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ABSTRACT

This paper suggests the methods to improve the wireless backhaul link of the Relay FDD mode that 3GPP
LTE-Advanced supports. New RRC message and Relay startsup procedure are introduced to apply Carrier
Aggregation in the Relay wireless backhaul. Also, we design new reference signal that makes Type 1 Relay
operated in full-duplexing, expecting to maximize the radio resource utilization. And, we propose the efficient
configuration for the periodic uplink control information under the backhaul subframe allocation method in
LTE-Advanced Relay. Hereafter, the standard activities in the 3GPP RAN is supposed to focus on the
improvement of the LTE-Advanced features. Therefore, the suggestions in this paper are expected to be actively
discussed in the LTE-Advanced future releases. ‘
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F& AN2lole] o Zof ) o2 Z7)9 v]E g7 o
A=) 7] ol A 2 ol 958 2| Yek=CAS
HelMde SCeld2  ZHte] Release 10 RRC
RNReconfiguration X5 3 gjo} gk}, o] = Fl3t
4 0 2 RRC AAFE-SCellvith a)atod 2] x| o
HlE8A]o] el A}l 5.2 Release 10 3w v A]x]¢] o]]
32| 5]9] Sli= extension [EE AHS-3l0] o]8] ¥A|x&

#4344 F e v)glck

3.5 Relayol| chst RRM =4 x|

YA 2493 0 2 5013} Release 10 Relay ol A=
Un B2Z2el]4] 740 211 el] o 342 B 831x] ek 2
2 Un Ha94 CAE 443 7% A4 2) SCell 9]
AR AE 218144 Un 3 Z2ellx 2] 40 1000 gk
Z3o] Ja3ltt olZ 913 Relay capabilityel] we}
DeNBel|l4] RRM &34-& 75317 $13) Relay startup
A 2}ol| 4] Relay 2] release WA 3} CA 715 o 5-o) gt
M7} =] ofo girl.

3.6 Un 23 CAE 2[5l RRC HAX| ¥ Relay
startup =X}

£ oA =Un Yz CAE X835} $1ZFRRC ¥l

A|Z] e} o]of| tig} Relay startup B 2HE A o)gkc} 13 11

=24 elA AdmhUn Al T el 2 119

317 $18l) £ =F-olx] A 2J3F RRC RNReconfiguration

w|ARjo]n], whde} CA A& $)8F RRCConnection

RNRecorfiguration-r10::= SEQUENCE {
rre-Transactionidertifier BRC-Transactionldertifier,
criticalExtensions CHOICE {

¢! CHOICE{
rnReconfiguration-r10  RNRecarfiguration-r10-Es,
spare3NULL, spare2NULL, sparet NULL  }

criicalExtensionsFuture SEQUENCE {}  } }
RNReconflguration-r10-IEs = SEQUENCE {
m emninfo-r10 AN~ eminfo-r10 OPTIONAL, -- Need ON
rn-SubframeCorfig-riQ RN-SubframeCorfig-r10 OPTIONAL, -- Need ON
lateNonCriticalExtension  CTET STRING OPTIONAL, -- Need OP
nonCrt jon RiFy i ion-v1ixy-les OPTIONAL }

RNRecorfiguration-vi {xy-lIEs
sCollTorm-S onfig
nonCrticabxension  SEQ

SEQURNCE {
11 SCaliTobN Cortiglist-r{ 1 OPTIONAL. - - Need ON
ICE 1} OPTONA. -~ NeedOP )

SCellfoRN-SubrameConfiglist-rt | (7= SEQUINCE
{SIZE (1..ra¢SCel-r1 0)) OF SCellToRN-SublrameCortig 11§

SCellfofN-SubframeCarfig-r § 1= SEQUENCE {
sCellindex-riQ SCelindex-r10,
1 “orfig-rl) RN-S Cortig-r1Q) GPTIONAL. -~ NeedON |

RN-Systeminfo-r10::=  SEQUENCE {
systeminformationBlockType! ~ri0
OCTET STRING (CONTAINING SysteminfarmationBlockType1) OPTIONAL,—- Need ON
systeminformationBlackTypeZ-r10 SysteminformationBlockType2 OPTIONAL,-- Need ON }

% 11. RNReconfiguration ®]A]%|

Reconfiguration®l] °33Fo] ¢io] Un 3l CAE =
q = UEE AN

t}422] SCellol] th3k-5-A] W& HA o] 7153l = E A)
Zo] A2} RNReconfiguration-v11xy-IEs +=sCellTom-
SubframeConfigList-r1 18 £3) # ) SCell Bk &1
of| AA)e <= 912w, SCellToRN-SubframeConfig-rl1
< PCell®] Un ¥ 3 A= Abold & 9= SCell®
Un 3= A% S 913l m-SubframeConfig-r108 AAH-
3}, SCell activation/deactivation-3 $J3+ MAC CE®]
AHE-E Un 2= 7FssleE s] 99
sCelllndex-r105 E£33}5ic}

Un Hadxel cA AL g8 A=l
RNReconfiguration ®|A]%|& ©]-83} Relay startup &
Aol A 2] W72 17 1200142} Zt) Relay+= W& A
B P9 oJR-E DeNBol| AlE31H (step 1),
DeNB-=Relay 2] release M I CA 2|41 o] #-2- 21
g% (step 2), CA A4 715214 Release 10 Relay 2} &
2] RRConnectionReconfigurationdl] F412Hd &4-&
873k measConfig IES E335}1%] Relay 2 A%, o]
£ A% Relay <] SCell B4 7Fs3 AHe]o) Sl A3t
TR 249472 DeNB.E 453t} (step 3). DeNB
+ RRConnectionReconfiguration2 £3 SCellol] T3t
addition E 4133} 31 (step 5), ©19l] SCellol| 3} SIB &
scellindex 552 AHRE RelayollA] 43, ol
Relay+ SCell o] g+ A4 WE- 71| SCell ] A=l
+ Deactivate AE]o]t}. Release 100|413 S134 X2
47} o]F Release 11 RNReconfiguration &2 PCell#}

(i) [re] (o)
)

Phase 1 Attach for RN preconfigurstion

(
[RE]

2K K
KinSHE™ |

b TP Dot Botinst Bespuny Resrstmeoneil

RN B o e ——

T AP U Gapaity H00ioneee

2] *

o5 TR-0: Dot DiaSoatid By Riecuesiommipl
5t 3RAR Sew Kecwsn (o0 XYM Rearr—t

&1 B-RAQ
1 RY Insbirind St swsip: A
) BN Isbisent K2 st AL 02 S culoatios bMte p
K
T
)

208 g

R ORI

3% 12. Un 3= CA A4-% 3 Relay Startup B}
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B 2. 9BE CA A4 Y AN &

WE CA 44 by A &t
HE sfejels] Un Bz
MAC CEE o4& scen | 84 371

e A" BE Y AHe AR
A A A

W zoAe] ccs A4l
ccs &4 WA A
Al 74
RRCConnectinReconfig. & | SCell SIB % 2] %
o143k SCell SIB A% o AA

R-PDCCH pre-allocation

RNReconfiguration
extension IE 7

DeNB ¢} RRM &4

CC " Un configuration

FEAQl SCell AA/EHA

SCellel] gk W& A& A58l (step 6), o] F-E]
Relay 9] Relay Cell ] SIB A3} 37 PCell to.2
Relay Au]2F AR} wix2ho g2 27149l Un 4
2] 27} 4 23 Un SCell®] activationd $3)
DeNB”7} MAC CES- A4}

£ 2E £ Aol AU Hz)42] CA AY-E
A& 2ot A3 g ula) o) ol iR N &3
AT Aol £ =FollA AlQkRE A A5 A4
i3t RRC #|A|2] overhead 2} A7k 2] &3 )41 5-2- 3]
half-duplex ] type 1 Relay *ll4+=Relay Ad%5-l] o
g Al 7o Pglo) =3 3k mobile FE 2
Relay7} 21342 739704 S =vlL- A Aoz Q4
SiLad

V. Relay®| AHH| ZHd RI0{ gt

I 13914 A3 RelayollA] $418 4150 240
AdE AA ARl FAR alEe] 7H4e de
7l 2] ] AzE 4 A5E A AsA

eNodeB
T2 13, Al A 7Hdel 28 Relay A% A3}
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717) W Eell vk=A] AAseiol i,

Type 128] out-band Relayx X} M d4&
Un/Uu 337k MZ d8 Fo58 ARjhess
FBo] 71534, Type 1 Relay®} 22 in-band
Relayolll= A7) 7K @A) kAl ok
Release 10 Type 1 RelayollAl&= o2&t 27] 2] &
A& AAs7] #1819 Un "3} Uu 329 94
TR A7 02 th2A) slo] half-duplex Relay 3
HE A83ld A7) 2 AL SAskE sk ol &
24 Type 1 Relaye $441 7718 ule] 7] ¢
g 2912 Azbel Basle i 14 FilA
ole] A4E AHE-3HA] Z3HA =%tk mebA] Release
10 Type 1 Relayt AHd AR F-84o] Asl=Eln
latency”} A viehlH, A9 Aj7e] HQ3}e] d)
oe] 4 H-go] HR|A =, Type la relay= 37}
Al 2 eHe] 97Hc}

w2}4] Release 10 ©]32 RelayollA Un/Uu =
oAxje] A AHE- E84 FoHe} latencyd] 48 5
2] /WAL o]F7] Y3 inband 2~FHEY S AREE
A% full-duplex modeE A|4¥ Hgrl Uk
In-band full duplex Relay+- in-band RelayeliA] -4
7} H9 2] 7] AL Relay AHIH L2 AA
g 4 glohd Ade] shsd Aol £ AHelXe
in-band Relayollx] 2}7] 7M4] @42 AAE 5= 3le
Hitel ti3je] Alw gt

4.1 In-band full duplex Relay

In-band RelaysllX #417} Ele 27| 7H4d 34
A& 1237 slM= Relay7t 271 244 @4
dogle FA Ad 771 ARE dohla AA”
g Qlefof & Zleg Halrh

Relay7} A7) M4 deogle 54 77 Ad A
BE 7] ddMe A AT V1§ 988
tt. £ =Fdxe o] 7I$AEE R-RS(Relay
Reference Signal)z}x ¥-27|2 ). R-RS7} A%
e AR 378 DeNB}F 2] F3te] @3 v
A7 ¢xF Fdslelol & Zojrk ol HslA,
R-RSE AFshe 74 AL 71715 oA g
wojof gheth w3 DeNBSF o] T3S $isiA &
Dl Al Ad o3,  cell specific reference
signal(CRS), 57| A'd(PSS/SSS), PBCH] A ¥
Tl #gsjoir= o Fck R-RS7F S 9 4 8l
£ 3742 DeNBell 9Js] & & FAA F dlolE
A o] & Zolct. olF 21L& 32 d), A
% 7Fe¥ RRSS] 722 AIE 23 14 vehiigict.

o
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NN
i TIr ‘
H i 7 ]
& 10 1 I=61=0 1 1=6 I=0 1 =6 1=0 ! i=6
g even slots odd shots even sots odd slots
- e
S Relay antennaport 0 Relay antenna port 1
&
z t 4 |
X % ‘ 75 V7 ‘
I N SN B
B W B H
! | % SR
W Sl m—
Z % R ! RN/ AR A
/=0 i I=6i=0 H 1=6 =0 ] I=61=0 | =6
even-numbered stots odd slots evenslots odd dlots
- >

Relay antenna port 2 Relay amenna'pon 3
NN RO S &R V2 JIXI=R JIE A& B X
B Rely 02t O1ELL RRS & 9%l i Relay 191 QIEILIRRS T 27
2 Reby2® OE|LIRRS &= 9%l HH Relay3® OHHILIR-RS & X

13 14. Relay-RS 3

1% 14+= DeNB$} Relay2] A4 ot} 571 470
Q 79l dizle] R-RS7} AS & 5 gl oS 2o
Zo} X2 2ASYRO S J|E EEe) WEE
H43}317] ¢l3) DeNBol| 2J8] R-RS A4o] 5715l
resource blockW2] dlole] F7lela o] HrZE
A=t

Relay7} A3k R-RSE 23 149} o] 7|A)=
o] Aol AM31= resource”} o F-H-oljA A4
7] djio] 7] FFol dS Hast T S 9ls
Z AP} Ve Ao Hald mwE (A= 5}
gz ZHY 2ol cell specific o2 wlg] AsAl
ARl Aol AEE, cell specific  reference
signal(CRS), 7] A'd(PSS/SSS), PBCHS] A F
7 AHS3HA) 902, 7R S e Au)x
£ whdoll d3kg wx|x] oAl Hh

1% 149] RRSE A% F2E 72T A4 ¢t
et ot Aol A 3 AR 4= 2 S]XF Ale] A
SE] Ao} XA GA L7 vl o9 7}
2 & 7hest el z3te] bt Y] 2§
2 A7) 2 A A AR o AR Alse)
Al g TEsle] AAT 5 9le AR Bt}

Relay7} o]54e] $ie 243l 4%, 2] 74
Ade] A Hr= wfg 2] o, o] 2 s A
Al Hol] Hk R-RSY AF-S 13 15HF ofe] A
BEHg] o g yiksle] sk A= rhssich

Resource Block

[ . ;
— 1 . 1 !

SFAO SF#1 SF#2 SF#3 SF#4 SF#5 SF#6 SF#7 SFAS SFH9
B RelayllAd R-RS ML S 95 RB

3% 16. Relay-RS A%

2818 50709 resource block& AHE3h= 7A5-9] o
2 shte] Mr=#Qld 5709 resource bleokE
R-RS&] A&o] AMgsh= oflelt}. ¥4 PBCHS}
%7) A HRellE R-RSE| Aol o] A U=
A& & 4 9tk

723 159 ¥ F7}o] t}E Relay”} R-RSE A5E
4 9l ko] Hu, RelayZtoll A2 HAXA] = A
o A AHgEle] she] 71AIFel| o7l Relay
So] 2L resource blockS AHE-3le] R-RS2] F40]

Phs et

ks

4.2 2o Alg Az}

® Ao P4 ATE RRSS A4 TR
AH231 in-band Relayell4e] 271 7k &7de) A
A4 5 gloke AL 29 AY AAE B gig
o} 29] Age] 72 T 3o vehigich

wo] AgellM 2] 24 Ade] FA2 R-RS%
MMSEMinimum Mean Squared Error) '@ 34
PP ALssialen, A5e] WrhE sl ) 2
Al gito] 9l Alsholla 9] Axtel vl w3l ol Relay
2] o]FAo] gl ABRE FREle] =89 Fukg 1
HzZ 7P33isich
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¥ 3. AE®elA detulg

Sejled AR
Z1AE A% et 5 4
Relay A% <t & 4
Relay 41 <t 5= 2
Channel model Rayleigh

MIMO A% = LTE Transmit diversity

Doppler frequency 1 Hz

% 16°l] HloJe] Adel| 64 QAMS A% d15S
7352 29 A AAE =Aslslt) 2] e &
Az 75l 109 41 QHE A A
dl= 2] 7M1 Ade Ad 4 )9} A8 ARl
23 Ase Tt AR, 27 F-& 47)9) A
S ARS8 Al 2] 7] S A%
o} wlwste] opte] s FhavE B AL B
ek ol A2 A7) A A 2R <’ A% 7t
A2 B}

22| ARE B3l 2| 244 Ade ApH Axr)
AL 7T A webE o]43le] MIMO #7e)lA
2171 7K Ao AAL o1Fe1d & gl AL &
& & stk o] E3l9, in-band RelayollA =
27 74 @2h& Ao full-duplex Relay?) A&
o] 7ls¥ AR A7 =

PDSCH Uncoded BER, Doppler 1Hz, 54QAM

10 S==SE-c=S=SfEC-cc=ZTE=S=-—==b---=spEo = =%
—8— 1TX-1RX w/o S MMSE CE |

—— 2TX2RX wlo S| MMSE CE |

—p— 4TX2RX wlo S| MMSE CE

Uncoded BER

CINR{0B)

T3 16, =9 AF A9

4.3 In-band full duplex Relay2| &z}

In-band full duplex Relay+= in-band half duplex
Relay®] 23l $54 F7h& 413 2915 A7lo)
287} glom, $405 A8 SAl ST 5 9lo
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22 2R AR 284 A 588 AA 5
glew] Al £5pa102 9lF latency @A E 7R
£ ol & ik =3 71Ee] BFe] HIE Has)
AlF|HA] Relay g o83 AHEA] 43} AFES
M A7z 4 9l =3 out-band RelayollX= 371
Al YgZo] 87 HA|W, in-band full duplex
RelayollM< 593 & A7) el A%
EgoA] AL o]5E & F Sk

Release 10 ©]39] RelayollAv AR AME-9] &8
A S} latency A S5, FF2 B3 54 F
< $131¢] in-band full-duplex Relay2] &-&o] HES]
oo} & Ao}

V. YWE 230jM SRS ¥ AlE H0o| ko
43 4y

LTE Release 8o+ A3 232 4= Bl A
2 Al3¥& PUCCH, PUSCH, SRS 3So] sith
PUCCH+ AHa A4 EE A4shr] 913 &)
AFLZ o] Adg F3l] A 2AEH A
AR (SR), g3 dlofe] Afol oS S AR
(HARQ ACK/NACK) 2 Ad E4 Ay
(CQUPMI/RI) 5o] A$o] Hrl. PUSCHE F2 &
2 dlo|elE A$3sl] S8 EeAd R shiel @
o] dloJe] Y AlJA1EE FAlo| X B8} e A
o= o] AdE F3l tiE3) Ho| Aol Hrk
SRS& 7|AFellx] A=z AdEds 245
w7 1A=3 &2 7 AR B0 23] $1% el
AR EHo| AHge] Ak

PUCCHE %3l AH$H+: AoAR £ SR}
CQIUPMIRI= 54 F7]12 Afo] =Ho SRS A&
A AR A|7r A2 A4 =k SR, CQY
PMI/RI, SRS®] 7+ A4F71+& 1/2/5/10/20/40/80 ms,
2/5/10/20/40/80/32/64/128 ms, 2/5/10/20/40/80/160/
320 ms oJck 7z A1%e] A$ Au=yy ¢ A$ F
7= A9 A3 A 53 ZR=Fel Rz A
o] ¥r}

BRIk Abek WlE A Bglel] SRS ¥ AFSF Ao
AR A5 ve A g BE Rzl %
o] AT F71E Aol T oo} U A
B OE Mueyggloes vk 4 gle Az
£ 7 radio Z#EIY1S] MBSFN ABzgglez A
Ao) 71s’F 0/172/5/6/70A) AB=H YL © 5= )
o} wlebd] ARE Alo] AlZEE AR} BE Auz
ol Aol & 4 Q=S 7|5 AHY 97} itk
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Radio subframe

Radie subframe

RN [EEREEFFEEEEERERED]

Radio subframe

. Radio subframe

RN (X[t [2]3 ]« [X]e]7[s[o]X ]2 3[4 X6 [7[8]5]

~gr SRS transmission
e CQF transmission
X No SRS/COI transmission

'n DL subframe

- Un UL subframe

J8 17, 9F gadi F7AE 7Re Al AE 4

23 178 WE Y30 F5138 7= AleA
o] o E A 03}—1— aith SRS+ 10 ms9] A4 F7)
72 CQIE 5 ms9] AS F71E vk 7133
L, WiE LA F7] 'L (00011010} o2 7FA 5}
odrt. ol=iat WiE e} J=is}elr= SRSE 40 ms
Hell 4319] A Fo] o] Fojzfo} spa]ut 26e] A
off 7FgsA] ¢t CQIY g0l g2 Ltg 3|
oF s} o] 3o} At bssic)
AbgF g qu Yyl S el uel sk
4 Aoz 5713 A Ak WE Mus
AYEel M2L MBEHY MEE Foisla 2T
= oleh 23 189} o] Aty ARk ME An =y

m{m 01-)

Radio subframe Radia subframe
.«Wm—.
- #n H #o+1
eNB la112i34(sei7is(ofpiniz 8 (9
g 1 3 3

3 »

RN [[IERERI PRI R]

Radio subframe

eNB 3

RN [ojt[a]3]4]s]e]7|8]9]o]1[2]3]4[s[6]7]8]0]

i SRS trausmission
=P COI transmission

Radio subframe
#u+3
VUHOHE B B

| Un DL subframe

Un UL subframe
New UL subframe
number

33 18, AE HE ARz dWEs wed F7] A%
A%

ol AR o2 Mrzgl WEE Fodrh Relay

= Aﬂ%ﬂ] To:]ﬂ /J»s]: uus‘_ ,q =] u.aﬂot} ud 3= ;'g-g_
e} A AJUEF 10 e Aol

7] Al 458 4 slck o] Hhie B3l 5]
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V.E B
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3 2849 A9 ASE AlsHgkeE RRC HIAR]9}
Relay startup 23E Aetslgic). AAE Relay
Reference Signale] 282 7 W&} dA~ =
7} £3 F3l4-2 A5l LTE Type 1 RelayellA]
74}71 7 AlZT) AAES 2 28-S SR 4
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