WD 2010/ 148086PCT/ US2010/ 038820 [ 0001] METHOD AND APPARATUS FOR SYNCHRONOUS
HARQ OPERATI ON AND | NTERFERENCE AVO DANCE [ 0002] CROSS REFERENCE TO RELATED
APPLI CATIVENS010/A038] This application clainms the benefi cofuskhi®i3ss20

Provi si onal Application Nos. 61/187,534 filed on June 16, 2009, and

61/ 233,882 filed on August 14, 2009, which are hereby incorporated by
reference. [0004] TECHNOLOGY FI ELD [0005] This application is related to

wi rel ess communi cations. [0006] BACKGROUND [ 0007] I n order to support higher
data rate and spectrumefficiency, the Third Generation Partnership Project
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spectrum gati on, gﬁﬁﬁlE i i i nat ed

mul ti poi ni&ﬁ nsm ssi%}ﬁégﬁ r epjgg%\]tderg ?Qf%@?ﬁg@uﬁgﬁgﬁéﬁt@&@[ 0008] Rel ayi ng
may be con@0ared fDBhislapplifatas datmothd leerefipodUe;. Rrovisenalplpelicdthen cover age

of high data - gL.ou bi | j enpo rrk depl o .t he

cel | - edge?\&(ﬁr éﬁé}gzéﬁggﬁedf%}nﬁfrbe ﬁéQP%@%@%@%H@% gé’ﬁgﬁ%ggr el ayi ng
t echnol ogywHTBY aReh&Rbe VAR pbrat@by-FI&eAneont ext given the potenti al
frequency spectrum range o? LTE- A depl oynent and the associ ated heavy path

[0004] TECHNOLOGY FIELD

[0005] This application is related to wireless communications.

[0006] BACKGROUND

[0007] In order to support higher data rate and spectrum efficiency, the

Third Generation Partnership Project (3GPP) Long Term Evolution (LTE) system
has been introduced. The goals of LTE are to provide high data rates, reduced
latency, enhanced quality of service (QoS), low cost for operators and cost
efficiency roll-out. In LTE advanced (LTE-A) systems, several technology
components may be considered to provide higher data rates, reduced latency, and
enhanced QoS. These technology components may include, for example,
bandwidth extension, spectrum aggregation, extended multi-antenna solutions,
coordinated multipoint transmission and repeater/relaying functionality.

[0008] Relaying may be considered for LTE-A as a tool to improve, for
example, the coverage of high data rates, group mobility, temporary network
deployment, the cell-edge throughput and/or to provide coverage in new areas.
The relaying technology may be relevant in an LTE-A context given the potential
frequency spectrum range of LTE-A deployment and the associated heavy path



| oss and the aggressive propagation conditions that may restrict the radio
coverage in urban areas. However, inplenenting relaying technol ogy may

i nt roducewei2gral4gosg conpl exities that may result in col PCIUSREL/038820

[ 0009] SUMVARY [ 0010] A net hod may be inplenmented in a relay node (RN) for
avoiding a collision. A collision may be avoided by allocating a first set
of subfranmes to a backhaul link transm ssion, and allocating a second set
of subframes to an access link transmi ssion. In one exanple, the second set
of subfrades amd the amgnessivevprdpragpiing cerditoihs sthaf rmaae gesiirich thespeot t o t he
first set of subfranmes. [0011]Ln another. nethod inplement dlin a RN,

col I i si on “BETRERA™ aH PGB BERS i HRVE Fan P LEaT SH S & ylﬁ§c‘i€‘ﬁ§ﬁ? BT AR2Y

transm ssiigfodgde fenautl @echlbyitieseritvinag résudaiedligdnsdni ssi on from an

evol ved Node-B (eNB) and transmtting an uplink (UL) grant to a wireless
transmt/receive unit (WIRU) and a first acknow edgenent (ACK) to the eNB.
The transmygsjjon may be in response dg@yf\pgriecei ved data transm ssion. The
RN may avoid a collision by further transmtting an automatic ACK to the
WIRU and t{0@i8 i t t i Agnethse owrytbelmgemphtadontavelafiikide (RN)H2E avoigets 2anot her
met hod i mplenented in a RN col | j si,on .bet ween an access,l.ink transm ssion
Trnd o backhiaon Ao fsirchiy Becois) e lvolEEd Bt B8 Gonrhg B b ot on
and det er ngaBlkigh] Ak thd@mhidsien R ddlideitinag 860 A sat FRUbfraRB tO&E HEdesNCe type.
[ 0013] BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0014] A nore detail ed under st andi ng

may be hadinfrGanimissiont Iavineeraeyde. theisstrndgies oh spRirargs sraydxaindPe in
conj uncti Qe ffink et AEAPHERANA WL IE QD EPHMIHELE of subframes.

[0011] In another method implemented in a RN, a collision between an
access link transmission and a backhaul link transmission may be avoided by
receiving a data transmission from an evolved Node-B (eNB) and transmitting an
uplink (UL) grant to a wireless transmit/receive unit (WTRU) and a first
acknowledgement (ACK) to the eNB. The transmission may be in response to the
received data transmission. The RN may avoid a collision by further
transmitting an automatic ACK to the WTRU and transmitting a second UL
grant to the WTRU.

[0012] In yet another method implemented in a RN, a collision between an
access link transmission and a backhaul link transmission may be avoided by
detecting a collision and determining an interface priority based on a collision

occurrence type.

[0013] BRIEF DESCRIPTION OF THE DRAWINGS
[0014] A more detailed understanding may be had from the following
description, given by way of example in conjunction with the accompanying

drawings wherein:



WO 2010/ 148086PCT/ US2010/ 038820 [0015] Figure 1 is a diagram of an exanple

Long Term Evolution (LTE) w rel ess comruni cati on systeni access networKk;

[ 0016] Fi gwoeof/asdsbock di agram of an exanpl e of an LTE WCTAISe&19/038820

comuni cation system [0017]Figure 3 is a diagramof the channels that may

be used in an exanple LTE system [0018]Figure 4 is a diagram of an exanple

network | evel architecture for a relay deploynent; [0019]Figure 5A is a

di agram of an exanpl e scenario where uplink (UL) access data may collide

with UL bdekldul acKigowt édgendiagyareghtn\esauipiohbed ermntvqwidn KATK)

f eedback; _ . . )
wireless communication system/access network;

[0016] Figure 2 a block diagram of an example of an LTE wireless

communication system;

[0017] Figure 3 is a diagram of the channels that may be used in an

example LTE system;

[0018] Figure 4 is a diagram of an example network level architecture for a

relay deployment;

[0019] Figure 5A is a diagram of an example scenario where uplink (UL)

access data may collide with UL backhaul acknowledgement/negative-

acknowledgement (ACK/NACK) feedback;

[0020] Figure 5B is a diagram of an example scenario where UL access link

data may collide with UL backhaul data;

[0021] Figures 5C and 5D are diagrams of example variations of the

scenario shown in Figure 5A;

[0022] Figures 6A and 6B are diagrams of example variations of the

scenarios shown in Figures 5C and 5D, respectively;

[0023] Figure 7 is a diagram of an example scenario where UL access link

data may collide with UL backhaul data and lead to a subsequent collision;

[0024] Figure 8A is a diagram of an example scenario where UL access

channel sounding response (CSR) feedback may collide with UL backhaul data;

[0025] Figure 8B is a diagram of an example scenario where UL access

CSR feedback may collide with UL access link data;

[0026] Figure 9A is a diagram of an example scenario where UL access
ACK/NACK may collide with UL backhaul CSR;
[0027] Figure 9B is a diagram of an example scenario where UL access

CSR may collide with UL backhaul ACK/NACK;



[ 0020] Figure 5B is a diagram of an exanple scenario where UL access |ink
data may collide with UL backhaul data; [0021] Figures 5C and 5D are

di agr anms WO 2enamapise vari ati ons of the scenari o shown i nPETFIS2@ 0528820

[ 0022] Fi gures 6A and 6B are di agrans of exanple variations of the scenarios
shown in Figures 5C and 5D, respectively; [0023]Figure 7 is a diagramof an
exanpl e scenari o where UL access link data nay collide with UL backhaul
data and |l ead to a subsequent collision; [0024] Figure 8A is a diagram of an
exanpl e s¢edRfli o whEigere)lOascedsagramnoieh coBisha aegnaewpohee UESR)ceseedback

il e seONAC el BE YL sl Pt VEBUBA L Rl (B8 WXL A W access

| i nk dat a;[0029] Figure 11 is a diagram of an example method to avoid collisions
between UL access transmissions and backhaul transmissions;
[0030] Figure 12 is a diagram of an example transmission allocation using
disjoint sets of subframes for the backhaul and access links;
[0031] Figure 13 is a diagram of a configurable allocation that may be
configured to support different bandwidth requirements for the backhaul and
access links;
[0032] Figure 14 is a diagram of an example automatic ACK procedure;
[0033] Figure 15 1s a diagram of an example allocation for hybrid automatic
repeat request (HARQ) operation using a periodicity of 8 subframes;
[0034] Figure 16 is a diagram of an example HARQ process on the
backhaul link using both DL. HARQ and UL HARQ;
[0035] Figure 17 is a diagram of an example method for determining
interface priority;
[0036] Figure 18 is a diagram of another example method for determining
interface priority;
[0037] Figure 19 1s a diagram of another example method for determining
interface priority;
[0038] Figure 20 is a diagram of another example method for determining
interface priority;
[0039] Figure 21 is a diagram of an example method for avoiding collisions
using advance signaling of the UL backhaul subframes to the relay node (RN);
[0040] Figure 22 is a diagram of an example method for avoiding collisions
where the RTT and the number of HARQ processes may increase;

[0041] Figure 23 is a diagram of an example method for avoiding collisions;



[ 0026] Figure 9A is a diagram of an exanple scenario where UL access

ACK/ NACK may collide with UL backhaul CSR; [0027] Figure 9B is a di agram of
an exanplwoxoanagisée where UL access CSR may col | ide w tRrCOUShaolobssad

ACK/ NACK; WD 2010/ 148086PCT/ US2010/ 038820 [ 0028] Figure 10 is a di agram of
a collision scenario where UL access ACK/ NACK and the CSR may collide with
the UL backhaul CSR;, [0029]Figure 11 is a diagramof an exanple nethod to
avoid collisions between UL access transm ssions and backhaul

transmi ssil@d2] [ 003BigRrgYt B adiagsna ot megraanplefmethoé kamybrling eniksipesi on

al | ocati on st 00rdh bR Shaudls $ HARATES il pckhaul and access

[0043] Figure 25 is a diagram of an example method for avoiding collisions

using an R-PDCCH that includes a HARQ timing offset.

[0044] DETAILED DESCRIPTION

[0045] When referred to hereafter, the terminology "wireless
transmit/receive unit (WTRU)" includes but is not limited to a user equipment
(UE), a mobile station (MS), an advanced mobile station (AMS), a station (STA),
a fixed or mobile subscriber unit, a pager, a cellular telephone, a personal digital
assistant (PDA), a computer, or any other type of device capable of operating in a
wireless environment. When referred to hereafter, the terminology "base station"
includes but is not limited to a Node-B, an advanced base station (ABS), a site
controller, an access point (AP), a home Node-B (HnB) or any other type of
interfacing device capable of operating in a wireless environment. The
terminology “WTRU” and “base station” are not mutually exclusive.

[0046] Figure 1 is a diagram of an example Long Term Evolution (LTE)
wireless communication system/access network 100 that includes an Evolved-
Universal Terrestrial Radio Access Network (E-UTRAN) 105. The E-UTRAN 105
may include several evolved Node-Bs (eNBs) 120, one or more Home eNBs
(HeNBs) 122, a relay node (RN) 125 and a HeNB Gateway (HeNB GW) 132. The
WTRU 110 may be in communication with an eNB 120, the HeNB 122, or both.
The eNBs 120 may interface with each other using an X2 interface (not shown).
Each of the eNBs 120 and the HeNB GW 132 may interface with a Mobility
Management Entity (MME)/Serving Gateway (S-GW) 130 through an S1
interface. The HeNB 122 may interface with the HeNB GW 132 through an S1
interface, with the MME/S-GW 130 through an S1 interface, or with both.
Although a single WTRU 110, multiple HeNB 122, a single RN 125, and two
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[0031] Figure 13 is a diagramof a configurable allocation that may be

configured to support different bandw dth requirenents for the backhaul and
access | iwk=2p10/@8BR] Fi gure 14 is a diagram of an exanpl ecaatseomisdss2ACK

procedur e;

automatic repeat request (HARQ operation using a periodicity of 8

subfranes;

backhaul

a diagra

[0033] Figure 15 is a diagram of an exanple allocation for

hybrid

[0034] Figure 16 is a diagram of an exanple HARQ process on the

link using both DL HARQ and UL HARQ [O0035]Figure 17 is a diagram
of an exardlbs Wt dredhown iddtignrs hithghduld be bavarapt ithat any; cqndgasliFhglire 18 is

m_ o
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system/access network 100.

[0047] Figure 2 is a block diagram of an example of an LTE wireless
communication system 200 including the WTRU 110, the eNB 120, RN 125, and
the MME/S-GW 130. Although the eNB 120 and MME/S-GW 130 are shown for
simplicity, it should be apparent that an example of a HeNB 122 and HeNB GW
132 may include substantially similar features. As shown in Figure 2, the WTRU
110, the eNB 120, the RN 125, and the MME/S-GW 130 may be configured to
support synchronous hybrid automatic repeat request (HARQ) operations and
interference avoidance.

[0048] In addition to the components that may be found in a typical WTRU,
the WTRU 110 may include a processor 216 with an optional linked memory 222,
at least one transceiver 214, an optional battery 220, and an antenna 218. The
processor 216 may be configured to perform HARQ operations and interference
avoidance. The transceiver 214 may be in communication with the processor 216
and the antenna 218 to facilitate the transmission and reception of wireless
communications. An optional battery 220 may be used in the WTRU 110 to power
the transceiver 214 and the processor 216.

[0049] The WTRU 110 may be adapted to avoid UL access backhaul
collisions. The processor 216 may be configured to process a pattern of three
access subframes, followed by two backhaul subframes. The transceiver 214 may
be configured to receive the subframes periodically. The WTRU 110 may be
further configured to transmit and/or receive ACK and NACK messages based on
a modified UL grant timing to ensure that there are no collisions between access
and backhaul links.

[0050] In addition to the components that may be found in a typical eNB,
the eNB 120 may include a processor 217 with an optional linked memory 215,
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interface priority; [0038]Figure 20 is a diagram of another exanple nethod
for determning interface priority; [0039]Figure 21 is a diagramof an
exanpl e meohot/fe086avoi di ng col |isions using advance si goalusagoosssehe UL
backhaul subframes to the relay node (RN); [0040] Figure 22 is a diagram
of an exanple nmethod for avoiding collisions where the RTT and the nunber
of HARQ processes may increase; [0041]Figure 23 is a diagram of an exanple
met hod for avoiding collisions; WD 2010/148086PCT/ US2010/ 038820

[ 0042] Fi gtiransgdiviss %1191ieag1ramhecha@ﬁ2éx’§h@meoqmdroﬂ7f wry eheotoaifiggrabtd i si ons
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t hat i ncl wees the PARQstdr2 1D anll feaREnNnas 221 to fac111tate the transmlssmn and
reception of wireless communications. The eNB 120 may be connected to the
Mobility Management Entity/Serving Gateway (MME/S-GW) 130 which may
include a processor 233 with an optional linked memory 234.
[0051] The eNB 120 may work in conjunction with the RN 125 to resolve
UL access backhaul collisions at the RN 125. The processor 217 may be
configured to generate a pattern of three access subframes, followed by two
backhaul subframes. The transceivers 219 may be configured to transmit the
subframes periodically. The eNB 120 may be further configured to modify the
timing of ACK and NACK messages, and modify UL grant timing to ensure that
there are no collisions between access and backhaul links.
[0052] In addition to the components that may be found in a typical RN,
the RN 125 may include a processor 240 with an optional linked memory 242, at
least one transceiver 245, an optional battery 250, and an antenna 255. The
processor 240 may be configured to perform HARQ operations and interference
avoidance. The transceiver 245 may be in communication with the processor 240
and the antenna 255 to facilitate the transmission and reception of wireless
communications. An optional battery 250 may be used in the RN 125 to power
the transceiver 245 and the processor 240.
[0053] The RN 125 may resolve UL access backhaul collisions. The
processor 240 may be configured to generate a pattern of three access subframes,
followed by two backhaul subframes. The transceiver 245 may be configured to
transmit the subframes periodically. The RN 125 may be further configured to
modify the timing of ACK and NACK messages, and modify UL grant timing to

ensure that there are no collisions between access and backhaul links.



[ 0044] DETAI LED DESCRI PTI ON [ 0045] When referred to hereafter, the
termnology "wreless transmt/receive unit (WIRU)" includes but is not
limted twoaowsksosequi prrent (UE), a nobile station (M) pcarusadvasssed nobil e
station (AMS), a station (STA), a fixed or nobile subscriber unit, a pager,
a cellular telephone, a personal digital assistant (PDA), a computer, or
any ot her type of device capable of operating in a wireless environnent.
When referred to hereafter, the term nol ogy "base station" includes but is
not |imtddid a NoiguB; 3aiy advagraed obdlse chamndlethpBS), ba used encomtrol | er,
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"WIRU' andnc¢lbase 1§E}%ﬁda(l)ﬂayfﬁ:r$lln@t middiualdeyess Xohusl (RIAG)0R4E] Bigual 1 is a
di agram of an exanpl e %hTer m Evol uti on (LTE) wirel ess conmunication

syst enf acceeEe@lsBanpelr 31@0 A&y pise] lagerss e dieMACUar oed 10t the presst r i al
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evol ved Node-Bs (eNBS) 120, one or nore , a relay node
(RN) 125 awotl lianiHa\B®, Grbadeay tQhaNBeHECHBZM 'IMgltWERUCbaﬁnah@/IBH) i35,
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Entity (MVE)/Serw]ir;\s?l (S 130 through an 51 interface. The HeNB
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MVE/ S- GW q 8 jngl e WIRU
110, mul 1708 PENLERR5R hal BBy, B diisho M s B AR 7,
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the MME/ S-GW 130. Al though the eNB 120 and MVE/ S- GW 130 are_shown for
si npl i ci t Hplink Exptiol (B@nasbé%@@ﬂ)h%‘il dthysicaiilavdinkg Copiipl Ciznagl HeNB GW

132 may i S t I I 2, the
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and interf
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battery 220, and an antenna 218. The processor 216 nay be confi %ﬁred to

perform Hﬂk@n@sb@dﬂ%ﬁé 3apcrdirdripet Béndv@u%ma%@hwltﬁ?ﬁﬁ%@ 8r 214 may
be i n compypigationpiti i e, PLASEIRAN A1 GiANdshen ANLANNA-2 8. G
facilitat transm ssion and reception o W reI €ss conmuni'cat i ons. An
opt i onal leaam@itey @2( npyrtizalars edmimubioetid Rethddkt canplomheﬂ heypes anBcei ver
214 and the processor 216. 0049] The Vg 110 ma agﬁgt ed to voi d UL
access bacR nieaiqn ?ieb‘?’]%r THEY gheodae he) gapg sl?é“h? PR B@Yt'¥ process
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The transceiver 214 may be configured to receive the subfranes
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Mobile communications (GSM), Code Division Multiple Access (CDMA2000),

Universal Mobile Telecommunications System (UMTS), Long Term Evolution

(LTE), Advanced LTE (LTE-A), or any future technology. For purposes of
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[0050] In addition to the conponents that may be found in a typical eNB, the
eNB 120 may include a processor 217 with an optional |inked nenory 215,

t ranscei wo=2019g08and ant ennas 221. The processor 217 ne¢This2@onsssgur ed to
per f orm bandwi dt h managenent. The transceivers 219 nay be in comunication
with the processor 217 and antennas 221 to facilitate the transm ssion and
reception of wireless conmunications. The eNB 120 may be connected to the
Mobi ity Managenent Entity/ Serving Gateway (MVE/S-GAN 130 which nmay incl ude
a proceSS@pr@@ﬁmhumeamr@psbuﬁadhmﬁnkedsd&mdbydBBanA@@@@xﬁﬂhmgéNBnnzo may

col 11 51 ondat i Trh b eor A, PRl b ekt S oy e RS TR PmEPE T ener ate a

pattern Obnyhﬁgee§£&ﬁ§@uﬁﬂhﬁbﬁm%hnd@%dOmed by two backhaul subfranmes. The
transceivers 219 may be conféﬁured to transmt the subfranes Periodically.

The eNB 12003y be Whennsferzethitp disreafters thedierypinglesst i Mgty Sellackesand NACK
”93339951iﬁ&ﬂd@%ﬁtﬁ%n8khﬂﬁﬁﬁﬂuﬁéHh&QyEQmﬁnﬁﬁrSoRQQQQ&ﬂﬁB?ZﬁB? A0a40! i sions
bet ween access and backhaul 11 nks 0052]1n addition to tﬁe conporient s t hat
may be fowddﬂﬁwpaOfypeﬂh@ngNevmheaﬁﬁﬂaaﬁmﬁayﬂngcmaderdegw@nﬁssmmaﬂ4o with

an option lin a Iea one tr cel 45, _an.o tlonal

bat tor y 2aBhe e Knpaad <5 e lerd T st adebl Noas T EE Baniratiea to
per f or m HARQiORRNahitedto APskd ML L6, I ERE eVOLA NAE-B NBY, alfs@edcel 245 nmay
be in communication with the processor 240 and the antenna 255 to

facilitat @r ﬁﬁé othex hane of sntsriagmg degice prpaiie effopgratarias ClopsmnksstiPohs. An
opti onal r ei ver 245
and the proce svag]tg&g%oém?rgowé]ﬁ gml?%llgll Jﬁh@%&@%&%@@ﬁf&%@@g& %n@ haul
coII|S|onsnaﬂ?ﬁkmmnbebshﬂmﬁnanndwlﬂﬁamdnhe@WFBHUandgbmaﬂaﬁndbgpéWnern of

t hree access %gbfr ggﬁ fo% b%ﬁt g} ul subframes. The transceiver
245 may bé"To {Q§W?3ﬁ§ﬂ1 ang, 5 periodically. The RN 125
may be furodeem confmuyﬁ@ @y HRdédnkideled FonLTE-DfasACKRNRE iNYelvdrEssages,

and nDdlfy UL grant timng to ensure that there are no collisions between
access andxpapkhdbe cpyeirge of\bighpdate1vrdesereTy USIol ) 02BB2GY OBSHPH gure 3
is a diagrg i t em 300.
Ref erri ng ?gigﬁgﬁge gﬂ%gg%h%hggﬁg%gﬁggﬁﬁ %ﬁk”%V&%l é@ a %h%%?cg%§layer
311, a HEQDUnnEddhapwnqwsp@ﬁmghnﬁmgé@9éﬂTBAkaananﬂgnuhﬂuchamamkei313 The
physi cal Ia er 3%%Qand t C | ayer 312 of the base stet1 on 31

communi cat&?W Bt RRS Pt e% (hARATEST FabT maga o Foftiony thal restys “F%’ m t ed
to, Broadqa&%(gh@@@@bseﬁ ﬁ@ﬁbaﬁuhgé§ast Channel (MCH) 315, Downli nk
Shared Channel (DL-S and Pagi ng Channel (PCH) 317. The WIRU 320 may
i ncl ude alp¥pAi cal @a%aﬁargnlf of g nebHoNe vl cadytactimerdfor a ralaCelaymen322,  and
| ogi cal ch I of the
WIRU 320"t et Pt le, RIVRHAR m Sttt et PelloteMASR A0 0L e
not I|nltadameneUphknkaSHanedmﬂMd@n&%e@bmnéﬁiﬁlmﬁy%enmbaﬂaddmemﬂnpbss
Channel (RA 325. The ers of the base statj.on 310 apnd WIRU
590 may coftbaabe B St S Bk RS the i uaPRG: SHRIRSE b Red ¢ o
Physi cal WpkiifKeEanthohiteh@mnehnit k W@@tﬂ)':) 133 withysitealonPPwa LK 1GoH 1 ol
Channel (PDCCH) 332, Physical Control rmat | ndi cator Channel (PCFICH)

333, PhysiosshandayeinpladhemetverkRopBN i massot chetahen {tRHiaaM) bgslas Physi cal

Br oadcast t Channel (PMCH) 336,

Physi cal f@ggPﬁngégggg%T %g%%é?%?%ﬁggﬁgmggé% hysi cal Uplink Shared
Channel ( POSCH) 338Th@RNhﬁayEmysmn@pa@mnﬂbhﬁﬁeﬁem@kChamnbhtﬂEﬂWERlI339.

[ 0055] The LTE netmork wn in Figures 1 throu are xanpl e
of a part i*daraROtETRRG ?8’3@&8?? Oﬁé‘P%\BFRméIHH“S%‘?éW‘gy%sne&‘f’o ﬁ? g&f i on

net wor ks nRy, £ HeREranbPSreh@ RN USwATHIQALEBIM WTTRY 498 id m&mw&&%w any
wi rel ess conmmuni cation technol ogy. Sone exanple types of wireless

comuni cation technol ogies include, by are not limted to, Wrl dw de
Interoperability for Mcrowave Access (W MAX), 802.xx, d obal Systemfor
Mobi | e conmmuni cations (GSM, Code Division Miltiple Access (CDVA2000),
Uni versal Mobil e Tel ecomuni cati ons System (UMIS), Long Term Evol ution
(LTE), Advanced LTE (LTE-A), or any future technol ogy. For purposes of



expl anation, the various enbodi nents are described in an Advanced Long Term
Evol ution (LTE-A) context, but the various enbodi nents may be i npl enented

i n any wiwelesgi4gmamuni cati on technol ogy. [0056] When r efemrusdomm3sses eaf t er
the term nology "Macro Cell™ may include but is not limted to a base
station, an evolved Node-B (eNB), or any other type of interfacing device
capabl e of operating in a wireless environnment. Wen referred to hereafter,
the term nol ogy "Hone Node-B (HNB)" may include but is not limted to a
base st at ioonot % iHomemguwkvied WidtheBiet MeNBYia the R&M &t el RYrd0amyasohdier type
of interfaci n?qf %I ce @\ﬁgablte 1of one rtatl ng in a Cosed Subscriber G oup
wirel ess @RUT PGhAgHE ce ﬁo?gPe?eJS ¢ 'S Nekeafter, the terninol ogy "Wu" may
refer to fb@sd]i nk bEFLMERN 4dﬁastlrtaﬂdhé&@ME&DAl@,&deREM&h@&rﬂl@tﬁg\y "Un" may
refer to the_link between the RN and the eNB. 057] Rel ayi ng. na

consi der ed@ ®Hdentity AlRofatstqyg), bub maydayee refas Qex sasg the qilﬂ é?éﬁge of

hi gh dat a if b &%ol &'@HP ofRRIckird Yno RATRGS fIz RRLWPbK. BERLRYARRIIS 4 - edge

t hroughput and/or to provi 8e coverage I n new areas. e potential frequency
spect r um range: Wiysichkldyed epll olembiny meaydetprevidsd otéarhed theecelly cpatrbllédss may

cepeci | SR BPb A HraReE Sheara Kalam s P IR el et aypoof °V e 29°

archi tect weRyfrar a relay depl oyment is depl cted in Figure 4, in which a RN

405 may be wrel essly connected to a radi o-access network via_a dgnor cell
410. The d@ffidcti onAieRe bB ma&h@lanmar@)@&}ﬁmgn%%hafmtrqlﬁ@ﬂﬁaé@%rk t 0- RN

link may shafigH B%X%?)&S%W%Eﬁj g'ar taer%tc\Qﬁ ét%c\é"ff ?ﬁesdonor cell.

transmt/receive u |n t he donor . I'n an out band
exanpl e, (e cxdlsworaly- haveRbhéir rdwmaﬂnyamal opib rIhx andnthtehBNsamy bamdmats di rect

net wor k-t o- thint donor cell. [,0059].The may be, a
[r anspar eAT R BP0 B BPEE. SUGH PR TERL: AFRUPA 144 < Ihope AGRIFS" 8F whet her
or not it sGQNEUA 6drasio thl WIRUNGhWRENKi W sehéd8ifdNnf@at@n shd HARQ
non- transparent RN in which case the WIRU 415 is aware of whether or not it

i s conmmunifeesdbieply diteeHy dran tbe BY landi sendhés raptygschanpelspq hesRNaye part of
a donor C%l)llltrgf ch%?l'ﬁléfs%af ﬁlchlfd €; f)uf 5% BMMmited to a scheduling request (SR), a

channel status report, and an acknowledgement (ACK). The RN may be
backwards compatible. To LTE-A WTRUs, it may be possible for a type 1 RN to

appear differently than an eNodeB (eNB) to allow for further performance
enhancement.

[0062] For inband relaying, the eNB-to-RN link may operate in the same
frequency spectrum as the RN-to-WTRU link. An eNB that is attached to a RN
may be referred to as a donor eNB (DeNB). The RN transmitter may cause
interference to its own receiver. Simultaneous eNB-to-RN and RN-to-WTRU
transmissions on the same frequency resource may not be feasible without
sufficient isolation of the outgoing and incoming signals. Similarly, it may not be
possible to receive WTRU transmissions simultaneously at the RN when the RN

may be transmitting to the eNB.
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[0060]If the RN 405 is part of the donor cell 410, the RN 405 may not have

a cell identity (ID) of its own, but nay have a relay ID. In the case the
RN 405 i sworromorgosel of cells of its own, the RN 405 napCTastoiolo3ssee or
several cells and a uni que physical-layer cell identity nay be provided in

each of the cells controlled by the RN 405. Self-backhauling (L3 RN) and
"type 1" RNs may use this type of relaying. [0061]A type 1 RN nay be an

i nband rel ayi ng node that control cells, each of which nay appear to a WIRU
as a sepaf@@@Slcel | Qnhstpossbility dom hhledlmgﬁ@he ogktferefive mreblem may baate t heir

"ot of once yraie T AU AR, (1 R A b R R QB CRRRaR R ot on

t he WIRU rge}yedlﬂ@&tyeec%ﬁ)@aﬂb,tblfn@nltmoroﬁaf eNB by drddAiRQ dgsdbatk RINrtect |y from
the RN and_send its contrgl channels to the RN. . The control channel s may

i ncl ude, BUTRYtEapynission; (ldgse gns. derpgWhighterwinals maysmt be schadhiletel st at us

report, a 0 asnen tible.
To LTE-A \rg\%l'l?]é%gelaﬂ% angll\? qe posésllgéq@agr ﬂ-é;%é?gng%&%f%%g%\gggﬁﬁgﬁ%q%? ently

than an elNodeBagteMB)lticestakbouesotMBYE)hemgpre ffanearc ereewhen c¥HHEN)

[ 0062] For inppkand r Y he eNB-to-RN lin erate j,n the sane

[ Poaod ho sufiafids’ SR AR A Sigie iy Pl ERgt BhCalifyinal™ e a ry
may be refiemmme@dl-t&RabtrandRniosNB sobeNBbfrahise. RN transmitter may cause

i nt erference toits own receiver. Sinul taneous eNB-t 0- RN and RN-t o- WRU

t ransni ssil® on t hBelaxipg qeﬁ]@éfﬂ@%t?laﬁ’é’:?o‘m% thgytepolesy equmronsngs W t hout
ffi
suf fi ci ent,.} p%ss%}j% 9&1% haHt n‘Qltﬂn{jes;g]Q&OfH Ran Se'd%u?c![hg%%ggig"ty id thle RN

my not be e to recel Ve trans SSI1 ons si
when t he Rbierage beehsians fﬁhbtdep}g)yhmnlt héradBtechiilogy, however, may present

2010/ 148086PCT/ 010/ 038820 63 ibility f h | i th
i nterferedd®™ pl“’}g‘g&‘mﬁeﬁay Be %85%10%@ Iﬁ)g%ésﬁﬁg'sﬂhec% eﬁé‘t‘retag iq n%lysonﬁot

transmitt ibagkKaul mkrﬂaﬁabvﬁimﬁm@agé Whils maekaeiihg grdper HRIR) Yeerdaibaidsuedn t he
donor eNB by creating gaps in the RN-toWRU transnission. These gaps,

duri ng whidehPifeearishralats gapernsed bethatrednNBSFY subbeineecoafi SRI bR ssi on,
may be cr%ﬂ% g(g?péﬁ S0k gL ing. Eg%ﬁgnedl a broadcast nulticast services

(MBMBS) single frequency networ SFN) subframes. RN-to-eNB transm ssions
may be fado0dd]at ed Dywnbhk dDLowdckaahgollieomd may be avcﬁﬂbdbsammisgg@m in sone

Component &1L ROV LB CGe RSGn PR 1RGES Ui 10 P Ea BECE FO BTN odge

t hr oughputsuBAdne8 VRl AGEDEXEERS M. HHRew2PIRYERNho Sfmilel B¥cHAEHATHOTY,
however, may present many chal |l enges. One of those chall enges may be to

ensure ef thenphely (Gh).bEekeraumple; torpenstoray Bthﬁlchls%}degWﬁ may hacreaehithg proper
HA SFN
RQ oper gfl 9f, h?%??%gﬂ:ﬁ[@' ‘?s &2 e{}ﬁg{ X\W‘ %gsnl?ﬁésﬁ)ﬂg ngaﬁpnbtnbéVB

subframe config erence ISs
performed. The lack of a framework for gaps in the UL access link may lead to

collisions between the UL access link (WTRU to RN transmission) and the UL
backhaul link (RN to eNB transmission). Since a type 1 RN may not be required
to simultaneously receive and transmit on the same frequency, these collisions
may result in the RN missing the reception from the WTRU.

[0066] Several collision scenarios may occur. Some of these scenarios are
listed in Table 1, together with a description of when they may occur. With the

exception of scenarios 7 and 9, the common configuration for all the scenarios is
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[ 0065] Downl i nk (DL) backhaul collisions may be avoi ded by creating gaps in
the RN to WIRU transm ssion. These gaps nmay be achi eved by usi ng MBSFN

subf rameswonotohes®: access |ink. However, there is no siporiiseonmsssani sm f or
the uplink (UL). For exanple, to perform UL backhaul, gaps nmay be created
in the UL access link. In this exanple, WIRU to RN transm ssions may not be
performed. The lack of a franmework for gaps in the UL access |ink may | ead
to collisions between the UL access Iink (WIRU to RN transm ssion) and the
UL backhathat subrapRAhtmbeNBntaydresrsed $orddl. badihawd Jubiypee huRMermynaot be
required to si t aneousl y receive, and transnmt _.on.th f uency,
{hese col MEarsRUarayt Fagyee R trvigtatss LA e erE pLtdslPint FEHThe Wi
[ 0066] SeveuBEFBOtddesveans@isfemat i s tie 10 CSubifrarde utbert hesgy Seenathos are
listed in Table 1, together with a description of when they may occur. Wth

the exceptPBRBTcaiehar rewuyceantrry, her dokibm tho A dur the BNBr & the | t he
scenari os ¢jgm el ti A tha B YIRS anD 1 B WERISHHHLRNDELDAGKBRN thaSUbT r ame

nunber n nay be a regular subfranme on the Un interface, and 1t may be
si gnal ed hyayt dreuRih sisbfaaivB8ENhee seviveay defrfndarethertyphef tansBidsionaore nunber

N r ¢ LRI E LA e U O GaRt MY BOEHE WP PR The

col i si on 1t e J¥BNa196LsHOW inSTHH1E A s BRAt Kuth theoslaRaie aan théB&N ype of
transm ssion on both the backhaul and the access lLink in subfranme nunber n,

as shown iAyTES| eolipborate apcesharilsdeskoons ahearap wibfrage niherar Bext h t he
donor eNBeQ%%g?&ﬁh%%aﬁ?ﬂBY E&h %2?%1'\] ﬁsQQso%QE@Qdﬂeﬁuﬂﬁ%hﬁbﬂﬁétﬁb%d of

subfranme nu r exanpl e, t my not communicate 1ts resource
schedul i nghé RNoahed ditimhe, drfdesiRilaatye stk BN miapreot endmsinidaltaits yesduires RN may

not communicate.it.s.resource  sch ling i.nformation to the eNB ahead of
time. Scer?ﬁ]?‘?‘%&ﬂﬁrfﬁgormﬁﬂlrtg eﬁﬁ%%]?eﬁ%ﬁfqﬁﬁe‘backhaul link (RN to transmt)

Subf rame nunber n+4 UL Access link (RN to receive)

Scenario | Subframe Subframe Occurrence
number | number n+4 number n+4
UL backhaul | UL Access
link link
(RN to (RN to
transmit) receive)
1 A/N to eNB PUSCH data - RN may send UL grant to WTRU

from WTRU with physical downlink control
channel (PDCCH) in MBSFN
subframe number n, and

-eNB may send relay physical
downlink shared channel (R-
PDSCH) data to the RN in
subframe number n leading to a
collision in subframe number n+4

2 Data (R- Data (PUSCH) | -eNB may provide UL grant to RN
PUSCH) using R-PDCCH in subframe
number n

-Simultaneously, RN may provide
UL grant to WTRU using PDCCH
in subframe number n leading to a

-12-



w th physi cal

Data (R

n

Cccurrence 1 A/Nto eNB PUSCH data from WIRU -
downl i nk contro
and - eNB wayorenasoscel ay physi cal
the RN in subframe nunber
PUSCH) Data (PUSCH)
i n subfrane nunber

channel

~( PDCCH)
downl i nk shared channelpCiTRRRECH}ssA@at a t 0
n leading to a collision in subfranme nunber
-eNB may provide UL grant to RN using R PDCCH

i n MBSFN subfranme nunber

collision in subframe number n+4.
Moreover, on a condition that n=3
or n=8, (n+8) mod 10 may be 1 or 6,
respectively. These subframes may
be configured as MBSFN on Un,
thus the collision between DL
access PHICH and DL backhaul R-
PHICH in sub-frame n+8 may be
avoided.

If howevern=1, 2, 6 or 7, then
(n+8) mod 10is 9, 0, 4, 5
respectively. These sub-frames may
not be configured for backhaul, thus
the backhaul R-PHICH in sub-
frame n+8 may not be transmitted.

R-PUSCH data
to eNB

Repeated
ACK/NACK
from WTRU

-eNB may provide UL grant to RN
using R-PDCCH in subframe
number n

- RN may configure the WRTU for
ACK/NACK repetition

- RN may send DL data (PDSCH) to
WRTU in sub-frame n-1, and
WRTUmay transmit the UL
ACK/NACK (with repetition) in
sub-frames n+3, n+4, n+5 and n+6.
- Thus the collision may occur in
sub-frame n+4

Data (R- Data (PUSCH) | Similar to 4 with the difference that
PUSCH) the Uu PUSCH transmission may
be a retransmission due to prior
transmission failure.
CSR from RN Data (PUSCH) | -RN may schedule a WTRU for data
to eNB from the transmission in subframe number
WTRU to RN n+4 with UL grant provided in

PDCCH in subframe number n

- eNB may schedule the RN for a
Channel Status Report (CSR) in
subframe number n+4

WTRU UL data transmission may
collide with pre-scheduled channel
status reports from RN to eNB

-13-
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-Si mul taneously, RN may provide UL grant to WIRU usi ng PDCCH i n subfrane
nunber n leading to a WO 2010/ 148086PCT/ US2010/ 038820 collision in
subf r ame worzbavi4go84. Moreover, on a condition that n=3 ecTns8)1008883) nod 10
may be 1 or 6, respectively. These subframes may be configured as MBSFN on
Un, thus the collision between DL access PH CH and DL backhaul RPHI CH in
sub-frame n+8 may be avoided. If however n =1, 2, 6 or 7, then (n+8) nod
10is 9, 0, 4, 5 respectively. These sub-franmes may not be configured for
backhaul ,| 6t hus t hgDascidraul R- PEBRHrim theb-|f r B maB schmylutoa Rbefor data
transmtted. 3 R-PPECSEHdtramt o WNRRepBA ed tAGKMNAGKNTin @obiMERd riehiBrmay
provide UL grant [BNRNd4MBng R-PDCCH i n subfitaimeithlibgrant provided in R-
PDCCH in subframe number n

- RN may schedule the WTRU for a
Channel Status Report (CSR) in
subframe number n+4

7 CSR ACK/NACK - eNB may schedule the RN for
Channel Status Report (CSR) in
subframe number n+4

- RN may transmit DL data to the
WTRU in subframe number n and
may be expecting an UL
ACK/NACK in subframe number

n+4.
8 ACK/NACK CSR - eNB may send DL data (R-
from RN to PDSCH) to the RN in subframe
eNB number n.

- RN may send ACK or NACK in
subframe number n+4.

- RN may also schedule the WTRU
for a CSR in subframe number

n+4,
9 CSR from RN | ACK/NACK Subframe number n may not be a
to eNB and CSR from | DL backhaul subframe.

WTRU to RN The RN may send PDSCH data to
the R-WTRU on DL access link in
subframe number n.

The R-WTRU may transmit A/N
feedback (and possibly CSR on a
condition that so configured) to the
RN in subframe number n+4 on UL
access.

The eNB may configure the RN for
CSR reporting on UL backhaul in
subframe number n+4.

10 A/N to eNB PUSCH data Scenario very similar to 1 but the
from WTRU ACK/NACK transmission may be a
repeated ACK/NACK
11 A/N to eNB PUSCH data Scenario is similar to 1 with the
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- RN may configure the WRTU for ACK/ NACK repetition - RN may send DL data
(PDSCH) to WRTU in sub-franme n-1, and WRTUmay transmt the UL ACK/ NACK

(wi th repeOi2biooryossn sub-frames n+3, n+4, n+5 and n+6. PCThissomasse®l | i sion
may occur in sub-frane nt4 4 Data (R PUSCH) Data (PUSCH) Simlar to 4 with
the difference that the Uu PUSCH transm ssion may be a retransm ssion due
to prior transmssion failure. 5 CSR fromRN to eNB Data (PUSCH) fromthe
WRU to RN -RN may schedule a WIRU for data transnmi ssion in subframe nunber
n+4 with|UL grant|provided in FRGGHVITRS ubf|rdfferemgerbleat the PUSCH data

may be a retransmission

Table 1

[0067] It should be noted that the collisions may carry different costs. For
example, the loss of the UL data transmission on the access link may result in
wasted resources. Inthis example, the WTRU may re-transmit the PUSCH that
may lead to inefficient use of battery power. However, the loss of a CSR report
from the WTRU may result in a non-catastrophic, soft degradation of
performance. The CSR may include a channel quality indicator (CQI), a precoder
matrix indicator (PMI), and/or a rank indicator (RI). Moreover, these example
scenarios may not lead to a retransmision from the WTRU to the RN. Thus, there
may be less resource waste and less impact on battery life.

[0068] In scenarios 1 and 2, the UL access link data on a physical UL
shared channel (PUSCH) 505 may collide with UL backhaul ACK/NACK
feedback 510 or UL backhaul data on a relay PUSCH (R-PUSCH) 515, as shown
in Figures 5A and 5B, respectively. Referring to Figure 5A, a first collision
scenario may occur when an access link PUSCH 505 collides with a backhaul link
ACK/NACK transmission 510 generated by a relay physical downlink shared
channel (R-PDSCH) assignment 520. The RN 525 may transmit an UL grant on
the physical downlink control channel (PDCCH) that may be valid for the access
link to the WTRU 530 in subframe number n, without knowing that the eNB 535
may have simultaneously scheduled a DL data transmission on the R-PDSCH
within the same subframe number n for the backhaul link.

[0069] This scenario may occur because, with the PDCCH to PDSCH
timing, the R-PDCCH may be sent later. For example, in Figure 5A, the R-
PDCCH may be sent in the third orthogonal frequency division multiplex
(OFDM) symbol rather than the access link Control Region in subframe number

n (OFDM symbols #1 and #2). When the eNB 535 assigns backhaul resources to
-15-



- eNB may schedule the RN for a Channel Status Report (CSR) in subfrane
nunber n+4 WIRU UL data transm ssion may collide with pre-schedul ed channel
status reporzoe)/fs@in RN to eNB WO 2010/ 148086PCT/ US2010,03882@ 0034824 a ( R-
PUSCH) fromRNto eNB CSR fromthe WIRUto RN - eNB may schedule a RN for
data transm ssion in subfranme nunber n+4 with UL grant provided in RPDCCH

i n subfranme nunber n - RN may schedul e the WIRU for a Channel Status Report

(CSR) in subframe nunber n+4 7 CSR ACK/ NACK
the RN 525 through the R-PDCCH for this same subframe, the RN 525 may have

previously transmitted a UL grant 540 to its WTRUs through the PDCCH. The
RN 525 may be requested to transmit an UL ACK/NACK 510 corresponding to
the R-PDSCH transmission 520 on the backhaul in UL subframe number n+4,
while the WTRU 530 may transmit its assigned PUSCH 505 on the access link in
the same subframe.

[0070] The examples shown in Figures 5C and 5D are variations of the
scenario in Figure 5A. Referring to Figure 5C, a collision may occur in subframe
n+4 if the ACK/NACK transmission is a repeated ACK/NACK 547. In this
scenario, the collision may occur between the PUSCH data 505 and the repeated
ACK/NACK 547. Referring to Figure 5D, the RN 525 may receive PUSCH data
505 at subframe n and transmit a NACK 545 at subframe n+4. In this example
scenario, the retransmitted PUSCH data 550 on the access link may collide with
the ACK/NACK 555 on the backhaul link at subframe n+8.

[0071] The examples shown in Figures 6A and 6B are variations of the
scenarios in Figures 5C and 5D, respectively. Referring to Figure 6A, a collision
may occur in subframe n+4 if the ACK/NACK transmission is a repeated
ACK/NACK 657. In this scenario, the collision may occur between the repeated
ACK/NACK 657 from the WTRU 630 and the R-PUSCH data from the RN 625.
Referring to Figure 6B, the RN 625 may receive PUSCH data 605 at subframe n
and transmit a NACK 645 at subframe n+4. In this example scenario, the
retransmitted PUSCH data 650 may collide with the R-PUSCH data 660 at
subframe n+8.

[0072] Figure 7 is a diagram of an example scenario where UL access link
data may collide with UL backhaul data and lead to a subsequent situation
where the eNB 710 may not be able to transmit a PHICH to the RN 720 on the
backhaul link. Referring to Figure 7, the collision 730 on UL in sub-frame #n+4
may occur for any selection of the DL MBSFN backhaul sub-frame (i.e. for any
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- eNB may schedul e the RN for Channel Status Report (CSR) in subfrane
nunber n+4 - RN may transmt DL data to the WIRU i n subfranme nunber n and
may be exwoecviogsmn UL ACK/ NACK in subframe nunber n+4. PBTASEIBOSIE26 r om RN
to eNB CSR - eNB nay send DL data (R-PDSCH) to the RN in subfrane nunber n.
- RN may send ACK or NACK in subframe nunber n+4. - RN may al so schedul e
the WIRU for a CSR in subframe nunber n+4. 9 CSR from RN to eNB ACK/ NACK

and CSR from WIRU to RN
n=1,2.3,6,7,8 for FDD). For the example scenarios where the initial UL grant

assignments in both backhaul link 740 and access link 750 are performed in
subframe n = 3 or 8, the ACK/NACK on PHICH may be transmitted on subframe
(n+8)mod10, for example subframe 1 or 6, which may both be MBSFN subframes.
A collision may not occur, since the backhaul control region and the access link
control region may be non-overlapping regions in the time domain. If, however,
the initial subframe n = 1,2, 6 or 7 then the ACK/NACK on backhaul PHICH
according to existing rel®/9 specification may be transmitted on subframe
(n+8)mod10, for example subframe 0,4,5 or 9, which may not be MBSFN
subframes. Several alternative solutions can be considered in this case. In a first
example, an always ACK solution may be implemented such that the RN 720
assumes that the eNB 710 has transmitted an ACK. The eNB 710 may then
enable an adaptive retransmission by providing an UL grant to the RN 720 in
subframe n+12. In a second example, the A/N (ACK or NACK) feedback may be
transmitted in the next available MBSFN subframe.
[0073] As illustrated in Figure 7, this scenario may lead to a collision in
subframe number n+8 on a condition that subframe number n+8 cannot be
configured for DL backhaul. On a condition that the original subframe number n
=3 or n = 8, then (n+8) mod 10 = 1 or 6 respectively, which means that a DL
backhaul may be configured using an MBSFN subframe in the relay cell. Thus,
the DL collision in subframe number n+8 may be avoided. However, on a
condition that the original subframe number n was either 1, 2, 6, or 7, subframe
(n+8) mod 10 may not be configured for DL backhaul. This may lead to a
potential DL collision between the backhaul and access links where the backhaul
PHICH ACK/NACK 670 may collide with the PHICH ACK 580.
[0074] Figures 8A and 8B are diagrams of example collision scenarios
where UL access CSR feedback may collide with UL backhaul data (R-PUSCH)
or UL access link data (PUSCH) may collide with UL backhaul CSR. These

-17-



Subframe nunber n may not be a DL backhaul subframe. The RN may send PDSCH
data to the RRWRU on DL access |link in subframe nunber n. The R-WRU may
transmt woONofoeasilsack (and possibly CSR on a condition rhatussaomssske gur ed)
to the RN in subframe nunber n+4 on UL access. The eNB may configure the RN
for CSR reporting on UL backhaul in subfranme nunber n+4. 10 A/ N to eNB
PUSCH data from WIRU Scenario very simlar to 1 but the ACK/ NACK

transm ssion my be a repeated ACK/NACK 11 A/N to eNB PUSCH data Scenari o
i s sim | arcoligichswhahotdue for any n=1,2,3,6,7,8 in FDD. Referring to Figure 8A, the

eNB 840 may schedule a RN 810 for data transmission 815 in subframe n+4 with
a UL grant 817 provided in R-PDCCH in subframe n. The RN 810 may have
scheduled the WTRU 820 for a CSR 825, thereby potentially causing a collision
between the CSR 825 and the scheduled data transmission 815 in subframe n+4.
Referring to Figure 8B, the RN 810 may schedule a WTRU 820 for data
transmission in subframe n+4 with a UL grant 830 provided in PDCCH in
subframe n. The eNB 840 may schedule the RN 810 for a CSR 850 in subframe
n+4. The UL data transmission 860 from the WTRU 810 may collide with the
CSR 850.

[0075] Figures 9A and 9B are diagrams of example collision scenarios
where UL access ACK/NACK may collide with UL backhaul CSR or UL access
CSR may collide with UL backhaul ACK/NACK. These collisions may occur for
any of the DL MBSFN backhaul subframes (n=1,2,3,6,7,8 for FDD). The scenario
illustrated in Figure 9A may have two variants. In a first example, the WTRU
910 may be configured for ACK/NACK repetition on the UL access link, and as a
result, may transmit an UL ACK/NACK 920 in subframe n+3, n+4, n+5 and n+6
(shown in n+4 for simplicity) to the DL access PDSCH transmission in subframe
number n-1. The UL collision with the CSR 930 in subframe n+4 may not be
costly, since there may be potentially three more opportunities for the RN 940 to
correctly receive the ACK/NACK from the WTRU 910. In a second example,
subframe number n may be a regular DL access subframe. The RN 940 may
transmit PDSCH data 945 to the WTRU 910 in subframe number n, thus
expecting an ACK/NACK response 920 on UL access in subframe number n+4.
An UL collision between the access and the backhaul links may occur on a
condition that the RN 940 was scheduled to transmit a CSR 930 to the eNB 950
in subframe number n+4. This collision may occur regardless of the subframe

index number n assuming number n was a DL access subframe.
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WO 2010/ 148086PCT/ US2010/ 038820 from WIRU di fference that the PUSCH data
may be a retransmssion Table 1 [0067]1t should be noted that the

col I i si onsormaw/@sessy di fferent costs. For exanple, the lPosaisedionbss2a)l dat a
transm ssion on the access link may result in wasted resources. In this
exanple, the WIRU may re-transmt the PUSCH that may | ead to inefficient
use of battery power. However, the loss of a CSR report fromthe WIRU nay

result in a non-catastrophic, soft degradation of performance. The CSR may
i ncl ude al@®icginel qReleitiyg inHigat OB, (BORN 940 preedoaesmivety ACK/NACEat or

(PM), an r.. a nank indicator (Rl). re l=nt.nese exanp nari os may
bt | sad gonraffiarteoR Planbid to WEoNE opre R TRRE N TA SR R e
| ess r esouyubfrawrst. dnaith dcessrid, FpRUlisi@mbgbt@ir)in kibRameAa8] {he WTRRAri os 1

and 2, the UL access |link data on a h%/si cal UL shared channel (PUSCH) 505
may col | i @éOM%WIQEC@éBWaIQIWW‘NA(& O6apasrPBamedit4)L backhaul data on a

rel ay PUS%&)’)%E‘ PUSGrlypd 20 8% 8 ml 8 B GHsEh ndPR wherd BIPEGLEYE!Y.

Referring to gure 5A, a first collision scenari o nay occur en an access
| i nk PUSCAGOAN ACK andgbe Wishhmay lsaldideauth thanWd LAGKKINAGKC IR .afikisicoHisoon 510

generated by a.rel ay..physjcal downlink share hannel (R-P i gnment
00 The. Rtnsai Rl PalE et i PO B e SRIC e o B X ot r o
channel (RDCCH)aytthahsBYDRCHN dht41620 totthe RAWTRIS 1030 Subfiamee MWiRbeb30 i n
subfranme nunber n, w thout know ng%t hat the eNB 535 may have simultaneously

schedul ed Pa thits gapactingaBmSKTIACE response pBSEIWULhRFCephAn sapEragbf r ame
nunber n 105, 5heRackhanbrVRkK response 1040 may be an ACK/NACK or a CSR.

An UL collision between the access and the backhaul links may occur on a
condition that the RN 1010 was scheduled to transmit a CSR 1050 to the eNB
1060 in subframe number n+4. This collision may occur regardless of the
subframe index number n assuming number n was a DL access subframe.
[0078] Figure 11 is a diagram of an example method to avoid collisions
between UL access transmissions and backhaul transmissions. As shown in
Figure 11, a first set of subframes may be allocated to the backhaul link 1110. A
second set of subframes may be allocated to the access link 1120 such that the
second set of subframes may be disjoint from the first set of subframes. For
example, modifying a HARQ operation from a periodicity of 8 subframes to a
periodicity of 10 subframes, may be used in conjunction with defining non-
overlapping sets of subframes for the access and backhaul links.

[0079] Figure 12 is a diagram of an example transmission allocation using
disjoint sets of subframes for the backhaul and access links. Referring to Figure
12, the backhaul link subframe set 1210 may be allocated to subframes 2, 3, 7
and 8 and the access link subframe set 1220 may be allocated to subframes 0, 1,

4, 5, 6 and 9. This type of allocation may be used in conjunction with an
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[ 0069] This scenari o may occur because, with the PDCCH to PDSCH ti m ng, the
R-PDCCH may be sent | ater. For exanple, in Figure 5A, the RPDCCH may be
sent in twetwmsosert hogonal frequency division multipl exT(USE@MY3ssganboOl
rather than the access |ink Control Region in subframe nunber n (OFDM
synbol s #1 and #2). Wen the eNB 535 assigns backhaul resources to -15-

the RN 525 through the R-PDCCH for this sanme subfranme, the RN 525 may have
previously transmtted a UL grant 540 to its WIRUs t hrough the PDCCH. The
RN 525 maypgbeessivgubshied codingradshinnamoiul Ak Bdckh &ariothedrackbpalidilng to t he
R- PDSCH tr%&%%ssi on %ﬁ‘O on t he backhaul in UL subframe nunber n+4, while
the WIRU % )e/rwegﬁf efmllefr%cyassi gned PUSCH 505 on the access link in the
sanme subf Meosn] [ 0070hihaaexAsnlllesatsdioway Reskitgur £ pebibdi@nshtbPnakghvar i ati ons
of the scenario in Figure 5A. Referring to Figure 5C, _a collision may occur
i n subf r amsTIRdAf fiye ppllramgs Nulegeethrgesarcess Bibiiagnes mapba fRpWRAIINATK 547, In

this scengpim . hnGrEhldsS IPhd RYKPGARK DELNESE iR EVECH dalABPmsand the
repeat ed ACK/ NACK 547. Referring to Figure 5D, the RN 525 may receli ve PUSCH

data 505 ahemsthsfAGRENACKfdr datamsni in the RAGKS Sd8ranesubf batmmngmdtted m t hi s
exanpl e scenario, t retransmitted PUS at t he access | ink may
AT e wrEhRihe AT TEE Thiv R pnok, 10 AcRIRatk SiBeRERant i

[ 0071] The baxiaiglle Bephewing thedhgUhes]l ShfeideSBoal thevakbat Jubhisingds 4

scenarios in _Figures 5C and 5D, respectively. Referring to Figure 6A, a
col | i si on Mriivdre the AREBGE Haning £ndsthe L goppiNarng figns dimsfon ms

PR

repeat ed AQKY Blionk et s OnaRE LG Ok 43 1ok MBYLQGR YL, het ween
t he repeate %@%(&Acémg 76#%06%@}%%@%%2%%308%%“ e R E’{%Clﬁgata romt he
RN 625. Reféflring to Figure 6B, the RN 625 nmay receive PUSCH data 605 at
subfrane transm t,a NACK 645 at subfranme n+4. In.this exanple
soenari o, 10RET, ot r axdia thRbiestebionismaebt fayoroni el 1 FRaTRePuscH
data 660 ainksalf &ppmxiiiSely 0% ZbFtigibLkhalu$ liakdiTags 80a 0hleAPh €% Rmph L
scenari o where UL access |ink data may collide with UL backhaul data and

| ead to aTUbSiReM mare gaETGAVRHBPE AR ARB cPdDenighenss (MOAEPR they

FEN S G R (R e

t he DL MBSENubatkhaihcesfidked RAsendy have & bettanyuality backhaul link than the
access link.
[0082] The allocation scheme may be configured to support different
bandwidth requirements for the backhaul and access links. An example is shown
in Figure 13, where subframes 1, 3, 6 and 8 may be used for regular traffic 1310,
for example, the traffic from the eNB that may be communicated directly to the
WTRUs. In this example, sub-frames 0, 4, 5, and 9 may be allocated to the access
link, and sub-frames 2 and 7 may be allocated to the backhaul link. This may
result in the sub-frame pattern “ARBRA”, which is periodic with a period of 5
sub-frames, and has the following properties: for each access link sub-frame “A”
there may be an access link sub-frame “A” 5 sub-frames later, for each backhaul

sub-frame “B” there may be a backhaul sub-frame “B” 5 sub-frames later, and for

each regular sub-frame “R” there may be a regular sub-frame “R” 5 sub-frames
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n=1,2,3,6,7,8 for FDD). For the exanple scenarios where the initial UL
grant assignnents in both backhaul |ink 740 and access |ink 750 are

per f or redworosulagesanre n = 3 or 8, the ACK/ NACK on PH CHpoayusk@otwsmsesn tt ed
on subframe (n+8)nodl1l0, for exanple subframe 1 or 6, which rmay both be
MBSFN subfranmes. A collision may not occur, since the backhaul control
region and the access link control region nay be non-overl apping regions in
the tinme domain. If, however, the initial subfranme n = 1,2, 6 or 7 then the
ACK/ NACK datebac kihan kltPHiaGiedocoshivi, sublexmet 3 agd Bab 8y be spdguired 4ot on nay
be transm_tted.on subframe (n+8)nmodl0, for anpl ubfr . or 9,

ohi o nmy e B ALAR QTR PO PG k P aPRA S, $ob et e B be

consi der ethatkhdllilmhkoase usé Buldfifaniest2 xR thereghlaysfchasalsdtsubn may be
i npl emented such that the RN 720 assumes that the gNB 710 has transmitted
an ACK. THereNBl 70d Grahhit Hay kenabie the padteshi ¢8BeY r whichi Ras B $8y%r ovi di ng

an UL gr ﬁ,r&!ﬁ&)%;&%%gg‘ﬁ?gﬁ@%a Befbf [2NE Qi dider la@tg@n&ﬁ@é?'{ﬁo@ém)?’sut)he AN

(ACK or may be transmtted in the next avall abl'e MBSFN

subf r ame. ff00a3] ded ¥ naydtercanBduiad fF geeees link, tihhddisivetasilofnamesiOeddb t o a

collision i bf r ame er n+8,,0n.a.condition that subfra number n+8
cannot be o0 Ftr BT O pRCos R nan RIS okt S sEHBERRE BPT8: nal
subframe reHihetheregubarOtrafficcm8y WsBenb(fsh8)s Mathdlé. Fhik B4y Gedi@speeid vel y,

whi ch nmeans that a DL backhaul nmay be conf,i_%géed usi ng an. MBSFN subfrane in
the rel ay Pagtern “FROBA trhaciphag tha sagpeoperiadighppioraeisnansaplaingl akgyepe

avoi ded. ITQM@% : Adi fel t I.gi YR n was
either 1, 2, %pg?g%eﬁgg@?&a%%?ﬁfg ﬁ% %fgahgypﬁg&gggsc(on igure {1% or DL
backhaul . (“BY) sndreggull @R ) sub-frrot exrtidsal pdblodomtyl df Sisob-flretemeesspedtevelac k haul

and access,l i nks, where the backhaul PH CH A NACK 6 i wth the
o i aok B RstRReR BBt s i agrimtt o BRAGRAMER I on
scenar i 0s rufiRinge HimaCleeble LIRharddaGkurMIbne hdy BlegaMefitedlso Ragkhaw dat a
(R-PUSCH) or UL access link data (PUSCH) may collide with UL backhaul CSR.

These colPrndwiHE megdlsdet tihe fgeesanhadibaud agderegulri inkspyhike prsyring t o

Fi gure 8A,. #he eNB. . . . 1SSl 815 in
subframe n+ B%nt%%ﬁ%%e%tg %g%%})&@’l %&gﬁt%%%ﬁsﬁhgu ?QF] g%{e@j} The RN
810 nmay haveess céredlaekhdlde thARRWU 1826 s dn EI'ICHR WBPZBUst Hewelyyr pate@nthal |y
causing a ¢ I sion between the R 825 d the schedul ed, data transm ssion
5161 s AR BreSRE g T8 0P B8 MATROERATE 0o TEERE o A Wiy
820 for dabmphtiBRSHrSedeOth IITE WIRAIE Thik Wetho® nidy BE akd830adireyd ded in

PDCCH in subframe n. The eNB 840 may schedule the RN 810 for a CSR 850 in
subframe hagkhaselgetigardayingrisiiessi on 860 from the WIRU 810 may col | i de

with the 50. [QO i d i a col l'ision
scenari os%@gée e UL %cf%g&s@eg«%&%mgﬁ ﬂFnts}ysco ?ﬁﬁwﬁwpg%éﬁcﬁa%&% or UL
access CSRonfigured! ko desewiahh attorbaiik K AGKIIBACKithThaesadaplivé SHARK nmay
occur for any of .the DL SFN backhaul subfr S (nz1,2,3,6,7,8 for FDD).
The. scenafPBARPRIRstLIEH that Hicganan %Vq}ﬂ%@i@% WY parhif L v theY ¢ ot
exanmpl e, the, MR B34 18Yr bR iaanflitsedsdion. mm%t'i@&@]?{i o%{h@ﬁ M4y the UL

access link, and as a result, may transmt an UL Al NACK 920 i n subframe

| t
n+3, n+4, batBedndhenitbe (Shémdbpek s inty MBSHI sebfrgimettone Mendw.access PDSCH
transm ssi hn subfy n er:_ D= 1Sl M 930 in
subf rame A@%zl y ngflggg(? ééﬁ?? é,ilagjlfaﬂlf%eo}_? e%lgn#g%/ altl)lg&%g?éémﬁ’t%w%e?ﬁ@ee nor e

opport uni t1468. Referiring RNFiQdf: 14 thoRM AUl nigceindeart D& AGKL NAGKtS tlosm t he
WIRU 910. ond exanpl fr nunber n may be. ul ar, DL access
subfr ame, "FRBCRU 409%% ggéﬁ?w OO AereenDnr R they |
subfranme MYRBEH gart bk sekReld RBiRAhACKBNAGE hes RASEDE2E @talh tiRcCess in
subframe number n+4. An UL col [ision between the access and the backhaul

| i nks may occur on a condition that the RN 940 was scheduled to transmt a
CSR 930 to the eNB 950 in subfranme nunber n+4. This collision may occur

regardl ess of the subfrane index nunber n assum ng nunber n was a DL access
subframe. WO 2010/ 148086PCT/ US2010/ 038820



[0076] Referring to Figure 9B, the RN 940 may transmt an ACK/ NACK 955 in
subfranme n+4 in response to the eNB 950 transmtting data 960 at subfrane
n. In thiwooenmasise, a collision nmay occur in subframe med/tskomiossstdRU 910
was prescheduled to transmt a CSR 965 in subframe n+4. [0077]Figure 10 is
a diagramof a collision scenario where UL access ACK/ NACK and the CSR may
collide with the UL backhaul CSR. This collision scenario is simlar to the
scenario in Figure 9A. Referring to Figure 10, the RN 1010 may transmt
PDSCH dat &N 0200 po thiabagkhATRUNKOBE 0 m thebP DA p@mtmérthmubfhweeﬂseacti ng an

ACK/ NACK r es e n UL ac S, NACK
oanonse TEABCrEE 1316 Resd AR OT A CRAZRPK BT AT PRI0 My i R P
access andinkhe dad¢lkhaih+4,ithks niiByin@ekéreceptian 60tHH ULaRcdRAnk PBSBN 1010 was
scheduled to transmt a CSR 1050 to the eNB 1060 i n. subfrane nunber n+4.

Thi s col | [98tdd4rayraacihe WagdY di4e8s oflntthés sxpmplemdhp doIxIHONBEY B assumi ng
number n wBsrdulh 8FGERE Y PILBIBticl B8]l Hguts dhl wrrudiagamwely an

exanpl e nethod to avoid collisions between UL access transnissions and
backhaul tckhnewiedgé oersptids 0§ﬂw\BDSﬁ3Pngw 84801, Anafresslt, ‘@etW&‘RUsﬂ,lb?bG ames may
be allocated to ttie backh 1110. ., A second set anes nmay be

k
al | ocat eq 88 (1 Medod® [itg afl B PG HARY (9% 2 1C§§¥ B 0E 4 anes Ay

be di sj oi rétrhhomidifie Inslt@etd $led WOFR B ulaBo an@swaftdor sheamadt aJL gﬁchtf]yuseg a HARQ
operation froma peri odici ty of 8 subframes to a periodicity of

10
subfranes 0083 be udesxt HLesmtuO0ineay b vanaled imthed DehHdvenRApptHY sets of
subf ranes g1, B0 ARG ADEPASKIAML ks ob SETENFA QY End i Bl agr am

of an exanpl € transm ssion allocation using disjoint sets frames for
t he backh@mdmtahdaae;twessnismkand Refyerdsd amgf1gord?uth@Sh2ba$dde)nkﬁafdielmaal l'i nk
subfrane set % be aI ocated t and. t he

Seesa™r: TRhutgh A4 R5E S bAaPHE LT Bsiohh mhe B8 S, "%,

and 9. Thlcsnmsp@f m‘e I@Ug@ﬁﬁt EEHRAIRY a k@ pbiEFeEin idh £QAitHRCketRMsWisibn AMn
aggressi ve channel coding and channel nodul ati on schene on the backhaul

link for Hdgpdye %%e&ﬁsnaﬁloemabew@rn{edmwmﬁ@teﬁmﬂ@ sgmedEBingda may
result in three
access sut?? F}gﬁ[{eéspﬂggﬁgﬁ% ﬁ{enpmg%%#%q haal{ljc;)%ghl ;Alrﬂ amag.B ISOIa]‘C H{}%{e}ﬁACW NACK
| at ency i prowde fleridilityomsdheausiling the n@:rams*.mmdnhﬁ" tﬁé:tﬁ/ahdémtfohmkdnjtsaettent in

t he acces b nes be tran mtt n an a subf.ranme.. The same may
ool v f or DACR? AR SHURAIF g omd R An O P SEEETRES HE (oe Ea ey
subfranes rfatrraﬁbﬁlt&o@@@ﬁ@@nwamm@ﬁg amﬂffémdti\/Y(DS]gs bR p A/ thikKiditial ng and
the UL grant timng from4 ns to may avoi d col lisions between the

access andramaipgenhdshopldpesotesd @Héﬂp@rhS@Edbhng thegetransmision, the RN

may set the redundancy value (RV) to 0, such as for a new transmission, in
PDCCH format 0, in order to prioritize the systematic bits over the parity bits of
the code word.

[0086] The automatic ACK followed by the adaptive HARQ retransmission
approach may be used, for example, to avoid collisions between UL access data
and UL backhaul data in subframe n+4. In addition, for scenarios where a
transmission timing interval (TTI) bundling may be configured, the RN may
receive the data at the next TTI in which case, the RN may not request a

retransmission.
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[ 0081] Note that the partitioning nmay be approximtely 60% for the access

| ink and approxi mately 40% for the backhaul |ink. This exanple partitioning
may requiwe 2a1wms@eaggr essi ve nodul ati on and codi ng schecgas¢nasysstbor t he
backhaul |ink, conmpared to the access link. This may be a reasonabl e
assunption, since fixed RNs may have a better quality backhaul |ink than
the access |ink. [0082] The all ocation schenme may be configured to support

di fferent bandwi dth requirenents for the backhaul and access |inks. An
exanpl e i $06%dwn i nFighguteisk3liagiaer ef ssubangieslldcatidn (@ BABQBperatisire used
for regular.traffi.c,.1310,.,for. exanp the traffi.c fromthe eNB.that may be
communt a4 g 8 REPRFREE 1Rls SAru e Bianid d BTk Fufbeig™y 5
and 9 may Ihethad leggmbed the Bdeehacctisk dubflamanret 386 fmayee Ala@atkd/tgray be

al l ocated to the backhaul link. This may result in the sub-franme Eattern
"ARBRA", WHPERMES 2pdr 6 adidc’ vl hmacgessdlinky gulframe sefhl 3204ma% be gHacatad ta he

fol | owi ng saLARRIELICS: 410 HRACH ALARSSxdhpl, Stiydha®end®) nlhet iRy be an
access link sub-frane "A"™ 5 sub-franes later, for each backhaul sub-frane
"B" ther e formypitiel WAL KHaglans bpthe & "B" 5 sub-franmes later, and for each

regul ar suyp-frame "R' there may be..a regul ar, sub:f "R sub-fyames

ot e e, et e} Rl g QB isade the YRERY RayPRRER A § gur ed

for accessindi 9khe ibaclesigid tRpdtdbilibe wineat OTE WIRT Y @a® DeOnathtamednd 9,

whi l e the backhaul link nmay use sub-franes 2 and 7, and the regular traffic
S S

may use sdisrerample. Ulagepgs sqanf to theW T BELAN sybirames Hapd drpay BRBEA'a whi ch
has the s rit.l as: | i f: I ative,
(ot shows]” L b SRiof UL AR ok o (b ales BGRB8 5 |
addi ti on trespeabivélyameshiB exdmple, andll®ial wighdhe baekhdfudmaceasscuiTdiscdhackhau

i nk may e, suh-fra 3.and 8, .while the regular traffic may u

sube 1 1 aedh bt Mt S atitPents it PuRla b R et R ¢ he
sane peri @Hé WTRUPhOR®Fidn®Ss Aan&%Phal 1edeabUVePUSOH exampifidh fethodi city
of 5 sub-franes, and each of the access ("A"), backhaul ("B") and regular
("R') subafeesfregkiadhy ageasp guplepmgs Sfamsl S ypsHackivey; respectively). By

mai nt ai ni peri ogli Gl he: cat | r t he JACK/ NACK
response ?gﬁgﬁ fIegﬁgﬁg;?gg%?%a%gg%%ﬁfgghgg?ﬁghggégeﬁgg?ggﬁg?é?%t to match
t he bandwbdtkhaddod ding bbih REAEABQ dracWhddARERefeguh@ato Fignks 16y | e

ensurin L11si avoi dance. .Thj s net hod be..u o,avoi d, col Lisions
ot veen Uit medos R R e ot b BadEs &85 bROhRT LR IR i Ao RR0br i ne
t he ACK/ NAGKfra@®B0RSS Hd BRodEYI 16 & MBeest Niisk RAENAHatMMe NBEoRE sbRekWar d
conpatible for use in LTE WIRUs. This nethod may be used to address
backhaul / seb&amesds disieipt fiym shabzst seooBsthinamadlfidl. bxshisiexanyple, a

Synchr 0”%?@%@%@%{&%@ E&%erlpa?rgfﬂf)fn% ﬁﬁiél%ﬁﬁﬁgg g?’#toﬂ% | g K

coupl ed wi an a Ive etransm ssion suc e redundancy val ue
(RV) may bersE40t suldrarak Ger Bhatllomyedfor ihbackhad lask, tlos RNheay ntahisadit

transm ssi on ti CK opt.i on ma used when e f eedback
farte nt oAl Ol Bert e ibttne Pobaare Bornetan 140 Sublragkam of an
exanpl e aut @Rt HMIKafidoee Fu £ocdd0lnk RHERNI Rdy ttoafindve AGK/NAEKRN 1410
may send an UL grant 1420 to the WIRU 1430, during an MBSFN subfranme n, on
t he accesdeddbark 1adirshatalebRpooihpal suldtampd66Qibf r ame, while the eNB 1450
may send PDS(JH data ) : ! ' he PDSCH
part of the Sl]beran%}.l%Afs)ﬁgcrlgglﬁw&?ﬁgn%%%fg%%%g;éeges%ﬁ)%ﬂ%%%%\ﬁ

f eedback ©48Qobehdriie] baeiphianlinld hickhaus lindkr dfiee R+BD COMHIsmay bsusgl tdhe
reception of. the UL access Ii%h#PDscghgata 1485 fromthe @TRU 14%0. In this
exanpl e, PAFERA NAIFOHET BEPCHITYRT BAUPOIEGE” P 5 IATHALT EARERA T HB7 to the
WRU to p%%éi%\%V@LYre%GKf@Wiﬁd&?e bEGER! PReOEubREMBRSAH dat R-HHGBH 45 a
result, the RU 1430 may not flush its internal buffer, and may not
automatically performa retransm sionggl nstead, the WIRU 1430 may wait for
the next UL grant 1489. [0085] A next UL grant 1490 nmay be signaled in the
PDCCH from RN 1410 using D C format 0. The RN 1410 may configure an ND

bit and transmt the UL grant for a retransm sion, and nmay al so configure
the MCS as based on a channel condition 1495, thus perform ng an adaptive
retransm sion. The RN may be in control of the UL grant schedul e and
perform an adaptive retransm sion. An adaptive retransm sion may be
performed while maintaining the same timng for both the PH CH and the
PDCCH channel s. The automatic ACK approach may provide flexibility in
scheduling the retransm sion of the transport block m ssed by the RN in
subframe n+4, and may all ow an opportunity to perform adaptive

retransm sion, for exanple, by using a different MCS as conpared to the
initial transm ssion. It should be noted that upon scheduling the

oy e - ] . v ~ o r o



[ 0086] The automatic ACK foll owed by the adaptive HARQ retransm ssi on
approach may be used, for exanple, to avoid collisions between UL access
dat a and Wb 2bsxcidbmal data in subframe n+4. In addition, PCOUSs@ON3ss20S wWher e
a transmssion timng interval (TTI) bundling may be configured, the RN may
receive the data at the next TTI in which case, the RN may not request a
retransm ssion. WO 2010/ 148086PCT/ US2010/ 038820 [0087]Figure 15 is a

di agram of an exanple allocation for HARQ operation using a periodicity of
8 subf r anesnfigihied seslatpitéheragheldeliba okinemdtion fyahe BNeis signaidd © thx Bl e, t he

backhaul I.ink subfra S 1510 nmay b ocated.to subfranes 2, 3, 6, and
e c b BRI R R 2 R AR e DL BB S e iR o 1270
5, 8 and %otdmidl RbBiserabgheen SHBbaaRIE 18a1kdad ABdesheinkarTiedRIPDCCH ti al

WRU UL grant by the RN. [0088] Note that by not sending UL gran{s to the
WIRU i n spniigiaéiop may by dynaanisaksmnicstabppatiipimetbpdvinan aflqy forR WiRUs

may be maihLaiNedd rEQLr&XARAGon Hand @tk SyRE8thd RN Bﬁy%ﬁb&xﬁ%%‘? dames 0

and 1 may trigger a UL PUSCH transm ssion on the access link in the access
subf r anes alloeattbrbdemgepe on ithelagcesk Ainkhbased xangp lde¢ismncidiel 616B amaywhatve t he
backhaul may, not occur since the backhaul is allocated in a different
subfrane. drﬁ‘l arly, UL grants sent to the WIRU in subfranmes 4 and 5 may

trigger ULod3I$CH t r ANs1En$idhed abovd, hBe BDICKBS&hiauD kidynude@ipaGeeBs RNIES r anes 8
and 9, respectively. [0089] Filﬁure 16 is a diagram of an exanpl e HARQ
process on'{RY HarinissionusHie VSSKY siiframss. Hakd Eatae UL quamigecqgedtt i ng t o

Fi gure 16, I ¥ . LanEs ul link
1610. A sesggﬁaﬁsuet o] &sdul@fa ggﬁg%l%ogﬁ%gasg%?%%g?% 1{10 ana%lg(? ggg& ﬂﬁﬁé such
t hat t he skoorndesetuenfo giebfymahemons neitsfeodfntthefudimk HARQ opérasien, die

subf ranes In this e | e,. third t of subfranes nm e.barred
rom ames wRRD: mpfat s BHARR Dl dafy IfbitarRl niiist BTRE A he a5
al | ocat ed tha n@ AlTAC khakdbivedl i subfiemBMuAYert f-8NSTH tavaid WEAYDAGKy Whtd eedback
at subfrane n+4 1650. If, in st%p 1640, subfranme 2 or 3 is not all ocated

r

for an aceéeggnpmificion fiempke VYR amsmeacessarnond-sfaorcheedigartion by the i r st
aval | abl Rkl o SHALAMRNSIRA . LARAADAGE TR AL SWI & AR AT ik OF 1 S el
arly contro anne

may be used to support reception 1nh a ackhaul |ink.

The R- PDCghiprmapatichaid @dbframe definitions, the eNB may not be able to acknowledge
reception of UL data.
[0092] The following examples assume that the DL backhaul may be
achieved by creating gaps in the RN DL transmission through MBSFN
subframes in the relay cell. This mechanism may be used to avoid
access/backhaul collisions in the DL. Thus, only the UL collisions may be
considered. Three main types of solutions may be identified to address UL
collisions, including interface (Un or Uu) prioritization when an UL collision
occurs, advance signaling to the RN of the UL backhaul subframes, and pre-
definition of subframe configurations for access/backhaul subframe partitioning
to minimize collisions.
[0093] One basis for an interface prioritization solution may be that each

type of UL collision carries a different cost. Depending on the cost of the
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assign a DL resource in the subfrane and/or in one or nore |ater subframe
and to assign UL resources in one or nore |later subframes. |If the R PDCCH
is confiwoned/asush t hat the scheduling information for pChaSBRN0i038s36 gnal ed
to the RN in advance, then the RN may schedule the DL and/or UL access |ink
to avoid any potential collision between the backhaul |ink and access |ink.
The R-PDCCH configuration nay be dynam c or sem -static. This nethod may
allow for a coordinated resource allocation franework where the RN nay

per f or m r eslhisiape itahhpbabemaicid db prionisizenhe¢ heceag ek §Uhiimierfaageryeobhea

deci sion the .eN yrhav de.. [0091] As_nentioned. abgve, the DL backhaul
oy oo o AR TR Rl i Re B R W PR AN S P e B T LT,
the UL gr andrerdesiehmedTipicslupiutams nivirdstme, bpdefaaltVidlalt ehd dckdatiflink
transm ssi on in subframe nunber n+4., Mreover, due to the synchronous

nature of (VA& UBFPHKZHARES Pt tdesh ink HE W R i hRde r s PRI LIPMan Dl | nk
data in SYRiiRIR (MTRELs Rk QeAnROPRHLON (HNBY, AMAGKs HutliParlVRE: | D

subfranme number n+4. To avoid unnecessary data retransm ssion fromthe WRU
or unnecegsavije awimatr sylucionder Udr edllisinndy It WeulditReyefoirebediBiraye to

know ed i f UL data. , Howe b of. t [ khaul
Subi T ane. dBFF AroT GRS Anf ARPERE BTN B Ee T RERHAW B LEPUERt T on- of
UL data. [peR2kideinkall evllidPnexanili@stlas puitkitiAdiu bh&nRccbalikgigul may be

achi eved by creati n,g(mgaps in the RN DL transm ssion through MBSFN subfranes

in the rell@P4del | . agilitaterredatermination ef theaglaiye pagriey @ég@wﬁﬁa%q@ham
col l'i sionsy,i . o | s . i ed. Three
rai n 1 yposi ot BPerd LW iy b Buptaafel, D QMO e PRI ES

i ncl udi ng diatd BrlédcketUthoR NUudngmitong in Patdnodnwhecpstly, licaued theginoay occur s,

or 6. et nfC1Oh b IATsF S B G 0P AEY Bet B ARl b FRRCHN2ERS ame

partiti onicRghtb®byriy RIWERTAL dat0anshROR3] LNEwhast $ah@Widdh oh BheULace
prioritization solution may be that each type of UL collision carries a

di fferent [€&¥. Deplndienigllowinsexaperles. dghethroritygpay b daterminpthpt Hee
benefi ci al, Qe ?ﬁﬁf?%ﬁllé,- n? qgﬁﬁ&ié}%% nltofe CdinbdHetle! BGRIMAYE ﬁl%gnngkhau'

link (Un interface er “'scenarios, prioritizing Un over y be
nor e desi madirenn thepUnahtesfacatin ensframy ratsis times a byllidehauhy betalvatdetthdf backhaul

link (Un) is prioritized,over.the, access J.ink (Uu). For e | e, .Qne

Sol it | on’ BT ORI ZE i hiuagacr the copision evissekbim e pomgp+d

col I'i si onFiglnét17 i aEM gk oPAR¥kABpR HbtHol dbr $QbtthiBRg fikrfike fAbHESI ONS. |t
woul d therefore be desirable to have a nethod and apparatus to determ ne

the rel at iRkerpai Gridly (SR wayveeHideswith WpdH- dateectiingyor otenllisisnagpasscenari os
that pri Orrleédlgﬁl tlﬂ"é N 1'71?0 ﬂﬁgs%éj'u'&gﬂjﬁ ‘CSR from the R-WTRU 1720, and may not

be very costly. This type of collision may result in a gradual performance

degradation, as opposed to catastrophic failure. When the Uu UL CSR collides

with Un UL data 1730, the RN may prioritize Un over Uu 1740 by transmitting

the PUSCH 1750 on the Un and allowing the CSR on the Uu to fail 1760.

[0096] Figure 18 is a diagram of an example method for determining

interface priority where a Uu UL ACK/NACK may collide with Un UL data. This

type of collision may occur where the Uu interface may be configured for

ACK/NACK repetition. When a Uu UL ACK/NACK collides with Un UL data
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[0094] To facilitate a determnation of the relative priority of the
interfaces, the cost of each UL collision may be eval uated. The collisions
wher e t hewOurolda4sisba i s | ost due to the RN transnitti ngPCm/uskolon3sseo ar e
costly, because they may result in increased power consunption at the
R-WRU, increased interference created by the RWRU UL data transm ssion,
and wast ed bandwi dth on the Uu. [0095]In the foll ow ng exanples, the
priority nmay be determned at the end of subframe n. If priority is given
to the Uu 180 ghtddemaymarnsitizedimoverdyu hd20 anttranemittthe WnUlLaéa 183® i n
subfrane n+4h Lﬁgs a collision may be avoided. If priority is given to the
Un mterfz&%& the" col |i sion may occur in subframe n+4. Figure 17 is a

di agr am of{o@v] exanpFiguetlgod 4 eiagdehebiMani HGmpltenband fF i Rtétyintiere a Ui
UL CSR may collide with Un UL data. This type of collision may result in

the RN 171ptexiase pgigrity Wheredh Hloditenpare @V!Ll?lzéhe Uk CROYAGK very
costly. Thigmh¥Pewtlena@k the Vel adm@¥%olifRY Wit thefUd WH@K/N@M}@E‘J@EH&&

degradation, as opposed to catastrophic failure. Wen the W
col | i des wiarsnssith 19, &hd 730¢-offmenyRid ey eqr amaacesslmhﬂlov‘e*anw1S1m0 by

transmtti t he PU 0 ont t he CSRo the Uu to
o ST 66 oF atsd B g Op e o Al the Ui Sl Mot Bzt i Sus
det er m ni ARG dcRhehlf BLeefahOhidion M\hﬁtgb@tﬁ@ ebIB ACKhNASKoa Yo tdikiohdBatv t h Un

UL data. This_type of col lisi.on may occur where the Uu interface_may be
confi gur edhe dfu eryirecie papatized- ol oppaHernativeuthaerla NacRIE81Y 08&5 wi t h Un

UL data Jv%ﬂs%s I§ glﬁg'}lem%&?m% b&é&ieon%e%\fﬁ Jlr}éléf &%Ostgﬂeq 15'%3@% dnd he Un UL

data 1830 to the ure 19 I's a diagram of an exanple nethod for
det erm ni mge Ditlarffeas et phid BNi 1920whrer exdiupldl tiokalR N mwypnmhtmeidla/\Uubveﬂer Un UL

ACK/ NACK feedback en t data cgollides wt UL A NACK

foodback (oRArauinT uie e tr iRt S el e bt aek ahvmmettl 1k wL
retransm gi@its@hvediHedDYhE RN Ra\WhRldrRikeahs Uhdiviel U dnhdoniditeorddhal Bier f ace i s
prioritized, versus a backhaul DL retransm sion_of data by the eNB for the

RN on a cdMiDt ‘@rffetrﬁép nph baygenayebrdede o supnert BLigrppedver heoHy, el ¢er nat i ve,
th | at t
of dat e sEeongridl (e ih the MEB B oY OB ECHE RN BRRERBO LT Boou

t he RN mayeltivemiriorite babel bimo‘dweerShInem@ sehdistla@ncyhat the RN UL buffers

do not ha ough tat ort UL grants over the .Un, fhe RN.nmay
oriori ti 24009 Un oVBRIGGOCR B AT Pb At FRrRA M EOR oh ALSTENRE hot have

enough datlﬁtemcé B@H@ﬂw wﬁbregwamllsd@t\é%a§ 8L wiItArTURUIAdLANWHAnOD U1at  bot h
t he above conditions are true, the RN may determne the relative priority

based on ¢ekeeoltides mathy U@sUng;ﬁﬁaé’é)lpzaPJ@%W mpgdgefagucellpesiigned t agr am of

an exanpl e e ri ta may

col lide %%tﬁ%t%‘%L&geHIg i ntﬁﬂgﬁ @%e%&f?%o %tggsatv& emﬁgﬁg)%@dat a 010,

Er :c ?r [ tyt m;tpymﬁeetddy nzdmm'dielosazasﬁ itlgen &1L da)tafebmﬂﬁala}edul \A%lerRIEJhrbufﬂaepeﬂminga?honU}_ he
uffer status a re specifica en si ze e

data buf f RE9aERS %% ‘gg[ﬁ%f‘?téjf %maé(pb&econgﬁﬁﬁ‘éd{rﬂ%tyt‘ﬂai’ ﬁ‘é%ﬁe‘;h‘{ erface
nmay be congeshedL datd fhhtMidimh. T rssicgn e al@ntiitRnWAabih dAKdulfeaN Ssi on.
Conversely, on a condition that the RN buf fers_do not have nuch dat a,

priority rmyh@ee mysh datedprioritshaayhe apsigeadto tiip Fuldbdata. dhe otechgnian cal | y
h thp bet
Dh U0 da & S bl CuRii R bl r ik ity Bihoigh RRTEA 100 E00 bURIBRE. X! o°"

between Un UL data and Uu UL data may provide a form of flow control at the
RN.
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[ 0099] The net hods descri bed above may be used to specify the relative
priority of the interfaces for the collision scenarios described above, and
t he out cowe 208y/=Ban i n Tabl e 2. Scenari o Nunber Descri pCirars2@viosssee y Not e
1 U UL data collides with Un UL AAN Uu over Un on a condition that UL RN
buffer enpty RN may receive the Uu UL data from R-WRU RN nmay not transmt

A/'N on Un UL
[0099]

The methods described above may be used to specify the relative

priority of the interfaces for the collision scenarios described above, and the

outcome 1s shown in Table 2.

with Un UL A/N

a condition that
UL RN buffer
empty

Scenario | Description Priority Note
Number
1 Uu UL data collides Uu over Un on | RN may receive the Uu

UL data from R-WTRU
RN may not transmit
A/N on Un UL

Un over Uu on
a condition that

RN DL buffer
empty
2 Uu UL data collides Uu over Un on | RN may receive the Uu
with Un UL data a condition that | UL data from R-
UL RN buffer WTRUs
empty RN may not transmit
Un UL data
Un over Uuon | RN may transmit Un
a condition that | UL data
UL RN buffer RN may not receive Uu
is full (Un UL data from R-
interface WTRUs
congested)
3 Uu UL A/N (repetition) | Un over Uu RN may transmit Un
collides with Un UL UL data
data RN may not receive Uu
UL A/N
4 Uu UL data Uu over Un on | RN may receive the Uu
retransmision collides a condition that | UL data from R-
with Un UL data UL RN buffer WTRUs
empty RN may not transmit
Un UL data

Un over Uu on
a condition that
UL RN buffer
full

RN may transmit Un
UL data

RN may not receive Uu
UL data from R-
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Un over Uu on a condition that RN DL buffer enpty 2 Uu UL data collides
with Un UL data Uu over Un on a condition that UL RN buffer enpty RN may
recei ve twe 200/idkosdat a from R-WIRUs RN may not transm t pOm/usSkoidasss20 Un

over Uu on a condition that UL RN buffer is full (Un interface congested)

WTRUs
5 Uu UL data collides Uu over Un RN may receive Uu UL
with Un UL CSR data from R-WTRU
RN may not transmit
Un UL CSR
6 Uu UL CSR collides Un over Uu RN may transmit data
with Un UL data on Un UL backhaul

RN receiver may be

powered off or ignores
the CSR from R-

WTRUs
7 Uu UL A/N collides with | Uu over Un RN may receive the Uu
Un UL CSR UL A/N from R-WTRU
RN may not transmit
Un UL CSR
8 Uu UL CSR collides Un over Uu RN may transmit Un
with Un UL A/N UL A/N

RN may not receive Uu
UL CSR from R-WTRU

9 Uu UL A/N and CSR Uu over Un RN may receive the Uu
collides with Un UL UL A/N and CSR from
CSR R-WTRU
RN may not transmit
Un UL CSR

Table 2. Interface Priority for UL Collision Scenarios

[00100] In one example, the UL or DL buffers on either Un or Uu interface
may be maintained directly or indirectly per logical channel based on QoS. The
prioritization of Un interface data versus Uu interface data may be performed
with the following objective functions that may contribute to the overall spectrum
efficiency. One objective function may be that the relative ratios between the
sizes of the DL buffers content versus UL buffers content may not negatively
impact the ability to simultaneously achieve the spectrum efficiency goals. One

example of this may be 5bps/Hz in DL versus 3.75bits/MHz in UL. Another
.98



RN may transmit Un UL data RN may not receive Uu UL data from R-WRUs 3 Wu
UL A/N (repetition) collides with Un UL data Un over Uu RN may transmt Un
UL dat a RMormaw/medser ecei ve Uu UL A/N 4 Uu UL data retramemitus2anm/08sso i des
with Un UL data Uu over Un on a condition that UL RN buffer enpty RN nmay
receive the Uu UL data from RRWRUs RN may not transmt Un UL data

objective function may be that the waiting time in the transmission queues of the
newly queued data is minimized. For example, data may not be waiting in a
queue while there may be an opportunity to transmit data from another queue.
This may be based on a condition that the latter may be empty if it does not have
enough data to warrant a transmission grant. A third objective function may be
general QoS requirements identified by the QoS Class Identifier (QCI)
representing the following QoS parameters: Guaranteed Bit Rate (GBR) versus
non-GBR, Maximum Bit Rate (MBR), Aggregate Maximum Bit Rate (AMBR),
Layer 2 (L.2) Packet Delay Budget (.2PDB), L.2 Packet Loss Rate (L2PLR) and
Allocation Retention Priority (ARP), for example.

[00101] In this example, based on the objective functions listed above, data
over Un versus data Uu may be prioritized as follows. p may be denoted as the
ratio of DL spectrum efficiency to the UL spectrum efficiency. Assuming 5bps/Hz
in DL versus 3.75bits/MHz in UL for LTE, the ratio p may be 1.33. B may be
denoted as the ratio of DL, bandwidth to the UL bandwidth available for data
transmission after deduction of the bandwidth required for physical layer
signaling. The ratios between the aggregate sizes of the content of DL, Un
interface buffers (buffer occupancies) for a given QoS level, versus the aggregate
UL Uu interface buffers for the same QoS level, may be the product of p and B,
i.e. p*B. For data with a different transmission priority level (QOS/latency), the
buffer with the least anticipated waiting time for the newly added data may
determines the interface priority.

[00102] Figure 21 is a diagram of an example method for avoiding collisions
using advance signaling of the UL backhaul subframes to the RN. Referring to
Figure 21, the RN may grant UL resources on a backhaul link 2110. The RN
may then schedule WTRUs on an access link to avoid UL collisions between the
access link and the backhaul link 2120. For example, an R-PDCCH may provide
a DL assignment or UL grant in a later subframe such that R-PDCCH to R-
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Un over Uu on a condition that UL RN buffer full RN may transmt Un UL data
RN may not receive Uu UL data from R- WRUs 5
WO 2010/148086 PCT/US2010/038820

PDSCH may be 6D subframes (6D >1), and R-PDCCH to PUSCH may be 6U > 4.
On a condition that the R-PDCCH grants uplink resources on the backhaul link
in one or more later subframes, the RN may know in advance which subframes
may be used for UL data backhaul. This may allow the RN to schedule the R-
WTRUs on the access link such that UL collisions between the access link and
the backhaul UL data may be avoided or minimized by scheduling UL and DL
transmissions on the access link that do not result in UL collisions. Examples of
collisions that may be avoided with this mechanism include scenarios 2, 4, and 5
in Table 2.

[00103] On a condition that the R-PDCCH assigns downlink resources on
the backhaul link in one or more later subframes, the RN may know in advance
what subframes may be needed for UL transmission of the ACK/NACK feedback
on the backhaul. Similarly, on a condition that the R-PDCCH grants uplink
resources on the backhaul link in subframe greater then n+4, the RN may know
the backhaul requirement in advance and may avoid scheduling conflicts on the
access link. The RN may then schedule the R-WTRUs such that collisions
between the UL access link and the UL ACK/NACK backhaul may be avoided or
minimized. Examples of collisions that may be avoided in this case are 1 and 8in
Table 2.

[00104] The delay between the R-PDCCH and the DL assignment/UL grant
may allow the RN to know both DL and UL assignments on the backhaul link in
advance, and may therefore schedule the WTRUs associated with the RN to avoid
or minimize the UL collisions. As a result of the delay 6D between the R-PDCCH
and the DL resource assignment for R-PDSCH or additional delay for UL grant,
the timing of the DL & UL HARQ process on the backhaul interface may be
modified, as described below. This example method may be used to avoid
collisions in scenario 5 in Table 2, by not sending an UL grant to the WTRU

associated with the RN in subframe n. The example collision in scenario 7 in
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Uu UL data collides with Un UL CSR Uu over Un RN may receive Uu UL data
fromRWRU RN may not transmt Un UL CSR 6 Uu UL CSR collides with Un UL
data Un owenoldm4Bi¥émay transmt data on Un UL backhaul RETrsc@wsss2may be
powered off or ignores the CSR fromRWRUs 7 Uu UL AAN collides with Un UL
CSR Uu over Un RN may receive the Uu UL AAN from R WIRU RN may not transmt
Un UL CSR 8

Table 2 may be avoided by setting a delay between the R-PDCCH carrying the
DL assignment and the corresponding DL data such that the Uu UL ACK/NACK
may be sent in a different subframe than the Un UL CSR.

[00105] Figure 22 is a diagram of an example method for avoiding collisions
where the round trip time (RTT) and the number of HARQ processes may
increase. The example shown in Figure 22 is based on 6D =2. As shown in
Figure 22, the DL assignment 2210 may have an associated delay 6D 2220. If 6D
2120 has a value of 2, the RN 2230 may transmit an ACK/NACK 2240 at
subframe 6. On a condition that a 6D subframe delayed DL assignment and/or
additionally 8D + 4 delayed UL grant 2250 is applied, the HARQ RTT may be
increased to 6D +8. Additionally, the number of HARQ processes may be
increased to NHARQ= 6D +8. In the DL case, assuming that data for HARQ
process number n may be transmitted in subframe number n, the corresponding
control may be signaled in subframe number n-6D. The UL ACK/NACK for
process number n may be transmitted in subframe number n+4 such that the
corresponding transmission of the DL control information for that HARQ process
may occur in subframe number n+8. Thus, the period between two consecutive
transmissions of the control R-PDCCH for HARQ process number n may be:
(n+8) — (n- 6D) = 8+ 6D. Therefore, the RTT and the number of HARQ processes
may increase from a value of 8 to 8+ 6D.

[00106] The delay 6D 2220 may be chosen as a trade-off between the
constraints discussed below. The number of HARQ processes may be kept low
such that the amount of soft memory required at the receiver may be minimized
and the number of bits to signal the HARQ process number may not increase
significantly. One alternative to limit the signaling bits may be to limit the
number of HARQ processes to 16, which may result in an increase from 3 to 4
bits to represent the HARQ process number. This may set an upper bound for the

delay 6D of 8 ms or subframes.
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Uu UL CSR collides with Un UL A/N Un over Uu RN may transmt Un UL A/ N RN
may not receive Uu UL CSR fromR-WRU 9 Uu UL A/N and CSR col lides with Un
UL CSR Uuwwowero/idsosRN may receive the Uu UL A/ N and CSR fPcorasBidwhBg2N nay
not transmt Un UL CSR Table 2. Interface Priority for UL Collision
Scenari os

[00107] A larger value of 6D may allow the RN to benefit from the advance
notice to properly schedule the R-WTRUs on the access link. The total delay for
the loop adaptation process may not be a design issue for fixed RNs, where the
channel may be slowly changing in time. For example, assuming a Doppler
frequency of 5 Hz for the non-line of sight (NLOS) component of the backhaul
channel, the coherence time of the channel may be 200 ms. For some values of
the R-PDCCH to R-PDSCH delay 6D, the total loop delay of 6D + 8 may be
significantly smaller than the coherence time of the channel, thus performance
degradation of the link adaptation process may not occur. For the case of mobile
RNs, it may be desirable to keep the delay 6D relatively small such that the R-
PDSCH data transmission may not use a stale modulation and control scheme
(MCS). In that case, one solution may be to increase the frequency of
CQI/RI/PMI as well as the sounding reference signal (SRS) to make proper
scheduling decisions.

[00108] The previous description explained the impact of the R-PDCCH to
R-PDSCH delay 6D on the DL HARQ. A similar explanation may apply the
impact of a delay between the R-PDCCH and the UL grant R-PUSCH on the
timing of the backhaul UL HARQ process. Increasing the number of HARQ
processes, and consequently the RTT, may be performed to support all
transmission opportunities. However, increasing the number of HARQ processes
may not be needed on a condition that only the DL transmission opportunities
corresponding to the MBSFN subframe allocation are considered.

[00109] Figure 23 is a diagram of an example method for avoiding collisions.
Referring to Figure 23, the eNB may select a HARQ timing offset value 2310.
The eNB may then identify HARQ processes that are ready for transmission
2320, and assign a MBSFN sub-frame n to the identified HARQ processes 2330.
[00110] Figure 24 is a diagram of an example method for avoiding collisions

using an R-PDCCH that includes a HARQ timing offset. An R-PDCCH may be
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[ 00100] I n one exanple, the UL or DL buffers on either Un or Uu interface
may be maintained directly or indirectly per |ogical channel based on QoS.
The pri orw0Oi2asii4g0360f Un i nterface data versus Uu i nterPatasdavasssay be
performed with the foll ow ng objective functions that may contribute to the
overall spectrumefficiency. One objective function may be that the
relative ratios between the sizes of the DL buffers content versus UL

buffers content may not negatively inpact the ability to simultaneously
achi eve t lecesyminrwiieiid cimheyngoth 8 grameion XIS thdt mhy snakege ddI5bps/ Hz

i DL 45bit MHz in UL. th -28- i t,i f ti b
Lhat t he JERRAIIRERE B el s LEE By nRBh SRt s MOl BREERY Do
i's mnim zRfingFrBartexAsfeamdaliae et mody beowaid corditich thagudyecyivte t here

may be an opportunity to transmt data from.another queue, This may be
based on &sEgREIent dh veHdratiwblrame apmbgy heoiaplsely iap iPR6ES Ay bhve

enough_ dataedi @ dubfiand: i ABSIA SRHPR BH ANy PEIAH i ARk RIS { w16t Lo may
be general QS requirenents i1dentifie y the QS Cass ldentifier (QCl)

r epr esent iR QHEInfiog loffaptpl QoS fathenetbérasne Guabannebdt BidicRas ¢éh¢ CBR) ver sus

- GBR, i n Bit Rat. A te Maxi Bi t y L 2
(02) “Packd R Ty i atgen S pobrape A EAReE O b Uhen & corBhpmyahe
Al | ocat i ore&Reirentdsdh REntokivhlid @ARBRDfrabhemaxeaphe1. [ 00101] In this exanpl e,

based on the objective functiaons |isted above, data over. Un versus data Uu
may be pril@iillzed Bsthivaprirach. 3 THasufeare netiadicdy mayebe et 501 ABQ spect rum

efficienc e t: finsy ﬁﬁé,u i in: -Ver sus
3. 75bi ts/ %x‘é}t%}ﬁ&ﬂt g?ﬁﬁﬁréﬁ t %E'r a?llug%gg?rtay e&lggggggé{ﬁ;% %21 elﬁ%(’tged as
t he rati otofnsDitidmasbiftidghhé SIARR tishelbamavihdttmadamhabivithf lespetatathe

transm ssi on.after deduction af tt@% mdwi dt h reqb'g_;ed for %F]ésitcal | ayer
si gnal i ng SUAHEMEAPIEDR R WEBH PR Ry de JEPRET AEs Db TPIAcHRIRMIST DL Un
i nt er f ace ilgkmhatisn ("Prd fiﬁﬁn%@ffbﬁl%‘hieeﬁﬁayfa%o 1R gt PRet@R as laaMBllicadi6h sfIS t he
aggregate UL Uu interface buffers for the sanme QoS | evel, may be the

product ofthp tine when the gllogatedograpdtleopmen actiqeffoartat fitst daai ddion
P ortL (P 0 b LS S g8 A g v
latency over the Un interface with respect to LTE.
[00112] The offset value may be blindly selected by the eNB based on the
knowledge of DL and UL subframes already communicated, semi-statically, to
RN for backhaul communication and prior eNB grant assignments to the RN.
The selection of the offset value may be further refined by the eNB, on a
condition that the eNB is aware of the schedule decisions made by the RN on the
access link such as the CSR and ACK repetition schedule and/or semi-permanent
resource allocation.
[00113] During each transmission time interval (TTI), the eNB may identify
all the HARQ processes ready for transmission, for example the HARQ processes

that have been positively acknowledged by their respective peers. The eNB may
assign the HARQ processes for DL or UL grant with the appropriate HARQ
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[ 00102] Figure 21 is a diagram of an exanple nethod for avoiding collisions
usi ng advance signaling of the UL backhaul subfranes to the RN. Referring
to Fi gurewdp1ortagoskRN nay grant UL resources on a backhamcThisakio®iss@o The RN
may then schedul e WIRUs on an access link to avoid UL collisions between
the access link and the backhaul |ink 2120. For exanple, an R PDCCH may
provide a DL assignnent or UL grant in a |ater subframe such that R-PDCCH
to R PDSCH may be 6D subfranes (6D >1), and R PDCCH to PUSCH may be 6U> 4.
On a conditimimg ¢ffemt. The tRaPRCER ey mamt saryplionk oneddurast assighmentatkhaul

link in one gr nore | ater subframes, the RN may know i n advance which

subf rames 28y Pe used for UL data backhaul. This may allow the RN to
schedul e tb@ IRYWRUsBevh theeDBELARS thhitg dBeb vhhatadd theoULiIBARQStiBeigeen t he
access I|nk and the backhaul UL data nay be avqided aor mnim zed by

schedul i ngfieet wHue mast bardnesisi BRkhgase feeapeady yigraded Natnedhentsing esul t in
UL col 1T S 0emab ATRLESH A EF B 1 SRAMSCENT0rTEY Aﬁ?erﬂ\.!tﬂbgl%dtﬁ’@ bh deflks

nmechani sm i ncl ude scenarios 2, 4, and 5 Tabl e a condition
that the Raﬁ[e(}@hbfépssilﬁmn@ltﬁwn i:hﬂ(upletslouffm,wadlm uhwmdckmwbeymwbm one or
nore | ater. su ({ dfi Bﬁ?may know i n advance what subfranes nmay be

needed f o %% WHBRAHSTSR t he ACK/ NACK feedback on the backhaul .

Simlarly[o@nsy confhd d@mncbdtighARnfafi¥cath@rapésShddrlboRK ni=g9RWs6&€% on t he
backhaul link in subfrane greater then n+4, the RN rra)h}know t he backhaul

requi r emedyoldno BNy AIREEe Ast Hﬁtﬁ' FoBsrssigheenliziags. cor pallisienyratyed Bitcess

| ink. The t ween t he
UL access Fql}lng%nsgat?ﬁl (L:ﬁ{b%%\) ﬁlﬁﬁ@%lﬁﬁa&cﬁgag&? %%ﬁtltﬁ(ﬁ{m zed.
Exanpl es ohatcehdh sietinsdst datvomdycoblesianwvocaeddiby rdtramwasmnartheﬂnmydb@ in

Tabl e 2. [1 Otf' w]ﬂThetde ay. between the R-PDCCH and the DL assignnment/ UL
grant may "AFPPEWAE HELERS D SRASHBIERBLe 8% UL assi gnments on the backhaul

link in ajyenee, anﬂef@ﬁ&n%h@F@éL@é@@@lﬁl@QNBez4d56mWRL§ns@ﬁ$@ﬁlI@L aMé th the
RN to avoid or mnimze the UL collisions. As a result of the delay 6D

bet ween t Ré1RoppaditPANCHi spbivessoyr The &Hsgr@@ﬁ@ﬁto sy iRcipdeeHioR

addi ti onal, r t f Ss on
t he backhabqﬁllgﬁgtffesrra algleéh}rsgerﬁg&ep le. tggt}f A]g@@gnﬂl eog%g% e'IJFfOW Iﬁéﬂe anpl e
met hod rraytmmgm:admgpoawm&n Saebllfsarona+RnThe BINaZél?@ Iﬁay thehabdresn2it Udy not

sendi ng an SOCi ted WI h_.the RN i n. The
oxaml o cdrrrufilan 8 AR A BUSCR T TanittSe b B MeubPae iy CeeAThg

del ay bet wegnthhemi RDECH/NAIUR bogo bhe HMIEE S ¢GpRAmeand ot he correspondi ng
DL data such that the Uu UL ACK/ NACK may be sent in a different subfranme
than the WO CSR Fizuoa d5ism Gaseanof axexandplagrethrdforavoiiameliésiont hod f or
avoi di ng T  of HARQ
processesq%m%I E}%{ngptggt(ggﬁrt%hgﬂ@%&%{aglié £11H§&tﬁ’§£r gegegﬁll%qggs 2r51 6D =2.
As shown ithe EN@Z@)&&ayttMmﬂutasE[@man%HMﬂamtal&Hl’b@@Haat addecnahed del ay

6D 2220. | a val f e.RN 2 ransm t ACK/ NACK
Soa6. ot s iargnt dato Salhi e B RBA TS i BoRans eS| ghmont
and/ or addARQN#hiNG &Rt ido dglcayBet e ABRE0822Y irdn3BR dAd 251 5@nHARQ RTT

may be increased to 6D +8. Additionally, the nurber of HARQ processes may

be i ncr eadd¥ ¢l F\H/&R@aw +82. | Ant hesrbhsg aBee, RS sipdOngpavharangatih ror HARQ
rocess n o t [ espondi n
Eontrol lA & SI gna e Ju%@%@r%ﬁg E{&r?belelk?é 2%%19% %@#ﬁlﬂ@g P °

process n@ﬁﬁe@tluhﬁynbeﬁﬂnaﬂ$n4tdndkddn_subfrane nunber n+4 such that t he
correspon ransgi ssi on of ntr information for that HARQ
process rti@&%éi CRUGF AR ¢ %%B%Fﬁ\f’ TRIS  2SPIREMSEE | RSP BBEWESR t wo
consecut i \ésllirsf(ﬁ’i@%§ %b%§11§9fprédi@ta%ﬂant r@Hnsalféa@gHtt@tra!ﬂé&a&r SCRARQUNDer n
may be: (n+8) - (n-" 6D) 6D. Therefore, the RTT and t he nunber of HARQ
processes may increase fronta val ue af48 to 8+ 6D. [00106] The del ay 6D 2220
may be chosen as a trade-off between the constraints di scussed bel ow. The
nunber of HARQ processes may be kept | ow such that the anmount of soft
menory required at the receiver may be mnimzed and the nunber of bits to
signal the HARQ process nunber may not increase significantly. One
alternative to limt the signaling bits may be to limt the nunber of HARQ
processes to 16, which may result in an increase from3 to 4 bits to
represent the HARQ process nunber. This nmay set an upper bound for the
delay 6D of 8 ns or subfranes.
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WO 2010/ 148086PCT/ US2010/ 038820 [ 00107] A | arger value of 6D may allow the
RN to benefit fromthe advance notice to properly schedule the RRWRUs on
t he acceswol2orki48oBhe total delay for the | oop adapt ati orCprusc@s®3ssay not be
a design issue for fixed RNs, where the channel may be slowy changing in
time. For exanple, assum ng a Doppler frequency of 5 Hz for the non-1line of
sight (NLOS) conponent of the backhaul channel, the coherence tine of the
channel may be 200 ns. For sonme val ues of the R-PDCCH to R-PDSCH del ay 6D,
the total tiniog rday hy peffoBied ugingdy phisitsiudgsi s quaesdd/tosarmllicsly sigaalinge
coherence t E% nnel t hus performance degradation of the |ink
adapt at i oﬁuli?rsd?‘ée 8% ?10(1" occur. For the case of nobile RNs, it nmay be
desirabl e [@ logep theadakayxsiple|aat MBIBN giaidrn SHeh bbhﬁISlgtnléﬂ WIRSCH dat a
transm ssion %&not use a stale nmodulation and control schene (MCS). In

that casePeBRe ogdPuns-ofn fhiy qamude.itherdhsubframes kegdehty2 b3 lomaRY PM  as
wel I as th&oé}&i’QQM%FI@ s8hEARRs S @e s&%ﬁé)mésqn%lﬁ?ﬁ&&l@@%nﬁgmé ng

deci si ons. [00108] The previous description explained the I npact “of the
R- PDCCH t @nRafeDSEH| fdeﬂna@./ t@B9oﬂ‘huh,et}BLeNBR@ay Arayismif eto thx piil‘érmt Pbrommay apply

t he i npact a ween .t R- PDCCH and, t he r ant CH on the
i g of SPREABEE Ba Lo ERR DN ceEs o aRaker g Engi e S no
processes to a}mbNB@ﬁQQUﬂﬁhie)é ktrhe- 83TE, 25185, mu@%éwmmﬂ@pmgm@&‘oxai I
transm ssi on opportunities. Hovvever i ncr easi ng t he nunber of HARQ

pr ocesses SaeydnWiTRIE thasenan be blogked An i 1k =dnlTy Lt ZPreTbES’tqné}‘lélPﬁ ssi on
oppor tuni t38STGOR 0 o] u cah i

consi dere&?ﬁ[%l(%ﬁ?gg?dcg e% mtag Blg/g(grggﬂ(rﬁﬁo?tlg%qugéérpe%nelgﬁ ggfor avoi di ng
col | i si onsransRefapn bpgoxttmmlﬁleguﬂ‘hezsen HAR @ NBoawasessehendt expeiiRQd ams ng

of f set va e, 231 he eNB ma he i fy, HA rocess that are ready
f or trans €& 5 CaFg I %rii %%¥ %’y]BQ f‘%l?e‘fe&yﬁﬁénf‘ dentifi ed
HARQ pr ocgsse®] 2330In a k@&kﬂ%aﬁiw rh RFBIEN @adde@ﬁlrnm(}a 104 a@gwg@aamh@ nmet hod

for avoiding collisions using an R-PDCCH that inc es a RQ tim ng
of f set . AReROPDECH FaynGdis pErEPlpe gubiiaman i akes. ALiber 26 3/@1 shmaygraant f or

PDSCH t hat 3@%1 t nunber
n that in |l£:%%(eg£lt asﬁgké ti ma%%@%%lg?ﬁ%ggéu%ﬁpgﬁ]e?}{%%gmggﬂa{@t may be 0
on a condienhupreratfedtfrdrhé toégm}kmasp@am@hymheUIsHAﬁQ plroaessssnﬁfrraaaeeorrdﬁrber n.
Simlarl erec d i bf r r rant for
PUSCH 1t o MY e R R RO A 1 Poc el 9t tv: TBUFRER BT r ane

nunber n tHHARQI Pelicead asayt be Mbcﬁéﬁ%éel A RYest a0t inBY of UBf 8 smIeordf f set
may be 0 on a condition that the resource assignnent is valid at subfrane

nunber n+4>pp1>l@9mﬂe}smﬁ anhi SLAppROarIecessTENS T pitrapisethoaNS toyRiNdinke kept

for nterface. The offset nay be equivalent to a
tlrrellne tr n&%éﬁ]})&ﬁ) Eﬂe??’:g?r}lég the HARQ tineline in the time domain with

respect t go@led] subfathesawxberples, ahe rtyamgdatidre ofkthe e RA tEémdrg DL tingsour ce

allocation informatio The.tim.ng offset .val ue al obelnter reted as
an indica 08}‘?‘1‘6@%’#@ ‘{E“FWE \)G?elﬁnlil}fgt 5 BRGHeRP C@Péﬁg éﬁ%%so%“ﬁ%}”@ for the

first ti mioddtich +ACWitAUS iffet 681 kabRgmbherh Biaplef sl UBYhavRkd an
increase in data transfer latency over the Un interface with respect to

LTE. [001imshasgprh seay keapiugiiggmeaupbenatty isdead pbguipper heteNB based on
t he

EMBODIMENTS

1. A method for avoiding a collision between an access link

transmission and a backhaul link transmission, the method comprising:
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know edge of DL and UL subfranes already communi cated, semi -statically, to
RN for backhaul conmunication and prior eNB grant assignnents to the RN
The sel ecwDanioof48dshe of f set val ue may be further refinea@choystée/sdd®) on a
condition that the eNB is aware of the schedul e decisions nmade by the RN on
the access link such as the CSR and ACK repetition schedul e and/ or

sem - permanent resource allocation. [00113]During each transm ssion tine
interval (TTlI), the eNB may identify all the HARQ processes ready for
transm ssion, for exdineptiegHarsHaRQIpublressesanhat have been positively

acknow edged by theit respective .peers. The eNB .assign th

processes for DL oraliﬁl_cagpgrﬁ SWOPH i é)?ﬁblsﬂgﬁﬁsaf@aegﬁ&ﬁd%ei %C%%ES%A gRgt The
timng of isaBfrafRy iy amynfdveappicldet of albifranss giverRkpédd tans fHest.sef 60114] Bot h
the DL HARQ tim ng offset value and the UL HARQ ti m ng offset value may be
same, in WHPERA®Ese they nay be signal ed using the sane i nformation el enent
(IE) in the RPDCCH format. Alternatively, the DL offset value may be

different fromthe uplink offset value, in which case they may be signal ed
usi ng di f f er eng. | ESTh¢ o@iHdE] dffventadviancet. whewial ihedimpprtodechkefanes ey i bed

above may be us 0 avoid or. mnimze first time transm ssion collisions.
The col | i 5?1853256@3?1g}éedgff)‘%&ﬁagfpgg]&ﬁ%s%ﬁmﬂﬁy not be avoi dabl e by these
approaches. Even on a condition that such nmethods do avoid collisions

caused by retransm sion, they may be inefficient in ternms of spectrum
resour ce usage3- [ 00ihemhed raf yynbedimegtirle o0 L. Whereanshe sg5onfayet Phnsnit an

UL grant 2440 an %flp%q—cl e Ui nATELA I;F%% L grant 2410 may include a
HARQ ti m ng o??%gt.al nthis exanp?sfes, ﬂ{kﬁer A %OI mng offset is 2, therefore
the HARQ tim ng starting point 2415 is subframe n+2. The RN 2420 may then
transmt UL backhaul, data. 2425 . on a PUSCH at subfra n+6. .1 n .response, the
eNB 2405 nay t ans#}?e e, Ry ano whedtings cnp&lely whskeins i

allocation of the first set of subframes and the second set of subframes is a

periodic pattern.

5. The method of embodiment 4, wherein the periodic pattern

comprises five subframes.

6. The method of embodiment 5, wherein the periodic pattern of five

subframes includes three access link transmission subframes.

7. The method of embodiment 6, wherein the three access link

transmission subframes are followed by two backhaul link transmission

subframes.
8. The method of any one preceding embodiment further comprising:
modifying an acknowledgement/non-acknowledgement (ACK/NACK)
latency.
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[00117]Figure 25 is a diagram of an exanple nethod for avoiding collisions
using an R-PDCCH that includes a HARQ timng offset. Referring to Figure
25, the eMB2D0ESesRy transmt a DL grant 2510 on an R- PPCTCHISaa10984320 ane n.
The DL grant 2510 may include a HARQ timng offset. In this exanple, the
HARQ tim ng offset is 2, therefore the eNB 2505 nmay transmt data 2515 on a
PDSCH at subfrane n+2. In response, the RN 2520 nmay transmt an ACK/ NACK
2525 at subfrane n+6. The eNB 2505 nmay then retransmt data 2530 at
subframe n+10, n+14, and so on. [00118] Dependi ng on the NMBSFN subfrane

assi gnnment patgern SQ cpllisjons be easi i le. .
Consequently, the ﬁ%%&%?‘g%ﬂ %Pb?—(ﬁ%%%éi’ m%ﬁﬁelﬁébgfgﬁ W@ﬁﬁ%@nﬁg il%g
inmplicit mddBedsoapfRusesillisecenxdy (nd)td Yivemgnal i ng rul es as descri bed above.

[00119]In a first exanple, an MBSFN pattern nay be assigned with a period
of 10 ns. In this exanple, the DL subfranmes k = 1, 11, 21, 31, may be

| abel ed as MBSE{ supfif aRsed Syt URIdE RS ERbbdint 4 FuRRE} 901@51%‘5% . may be
enunerated fromO to 39. T%us, the eNB may transmt to the RN on on
subframes k = 1, 1lgllocatiagd thied RN closuldspoedinglafficbgtweaearmmevolosl t he

link t N bf r. k+4 =. 15, 25, Thus, the UL HA
glrooizgsseg ﬁog]@'g(e?\élggﬁ%yw&%q?%a?g lta‘lgc%Y%ERgéwgf%U{'kﬁ) m)g 8 = 55Q7, 1,

3. Thus, only the odd UL HARQ processes nmay be bl ocked once in every 40 ns,
or five transm ssion opportunities. The even HARQ processes nay not
experience anylbi ockhngiethod efigny angguecqdies embBodipnamy furthrr piyrBeingyai | abl e

every 10 nms. [0012 . e e e %Ea]]_l}@,s aLt ey / si gned
with a period of S%rrdsr?ml%n%t %ﬁy}elxg%g}ag,susbu rang‘{s%rﬁ éﬁlfr{gtlﬁxﬁlgaf%s% 31, 36

may be | abedrethidsedeBSRMis (WRdHamlindknd herastubf ranes in four radi o franes
may be enunerated fromO to 39. Correspondingly, the UL HARQ processes for
a second WIRU that nmay be bl ocked are (k+4) nod 8= 5, 2, 7, 4, 1, 6, 3, O.

Thus, each UL IHARQ Dh&&RSISod Al 36 KRlin BB odlith i FidthdP cdpridingf | ve
transm ssion opportunities of any UL HARQ process. In this exanple, the eNB

to RN link may be a¥uplapféienviiey ombirgpeip aflpentehdedhelapphay linhe
translati Qﬁar%ﬁni&élSn,M@Q&s‘nﬁ‘tﬁﬂg' Ny | B8R dEe t/%n%%kh&?fédgélﬁehﬂp' Icit
rul es, SsSucn as consi deri ng the resource grant allocation vall Wt an
of f set of (ACKUNACIHHsedHaok a¢xabfrhme ri#t.t he UL, the first transm ssion may
be at subframe nunber n+8 instead of nunber n+4.
13.  The method of any one preceding embodiment further comprising:
on a condition that a subframe is not allocated to the backhaul link

transmission, transmitting an acknowledgement/non-acknowlegedement

(ACK/NACK) feedback in a first available backhaul subframe.

14. The method of embodiment 13, wherein the subframe is subframe

two or subframe three.

15. The method of any one preceding embodiment further comprising:

receiving a data transmission from an evolved Node-B (eNB).
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EMBODI MENTS 1. A nethod for avoiding a collision between an access |ink
transm ssion and a backhaul link transm ssion, the nethod conprising: -35-
al | ocat i lyoaofomsiséset of subfranes; and al lpoTatseong/oasssecond
set of subfranes, wherein the second set of subfranes is a non-overl apping
set of subfranmes with respect to the first set of subfranes. 2. The
nmet hod of enbodi ment 1, wherein the first set of subfranmes is allocated to
t he backhaul 1|ink transm ssion. 3. The method of enbodinent 1 or 2,
wherei n the set¢ond Bt mnethaliffarames nrscalihgembedinant tthethar caspribingk

transm ssi on. 4. The neth of one precedi ng_enmbodj nent, wherein
the all oontion of tarimHEREdE: Ughn (R Hal tehh PR S STeEhree

subf r ames uinst GVARU)ogh& apfitdtedidknowledgement (ATK)MRL tiadeNB, abadinrend 4,

wherein the periodic pattern conprises five subfranes. 6. The net hod
of enbodi AEHISTH iRy B tespesefe tho Brceivsdidaés fragpmrissjen-subf r anes i ncl udes
three access |ink transm ssion subfranes. 7. The nethod of

enbodi nent 6, wherein the three access |link transm ssion subframes are
fol | oned by twd7bacKhawmethiddd anyamenirssidimg smbbdianed further comprising:

transmitting an automatic acknowledgement (ACK) to a wireless

transmit/receive unit (WTRU).

18. The method of embodiment 16 or 17 further comprising:
transmitting a second UL grant to the WTRU.

19. The method of embodiment 17, wherein the automatic ACK is

transmitted on a condition that a data transmission from the WTRU is missed.

20. The method of embodiment 17, wherein the automatic ACK is

transmitted on a condition that a data transmission is received from the WTRU.

21. The method of any one preceding embodiment further comprising:

detecting a collision.

22.  The method of any one preceding embodiment further comprising:

determining an interface priority based on a collision occurrence

type.

23.  The method of embodiment 22, wherein the collision occurrence type
is a Uu link uplink (UL) channel sounding response (CSR) collision with a Un
link UL data.
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8. The nmet hod of any one precedi ng enbodi nent further conprising: nodifying
an acknow edgenent/ non-acknow edgenent (ACK/ NACK) | atency. WO

2010/ 148086R0IV 1481610/ 038820 9. The net hod of enipodiusesmw/o8ss2emher ei n
the ACK/INACK | atency is nodified fromfour mlliseconds (ns) to five ns.

10. The nmethod of any one precedi ng enbodi nent further conpri sing:
allocating a third set of subfranes to traffic between an evol ved Node-B
(eNB) and a wireless transmt/receive unit (WIRU). 11. The nethod of any
one precedi ng enbodi ment further conprising: barring a fourth set of

cubtames romgn Lok ah bSO LRSSyl L e ()

conpri si ng: prioritififiga Uanthikidven atthalink. subfrane is allocated to the
backhaul |ink transm ssion, transmtting an
acknow edgenent / non- acknow edgenent (ACK/ NACK) feedback at subfrane n+4.

13. The methodag! afy. pReRI SGRH R RABRMAIERboE GRS HE

b FHﬂh h@ﬁg:
on a condition that a subframe i's not allocated to the backhaul 1ink
transmi ssi on, transtransmiftingnladz kmenlcedyediNuderid (eMNBkoveniacge devkeartd

(ACK/ NACK) ..f eedback in.a first availa ckhaul f.ranme. 14. The
et hod of "BABEMH RelehE SouhdRs st UBRE BRI TS 4 two or subf7ams
three. 15. The nethod of any one precedi ng enbodi ment further conprising:

receiving a data transm ssion from an evol ved Node-B (eNB). 16. The net hod
of any one preéédi njhemstndet ambpdinant 22 cehgreinsihggollision occurrence type

is a Uu link uplink (UL) acknowledgement/non-acknowledgement (ACK/NACK)
collision with a Un link UL data.

27. The method of any one preceding embodiment further comprising:

on a condition that a Uu link is configured for

acknowledgement/non-acknowledgement (ACK/NACK) repetition, prioritizing the
Un link over the Uu link.

28.  The method of any one preceding embodiment further comprising:

transmitting data to an evolved Node-B (eNB) over a Un link.

29.  The method of embodiment 22, wherein the collision occurrence type
is a Uu link uplink (UL) data collision with a Un link UL acknowledgement/non-
acknowledgement (ACK/NACK) feedback.

30. The method of any one preceding embodiment further comprising:
determining an interface priority based on an amount of data stored

in a UL buffer and a downlink (DL) buffer.
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transmtting an uplink (UL) grant to a wireless transmt/receive unit
(WIRU) and a first acknow edgenent (ACK) to the eNB, wherein the

transm t twoQoios148086r esponse to the recei ved data transnPssiusn010/038820 The

met hod of any one precedi ng enbodi nent further conprising: transmtting an
automati c acknow edgenent (ACK) to a wireless transmt/receive unit (WRU)
18. The nethod of enbodinent 16 or 17 further conprising: transmtting a
second UL grant to the WRU. 19. The method of enbodi nent 17,

wher ei n t he auBbnatTlee Aekhadsoftanamswinrtedlionembodimaintiforthehetmprigiaga

transm ssion fromt e WIRU i s ni§s$d. orit bzod The ne%hod(gﬁ.enbodinent
17, wherein the aut OmatTEACR" '8 T AN T €’ B2 cORETTTOR THAP"Y data
transm ssirequiremegei ved fromthe WIRU. 21. The nethod of any one preceding
enbodi nent further conprising: detecting a collision. 22. The nethod of any
one precedi ng enbodi ment further conprising: determning an interface
priority basedsgn bisd #Hyagr : : od of
enbodi nment 22,33he?£§%hkﬁzk§gi isig&ﬁgggﬁéggﬁ%8d¥$%gfPéﬁgrgﬂﬁPﬁE%@Uplink
(UL) channel soundidgermespanseit@dRye wodritydiased o & qualityof kenvicelodat a.  24.
The met hod of. any one precedi ng enbodi nent further conprising: prioritizing
a Un |ink"8%&r°a link. 25. The method of any one preceding embodi nent
further conprising: transmtting data to an evol ved Node-B (eNB) over a Un
link and all ow ng a_channel sounding response (CSR) to fail on a Uu |ink.
26. The net hod3ef ehimethodiof opbodimané 24 WhererviheicellisiongeetirerisdEPE ype is a

col 115t on 0 SrEnefRETely SHETESR EC PR BF R Gne pr oced ng

enbodi nent further conprising:

34. The method of any one preceding embodiment further comprising:

dynamically assigning an interface priority based on a buffer status.

35.  The method of any one preceding embodiment, wherein the method

is performed by a relay node (RN).

36. The method of any one preceding embodiment, wherein the method

is performed by an evolved Node-B (eNB).

37. The method of any one preceding embodiment, wherein the method

is performed by a wireless transmit/receive unit (WTRU).

38. A relay node (RN) for avoiding a collision between an access link
transmission and a backhaul link transmission, the RN comprising:
a processor configured to

allocate a first set of subframes; and
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on a condition that a Uu link is configured for
acknowl edgenent/ non- acknow edgenent (ACK/ NACK) repetition, prioritizing the
Un |ink overotonasdda | i nk. 28. The nmet hod of any one preeeaiusgoienbssds nent
further conprising: transmtting data to an evol ved Node-B (eNB) over a Un
i nk. 29. The nethod of enbodi ment 22, wherein the collision
occurrence type is a Uu link uplink (UL) data collision with a Un Iink UL
acknow edgenent / nonacknow edgenent ( ACK/ NACK) feedback. 30. The net hod of
any one precedi ng enbodialepatefarecormt setofipnhisamgs, vdetremibeisacpralrset nof er f ace
priority based on.an anount, of. dat tgred in UL buffer, apd a downlink
(oL but + aroEe R SR R RR RaPhir ] o b hEl B meLuRnresrtioof med Ry e RET
conpri si ngubflghekM ning an interface priority based on a spectrum
efficiency requirement. 32. The nethod of any one precedi ng enbodi nent
further conprising: determning an interface priority based on a quality of
servi ce (QVS) 58UI TRIRAS of embodimeR? 38 el PO Mce%&?gkdﬁ&hr%?to wher ei n
the collision occurrence type Is a W 1|nﬁ upllnﬁ (UL) data collision with
a Un | i nk allocatatthe i3t seThéswiErdnds tf therhackhaulpisc seinagisadodi ment furt her
conprising: dynamcally assigning an interface priority based on a buffer
st at us. 35. The nethod of any one precedi ng enbodi nent, wherein the
met hod is perfapnedThyRN of ehndydines 38BNBY, wherein th3Ghrodddsorietdigiduedd any one
precedi ng enbodi nent, wherein the nethod is perfornmed by an evol ved Node-B
(eNB).  toallogte thpgecopdl weldofotubiiamese the 86edp HgkdhbodlifBIA, wherein the
method is perforned by a wireless transmt/receive unit (WIRU). 38. A
relay node (RN) for avoiding a collision between an access |ink
transm ssi on aatl. a Backhaef anyi arle dfreartmdimentsr3S-4hburRNrcomurisngg: a
processor configured to. . . .y

a receiver configured to receive a data transmission from an evolved

Node-B (eNB).

42. The RN of any one of embodiments 38-41 further comprising:
a transmitter configured to
transmit an uplink (UL) grant to a wireless transmit/receive
unit (WTRU) and a first acknowledgement (ACK) to the eNB in response to the
received data transmission;
transmit an automatic ACK to the WTRU; and
transmit a second UL grant to the WTRU.

43. The RN of any one of embodiments 38-42, wherein the processor

configured to detect a collision.

44. The RN of any one of embodiments 38-43, wherein the processor is

configured to determine an interface priority based on a collision occurrence type.
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allocate a first set of subfranes; and all ocate a
second set of subfranes, wherein the second set of subfranes is a
non- over lasippbrgi4g8ess of subframes with respect to the fi PSt/Uset10088820

subfranes. 39. The RN of enbodi nent 38, wherein the processor is
configured to allocate the first set of subfranmes to the backhaul Iink
transm ssi on. 40. The RN of enbodi nent 38 or 39, wherein the

processor is configured to allocate the second set of subfranes to the
access |ink trdansm B¢ BA of ahy.onPloé cRiodimanrty 38, whegnb@U¢nHmBSwB$;4o

further c i Sing. a receiver. confiqured to r atayt ransm ssion
from an oqBnbes RafetE L IReyTors® RateR wh SR ahtSer BREN: HRE S5, a1
further cesmpiisimg: a transmtter configured to transmt

an uplink (UL) grant to a wreless transmt/receive unit (WIRU) and a first
acknow edgenent ( AGKfransmitfer srefigyreddopgaaamitor dawnliskeRldergat ain

transmi ssiQpiablBRsEhbr A BULQTRLLE ACKA1A ih AGuWERM, Apd transmit a second
UL grant to t any one of enbodi ments 38-42,

wherein the processor configured to detect a coII|S|on 44. The RN
of any one of ggb dgnEﬂ 8 43, %ln tq E essor. iﬁ configured to
deternine an ifterf terpriGres E‘ dnents 8PP FORTER LD PEITEEF {e.
further configured to perform resource cross-scheduhng, the RN further
comprising:
a transmitter configured to transmit a downlink (DL) grant in
subframe n using a hybrid automatic repeat request (HARQ) timing as a

reference point.

47. A wireless transmit/receive unit (WTRU) for avoiding a collision
between an access link transmission and a backhaul link transmission, the
WTRU comprising:

a receiver configured to
receive a first set of allocated subframes; and
receive a second set of allocated subframes, wherein the
second set of subframes is a non-overlapping set of subframes with respect to the

first set of subframes.
48. The WTRU of embodiment 47, wherein the receiver is configured to

receive the first set of allocated subframes allocated to the backhaul link

transmission.
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45. The RN of any one of enbodi nents 38-44, wherein the processor is
further configured to performresource cross-scheduling, the RN further
conpri si NYO 2010/148086 a transmtter configured to traremiuS2a00s8820 i Nk
(DL) grant in subframe n, wherein the subfrane n is valid in a subfrane
n+k. 46. The RN of any one of enbodi nents 38-45, wherein the
processor is further configured to performresource cross-scheduling, the
RN further conprising a transmtter configured to transmt a
downl i nk (DL) g9antThen WIBL @ﬁ@mbqsﬂsmngt aThybrésd velrreimathe reepeat is equest

HAl /
G bR o Rk TS SeBRh B ool alerred bt ATERT G BT A Loren®

and a bachidWrahémissiohansm ssi on, the WIRU conpri sing: a receiver
configured to receive a first set of allocated subfranes; and
receive a second set of allocated subfranes, wherein the second set of

subframes is asgon- ’PP{@W’FEP@ lof Qn§ %he %f‘ eﬁHQ&ﬁx?éf% AN AT F8RP RGhpHQi

nt%’:e first
set of subfranmes. U of enbodi nent 47, wherein t

recei ver is confi guresgeiver ctmf@uvei 1t0hteC€flV$ stlatpetranimizbioo famedn suldfednmes

al | ocat ed[l\tr %?t%?\ 1ﬁgckhaul i nk transm ssion. 49. The WRU of
enbodi nmen wherein the receiver is configured to receive the
second set of allocated subfranes allocated to the access |ink

transm ssion. _50. The WIRU of any qgne_of enbodi nents 47-49 further
conprising: a Pécei Ve WldH? plameerbembedimentad tap avhersistiie 858 iY om an

evol ved NoganB, (&M red to

receive an uplink (UL) grant;
receive an automatic acknowledgement (ACK); and

receive a second UL grant.

52. The WTRU of any one of embodiments 47-51, further comprising:

a processor configured to detect a collision.

53. The WTRU of embodiment 52, wherein the processor is further

configured to determine an interface priority based on a collision occurrence type.

54. The WTRU of embodiments 47-53, wherein the receiver is further
configured to receive a downlink (DL) grant in subframe n, wherein the

subframe n is valid in a subframe n+k.
55. The WTRU of any one of embodiments 47-54, wherein the receiver is

further configured to receive a downlink (DL) grant in subframe n using a hybrid

automatic repeat request (HARQ) timing as a reference point.
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51. The WIRU of any one of enbodi nents 47-50, wherein the receiver is
further configured to receive an uplink (UL) grant; receive an automatic
acknow edyormer14§08¢K) ; and receive a second UL grant. S5PCTHseowhRd20f any
one of enbodi nents 47-51, further conprising: a processor configured to

detect a collision. 53. The WIRU of enbodi nent 52, wherein the
processor is further configured to determine an interface priority based on
a collision occurrence type. 54. The WIRU of enbodi nents 47-53,

wherein the reé@iveAnbst@dbhé¢Eﬁbh&h@uneﬁkhogaed@bvel&tdemm$mﬂ«£eil) gr ant
in subfra wherein t |s valid in
5. “he whas bt aRGSioR e BRabERATERR et Oy e Bt PRl s i 6

further configured éﬁaﬁﬁ@@hU@ﬁ@ﬂ@d%ﬂ|lnk (DL) grant in subfrane n using a
hybri d automatic repeat request,(HARC% imng as, a reference point. 56.
An evol ved Node- B (eNB) TR&Vad&ireh 35§ chatetated pehirpBesedd an access |ink

transm ssion and a backhailivd Iy n&c%ﬁ@%%f"o?%‘ll%?ateﬁ%b%é‘so dréiGhe @

receiver configured to receive a first set o | ocat ed subfranes; and
recei ve assenmhﬁt@émbﬁhnamh@aapedwsﬂbppmgsstdhmbﬁenn$thnsEpand0ﬁgt of
subf ranmes IS nen- o erl apping set of subfranes with respect to the first
set of subf aﬁ% SUbliames.o7 -~ The eNB of enbodi ment 56, wherein the receiver
is configured to receive the first set of allocated subfranes allocated to
t he backhaul link transm ssion. ) o i
57. The eNB of embodiment 56, wherein the receiver is configured to
receive the first set of allocated subframes allocated to the backhaul link

transmission.

58.  The eNB of embodiment 56 or 57, wherein the receiver is configured
to receive the second set of allocated subframes allocated to the access link

transmission.

59. The eNB of any one of embodiments 56-58 further comprising:
a transmitter configured to transmit a data transmission to a

wireless transmit/receive unit (WTRU) or a relay node (RN).

60. The eNB of any one of embodiments 56-59, wherein the receiver is
further configured to
receive a first acknowledgement (ACK) to the eNB in

response to the data transmission.

61. The eNB of any one of embodiments 56-60, further comprising:

a processor configured to detect a collision.
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58. The eNB of enbodi nent 56 or 57, wherein the receiver is configured to
receive the second set of allocated subfranes allocated to the access |ink
t ransm ssworno10/9886 The eNB of any one of enbodi nents 56Pe8/Usaemiosss20

conprising: a transmtter configured to transnmit a data transm ssion to a

wireless transmt/receive unit (WIRU) or a relay node (RN). 60. The
eNB of any one of enbodi nents 56-59, wherein the receiver is further
configured to receive a first acknow edgenent (ACK) to

the eNB in resﬁ%nséTh@eNBeﬁdaﬂ@dhn@ndﬂig&w@ﬁntb&pnihgxeNanﬁkamydbne of
enbodi nent,;s, 56-.60, f.u t er coggy% Iqﬁ% ocessor confi ured to detect a
P EhBbAIc

coII|S|onde“mnnnean1% r AFRETE WL KB PRt he processor is
configured to det er m ne an interface priority based on a collision
occurrence type, The eNB of any one of enbodi nents 56-62,

wherein the rebdiveFhg @NBLﬂftaﬁérone@ﬁfﬂmﬁaﬁiwqté56@8ewéa§reanabwqeﬁ4@ren) gr ant
i n subfragg.(fe, WRTRIA Eo%célv@ [BWRLRk é@ngfarﬂ i BASHY haReRtK the

64. The eNB o? any one of glnents wherein the receiver iIs
further csnbﬁgunxuhﬁwahdameiwwbﬁ%ud@wﬁklnk (DL) grant in subframe n using a
hybrid automatic repeat request (HARQ timng as a reference point.

[ 00122] Al t hough features and el enents are descri bed above in particul ar

combi nati ons, each TeatNBafahy@nheEsbedimdits 8683, ahenan\whé Rvetvet e ot her
features and el ements or in various conbinations with or without other

features Apther emtiguzed tpgcatis meenbrk (Plblgrapainsibpiosd aadingerdiiday be
i | ement f r re incorporated in a
oot or - Faiafte FORUL Sl GIRAT) (AR Prelents PEUR ;

conput er - reada general purpose
conput er @90 EZﬂ)r oc eABbougltfeanptes indfel eroamtsteee -deeartadl abost on agetiovdalt uns

cache memSP 0 R RORAIL CHY oHb BEY1 LD HegRatre Rakioyt dikie Bt Pt or nal

hard di Sk$ea&ﬂ@e§a_ﬁ{mélléﬂﬂbﬁtsdirﬁﬁS'arlﬁﬁ@étﬁﬁlﬁn@ﬂbh@&ﬁth@dhﬁio@@Gh&ﬂ@zht@@&s nmedi a
such as CD-ROM di sks, and digital versatile disks (DVDs%e [ 00123 SU|tabIe

pr ocessor €ndiedemenss. Fhemaiheds exdiowprhartsprgsiteddierpigrmpese implemente

in a computer program, software, or firmware incorporated in a computer-
readable storage medium for execution by a general purpose computer or a
processor. Examples of computer-readable storage mediums include a read only
memory (ROM), a random access memory (RAM), a register, cache memory,
semiconductor memory devices, magnetic media such as internal hard disks and
removable disks, magneto-optical media, and optical media such as CD-ROM
disks, and digital versatile disks (DVDs).

[00123] Suitable processors include, by way of example, a general purpose
processor, a special purpose processor, a conventional processor, a digital signal
processor (DSP), a plurality of microprocessors, one or more microprocessors in
association with a DSP core, a controller, a microcontroller, Application Specific
Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGASs) circuits,

any other type of integrated circuit (IC), and/or a state machine.
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processor, a special purpose processor, a conventional processor, a digital
signal processor (DSP), a plurality of m croprocessors, one or nore

M cropr ocwexorE4siscassoci ation with a DSP core, a contr eClTas2018/038820

m crocontrol l er, Application Specific Integrated GCrcuits (ASICs), Field

Pr ogr ammabl e Gate Arrays (FPGAs) circuits, any other type of integrated
circuit (1C, and/or a state machine. WO 2010/ 148086PCT/ US2010/ 038820

[ 00124] A processor in association with software nay be used to inplenent a
radi o fred0@i¥dy trahpraiessr ihassogsdionwigh witehesway bansed to ingdeinget uni t
(WIRU), wuser .equi pnent, (UE) .. term nal, se.station

Controi | e oA SRR sty Te e gV Ryt S SR uncti on
w t h noduhgsy equiphere(WEQ téminal, thass @taalrod[ B1diS étiak Contzoltdy RN@), 6anera, a
vi deo canmera nodule, a V|deophone speaker phone, a vibration device, a
speaker, &0¥iRgsbpnBmier t@PeWTﬁ%ﬁnw %ﬁsleﬁ@fivl@r congupiipins WitheBIoBkdset . a
keyboard, ; Eddf&h@@tlﬂ%amaf@ ndlof EEAWEAL KUERAU! AL 151@&%&119&“ a
l'iquid crystal display alsp lay unit, an organic t emtting diode
(OLED) di spddapte.uni mdeaplabr@; taalspnaﬂsenphph@yer ylbaaMHdl@Vmeaweﬁpeakm; deo gane

pl ayer nodul e, ~an I nternet. browser., and/or any wreless | I ea network
PveaR) or TOetikB0raR G g e ondg e d oG psRaer by

1. A net h@lubtoptigmeiidede,i & fRedi@indy ni@iRateBRNFM)OFaday ahét] lagll@l&thrdtﬁl on

bet ween an access link transm ssion and a backhaul |ink transm ssjion, the
met hod copilay dd:Didipplastntigan organds lighiremittiagriade OB disdapdakhaul | i nk

transm ssi 1t§ﬂquslc layer a edﬂ hﬂ?glt 1aNd & nggﬁ}no(aple? HHfIﬁﬁﬂﬁét to the
access |i r?k ?ransm S erel e secon subframes 1s a
non- over | bppwsey, aed/oofansuzbrﬁfe]aasabcm] atrearespeock (W&Al%)eoxf Ultsd Wele Iddnd

Subframes. 1 wp) module.
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2. The nmethod of claim11, wherein the allocation of the first set of
subfranmes and the second set of subfranes is a periodic pattern, wherein

t he peri odloopeat4s®sn conpri ses five subfranes. 3 PCTHiS20met0B8300 Of
claim2, wherein the periodic pattern of five subfranmes includes three
access link transm ssion subfranmes followed by two backhaul [|ink

transm ssi on subfranes. 4. The nmethod of claiml further conprising:
nodi fyi ng an acknowl edgenent/ non- ack@g)q/ﬂq@gement (ACK/ NACK) | atency from
four mlliseconds (nms) to five ns. . The method of claim1 further
conpri si ng: allocating a thi rd set of subfranmes to traffic

bet ween e-B (eNB) and a wireless transmt/receive unit

(WRU) . %g%%ﬁyal%gggPCﬂ Us2010/ 038820 6. The nethod of claim1l
further conprisi ngA method implemerit@d rin gredayt noded (RN)efor@fvoBiﬁnbg aa:rrﬂ'&io‘rr om an
initial reless transmt/receive uni i nk

on a condPtVe ahateess %re}b’fr@aﬁ%sgorbarf%%é%a%f’% gu%ﬁ)a tfF pthod
transm sgyp, ?rlsgr{gansm tting an acknow edgenent/non- acknow edgenent

(ACK/ NACK) feedback at subframe n+4; and on a condition that
the subfrane i s notllethtiogatfont set effsabfravkdsdalthe batkhaudiskitssionission;
transm ttlnﬁg the ACK/ NACK feedback in a first avail abl e backhaul sub frane.

7. The méthod of claim 6, wherein the subfrane is subframe two or
allocating a second set of subframes to the access link transmission,

wherein the second set of subframes is a non-overlapping set of subframes with

respect to the first set of subframes.

2. The method of claim 1, wherein the allocation of the first set of
subframes and the second set of subframes is a periodic pattern, wherein the

periodic pattern comprises five subframes.

3. The method of claim 2, wherein the periodic pattern of five subframes
includes three access link transmission subframes followed by two backhaul link

transmission subframes.

4, The method of claim 1 further comprising:
modifying an acknowledgement/non-acknowledgement (ACK/NACK)

latency from four milliseconds (ms) to five ms.
5. The method of claim 1 further comprising:

allocating a third set of subframes to traffic between an evolved Node-

B (eNB) and a wireless transmit/receive unit (WTRU).
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subfrane three. 8. A nethod inplenented in a relay node (RN) for
avoiding a collision between an access link transm ssion and a backhaul

i nk tramnwoi2esiasgset he nmet hod conprising: receiving a daCta/uSe@n®Bss3aGi on
from an evol ved Node-B (eNB); transmtting an uplink (UL) grant
to awreless transmt/receive unit (WIRU) and a first acknow edgenent
(ACK) to the eNB, wherein the transmtting is in response to the received

data transm sgi on; The aesHdd &6 AMGind M FRhEFBIhErifiEs: to the WIRU, and
transmtting a second UL grant to the WRU. 9. The nmethod of claim

8, wherein the autlaing aadcurth tseanehi suhdrhmes alremndint j ivitialhayirelesfat a
transm ssj . t he j 1 . 10. The nethod of claimS8,
wher ei n fchaéﬂ%g&%@%ﬁ{écuW’I’ﬁp;ﬁéﬁ%%dg{l&grgﬁt,a condition that a data

transm ssion i s reaeiavethditiomthhe aViBiframe is allocdtkd #A thet hackhawpllartkent ed in

a relay node (RN) for avoiding a collision between an access. |ink
transm sSTYRTEAHOR balRRAM MK #Pan Fiflse et RER RGN Bl AR B RY:

(ACK/NACK) feedback at subframe n+4; and
on a condition that the subframe is not allocated to the backhaul link
transmission, transmitting the ACK/NACK feedback in a first available backhaul

subframe.

7. The method of claim 6, wherein the subframe is subframe two or

subframe three.

8. A method implemented in a relay node (RN) for avoiding a collision
between an access link transmission and a backhaul link transmission, the method
comprising:

receiving a data transmission from an evolved Node-B (eNB);

transmitting an uplink (UL) grant to a wireless transmit/receive unit
(WTRU) and a first acknowledgement (ACK) to the eNB, wherein the transmitting
is in response to the received data transmission;

transmitting an automatic ACK to the WTRU; and

transmitting a second UL grant to the WTRU.

9. The method of claim 8, wherein the automatic ACK is transmitted on a

condition that a data transmission from the WTRU is missed.

10. The method of claim 8, wherein the automatic ACKis transmitted on a

condition that a data transmission is received from the WTRU.
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detecting a collision; and determ ning an interface priority based on a
col i sion occurrence type. 12. The nmethod of claim 11, wherein the
col | i si orwocourmensée type is a Uu |ink uplink (UL) chanmelr/tsoannd3ssgo
response (CSR) collision with a Un link UL data, the nmethod further
conprising: prioritizing the Un |link over the Uu Iink; and

transmtting data to an evol ved Node-B (eNB) over the Un link and all ow ng
the CSRto fail on the Uu |ink. 13. The met hod of claim 11, wherein
the collision occurrence type is a Uu link uplink (UL)

acknow edgemedl/ nof-raethad wnedkyeeniad 1QAK¥$$WWW@3Gﬁﬂlﬁ@ﬁ@ﬁkﬁmghcaﬂwﬁﬁ1|nk uL
data, t h% E}g}logl %&F%@%ﬂtﬁ%ﬁ&éﬁﬁ&% backhaul link $ n%mqgs@&htth%ﬂlertlp the Uu

link is co igure repe Itron, prrori |2|n I"ink over
the Uu |icokpraik:transmtting data to an evolved Node- B (eNB) over the Un
i nk. 14. The nmethod of. claim 11, wherein the collision occurrence
type is a Uu link fﬁqﬁgﬁﬁﬂisﬂﬁtén@oII|S|on with a Un link UL

acknowl edgerrent / noaackaRhedaementuel AGHNAIKL 1L adARkon SEnTRLDAG. ur t her

conpri si ng: erm ning an interface priority based on at |east
one of: an anount of data stored in a UL buffer and a downlink (DL) buffer,

a spectrum ef flel epky r%ﬂoﬁq&fecrirel{lhll % e]('e]I Ii]ti%l Ofoc%&]ﬁ[r\élnceé& T%I <) on

r eCIUI renent.
occur r engimkiypink @13 chiinhélkutiding mksp(oub,e) (@mit)a:onmidn witha U likk &Tldathi nk UL
data, the nethod further conprising:
the method further comprising:
prioritizing the Un link over the Uu link; and
transmitting data to an evolved Node-B (eNB) over the Un link and

allowing the CSR to fail on the Uu link.

13. The method of claim 11, wherein the collision occurrence type is a Uu
link uplink (UL) acknowledgement/non-acknowledgement (ACK/NACK) collision
with a Un link UL data, the method further comprising:

on a condition that the Uu link is configured for ACK/NACK repetition,
prioritizing the Un link over the Uu link; and
transmitting data to an evolved Node-B (eNB) over the Un link.

14. The method of claim 11, wherein the collision occurrence type is a Uu
link uplink (UL) data collision with a Un link UL acknowledgement/non-
acknowledgement (ACK/NACK) feedback, the method further comprising:

determining an interface priority based on at least one of: an amount of
data stored in a UL buffer and a downlink (DL) buffer, a spectrum efficiency

requirement, and a quality of service (QoS) requirement.
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dynami cally assigning an interface priority based on a buffer status.
16. A relay node (RN) for avoiding a collision between an access |ink

t ransm sswornosmds@sbackhaul |ink transm ssion, the RN ceoprisgenng3ssao
processor configured to allocate a first set of subfranmes to the backhaul
link transm ssion; and al l ocate a second set of subfranes

to the access |link transm ssion, wherein the second set of subfranes is a
non- over | appi ng, seTh%e%M sfash W WhdresR@eeoiRidn R clilkibe 88k i94 Uu

subf ranes. . Arelay node (RN) for avoiding a collision between an
access | |1h‘4k tphnk rﬁ[%lél datagerdlisioparithau|Un ilak Uladseta. sdieomethase fyrither
conpr|S| a receiver configured to receive a data

transm SSI oﬁmfsrogfn an evol ved Node-B (eNB); and a transmitter configured to
transmt an upli nkdfddn)icgipagsigoing an ihedréss griaitshiaséd en i hidfaustdtus W RU)
and a first acknow edgenent (ACK) to the eNB in response to the received
data transm ssion; transmt an automatic ACK to the WIRU, and transmt a

second UL gramg, t oAtRe VAR (RN) for avoiding a collision between an access link
transmission and a backhaul link transmission, the RN comprising:
a processor configured to
allocate a first set of subframes to the backhaul link
transmission; and
allocate a second set of subframes to the access link
transmission, wherein the second set of subframes is a non-overlapping set of

subframes with respect to the first set of subframes.

17. A relay node (RN) for avoiding a collision between an access link
transmission and a backhaul link transmission, the RN comprising:
a receiver configured to receive a data transmission from an evolved
Node-B (eNB); and
a transmitter configured to
transmit an uplink (UL) grant to a wireless transmit/receive
unit (WTRU) and a first acknowledgement (ACK) to the eNB in response to the
received data transmission;
transmit an automatic ACK to the WTRU; and
transmit a second UL grant to the WTRU.

18. A relay node (RN) for avoiding a collision between an access link
transmission and a backhaul link transmission, the RN comprising:

a processor configured to
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18. A relay node (RN) for avoiding a collision between an access |ink

transm ssion and a backhaul Iink transm ssion, the RN conprising: a
processorwoanfoigsesed to detect a collision; and det er mpoE/tBrOI0NBESRE ace
priority based on a collision occurrence type. 19. The RN of claim
18, wherein the processor is further configured to performresource
cross-scheduling, the RN further conprising: a transmtter
configured to transmt @id@Wnloiidiod:Bq grant in subframe n, wherein the
subfranme nis valid in a subfranme n+k. 20. The RN of claim 18,
wherein the processor idsténminhen intarfacgurdity baped wa gpilisinaaceerrence
cross-chgIgI%JI ing, the RN further conpri sing: a transmtter
configured'to transmt a downlink (DL) grant in subfranme n using a hybrid

automati c repeat request (HARQ timng as a reference point.
19. The RN of claim 18, wherein the processor is further configured to
perform resource cross-scheduling, the RN further comprising:
a transmitter configured to transmit a downlink (DL) grant in

subframe n, wherein the subframe n is valid in a subframe n+k.

20. The RN of claim 18, wherein the processor is further configured to
perform resource cross-scheduling, the RN further comprising:

a transmitter configured to transmit a downlink (DL) grant in

subframe n using a hybrid automatic repeat request (HARQ) timing as a reference

point.
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