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DL BACKHAUL CONTROL CHANNEL DESIGN FOR RELAYS

CROSS-BEFERENCE TO RELATED APPLICATICGNS

{0001]  This application claimy the benefit of U5, Provisional Patent Application No.
01/256,139, filed Oclober 29, 2009, and TLS. Frovisions! Patent Application No. 61/234,124,
filed August 14, 2009, the contents of both of which are fncorporated by reference hevein in its

entirety.

BACKGROUND

{0002}  Relaying s used as a technolopy to enhance coverage and capacily, {e.g. long
term evolution advaneces (L TE-A) system information (813, and oifers more flexible deploviment
oplions. Relaying may be used with other technologies as well. For example, a type I relay may
be included as one of the techuology components for LTE-AL A type § relay creates new cells,
distinguishable and separate from the cells of a donor eNodeB {eNB), To any legavy reloase 8
{R&}) wircless transmitfreceive wit (WTRUY, a type Trelay may appear as an eNB, (e, the
presence of a type I relay in it communication path 1o the donor eNB is transparent to the
WIRLL A type relay node (RNY may be described as an eNB that has a wireless in-band
backhaul hnk back to the donor eNB by using an LTE or LTE-A alr interface within the

international mobile felecommuaications (1M} speetram allocation.

SUMBARY

{083]  Methods and apparatus are described for providing compatible mapping for
backhau! controd channels, freguency first mapping of conirol channel elements (COEs) and tree
based relay resowrce alfocation. Methods and apparatus for mapping of control signals, such as
Lin downlink (DL control siguals, between o base station (g, eNB) and a relay node {e g, typs
Frelay node) are deseribed. This includes time-frequency mapping of the control signals inte

RBs of MBSFN-reserved sub-frames in the RN cell and encoding procedures.

BRIEF DESCRIPTION OF THE DRAWINGS

{H084] A more detaled wnderstanding may be had from the following description,
given by way of example in conjunction with the accompanving drawings wherein:

{0005] FIG, 1A is o system diagram of an example communications system in which

one or micrs disclosed embodiments may be implemented;

i
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{3006 FIGL 1B iy a svstonn diagram of an examiple wireless ransmitfreceive onit
{WTRLU} that may be used within the communications system Hlustrated in FIG, 14;

{887 FIG. 10 13 2 system diagram of an example radio access network and an
sxample core network that may be used within the communications system Hustrated 1 FIG.
LA

IBOG8]  FIG. 2 shows duplexing disgram for a relay for which the methods hersin can be
implemented;

[ FIG. 3 shows an example of backbaul control channet mapping;

FRREB] FIG. 4 Hlustrates @ non-Himiting, exemplary mapping of an RPHICH and R~
PROCH over an OFDM symbol when R-POFICH ix aot used:

BB FIG. S illostrates a non-limiting, exemplary mapping of an RVPHICH and R-
POCCH over an QFDM symbol when R-PCFICH is used;

[0612] FliG, 6A iHlustrates a non-limiting, oxenmplary method of buplementing mapping
of gn R-PDCCH by a eNB;

{013]  FIG OB tllustraies 3 non-Hauiting, exemplary mapping of R-PDCCH o
QFRM symbaoly;

{014 FIG oC illustrates a non-limiting, exemplary method of implementing decoding
of R-POCCH by avelay:

{0018]  FIG. A dHustrates a non-limiting, exemplary method of implamenting mapping
of an B-FRCCH by 2 oNB;

{9616]  FIG. 7B lustrates a non-lintting, exemplary mapping of R-PDCCH into
OFDM symbols;

[B0LT] FIGO7C illustrates a non-limiting, exemplary method of fmplementing decoding
of R-PDCUH by arelay;

{018  FIG. & shows a reduced hit map for resource sllocation.

DETAILEDR DESCRIFTION OF ILLUSTRATIVE EMBOIMMENTS

{018 FIG. 1A s a diagram of an example communivations system 100 in which one
ar more disclosed embodiments may be implented, The commumications system 100 may be
a mulliple access system that provides content, such as volee, data, video, messaging, broadeast,
21, o maltiple wireless users. The comumnunications system 100 may suable multiple wireless
wsers to gecoss suech comtent timtsugh the sharing of systen resourees, inchuding wireless
bandwidth. For example, the communications systems 100 may smploy one or more channel
access methods, such as code division multiple seocess (UDIMA), time division multiple access

- -
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{TDMA, frequency division multiple accpss (FEIMAY, erthogonal FDMA (GFDMA), single-
carrter FIRMA (SC-FDMA), and the ke,

(028]  Asshown in FIG, 14, the compmnivativns system 100 may bhelude wireless
transmitireceive anits (WTRUsY 102a, 102, 102¢, 1024, a radic access network (RANY 104, 5
core network 106, a public switched telephone network (FETNY 108, the Internet 110, and other
networks 112, though it will be apprecinted that the disclosed onbodiments contemplate any
number of WITRUs, base stations, networks, andfor network elements. Each of the WTRLR
1024, 102h, 102¢, 102d may be any type of devive configured to operate and/or commanicate in
a wireless envivonment. By way of example, the WTRUs 1024, 102b, 102¢, 1024 may ke
configured te transmit andfor receive wireless signals and may include vser equipment (UR), &
maobile station, a fixed or mobile subseriber wait, o pager, a cellolar telephone, a personal digital
assistant (PDIAY, & smariphone, a laptop, a nethook, a personal compater, a wireless sensor,
comsumer slectronies, and the ke,

{00211  The communications systems 100 may also inclode a base station [ 14aand a
bage station 114b. Bach of the base stattons 114a, 114h may be any type of devive configured to
wirelessly interface with at least one of the WIRUS 102a, 1025, 102¢, 102d o facilitale accuss o
ORe Of more communcation networks, such as the core pnetwork 106, the Intemet 110, anddor the
networks 1120 By way of example, the base stations 114a, 114b may be a hase transceiver
station (BT8), a Node-B, an eNode B, a Home Node B, 8 Home eNode B, a site controller, an
acuess point (AP}, & wireless router, and the like. While the base stations 114a, 114b are cach
depicted a5 a single clement, 1 will be appreciated that the base stations 114a, 1 4bmay include
any number of interconnected base stations andfor network slements.

{00221 The bave station 1 14a may be part of the RAN 104, which may also include
other base stations andfor network clements (not shown}, such as a base station controller {(BSQ),
# radio network controtler (RNCY, relay nodes, ste. The base station 114a andfor the base station
114b may be configured {6 transmit and/or reveive wirsless signals within a particular
geographic region, which may be referred 1o as a cell (not shown), The cell may further be
divided into cell sectors, For example, the vell associated with the base station | 1da miay he
divided inte three sectors, Thus, in one cnabodiment, the bass station 1 1da may include three
fravseeivers, Le, one for cach sector of the call. In another embodiment, the base station 114a
may employ multiple-toput muliiple ontpot (MIMO) techaology and, thevefore, may witlize
multiple transcetvers for each sector of the cell.

{0023 The base stations 114, 114h may communicate with one or more of the

WERUs 1Za, 102b, 103¢, 102d over an aly interface 116, which may be any sultable wireless

3
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communication Hnk {¢.g., radio frequency (RF), microwave, infrared (IR}, ultraviolet {LIV),
vigible light, efc ). The alr interface 116 may be established using any suitable radio access
technology (RATS

{0824]  More spectfically, as noted above, the communications systerm 100 may be a
multiple access systom and may employ one or more channel access schemaes, such ax CDMA,
TRMA, FINA, OFDMA, SC-FDMA, and the like, For sxample, the base station 1 1da in the
RAN 104 and the WTRUs 1022, 102b, 1020 may implement 8 radio technology such as
Universal Mobile Telecommunications Systent (LIMTS) Terrestrial Radio Access (UTRA),
which may establish the alr interface 116 using widehand COMA (WODMA)., WODMA may
mclude conpnunication protocols such as High-Speed Packet Access (HSPA) andfor Fvolved
HEPA (HSPAS), HEPA may include High-Speed Downlink Packet Access (HSDPA) andfor
High-Spead Uplink Packet Access (HSUPA)

U285 In another embodimeny, the base station 1 14a and the WTRLIs 102, 102b, 182
may implement a radic techonlogy such as BEvolved UMTS Terrestrial Radio Access (B-UTRA),
which may establish the alr interface 116 using Long Term Evolution (LTE) andfer LTE-
Advanced (LTE-A)

{0826] In other ombodiments, the base station 1148 and the WTRUS 103, 1024, 102
may implement radio technologies such as IEEE 802,16 (Lo, Worldwide Interoperability for
Migrowave Access (WIMAXY), CDMAZON, CHMAZ000 1X, CDMAZD00 EV-DO, Interim
Standard 2000 (I5-2000), Interim Standard 93 (1S-95), Interim Standard 858 (I8-836), Global
System for Mobile communications (GSM), Enhanced Data rates for GSM Bvolution (EDGE),
GOSM EDGE (GERAN), and the like.

D627 The base station 114b in FIG. 1A mav be g wireless router, Home Node B,
Home eNode B, or access point, for example, and may vtilize any suftable RAT for facilitating
wireless conpeativity in a localized area, such as a place of business, a home, a vehicle, 8
campus, and the like, In one embodiment, the base station 114b and the WTRUs 102, 1024
may implement a radio technology such as IREE 802,11 to sstablish a wireless loeal area
network {(WLANY o anether emboditnent, the base station 114b and the WTRUs 182¢, 1924
may ynplement a radio technology such as IBEE 80213 to establish a wireless personal area
network {WPAN]Y o vet another embodiment, the base station 114b and the WTRUs 102¢,
103d may uitlize 8 collular-based RAT {eg., WODMA, COMAZO00, GSM, LTE, LTE-A, etc.

o extablish a pleocell or femitocedl. As shown in FIG. 1A, the base station 14b may have g
direct connection to the hulernet 110, Thus, the base station 1 14b may not be reguired (o access

the Internet 110 via the core network 106,
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{H028]  The RAN {04 may be In conununication with the core getywork 106, which may
be any type of notwork configursd to provide voice, dats, applications, andfer volor over internst
protocol (VolP) services to one or more of the WTRLUS 102g, 162b, 102¢, 1024, For example,
the core netwark 106 nxay provide call contrel, billing services, mobile location-based services,
pre-paid calling, Internet commectivity, video distribution, otc., andfor perform high~level security
fanctions, such as user authentication. Although not shown in FIG, 1A, it will be appreciated
that the RAN 104 andfor the core network 108 may be o divect or indirect communication with
other RANSs that employ the sane RAT ay the RAN 104 or o different RAT. For example, in
addition to being connected ©© the RAN 104, which may be utilixing an B-UTRA radio
technnlogy, the core network 106 may also be in communication with another RAN (hot sherwar)
emploving a GSM radio technology.

{28 The core nobwork 106 may alse serve as 8 pateway for the WTREs 102a, 102h,
102¢, 103d o access the PRTN 108, the lnternet 110, andfor other networks 112, The PSTN 108
may include cirouit-switched tolephone networks that provide plain old telephone servige
{POTS). The Internet 110 may include a global system of tnterconnented computer nebworks
and devices that use common communication protocols, such as the transmission contrel
protocol (TOP), user datagram protocol (UDP) and the intemet protocol (1PY in the TCPAP
internel protocol suite. The networks 112 may inclade wired or wireless commuanications
networks owned andfor operated by other service providers. For example, the networks 112 may
include another core network connected 1 one or more RANs, which may employ the same
RAT as the RANM 104 or a different RAT.

{B0308]  Sonwe or all of the WTRUSs 102: 103b, 102¢, 1024 in the comniunications
system 100 may include nmlii-mode capatulities, Le. the WTRUs 1020, 102, 102¢, 102d may
include multiple transeetvers for conunurdesting with different wircless networks over different
wireless Hnks, For sxample, the WTRU 1020 shown in FIG. 1A may be confipared to
commroate with the base station Hlda, which may employ a celhular-based radio technology,
and with the base station 114, which may smploy an TBEE 802 radio technology,

{0031} FIGL 1B is o system dingram of an example WTRLN 102, Ag shown in FIG. 18,
the WTRU 102 may include a processor 118, afransceiver 120, a transmitfreceive glement 122, 4
speakerimicrophong 124, a keypad 126, & display/touchpad 128, non-removable memory 106,
removable memory 132, a power source 134, a global positioning systen (GPRY chipset 136, and
other peripherals 138, 1t will be appreciated that the WTRU 102 may include any sub-

combanation of the foregoing clenents while remaining consistent with an embodiment.

s
£ F%
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[0032]  The processor 118 may be a general purpese mrovessor, a special purpose
processor, a canventional processor, a digital signal processor (DRP), « plurality of
MHCTOPLOCESAOLS, OIS OF MO RUCIoprocessors n sssociation with & DEP core, a controller, 2
nricrocontrotier, Applicaticn Specific Integrated Clrenits (ASICs), Field Programmable Gate
Array (FPGAS) clrouits, any other type of integrated vivenit (1), a state machine, and the like.
The processor 118 may parform signal coding, data processing, power control, input/outpat
provessing, andfor any other functionality that enables the WTRU 102 o operate tn o wirgles
environmnent. The provessor 118 may be coupled fo the tansceiver 120, which may be coupled
o the ansmitfreceive eloment 122, While FIG. 1B depicts the processor 118 and the
transeaiver 120 as separate components, It will be appreciated that the processor 118 and the
tramsceiver 120 may be integrated together in an electronic package or chip.

{0033 The vansmitireceive element 122 may be configured to transmit signals to, or
receive signals from, a base station (e.g., the base station 114a) aver the alr interface 118, For
example, in one enbodiment, the tramsmitirocaive dlentent 122 vay be an anterma configured 1o
irapsmit and/or receive R¥ signals. Tn another embodiment, the transmit/receive slement 122

ey be an emitter/detecior configurad to ransmit ambior receive IR, UV, or visible light signals,

ﬂ

for example. In yet another embodiment, the ransmitreseive slemeant 122 may be configured to
transmit and receive both RF and lipht sigaals. [0will be appreciated that the transmitireceive
clement 122 may be configured to transmit and/or reosive any combination of wireless signals.

O34} In wddition, although the ransmitreceive element 122 is deploted in FIG. 1B &
a single clement, the WITRU 102 may include any nomber of transmitireceive elements 122,
More specifically, the WTRLY 102 may smploy MIMO techmology, Thus, in one embodiment,
the WIRL 102 may include two or mere transmitfreceive elements 122 {e.g., multiple antennay)
for ransmitiing and rwoeiving wiveless signals over the alr interface 116,

[O635]  The trawsceiver 120 may be configured to modulate the signals that are o be
transmitied by the tansmitreceive element 122 and to demodulate the signals that are recsived
by the transmuit/roeive eloment 122, As noted above, the WIRU 102 may have multi-mnde
capabilities. Thas, the transceiver 120 may inclade multiple transceivers for enabling the WTRL
2 o communicate via multiple RATS, soch as UTRA and IEEE 802,11, for example.

[0036]  The processor 118 of the WTRU 102 may be coupled to, and may receive user
input data from, the speaker/microphone 124, the keypad 126, andfor the displayitouchpad 128
(g, a Houid erystad display (LCD) display unit or crganie ght-emitting diode (OLED) display
anit}. The processor 118 may also ontpot wser data to the speakerimicrophons 124, the keypad

126, andior the display/touchpad 128, In addition, the processor 118 may access information
w6~
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from, and store data in, any type of sultable memory, such as the non-removable memory 106
andfor the removable memory 132, The novremovable memory 106 may include random-

ess memory {RAM ), read-only memery (RUIM), o hard disk, or any other type of memory
storage device. The removable memory 132 may include a subseriber identity module (SINVD
vard, a mamory stick, & secure digital {SD} memory card, and the like. In other embodiments,
the processor 18 may accoss information from, and store data in, memory that 15 pot physically
located on the WTRLS 102, such as on a server or a home computer (not shownl,

{037} The processor 118 may receive power from the power source 134, and may be
configured fo disteibute andfor control the power to the other components it the WIRI 102,
The power source 134 may be any sultable device fure p{}&w:riﬂg the WTRU 102, For example,
the power sowrce 134 may include one or more dry cell batteries {o.g., nickel-cadmium (NiCd},
nickelwine (NiZng, nickel metal hydride (NIMED, Hthiume-ion {LMQ{;} ele ), solar ells, fuel
cells, and the like.

{0U38]  The processer 118 may also be coupled to the GPY chipset 136, which may be

configured fo provide location information {e.u., longitude and latitude) regarding the carrent

LTS Leg

1

lovation of the WIRL 102, In addition to, ovin Hew of] the information from the GPS chipset
136, the WTRLJ 102 may receive location information over the air interface 116 from a base
station {e.g., base stations 114a, 114h) andfor delermine its location based om the thming of the
signals being received from two or more mearby base stations. Tt will be appreciated that the
WITRL 102 may acquire location information by way of any suitable location-determination
miethod while remaining consistent with an embodinment.

B39 The processer IR may further be coupled to other peripherals 138, which may
inctude one or more softwars andior hardware modules thet provide sdditional featuras,
functionality andfor wived or wircless connectivity, For sxample, the peripberals 138 may
inchnde an aceslerometer, an e-compass, 1 satellite tansceiver, o digital camera (for photographs
or video}, 8 universal serial bos {USB) port, a vibration device, a felovision transceiver, a hands
free headset, a Bluetooth® module, a frequeney modulated (FM) radio unit, a dightal music
plaver, amedia p}a}-‘es; a viden game plaver modele, an Internet browser, and the like,

048] FIG. 1T is a system diagrarn of the RAN 104 and the core network 106
according to an embodiment. As noted above, the BRAN 14 may employ an E-UTRA radio
technelogy to communicate with the WTRL 102a, 1023h, 1020 over the aly imterface 118, The
RAN 104 may alse be in communication with the core network 106,

[841]  The RAN 104 may include eNode-Bs 140s, 140b, 140c, though it will be

appreviated that the RAN 184 may includs sny munber of eNode-Bs while remaining consistent
~3
- 1‘ =~
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with an envbodiment, The eNodesBs 140a, 140b, 140 may cach include one or more
ransceivers for commundcating with the WTRUs 1024 }{}‘Eh,, 102¢ over the air interface 116, In
one smbodiment, the eNode-Be 1404, 140b, 140 may tnaplanent MIMO technology. Thus, the
eNode-B 140q, for example, may use muiii‘:ipl& antenras 1o ransnit wireless signals o, and
roeeive wireless signals from, the WTRU 132a

180421  Each of the eNode-Bs 140a, 140b, 140v may be aasouiated with a particular eell
{not shown} and may be configured to handle radio resource management decisions, handover
decisions, scheduling of users i the uplink andfor downlink, snd the like. As shown in FIG, 18,
the eNode-Bs T40a, 140b, 140¢ mayv commimicate with one another over an X2 interface.

[0043]  The core network 106 shown in FIG, 1C may include & mobility management
gatoway (MME} 142, a serving gateway 144, and a packel data network {PON) gateway 146,
While gach of the foregoing elements ave depicted as part of the core network 108, i will be
sppreciated that any one of these elaments muay be vwned andfor operated by an entity other than
the core natwork operator,

{0844]  The MME 142 may be connected to each of the eMode-Bs 142a, 142, 142e in
the RAN 104 via an 81 interface and may serve a5 a contrel node, For example, the MME 1432
may be responsible for authenticating users of the WIRUs 102a, 102%, 102¢, bearer
WIERUs 102a, 102h, 102¢, and the like, The MME 142 may also prc}vidﬁt a controd plane
function for switching between the RAN 104 and other RANs {not shown) that employ ather
radio technologies, such as GSM or WODMA.

[0845]  The serving pateway 144 may be connected to cach of the eNode Bs 140z, 140h,
140¢ in the RAN 104 via the X1 fnterfhce. The serving gateway 144 may generally route and
forward wser data packets to/from the WTRUs 1020, 1025, 102¢. The serving gateway 144 may
also purforns other functions, such as anchoring user planes during inter-eNode B handovers,
triggering paging when downlink data is available for the WTRUs 12a, 102, 102¢, nanaging
and storing contests of the WTRIIs 103a, 102b, 102¢, and the hke

[0846]  The serving gateway 144 may also be comnected to the PON pateway 146,
which may provide the WTRUs 102g, 102b, 1020 with sveess o packet-switched networks, such
as the Internet 116, to facilitate commurdeations between the WTRUs 102a, 102b, 102 and 1P~
enabled devices,

{0847]  The core network 106 may faciliiate commuptdcations with other networks, For
example, the core network 106 may provide the WTRUs 102, 102b, 102¢ with acoess {o cirouis-

switched networks, such as the PSTN 108, (o facilitale communications betwesn the WTRUs
CE
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132a, 102, 102¢ and traditional land-line communications devices. For example, the core
network 106 may include, or may communicate with, an IP gateway {e.g., an IP multimedia
subsystem (IMS} server) that serves as an interfsce between the cove network 108 and the PSTN
IS, In addition, the core network 106 muay provide the WTRUs 1022, 102h, 102 with access to
the networks 112, which may inchude other wired or wireless networks that are owned andfor
operated by other service providers.

{48 Itis one fundamental design principle of fregueney diviston duplex (FDD -
based in-hand relaying thet a type T RN cannot simultancousty transmit o a WTRU on the aceesa
link while reveiving from the donor oNB on the backhan! Hak in the downlink (DL) shared
aceess and backhau! frequency chamnel, of receive fromea WIRY on the acoess Bink while
transmitting to the donor oNB on the uplink (UL)Y shared avcess and backhaul frequency chanael.

{00491 Daing radio access network (RANY 1#36, it has been agread that nanltimedia
broadeast multicast services (MBMS} single frequency network {MRBSFN) sab-franies may be
used as a means o allow backward compatible tmplementation of relayving and to allow for
donor eNB to RN transmissions on the I3 frequency channel respecting the legaey B frame
struciyre.

{058  MBSFN sub-frame allocation is mited to six (%) sub-frames per frame, (for
LTE FDD mode}, and ne MBSFN sub-frame may be configured in sub-frames #0, # 4, 45 and #9
in the case of frame structore type 1

{0831} During RANST, the principles of DL access link and DL backhaud link sub-
frame boundary aligrunent and semi-static assignment of time-domain resources for the DL
hackbaul link have been acoepted. In addition, the introduction of relay physical downdink shared
chamel (R-PDSCH), relay-physical uplink shaved channel (R-PUSCH) and relay-physical
dovwnhnk control channel {R-PDCCH) has been agreed.

{052 A RN deployment is shown in Figure 2. For Type 1 {finbami} redays, the RN 236
o eNB 225 link 210 amst operate on the UL carrder, and the ¢NB 225 to RN 230 link 245 must
operate using the DL carrier, The eNB 225 to RN 230 link 245 and the RN 230 to UBE2 235 Hnk
240 share the same DL carvier froqueney, and similaly the RN 230 to eNB 228 link 210 and the
UEZ 235 to RN 230 link 205 share the same UL carsier.

{BOS3]  From the macro eNB 225 perspective, the RN 230 may appear as a regular or as
a spectal WIRU, while stmultancousty, the RN 230 may appear as 8 vegular eNB 1o URZ that is
being served by the RN 236, (ie., the UE2 camps on and gets service fron the BN 230 in a way

that ¥s the same as from a regalar eNB). For Hlustration purposes in Figure 2, i is assumed that

-5
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UL s ¢ WTRU that s served by the macro oNB 225, and UEZls a WTRL that s served by the
R 230,

[BOS4]  Sinee the RN 230 cannot shnultanecnsdy transonit {15} and recetve (Rxyia the
same DL frequency band (FU, the oNB 225 10 BN 230 and RN 230 o UE2 235 links (Le., Huda
245 and 250 are time multiplexed as they share the same carrier. Stoilarl ¥, the RN 230 10 eNB
223 and UEZ 235 to RN 230 links (F.e, Huka 210 and 215) are also time multiplexad fnthe UL
frequency band F2.

{B055]  In other words, the RN 230 operates as a PDD-oNB from UE2 233 perspective,
but the RN 230 ftself has to support TDD operation (Tx and Rx switching) in both DL and UL
carriers, Note that there 1s no Impact on the ¢ NB 225 a5 § operates in the usnal fashion (DL Tx
on Fl, and UL Rx on F2).

{036]  The ime-multiplexing of the eNB 225 1o RN 230 and RN 23040 1R 235 links

fe, lnks 245 and 250) can be efficiently supported via the Hexible MBSFN signaling provided
“‘m LTE R¥ specifications. The RN configures seme (up to 2 maximum of 6) sub-frames in the
RN cell as MBSFN-ressrved sub-frames. Therefore, relay WTRUs will only expect and attempt
io decode the control region i these, but not expect any DL assignments or PRDSCH
iransmission. Note that the MBSFNwreserved sub-frames i the Relay cell might not necessarily
appear to the WTRU served by the donor eNB cell as MBRFN sab-frames, Moreover, these
reserved sub-frames i the Relay cell night not appear to the Relay on the backhao] Hnk ag an
MBSFN sub-frames i the sense of providing MBMS services. Ina MBSFN reserved sub-
frame, the RN first transmaits in the DL access Huk in the control region, followed by some Tx to
Rx switching time (for example, 1 symbol), and receiving iself transmissions from the eNB on
the Bl backhan! hak.

{6037]  In the DL, the donor N can in prineciple transmit DL assignments {and
POSCH), DL positive acknowledgements (ACK s negative acknowledgements (NACKs) on
physical hybrid automatic repeat reguest (HARQ) indicator channel (PHICH) and UL granis (for
PUSCH) to 1w sevved macro WTRL s inany DL sub-frame however in order 1o avoid self-
interference between the Relay transmitter and receiver, the donor eNB should make DL
tramsnussion in sub-frames broadeasted by the RN in ity cell as MBSFN sub-frames, Similardy,
the RN may transmit DL ACKeNACKs sad UL grats o ity served relay WTRUs in any DL
sub-frame. However, in order to avold selfcinterference between the Relay transmitter and
receiver, the RN may transmit PDSCH to #ts relay WTRUs oaly in sub-frames not configured as

MBSFN sub-frames.

~ H¥ -
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[038]  The fellowing eperating principles for BN and doner eNB aperation have been
agreed. Af the RN, the access link DL sub-frame boundary is aligned with the backhaul Hink DL
sub-framne boundary (except for possible adiustment to allow for RN TRy switching). The set
of DL hackbaul sub-frames, doring which DL backbaul transmission may oceur, is time-domain
resourees (st of sub-frames) that may be used for the DL backbaul ok, and are senui-statically
assigned. It has not heen determined whether the time-domain resowrces for the UL backhaul
Hink are to be also semistatically assigned. The set of UL backhaul subframes, during which UL
backbaud transraission may ocewr, ean be semi-statieally assigned, or implicitly derived from the
DL backbsul subframes using the HARQ timing relationship.

{00551 A new physical control channel which may be called the relay phvsical
dewnlink contrel channe! (R-PDCCH), may be used to dynamically or “semi-persistonthy™ assign
resources, within the semi-statically assigned sub-frames, for the DL backhaul data, the relay
physical downlink shared channel (R-PDSCH), The R-PDCCH {s also used 1o dynamically or

"sewvi-persistently” assign resources for the UL backhaol dats, the relay physical uplink shared
chamnel (R-PUSCHY

{Q068]  The R-PDUCH may be transmitied on a subset of the physical resource blocks
{PREBg) of the subframes assigned for the DL backbaual link. A predefined number of resouree
blocks (RBs) may be reserved for a backhaul control channel. The reserved BBy may be fixed by
the specitications, semi-statically signaled to relay node. or signaled via any other channel, ez,
relay-physical control format indicator channel (R-PCFICH). When R-PCPHCH or a shnilar
charmed is used to signal the reserved RBs, in order to niinimize the overhead, the selection can
be made from a set of predefined pattorns, The R-BCFICH iself may be located in a standard
speecified RB, (e.g., conter of bandwidth). The R-PDCCH may be transmitted on o subset of the
orthogonal frequency division multiplexing (OFDM) symbols of the subframes assigned for the
DL backhanl Hink. This subset of OPFDM svmbols may include the full set of OFIM symbals
avatlable for the backbaul link. The R-PDUCH may be transmitied starting from an QFDM
symbol within the subframe that is late encogh so that the RN can receive it The R-PDCCH may
be used 1o sssign DL resources in the same subframe andéor in one or more later subframes. The
R-PDOCH miay be used to assign UL resonrees in one or more later subframes. The RPDSCH
and the R-PRDCCH may be transmitted within the same PREBs or within separated FRBs. The
buckbaul control charmmel RBs may carey R-PDOCH, relay- phyvsical hybrid automatic repeat
regquest {HARQ) indieator channed (R-PHICH) and i needed, R-PCFICH.

(P&}  Freguency division multiplexing (FDM), time division maltiplexing (TDM}Y and

a hybrid multiplexing scheme {(TT3 FDM, or equivalenily FDM + TDM) are possiblx
- 11 -
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candidates for resource multiplexing betwoen relay resources, (R-PDUCH and R-PDSCH), or
between relay resources, (R-PDCCH, R-PDSCH), and non-relays resources (PIXOCH, PDRSCHY

{0863] Backhaul controd chamels design may require details of control channs]
mapping in frequeney and time domains at the eNodeR, and decoding at the relay {or any other
receiver of R-PDOCH such as a WIRLYD, of the contrel channels without the use of R-PCFICH,
The methods, systems and apparatuses herein auppan AURMNACK, reduction of R-PDSCH
decoding delay, reduction of blind search processing time and rslated power consumption,
wmimization of the amount of overhead s‘;i_gﬂaiing for control channels, and minimization of the
bandwidth requivement fur control channels,

{631 Relay operation is described herein for the case of in-band, {f &, RN-eNB Hnk
share the same carrier with RN o WTRL access iinie:.g 1 FDIY networks, However, methods and
procedures described are equally applicable 1o TDD networks, Furthermore, relay design on the
Un interface between o RN and an oNB is describad. Specifically, several methods and
procedures are described of how ome or more control signal(s), Lo, eNB to RN DL ACK/NACK
and R-PROCH to carry Un DL assignments or Un UL grants, are encosded and tranamitied from
the eNB 1o the RN, While the ideas presonted herein are primarily deseribed using relay type |
terminology, they are applicable to other types of relays as well, notably nos-transparent or non-
setf-backhauling type of relays amongst oihers.

{0064} A method is described for control channel mapping with muliiplexing and
interleaving of R-FDRCCHS from wultiple relays, If interleaving is applied, it may be performed
onan OFDM symibol basiz, R-PCFICH maay not be ased.

{0063]  Methods are deseribed of mapping of the R-PDCCH in the time-frequency grid,
where the R-PDCCH is first mapped slong the frequency domain across the OFDM sybiels of
the control channel (which alse may be reforred o as OFDIM contral symbolsollowed by the
time domain, One advantage of the frequeney Brst mapping s to elimingte the use of RPCFICH
or similar chanmels.

[0G6] A tree based assignment of REs may be used to minimize the resource
allocation overhead. A method is deseribed to configuring the relay specific configuration
parameters, Dedicated R-PDICCH (and downlink sontrol information (DCT) farmat) in support of
ACKMNACK are deseribed, whereby RAPHICHPHICH channel performance requirements are
typically more stringent than a typical R-PFDCCH/PDCCH. Signaling of ACK/NACK over |
PRCCH may be employed when R-PHICH s not used,

[0667]  FIG. 3 shows an example of backhand control chanmel mapping, Assignments i

the frequency domain nray be in units of KBs or resource block groups (RBGS) or any other wnit
“1Z -
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thereof. Herein the units may be considersd to be RBs with the anderstanding that the desien
seales avcording fo the units.

[H868]  In order to maximize the frequency diversity, the relay control channels may be
mapped uniformly across the entire spectrum, RBs for backhad control chamnel may be selected

according to the follewing eguation:
= E3 g % 7 -
;U} L? Ny §LEB «"X’am RELRB ...i“*“ “%, Equation (1}

where, Kgip = RB index for 1ih OFDM Control symbaol;
=012 Niasax per ge~1;
Niasty pgr pe  the mumber of RB's reserved for backhaul contral channel of the

1th OFDM control symbaﬁi;

Nive = Maximum number of RE’s i the 1th OFDM comtrol svmbol; and
&= an integer devived from donor eNb cell 1D in a manner similar o release 8

The additions are modulo N

. 2 o0 N &L = 28 $ - o .
Asary example, 1Re T M and Nravas see ze 53 then
S = {04812 18] ¢ hood 208,00 = 04 8,12, 18] + Kmad 30

I e meddl= 8. L33 hen R0 s in the range of 010 19 for all ¥ & Novar s 29 Land no
wrap around occurs for OFDM symbel “17 IF & mod 20 2 4 then wrap-aronnd veoues. For

example, (F&wod 20 = 15 jhey

K’{*‘i {0 A812 18]+ 1S med 2 = {15183 7 11
Rofd= {04 815161 + 15¥med 20 = {15 18,3, 7,11

The RBs with indices 15 and 19 correspond to OFDM symbol 17, while the RB with indices 3,
7 and H {which are the RB where the wrap-around ocears), may be mapped according to this
invention to either QFDM symbol “17, or OFDM symbol Y117,

{8869 One of the ollowing methods may be wsed to accommuodate the modulo
oparation: 1) we the next OFDM symbal allocated for the backhaul eontral and continue the
mapping, 23 wrap around in the same OFDM symbol and populate all available Ry Onee all
RBs are utilized, conlinue mapping pver the next OFDM symbol from cither a) the next BB
location given by Equation {13 above | or by a RB location given by setting &0 in Bguation (1).
Npaser see s may be standardized for cach bandwidth option, or derived from the bandwidth as a

fraciion of the total number of RBs, {ep. N MAX REL RE U wwhere o 18 g fraction that can

~13 -
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take values ke o ={ 11/, 13,174} ). Allernatively, spacing between the adjacent RBs dedieated

>

to backhaul control channels can be specified, and
P\’? NS A £ g yottevey 57
IVIAMAX REL RE T N {Opn Bguation {2)

where Sy i3 the spacing in wits of RB and dppcan be from a predefined set of integars specified
w the standards or a function of system bandwidih,

{8781 To provide flexibility and optimize resonrce allocations, the donor eNB might
not ulilize Mooy g ae RBs HUs not necessary to signal the actual number of RBs used, The
relay node may perform blind decoding over 8 varying munber of RBs unti! it finds the required
number of gramts or reaches Ny wee xe. To reduce the blind decoding complexity, the donoy
eNE may be resiricted 1o use enly a pre-determained nomber of RBs, (e.g., from the set {1248,
Npssar per i

{071 To permit nrechmun flexdbility in scheduling RS WTRUs, backhanl control
channel R allocations may be made conformant to resowrce allocation types 0, Tor 2, When a
type 2 sllocation is used with distributed virfual resource blocks, conteol channel can be split
between the two time slols in 8 manner similar o POSCH.

872 Resources can be dedicated to relays in various ways as deseribed above. To
ntroduce greater flexibility and scalability, mapping modes can be defined and signaled via
higher layers. Higher layer signaling could be achizved through system information broadvast
{with additional Information Element such as control channel BB configuration mode or RB
allocation bit map in SIB2 for example), RRC (Radio Resource Control) sipnaling or NAS

signaling. As an example, with 3 bits, 8 modes can be defined as shows in Table 1 below.

Fable ¥

Mode :‘viappin@

000 Nrggay mav_sn 0 conter of
band

Q1 Npaeex sp re vniformly
distributed across entire
handwidth

{419 Resouree allocation type

with pre configured
allocation

011 Resource allocation type |
with pre configured
allocation

100 Resource allocation type 2
with pre configured
allocation

191 Other configurations

- 14 -
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110 Other configurations
111 {Other configorations

{873]  Precondigured allocation wiay tply that the paramaters that determine the exact
RBs in gach allocation type are standardized, For allocation § and 1, the value of RBG size, P,
and the allocation bit map may be known. For type 2 allocation, the starting resowrce block,
RB s dong, and the step stee, Nee™ are standard specified. Alternatively all the parameters
may be signaled along with the operational made.

{#I74]  The RN miight be required to support all backhanl control channel mapping
oplicns or alternatively a subset of the available backhaul control channel m::zp_ping aptions.
Alternatively, a defaull backbaul control channe! muapping option is speeified. The network can
signal the backhau! control channel mapping options supported by the network i a system
information broadeast message (S182 for example) or in RRC signaling or a combinaiion of
boti Por instance, when the RN is not comnected to the network, the RN éan acquire the
backhaul control channel mapping information theough systen information Troadeast messages.
On the other hand, when the RN is in connected mode already, update to backhaul control
chanme! mapping method can be scquired via RRO signaling.

{00753]  In order to provide full Hexibdlity in scheduling relonse 8 WTRUS, the RPDSOH
may be mapped using one of the resource allocation types used for PDRCH. The R-PDCCH,
which may be mapped to RBs, containg the resource allocation for R-PDSCH.

[0076] I the RBs assignod to R-PDSCH also carry the backhaul control channel, then

the RB miay be time roultiplexed with backbaul control channels.

{977 I the R-PDCCH spans multiple time slots, {2.g. when resonrce allocation type
2 1s usesd for control channel mapping), then R-PDRCH may be punctured to accommedate R-
PDOCH,

[O678]  To maximize the frequency interleaving, R-PCFICH fwhen used) and R~
PHICH may be mapped uniformly across all available backhaul control channe! RBs. To
maximize the spread, R-POFICH (when used) and R-PHICH may be mapped in only part (e.2.,
one third) of the RB.

IB078]  FIG. 4 shows an example of mapping the R-PHICH and R-PDCCH over an
P symbol when R-PCFICH s not used. FIG. § shows an example of mapping the R-
PHICH and R-PDCCH over an OFDM symbol when R-POFICH s used.

{B888]  The R-PCFICH (when used) may be mapped beginning from a RE whose index

is obtained from the donor eNB cell identity (ID). The R-PHICH may be mapped according to an

~ 1
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RE procedure. In an embodiment I BR-PCFICH 5335 is mapped t a part of an RB, the other part
of the RB may be ased by R-PHICH 325 andfor R-PDUCH 5200 The remaining RBs may be
nocupied by B-PDCCH.

B8]  The encoded PBCCH for RY WTRUs are divided into control chanoned elements
{CCEs) and interleaved before being mapped 1o the tme-frequeney grid. Mapping is in time-fiest
order. Henee, the nomber of QFDM control symbols wust be known before the decoding process
gan begin.

{0082]  Time first mapping does not provide any significant advantage in g relay
environment due to Hmited or no mobility, The R-FDCCH may be mapped in frequency first
order, so that decoding can begin as soon a5 every OFDM symbol is processed and made
available to control channe! processing wnit. This aveids the need w signal the mumber of OFDM
control symbols, Example methods display helow, |

{0083} In one embodiment, as shown in FIG. 64, at block 805 the donor ¢NB
multiplexes the R-PRCCH of all of the relay nodes in o manner similar to KR8 Al block 610, the
donor eNB may map the mundtiplexed bit siveams to CCEs by simple partitioning of the
muliiplesed R-PDOCH inte units of CCEs or similar. At block 615, the doner eNB may partition
the CCE space infn » vectors, where » is the nwenber of backhaul OFDM control synthols, At
block 620, the donor eNB transmits data. The method in Figure 8A allows a CCE to be mapped
across twa consecutive OFDM symbols. Alse, once the R-PDOCCHs for multiple BNs are
muftiplexad together, the order i which the COUBs are mapped 1o (RBs) t5 the same a5 the order
of R-PDCCHs in the multiplexed vector. FIG. 6B shows an example of the embodiment where
the mapping is perfonmed pver two OFDM symbols and a CCE may be mapped across two
OFDM symbaols. In other words, for example, the first OFDM symbol may comprise one or
more whale control chamnel elements (e, CCE #1, #2, and #3) and one partial control chael
element {e.g., CCE #4 which spans over OFDM symbol #1 and #2).

JUUB4]  The size of the ® vector, where 1= [.n {and *n” Is the number of backhaul

X2

OFDM contrel symbols). Note “F" hereinagier is not equivalent 1o 1" given in Bquation (1), RS
technigques are rensed for modulation, interleaving and pre-coding. The & vector is mapped over
ihe M OPFDM symbaol resarved for the backhaul OFDM contrael symbol along increasing {or
decreasing) order of RBa. The CCEs may be mapped to frequency and time domains. Note that
the mapping may be performed in the frequency first order unlike RE, where the mapping ts
pevformed b thme frst opder. FIGL 6C displays what may ccour at the recetver, for cach OFDM
control symbol. In genersl a provessor may receive from an eNodeB, for example, consecutive

first and second OFDM symbuols that represent a plurality of relay physical downlink control
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chanpels (R-PROCH) that comprises a first R-PDCCH and & second R-PDOCH,  Then the
processer may decode the first RAPDOCCH from the Hrst OFDM svarhol which is received before
the second OFDM symbol. In FIG, 60 st block 682, the RN performs damodulation and a1 blogk

i (=10 oy vedtor is egual to

684 constructs & vectors of demodulated bits where the lenpth of §
the mumber of bits in the ith OFDM control syobol. At block 686, the RN demarcates the jih
veetor al CCE boundaries whers bits beyond the integer number of CCES are considered as a part
of the following QFDM control symbel. At Block 688, the RN may perform blind decoding over
the CCEs on a per QFDM control symbol basis. This is possibile sincs interfeaving may be
performed over the span of a single OFDM symbal,

{0085  ['no R-PDOCH addressed to the relay node is found {(fe, No at block {3@{3}, the
RN continues to decode following vector of demodulated bits, There is a *COE wrap avound®
that the RN has to account for. If there are more OFDM control symbols {£.e, Yes at block 694)
the bits not used for blind decoding in the previous OFDIM comtrol symbol are appended to the
vector of bits from the current OFDM symbol. The RN ruay starl again at block 686 and process
the reconstrucied vector of demodulated bits,

{00861 I a ROPDCCH addressed to the relay node is found (7e., Yes at block 890), then
the RN checks at block 691 if all monitored R-PDCCH (e all monitored RNTIs) have been
detected. The BN may continee decoding until the required number of R-PICCH are found (fe.,
Yes at block 621} or the maximum number of OFDM control symbols are reached (e, No at
block 6843, The maxionun number of OFDM control symbols can be standardived, or ted to
other system parameters like bandwidth, or signaled by higher lavers.

{087 In an embodiment, g8 shown in Figares 7A thra 7C, randomizatinon of the
mapping the R-PDCUH over the CCE space may be allowed.

{OU88] At block 7035, the donor eNB may muliplex the R-PDCOCH of sl the relay
nodes in g manner similar to RS, At block 7H), the donor eNB may compute the numaber of CCEs
that can be mapped over each available OFDM symbol, such that every OCE i mapped within a
single OFDM symbol (that is, no CCF spans two QFDM symbaols). Al block 715, the donor eNR
may determine what GFEM control symbaols to place the given R-PDCCH in. At hiock 720, the
donor eNB, for each symbol, may determine the beginning CCE index of every candidate R-
PDCCH using & hashing function.

[0683]  The hashing function may be an ¢NB speeific scheduling algorithn that
optimizes seheduling or any other parameter. For example, if the B-PDCCH carries a downlink
assignment, to reduce the lateney In decoding the data, the hashing function in the donor eNB

may map it to g CCE allocated on the first QFDM control symbol. Similadly, iF the R-PDCCH
w17~
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carries an UL grand, the donor eNB may map #t to 2 CCF allecated to the second or thitd OFDM
comtrol symbol (this is because the UL transmsission needs t be porformed 4 ms Jater, so the
lateney in decoding the control channel §s not a main concern).  The hashing funetinn may be &
randomizing fimetion with input parameters selected from the following set: sub-frame number,
aggregation fevel, time stotindex, or a relay spesific identifier Hke relay radio network
temporary identity (RNTH). For example, CCEs with sggregation fevel 2 may be mapped fo the
first OFDM control symbol in even sub-frames, and to the sevond OFDM control symbol in odd
sub-frames. The hashing function may alse include multiplesing of candidate R-PDCCHg
followed by simple partitioning into units of CCE or similar. Additionally, a medulo rotational
shift may be applied where the shift is determined based on some or all of the parmneters
spectiied herein,

100961 Atblock 725, the CCEs for ™ OFDM contral symbol are maltiplesed twasther
and NUILL bits are added such that after modulation and pre-coding, the ith veotr fits
comypletely into the ™ sembel, where = Lon, At block 730, the modulated and prescoded
symbols arg mapped, in frequency first order over the RBs allocated for backhaul, FI1G. 7R
sbows an example of the embodiment sheve the mapping is performed over two OFDM symbeols
and the CCEs may not be mapped across two OFDM symbols, In other words, for f:}:emzpiaé the
first OFDM symbol may conprise one or more whele control chamel elements | fe.g, LORS
and #2) amd padding (e.g.. N which may be padding) if the insertion of 2 CCR would go bevend
the number of bits available in 2 OFDM svamhol.

{091} FIG. 70 displays what may occur at the recelver, for each OFDM contrnl
symbol. At bloek 782 the RN performs demodulation and at block 784 constragts » veclors of
demoduolated bits where the Eeng}l of M (i=1 . n) vector Is equal to the number of bits in the ith
OFDIM control symbol. At block 786 the RN demarcates the ™ vector at COE boundaries and
discanis NULL bits beyond the integer mumber of CCEs. At block 748, the RN may perfirm
blind dectmiing over the CCOEs on a par OFDM symbol basis. This is possible since interleaving
and CCE randomization may be performed over the span of & single OFDM cantred symbol,
Using a bashing function identical to the elNB, for each aggregation lovel, the relay may
determing the candidate CCEs over which to perform the decoding. I no R-PDCCH addressed
to the relay node is found (7.e., No at block 790} and there are more OFDM control symbols (e,
Yes at block 794}, the RN continnes 1o decods over the following vector of demadulated bits. If
& R-POCCH addressed to the relay node by detected (7e., Yes ot block 790), then at block 791 the
RN vhecks if all monitored R-PRCCH (e, all monitored RNTIs) were detected. The RN may

contimue decoding wntif the required number of R-PRCCH are found (L e, Yes at block 790 or
18-
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the maximun number of OFDM control symbeols are reached (e, No at block 794). The
maximum namber of OFDM control symbols may be standardized, or tied to other system
parameters like bandwidily or signaled by higher lavers,

j0092]  Dedicated RBs may be disteibuted amongst the RNs in a semi-static functien, If
there are X RBs allocated for relays in an area, then with b bits, K7 2" RBs may be assigned to 2°
relays or K 2™ BB io 2% relays and so on. Both X and & may be knowsn to the relay nodes via

higher layer signaling or relay system information. Depending on 8, the DT format lengths may
change, and the relay nodes may perform blind decoding avcordingly as shown iy FIG. 8, which
shows reduced bit map for resource allocation.

{HB3]  With one bit, 803, rescurces may be signaled to two relay nodes. As shown in
FIGOB, RN 1at 806 may be assigned the frst half of total of K RBs and RN 2 at 807 may be
assigned the pext half, With twe bits, 810, resources may be signaled 0 4 relay nodes, For
example RN1, 812, may be assigned the fivst /4 BEs. Similarly, with three bits, equal resourves
may be assigned o cight relays. As shows in FIG. 8, RN 1 mtay be assipned the flest £78 RBs by
sending 000" as the resource allocation in fts grast, RN 6, 817, may be assigned the sixth set of
K78 RBs by sending '101" as the resonrce allocation in its geant, Alternately, for the example of
three bits, if DL backhand data for less than 8 RN is transmitted in a sub-frame, Relay “X™ may
be assigned the “Y™ sub-set by sending the appropriate 3-bit header. More specifically, if only
relays 3.4,5,6,7.8 are assigned DL resources, BN 3 may be assigned sub-set #0 by signaling
0007 in the header, BN 4 way be assigned sob-set #1 by signaling ‘0017 in the header and so on
The remaindng sub-sets (#6 and §7) may be roused by the donor eNB to schedule DL data for the
mactny WIRLE,  This method may be applied when the RBs dedicated to the R-PDSCH (DL
backhaid data) for the relays may be split squally between all the BN connected 1o the eNHL
Althongh thds method has less scheduling granularity in the frequency domain, it has the
gdvarntage of Tow overhead, sinee it does not require the transmission of the resource allocation
hitmap that is employed in respuree allocation Type 8 or Type 1. Alierately, i the start of each
sub-set is abso signaled, then the restriction for equal resowrce allocation for the BNs may he
{ifted.

HI94] With backhanl a delay may be Included between R-PDCOH aad R-PDSCH DL

resource) and between R-POCCH and R-PUSCH (UL granty where the delay may be equal to or

prester than @ 1o s unit of sublrames. This may allow for R-PDCCH o provide DL assignment or
UL grants i later sub-frames{ f e, R-PDOCH 10 R-PISCH s 8 sob-frames (81, and R+

PDOCH 10 -PUSCH 18 8y>4), 18 the R-PDOCH gramts uplink rescurces on the backhaal link in

one or more later sub-frames, the BN knows in advance the sub-frames that will be used for UL
.15
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data backhaol. If the R-PDOCH wssigns downlink rescurces on the backhaul link in one or more
fater sub-frames, the RN koows In advance what subframes will be needed for UL transmission
of the ACK/NACK fecdback on the backhaul. The RN may then schedule the R-WTRUs sneh
that collisions between the UL access Hink and the UL backhaul are avoided (or minimized),
Note that the R-WTRUs are the UBs in the RN cell that may be served by the RN,

{BO8S]  In order to make UL/DL scheduling in either the backhaul link or access Nak
move flexible, the eNB may configure the delay (8 or &) for each RN (or a group of RNs)
semi-statically or dynamically. In case of semi-static configuration, a value of the delay is
signaled to the RN{s) through higher layers. When it is configured dynamically, the value may
be inchuded in R-PDCCH by introducing a new DCT format whers the value of the delay may be
tepresented by a fow bits {e. g, 2 or 3 bits), Alternatively, a delay indicator may be
ntroduced/used in the backhaul control region ® indicate 3 value of 8 or 8. For instance, when
a binary delay tndicator for DL resources (e.g., R-PDSCH) s used, "0 represents zero delay
{e.g., meaning R-PDSCH in the same subframe as R-PDCCH), while "1™ nicans the presencs of
DL resources (e, RPDSCH) in one {or more) later subframefs) agsociated with the carrent
subframe,

{00%6]  The delay Sp or Sy may be applied, whereby 1) 8p or Sy corresponds to a delay
applied immediately after the sab-frame in which the grast is received or 2) the delay, to reduce
the mumber of bits and allew more flexibility, can be relalive to a known baseline sub-frame in
the future, For example, in respect with baseline sub-frame, in case of uplink, the delay may be
with respect o sub-frame s+4, where » is the sub-frame in which the grant is received.
Furthermore, 8p or 8¢ may alse ke negative values which would imply an advancement from
the baseling sub-frame.

{00971 In the methods deseribed hereln, the parameters to configure the relay node may
be signaled semi-statically or may be proconfigured. When the relay starts up, it may behave as a

regular UB. Any relay specific vonfiguration parameters may be exchanged via radio resource
compred (RRO) messages. The relay may nse this configoration information to transition from ite
UE identity to the relay identity.

B8R 1n RS, the AN for UL wansmission is signaled on the DL PHICH channel, For
the relay operation, this may not be optimal or even possible, The AN forrelay UL backhaul can
be sent via 8 R-PDCCH. The DOI format carried by the R-PDCCH may be an extension of the
relay specitic DCT formats to include AN information. Alternatively, a special BCT format may
be created that carries the A/Ns for one or several Relay nodes. This DCI format may be

transmitted using ary R-PDOCH with a special RNTT ihat signifies that the DT format is
~ 20~
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mtended for AN, Furthermore, in order o serve the higher quality requirements for AN speaific
R-PDCCH, such gn R-PROCH may be encoded with a low coding rate by using a higher
aggregation level than the R-PDCCHSs used for UL and DL grants. Additionally, in ovder to
reduce the blind decoding complexity, the aggregation level of such a R-PDCCH may be
specified in the standards.

80991 Although features and clements are deseribed ghove In particular combinations,
oue of ordinary skill in the art will appreciate that cach feature or element can be nsed alone or in
any combination with the other featvres and eloments, Tu addition, the methods describod hersin
may be implemented in 2 computer program, software, or finmware incorporated in 8 computsr-
readable medium for execution by a computer or processer, Examples of computer-readabls
media include electronic signals (ransmitted over wired or wireless connections) and computor-
readable storage media,  Examples of computer-readable storage media include, but are not
limited to, g read only memory (ROM), a random access memory (RAM), a register, cache
metnory, senuconductor memory devices, magnetic media such as internal hard disks and
remevabide disks, magneto-optical media, and optival media such as CO-ROM disks, and digital

versaitle disks (DVDs), A processor o association with software may be used to implement a
radio frequency transcetver for use ina WITRU, UE, terminal, base station, RNC, or any host

CompuUter.
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What iz Claimed:

I A rethod for determining relay node (RN control chanpel data comprising:

recetving an orthoponal frequency division multiplexing (OFDM) symbol comprising
relay physical downlink vontrol channel (R-PRCCH) data modulated in & time-frequency grid,
wherein the R-PDCCH data is first modulated along the frequency domain acrass the GFDM
control symbol;

demodulating the QFDM symbel; and

transmitting R-PDCCH dita 1o a control channg! processing anit,

A The method of claim 1, wherein demeodulating the OFDM symbal comprisex:
demedulating the OFDNM svmbol into demadulated hits,
3. The method of elaim 2, further comprising:

constructing # veotors of the demodulated bits, wheredn 1% the number of OFDM
symbols;

demarcating an fth vector at a control channe! element (CCE) boundary where bits
beyond the integer number of the control channel element are considered a part of the following
OFEM symbol, wherein the #h vector is equal to the aumber of bits in the ah OFDM symbol,

whersin { is greater than or equal to 1 and less than or equal to »

4, The method of ¢laine 3, further comprising:

blind decoding over the CCF on a per OFDRM syonhol hasis.

s, The method of claim 2, Boather compuising:

comstrucimg # vectors of the demodelated bits, wherein 15 the number of OF DM
symboly;

demarcating an fth vector at a control channel element {CUE) boundary where null bits
beyond the integer number of CCEs are discarded, wherein the #th vector is equal 1o the numbsy
of bils in the ith OFDM symbol, wherein £ is gregter than or sgual to 1 and less than or equal to

LER

- 23
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&, The method of elaim §, further comprising:
blind decading over the CCE on a per QFDM symbol basis,
7. The method of claim 6, further comprising:

performing interleaving and COE randomization over the span of the OFDM symbol

v

The method of claim &, wherein Mind decoding futher comyprises
using a hashing function identical to a device algorithm, for each aggregation level; and

the relay determining a candidate CCE over which o perform the decoding,

g

The methad of claim 6, further comprising:
deternsiniyg that in the ith OFDM symbol & R-PDOCH is not addressed to the RN and

continuing to decode pver a symbal § + 1

0, A device comprising:
a processor configured to
receive, from an eNodell, consecutive first and second OFDM symbols that
represent a plurality of relay physical downlink control vhanuels (R-PDOCH) that comprises a
first R-PROCH and a second RAPDOCH; and
decade the first R-PDOUCH from the fiest OFDM svmbel which is received before

the second OFDM symbel.

1. The device of clainy 10, wherein the first and second OFDM symbals encode sontrol

channel elements that encode the plrality of R-PDCCHs.

2o The device of claim 10, wherein the processor is further vonfigured to ignore the second
OFDM symbol if all the nonttored R-PROCHs intended for the device sre detected in the fiest
QFDM symbeol.

13, The device of clabm 1), wherein the first OFDM symbad comprises one ot more whaole

control vhannel elements and padding.

14, The device of claim 10, wherein the first OFDM symbol comprises ong or mors whole
comtrol channel elements and one partial contrel channel element.

Y
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15, Aouthod comprising:

selecting at least one backhaul control channel, each backhau! control channel having
associated a relay node specific control information over a plurality of resowrce blocks (RBs),
sach KB comprising & koown muntber of subscarriers n frequency domain, and 2 known number
of Grthogonal Freguency Division Multiplexing (OFDMY symbols in time donusdn: and

mapping, uniformly, of RBs across the frequency domain,

16, The method of claim 13, further comprising:

sefecting the RBs for the backhaul control chamel sceording to

7DL
E {5} {.”\ 8/ f\’z MAX REL Rg‘i“f"kmmm

Rt} = RB indes for # Control OFIM symbol
IM\{:‘i F P a(-‘l\ [ N-‘L"S‘ Jr{ i aﬁ) *]

Nis aax REL R 15 the rmmhw of RBs reserved for backhaud control channe! in the
#OFDM b\mboi

Ny wp =
k = i.ﬁ_{eg&r derived from donor evalved Node-B (eNBY cell identity (110

&5 O
where additions we modulo N {RB

17, The method of elaim 16, wherein mapping is performed aecording to

using a subseguent OFDM symbol allocated for the backhaal control and continge the
MAPPINg;

wrapping around in the same OPDM symbol and populate all available REs and once all
RBs are utilized, continue mapping over the next QFDM symbol from the next BB location

given by the Ryi),

18 The mcthod of claim 16, wherein mapping is performed sceording fo:
using a subsequent OFDM symbol allocated for the backhau! control and continge the
mapping:
wrapping arownd in the same symbol and populaie all available RBs and once all R8s are
utilized, continue mapping over the ext OFDM symbol from RB location given by seiting #=0
inthe Ryfid
7
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19, The method of claim 15, further comprising;
deternuming a backbaul control channel mapping option supportad by the network in at

least pne of a system information broadesst message and radio resowrce control signaling,

2 The method of claim 15, whereln uniform mapping comprises:
relay-physical control format indicaior channel (R-PCFICH) and relay-phiysical hvbrid
gutomatio repeal request (HARQ) indicator chanpel {R-PHICH) are mapped in only part of the

RB.

|39
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