwlE g viehicl
2% 25 B9 RN A$F pAlsha #4018 As
7V g B AslA) shagd el WE =t
Zod, WE @m0 A1 SINRS 54315 RNY

A A9 Py g

power control 732 W& g=o] Ad Abelel u}
gt A HES & =] Ad At
A dfellz Ereta YA H=vh deldE
Hzwc) A Al7E Fols] RNE serving cell2
Agsle FARS @48 4 glom, 7129 4
Hekge] 7HAa olR FbH]l dleleie] z g
25k dlole] A4 &F hanet UESIAM serving cell
& AFsp] SI8F AR Bk 3k aels B

mZi
.
ok
£
Nl
I
et
ol

o -,
( Power contol ‘)
R Stary

s

e
Rz Mode

N
E Yes
Nexe subliame Sigral
Bl reveption

| #—f

/ Rx srem!

.

o

ol UL

- subtume T e

Hackhaut tink
SINR smessnrvment

Prpwer copol metne

|

Transrisston pows 5 Bignal
P decision R

2] 2. Power control 7|®<]

Alzbe FAQl dAla Bz Ade] tleldE
g=e] Aduct Fojele W =)z Ad A
7t A otH eNBE serving cellZ ARt
Sof] RNellA Falahe Alse] ZHdel] 2faia] 4l
A3z7b sl BAEE S8 5 e e
zhyrd,

web4, 3GPP LTE-Advanced AlZ=®i®| Relay
FAellA 71¥ serving cell 419 7|ge) EAA}
12 72 wekge] FARS siFs] s, &
=Rollx] Akl WE =] Ad Al we}

AE-g 248H= power control WHA]e] F7pA

>~o)i£

fo ¢

\1

g
?&

Weak Backhaul ﬁnk A S ek Acress Sk

Coll coverage decreass

713 3. Relay®] 41 A8 24 oak 7] Al gk



LB 88 FA] 71103 Vol. 36 No. 3

L& A4 7P Aoltt
V. gFE Zojdd A Hat

£ AolMe Atk HE =22 Ad Aol
wtel power controld -33l= Relay 717 #E
Hasel fd AUE EEle 7189 serving cell
A wiy, ey BE Has vesiA] ok s
9] serving cell Al® ullel]l tHgE SINRFH}
throughput®] CDFE #43lglon, o] HlAES]
SINR} throughput-- ¥|2Z3}7] $l3] 4% sz
Bl X 1 sk BE Yzel dqx =z,
a2]x deldE 379 AR &AL LOS7F LA
g gl olz} LOS (Line OF Sight)®} NLOS
(Non Line Of Sight)el 795 &% weisigion,
eNB9} Relay 22|32 UE Aol Helm A=lol u}
£ A 5 aejsle] Agsiglct A4 F4
Alz®] melele]s 3GPP LTE-Advanced 73 %
Bl 7| mBEL abzsiein) P

a9 49} 27 52 serving cell 419 7 "QQ?]

£ SINR CDF$} throughput CDFE H]
1%]"?]/‘1 & g ARe] 71EY HE “oL" ‘%_ Wi
#=z2] Ad HRE eNBY RNe] =X
oA ME =g 123t serving cell d % 53
e g #E gas v8EA] X3 serving

FJ

E 1. 78 Axd Helvle

~-Diredt ik
e/ b3 KDAUE link
| i Dackbiaud link, wfo power cantrod L
wmeif Backhaut fink, v/ power control

A5 48 425 40 78 8 28 @ L8 8 TR 1 'u'x 15 175 W28 28 275 3

SINR [dB}

12| 4. Serving cell A=} #Alo)] W& SINR CDF

cell 717 vlarsled F& SINRE Zhe o] &
oE AL T F glud, oA HE A=Y
A Aelrt £2) gels dAlx f=ze] Ad A
7} tholdE 3=ze] Ad AdExch ot RNS
serving cell® Aeisls FAE-E dF] wEol
o} wih Algksle WE dze] Ad Al wet
RNe| $4l Al&e] A¥-& FAH3= power control
7149 SINR Aol 7F¢ $53 g &A% =
o, o] WiE =0 Ad Ayt FA gob
A AAz Hze Ad A celdE H=e F
g A8} g eNBE serving cell2 A193}
£ A9l RNS $4l As7) 743 les 3%
& Fola A AlZrt G A 3E W3
A Abeol we} RN $41 Ao Fo A

Parameter

Values

Distance-dependent path loss for eNB-UE

PLLOS(R)=103.4+24.210g10(R), R in kilometers
PLNLOS(R)=131.1+42 8log1O(R), R in kilometers
Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)

Distance-dependent path loss for eNB-Relay

PLLOS(R)=100.7+23.5log10(R), R in kilometers
PLNLOS(R)=125.2+36.3log10(R), R in kilometers
Case 1: Prob(R)=min(0.018/R,1)*{1-exp(-R/0.063))+exp(-R/0.063)

Distance-dependent path loss for Relay-UE

PLLOS(R)=103.8+20.910g10(R), R in kilometers
PLNLOS(R)=145.4+37.5logl0(R), R in kilometers
Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)

LOS probability

1-(1-Prob(R)N

eNB Tx power 46dBm

RN Tx power 30dBm

Minimum distance between eNB and RN >=35m

Minimum distance between UE and eNB >=35m

Minimum distance between UE and RN >10m
Thermal noise density -174dBm/Hz

Bandwidth 10MHz
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