SYNCHRONOUS TDM BASED COVMUNI CATI ONI N DOM NANT

| NTERFERENCE SCENARI OS [ 0001] The present application
w@bk@boes2gF i ority to provisional U S. ApplicatiPeI/682009050289

No. 61/080, 025, entitled "ENABLI NG COVWUNI CATI ONS I N

THE PRESENCE OF DOM NANT | NTERFERER, " filed July 11,

2008, assigned to the assignee hereof and incorporated

herein by reference. BACKGROUND |. Field [0002] The

present disclosure relates generally to conmunication,

and nore specifically to techniques for supporting
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services such as voice, video, packet data, nessaglng,
broadcast, etc. These w rel ess networks may
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Tll%r&ré&b&sh&anwwﬂ:r@ﬁ& Access (TDMVA) networ ks,
Frequency Division Miultiple Access (FDVA) networKks,
Ot hogonal FDVA (OFDMA) networ ks, and Single-Carrier
FDMVA ( SC- FDMA) net wor k i.rel ess

comuni cati on network rigékﬁg%g@w)nunber of base
stpti ofged hat can support communication for a number

of user e ui pmrents (UEs). A UE may conmmunicate with a
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base station the upl 1 nk
rsmevcsb link) refers to t he conmuni cati on I|nk from
the UE to the base station. [0005] A base station nay
transmt data and control information on the downlink
t dIa UBagkghoeid may receive data and control
informati on on the uplink fromthe UE é)n
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access networks include Code Division Multiple Access (CDMA) networks, Time
Division Multiple Access (TDMA) networks, Frequency Division Multiple Access
(FDMA) networks, Orthogonal FDMA (OFDMA) networks, and Single-Carrier FDMA
(SC-FDMA) networks.

[0004] A wireless communication network may include a number of base stations
that can support communication for a number of user equipments (UEs). A UE may
communicate with a base station via the downlink and uplink. The downlink (or
forward link) refers to the communication link from the base station to the UE, and the
uplink (or reverse link) refers to the communication link from the UE to the base
station.

[0005] A base station may transmit data and control information on the downlink to
a UE and/or may receive data and control information on the uplink from the UE. On

the downlink, a transmission from the base station may observe interference due to



nei ghbor base stations. The interference may degrade
performance on both the downlink and uplink. SUMVARY
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dom nant interference scenario and for supporting
operation of a relay station in a heterogeneous
network are descri bed herein. The het erogeneous
network may include base stat?ons of different
transmt power levels. In a dom nant interference
scenario, a UE may conmunicate with a first base
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péifitedfelsnderut sheSsabdnidasaion Ke.&.hethe UE). In another design, interference to the
first reference signal may be mitigated by selecting different resources for sending a
second reference signal by the second station (e.g., another base station) to avoid
collision with the first reference signal.
[0009] In yet another aspect, a relay station may be operated to achieve good
performance. The relay station may determine subframes in which it listens to a macro
base station and may transmit in a multicast/broadcast single frequency network

(MBSFN) mode in these subframes. The relay station may also determine subframes in



MBSFN node than the regul ar node. The relay station

may al so send fewer tine division nultiplexed (TDV
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the regular node. [0010] In yet another aspect, a

first station may transmt nore TDM control synbols

than a dom nant interferer in order to inprove

reception of the TDM control $ynbols by UEs. The first

station (e.g., a pico base station, a relay station,

etc.) may identify a strong interfering station to the
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a bl ock diagram of a base station or a relay station

and a UE. DESCRI ues
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[0015] FIG. 4 shows two exemplary MBSFN subframe formats

[0016] FIG. 5 shows an exemplary transmission timeline for different base stations.
[0017] FIGS. 6 and 7 show a process and an apparatus, respectively, for mitigating
interference in a wireless communication network.

[0018] FIGS. 8 and 9 show a process and an apparatus, respectively, for operating a
relay station.

[0019] FIGS. 10 and 11 show a process and an apparatus, respectively, for
transmitting control information in a wireless communication network.

[0020] FIG. 12 shows a block diagram of a base station or a relay station and a UE.



Access (UTRA), cdma2000, etc. UTRA includes W deband
CDVA (WCDMA) and ot her variants of CDVA. cdna2000
W@ 2010/086285- 2000, |1S-95 and | S-856 standards. ApdDER009/050289
network may inplement a radi o technol ogy such as
G obal System for Mbile Communications (GSM. An
OFDMVA network may i nplenent a radi o technol ogy such as
Evol ved UTRA (E-UTRA), U tra fbbile Broadband (UVB),
| EEE 802.1 1 (W- Fi), |EEE 802.16 (W MAX), |EEE
802. 20, Flash-OFDMr), etc. UTRA and E-UTRA are part
of Uni versal Mobi | BETEASLEDDESGRIPTIONt em (UMTS) .
3GPP Long Term Evol ution (LTE) . and LTE—Advanced
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and other network entities. eNB may %eastatlon
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station, a Node B, an access point, etc. Each eNB may provide communication
coverage for a particular geographic arca. In 3GPP, the term “cell” can refer to a
coverage area of an eNB and/or an eNB subsystem serving this coverage area,
depending on the context in which the term is used.
[0023] An eNB may provide communication coverage for a macro cell, a pico cell,
a femto cell, and/or other types of cell. A macro cell may cover a relatively large

geographic area (e.g., several kilometers in radius) and may allow unrestricted access by



(CSG), UEs for users in the honme, etc.). An eNB for a
macro cell may be referred to as a macro eNB. An eNB
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eNB for a fento cell may be referred to as a fento eNB
or a home eNB. In the exanple showmn in FIG 1, eNB 110
may be a nmacro eNB for a macro cell 102, eNB 112 may
be a pico eNB for a pico cell5104, and eNBs 114 and
116 may be fento eNBs for fento cells 106 and 108,
respectively. An eNB may support one or multiple
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or wireline backhaul .[0028] UEs 122, 124 and 128 may
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CeclpleMlti@l{, tﬁ’(b&@ﬁg m@y have similar frame timing, and transmissions from different
eNBs may be approximately aligned in time. Synchronous operation may support
certain transmission features, as described below.

[0027] A network controller 130 may couple to a set of eNBs and may provide
coordination and control for these eNBs. Network controller 130 may communicate
with the eNBs via a backhaul. The eNBs may also communicate with one another, e.g.,

directly or indirectly via a wireless or wireline backhaul.



personal digital assistant (PDA), a wireless nodem a
W rel ess communi cati on device, a handhel d device, a
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| oop (W.L) station, etc. A UE may be able to

communi cate with macro eNBs, pico eNBs, fento eNBs,
relays, etc. In FIG 1, a solid line with double

arrows indicates desired tranémi ssions between a UE

and a serving eNB, which is an eNB designated to serve
the UE on the downlink and/or uplink. A dashed |ine
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radio frame may thus include 20 slots with indices of 0 through 19. Each slot may
include L symbol periods, e.g., L =7 symbol periods for a normal cyclic prefix (as
shown in FIG. 2) or L=6 symbol periods for an extended cyclic prefix. The 2L
symbol periods in each subframe may be assigned indices of O through 2L—1.

[0031] The available time frequency resources may be partitioned into resource
blocks. Each resource block may cover N subcarriers (e.g., 12 subcarriers) in one slot

and may include a number of resource elements. Each resource element may cover one



may be a real or conplex value. An eNB may transmt
one OFDM synbol in each synbol period. Each OFDM
W@ 2010006288y | ncl ude nodul ati on synbol s on subcRCT/U82089/050289
used for transm ssion and zero synbols with signa
val ue of zero on the remaining subcarriers. [0032] In
LTE, an eNB nay send a primary synchroni zation signa
(PSS) and a secondary synchroni zation signal (SSS) in
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t d0833hporTherpNiY indy sendenhtysicalr@ntranisnringsindigatpiHARONe] (PREICH)
P . nf [ | ocat i

i i P il i O (180 i, BESOMROR F 27 Hop PO may
f imstethé)ﬁmﬁb&yofwhﬁ)obpertdde (S bISﬂfdafm cnmyolajhsmlebem a subframe,

S T PSR PN TRPS rof) TBH AR b,y
[ raﬁsorhmqhajmo 4 Térer seldB sgmgfn emilvidh Ry ,SWﬂlalesthiMl 10 rekource blocks.
annel (P [ .emai pi ng S peri ods .
o TIEGEYE S0t st PPREAHRAY TRt | il 5RO BE o Physicl
sab@ditine @ dh@61 diaindclt(PBISHM)SS kHRNAMNME JyehbdopodNE cabhBubframe
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L TEEsand serteed infpranesian £ idannler dinslas tlhe firo MhREP Sytnﬁ’OIS of the
S%%Efratrh&m%%lso lplEe@SPto as TDM control symbols. A TDM control symbol

may be an OFDM symbol carrying control information. The eNB may send a Physical
Downlink Shared Channel (PDSCH) in the remaining symbol periods of each subframe.
The PDSCH may carry data for UEs scheduled for data transmission on the downlink.
The various signals and channels in LTE are described in 3GPP TS 36.211, entitled
“Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and
Modulation,” which is publicly available.

[0034] LTE supports transmission of unicast information to specific UEs. LTE also
supports transmission of broadcast information to all UEs and multicast information to a

group of UEs. A multicast/broadcast transmission may also be referred to as an



supports transm ssion of broadcast information to all

UEs and nmulticast information to a group of UEs. A
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to as anMBSFN transm ssion. A subframe used for

sendi ng uni cast information may be referred to as a

regul ar subframe. A subframe used for sending

mul ti cast and/or broadcast information may be referred

to as an MBSFN subframe. [0035] FIG 3 shows two

exenpl ary regul ar subframe formats 310 and 320 t hat
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r elf)@ﬁénce’ﬂl@fr@%ﬁom@t Al mpepepicd bg.agn%iB typed ith two antennas.

speeéif- kﬁéci&i@ e fRreh& Sjl%naﬁmgy be 98N GT Jnesd] Péddas ONE Ofnd"Dr fd may
synbol %uences erm ned based on a cell identity

( |h9)use¢by &5 fgg] channel cstigrafien. | Agpiseeneq Henadiser warad thef rigown a
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320mphyty be caﬂ;ﬂ@ctfy ferakB siggui ppe de wifeed uas simpbnnasference

§ SEMEURIRS ShOl TS FRB PR, SRACERLS ooty o
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Sydqbipbecp\@ith s aiflerinas. 2A rdfoenRDRSEH ﬂi&ybé)&nsemymbal fichieds 0, 1, 4,
S)Tgl né E? synbol periods 3 to 13 of the subfrane.
[ 0038

G 4 shows two exenpl ary MBSFN subfrane

f qoosr s 4hQhaednpROsiohatin FaY. Heahies GDM @omedymbols are sent in a
br oadcast mul ti cast | nformati on to UES on the

d I Kb IrSb Y B Foor At PYHIGThigy be st &y spypohReripde). and the

e EPE dndPHITH Wy § B@E&ﬂﬂ l’haszmb& peeb&r ®Rce BieIHCHRMy B€sent in
sent in synbol period or the exanple shown in %

4, theyemajningfymgalkperipy %‘@HﬁroéFh%Wﬁ%‘lle may be sent in t he
N'E\ilﬁﬁd 1Su bR NEsh 0wk B S @f@nﬂl'ﬁ& MRBSHAC QuiTR OB rHRE g 163Xn@!ibo that

B equi pped with four antenhnas. A reference signal
meyaybée sesad tonsend broadcast/multicast information to UEs on the downlink.

Subframe format 410 may be used by an eNB equipped with two antennas. A reference
signal may be sent in symbol period 0. For the example shown in FIG. 4, M =1 and
one TDM control symbol may be sent in the MBSFN subframe. Subframe format 420
may be used by an eNB equipped with four antennas. A reference signal may be sent in
symbol periods 0 and 1. For the example shown in FIG. 4, M =2 and two TDM
control symbols may be sent in the MBSFN subframe.

[0039] In general, the PCFICH may be sent in symbol period 0 of an MBSFN
subframe, and the PDCCH and PHICH may be sent in symbol periods 0 to M—1.



synbol periods 0 and 1. For the exanple shown in FIG
4, M= 2 and two TDM control synbols may be sent in

w0 baoB3BN subframe. [0039] In general, the POMTIZHS208%/050289

be sent in synbol period 0O of an MBSFN subfrane, and

the PDCCH and PHI CH may be sent in synbol periods O to

M 1. Broadcast/multicast information nay be sent in

synbol periods Mthrough 13 of the MBSFN subfrane.

Al ternatively, no transm ssions nmay be sent in synbol
periods Mthrough 13. [0040] FIGS. 3 and 4 show sone
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O b e : -

o ESPR AR T o PR SR bR 138 by St B pegoss M
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e. sgbfranaesfoglﬁmgi, as ghomn in FIghd N}B@Fqguh}bg@dwy@é associated with

as3RGh Ahedcidils GRMLt Al D cgﬁ?gu%ieeﬁﬁrﬁﬁérc\o? TN RRoBsymbols, the
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sirgfseench sigpa) bsingt sent Gameseh aaﬁqn@nmaMOnoromgresgymgl periods of a
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transmt control infornmation and erence signa
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r ansm con rol
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be desir r r t a| era
ol T o Ry SRR kB o AF oRBERS kB in fower
Wi sty b ol Iid’lledSCm\/tEe’ BPSFOf modd thipthe refNBs .mddoee. @f ad dhewe in FIGS. 3
eNB sel ct ed to serve the .. The _servi.n
ST TR R S R L Ao AR SN
r &ﬁ@ie\/tﬁzﬁh POV&Iular pRfdB] aBs MBS alodé @rah Ansebel @bitadled SNB) certain

etc. [.0043] A UE may operate in a dom nant
i fPe “é%@ﬁ%aéloééélq%?c?'&edlbﬁthl ch the UE may observe high

| b2 er enass fnra?m%Qﬂ&nrpEherE‘éKf@fagd"I)feﬁlﬁl@ibleWE%NE@ne 6 these eNBs
dom nant interference scenario nay occur due t

r 83y bectekegted 4 sevatic S b scaxbgpNB, m'«}aneFaetsctei baseé opggrious

M&Y¥iteria such as received power, pathloss, signal-to-noise ratio (SNR), etc.
[0043] A UE may operate in a dominant interference scenario in which the UE may
observe high interference from one or more interfering eNBs. A dominant interference
scenario may occur due to restricted association. For example, in FIG. 1, UE 124 may
be close to femto eNB 114 and may have high received power for eNB 114. However,
UE 124 may not be able to access femto eNB 114 due to restricted association and may
then connect to macro eNB 110 with lower received power (as shown in FIG. 1) or to
femto eNB 116 also with lower received power (not shown in FIG. 1). UE 124 may
then observe high interference from femto eNB 114 on the downlink and may also

cause high interference to eNB 114 on the uplink.



be close to fento eNB 114 and may have high received

power for eNB 114. However, UE 124 may not be able to
wW@ewesss2sent o eNB 114 due to restricted associBCT/0820891050289

may then connect to nacro eNB 110 with | ower received

power (as shown in FIG 1) or to fento eNB 116 al so

with | ower received power (not shown in FIG 1). UE

124 may then observe high intlérference fromfento eNB

114 on the downlink and may al so cause high

interference to eNB 114 on the uplink.[0044] A

ddﬂﬂ%nt A nloaifagt etferace rani may also swowcdugr todaeget extension,
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realized.

[0047] In one design, different groups of eNBs may be associated with different
subframe offsets. The timing of eNBs in different groups may be offset from one
another by an integer number of subframes. For example, when macro eNBs in a first
group transmit subframe 0, pico eNBs in a second group may transmit subframe 1,
femto eNBs in a third group may transmit subframe 2, etc. The use of subframe offset
may allow eNBs and relays in different groups to transmit their synchronization signals

such that UEs can detect these signals.



[0047] In one design, different groups of eNBs may be
associated with different subfrane offsets. The timng
w@bRo1eMB283 n di fferent groups may be of fset froP@DOE2009/050289
anot her by an integer nunber of subfranes. For
exanpl e, when macro eNBs in a first group transmt
subfranme 0, pico eNBs in a second group nmay transmt
subfranme 1, fento eNBs in a tHird group may transmt
subfrane 2, etc. The use of subfranme offset may all ow
eNBs and relays in different groups to transmt their
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as wel | data i n each reserved subfrane.
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t rv@é’éﬁgp dNB. The interfering eNB may also transmit in the reserved subframes in other
manners. The interfering eNB may transmit the least number of modulation symbols
required by the LTE standard in each reserved subframe.

[0050] In the example shown in FIG. 5, macro eNB 110 reserves subframes 1 and 6
for pico eNB 112 and transmits one TDM control symbol with M =1 for the PCFICH
in cach reserved subframe. Femto eNB 114 (femto eNB A) reserves subframes 3 and 8
for macro eNB 110, reserves subframes 4 and 9 for pico eNB 112, and reserves

subframe 1 for femto eNB 116 (femto eNB B). Femto eNB 114 transmits one TDM



nothing in each reserved subframe in order to avoid
causing any interference to the weaker eNB. The

WO pi1e/066@83 ng eNB may al so transmit in the reseP@BUS2009/050289
subfranmes in other manners. The interfering eNB may
transmt the | east nunber of nodul ation synbol s
requi red by the LTE standard in each reserved
subfrane. [0050] In the exanpl2e shown in FIG 5, nacro
eNB 110 reserves subfranes 1 and 6 for pico eNB 112
and transmts one TDM control synbol with M= 1 for
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i MBIf erence fromthe fento eNBs. The subfranes
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suldhd anes or only sone subfranes in which the

synchrom zation si gnal and the PBCH are transmt

ed
byl 093¢ gring LS ety deriy FEhow FbigEeyt Aed %aﬁwacro eNB

t hiah akdeab@NydBhRCINEsNE 4 WRA KR to@MNRd liflerferéRA &P BN Rhronization
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shown
i rhigopls ang thesRipFi éwesthe reGEp S SHeleRes NP1 BiseeNB 112 are
cl garRthPYadrE NG EMBRd gt 18 4@ B¥Qb Avoid interference to the

interference to the synchronization
synchronization signals and the PBCH from the pico eNB. Subframe 0 of femto eNB

114 is cleared by femto eNB 116, and subframe 0 of femto eNB 116 is cleared by femto
eNB 114.

[0053] In one design, the eNBs may communicate via the backhaul to negotiate
reservation/clearing of subframes. In another design, a UE desiring to communicate
with a weaker eNB may request an interfering eNB to reserve some subframes for the
weaker eNB. In yet another design, a designated network entity may decide reservation
of subframes for the eNBs, e¢.g., based on data requests sent by UEs to different eNBs

and/or reports from the eNBs. For all designs, subframes may be reserved based on



signals and the PBCH fromthe macro eNB. Subfranmes O

and 5 of pico eNB 112 are cleared by nacro eNB 110 and
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synchroni zation signals and the PBCH fromthe pico
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fento eNB 114. [0053] In one ldesign, the eNBs may
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for the weaker eNB based on the reference signal from this eNB. If the reference signal
of the weaker eNB collides with the reference signal of the interfering eNB, then the UE
may perform channel estimation with interference cancellation. The UE may estimate
the interference due to the reference signal from the interfering eNB based on known
reference symbols sent by this eNB and the known subcarriers on which the reference
signal is transmitted. The UE may subtract the estimated interference from the received
signal at the UE to remove the interference due to the interfering eNB and may then
derive a channel estimate for the weaker eNB based on the interference-canceled signal.

The UE may also perform interference cancellation for control channels (e.g., the
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I rboﬁtr&l%?ﬁl%&?,%n% ‘P%bﬁ%n&){lsﬁ@ﬁ b d38h TDM control symbol. The UE may
decode the PHICH based on the two PHICH transmissions sent in the second and third
TDM control symbols, which may observe no interference from the interfering eNB.
The UE may decode the PHICH based further on a portion of the PHICH transmission
sent on subcarriers not used by the interfering eNB in the first TDM control symbol.
[0060] The weaker eNB may also send the PDCCH in three TDM control symbols.
The weaker eNB may send the PDCCH to the UE such that adverse impact due to

interference from the interfering eNB can be reduced. For example, the weaker eNB
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[0064] The UE may also decode the control and data channels from the weaker eNB
based on other techniques to improve performance in the presence of high interference
from the interfering eNB. For example, the UE may perform detection and/or decoding
by taking into account high interference on certain received symbols.

[0065] The techniques described herein may be used to support operation by relays,
e.g., relay 118. In the downlink direction, relay 118 may receive data and control
information from macro eNB 110 and may retransmit the data and control information

to UE 128. In the uplink direction, relay 118 may receive data and control information



interfering eNB in the TDM control synbols, renove the

estimated interference fromthe received synbols, and
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cancel lation to decode the control channels. [0063]
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[0068] For the backhaul downlink subframes, relay 118 may desire to only listen to
macro eNB 110 and may not desire to transmit anything to its UEs in these subframes.
However, since relay 118 is an eNB to its UEs, relay 118 may be expected to transmit
some signals to its UEs in the backhaul downlink subframes. In one design, relay 118
may operate in the MBSFN mode for the backhaul downlink subframes. In the MBSFN
mode, relay 118 may transmit only in the first symbol period of a backhaul downlink

subframe and may listen to macro eNB 110 in the remaining symbol periods of the



FIG 5. [0067] In a range extension scenario, nacro

eNB 110 may be a strong interfering eNB to UEs
w@rm2eat i ng with relay 118 as well as new UBST/UR09/050289

can be served by relay 118. For the relay downlink

subfranmes in which relay 118 transmts to the UEs, the

timng of relay 118 nay be shifted by an integer

nunber of subframes (e.g., byl7one subframe in FIG 5)

fromthe timng of macro eNB 110. Macro eNB 110 may
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based on the reference signal that relay 118 can receive from macro eNB 110. When
scheduling relay 118, macro eNB 110 may make use of the information about which
subframes are likely to have better channel estimates by relay 118. For example, relay
118 may listen to macro eNB 110 in two contiguous subframes. In this case, the
channel estimate for the first subframe may be worse than the channel estimate for the
second subframe since the channel estimate for the first subframe may be extrapolated
whereas the channel estimate for the second subframe may be interpolated and may
have more reference symbols around it. Macro eNB 110 may then send data to relay

118 in the second subframe, if possible.



110 may al so send the PDCCH such that all or nost of a
PDCCH transm ssion for relay 118 is sent in the second
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In the Uplink direction, relay 118 nay operate in a

sisgnebmnayyhhmeicatgd by schc‘qng dlfferent resources for sending a second reference
signal by the second station to avoid collision with the first reference signal (block 614).

[0074] In one design, the first station may be a base station or a relay station, and
the second station may be a UE. For block 614, the interference due to the first
reference signal may be canceled at the UE. In one design, the interference due to the
first reference signal may be estimated and subtracted from a received signal at the UE
to obtain an interference-canceled signal. The interference-canceled signal may then be
processed to obtain a channel estimate for a base station or a relay station with which

the UE is in communication. The interference-canceled signal may also be processed to



t he backhaul wuplink subframes in which relay 118
transmts data and control information to macro eNB
wa1ao/o6eBay 118 nay operate in a simlar mannePCHES209/050289
eNB in the relay uplink subframes in which relay 118
listens for data and control information from UE 128.
A schedul er at macro eNB 110 and/or a schedul er at
relay 118 may ensure that thel%plink of relay 118 and
the uplink of UEs served by relay 118 are schedul ed
appropriately. [0073] FIG 6 shows a design of a
prabtes dat6 Q) drapntndl tinfganadting s¢nt be thicdrerstaion or thewglpe btetgm to the
c ni cati on network. Process 600 rmay be perfornmed by
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614). [0074] In one design, the first station nmay be
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second resources are different
The relay station may also determine subframes in Wthh it transmits to UEs (block

816). The relay station may transmit in a regular mode in the subframes in which it
transmits to the UEs (block 818).

[0078] The relay station may send a reference signal in fewer symbol periods in a
given subframe in the MBSFN mode than the regular mode. In one design, the relay
station may transmit the reference signal from each antenna in one symbol period of

each subframe in which the relay station listens to the macro base station in the MBSFN



first resources. The first resources nmay conprise a
first set of subcarriers, and the second resources may
w@mpodees a second set of subcarriers, which nBgI/B82009/050289
different fromthe first set of subcarriers. The
second reference signal may be sent on the second
resources by the second station and nay then avoid
collision with the first refellence signal. A primary
synchroni zation signal and a secondary synchroni zati on
signal may be generated based on the selected cell ID
andodeny.ghes sknin yFithd. sBromrthy staion omyi tang i tignefachce signal
subf S, .e. .. 0.an Q7 | .
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reference signal [0077] FIG 8 shows a design of a
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ay station may transm
The first station may identify a strong interfering station to the first station (block 1012).

The first station may determine a first number of TDM control symbols being
transmitted by the strong interfering station in a subframe (block 1014). The first
station may transmit a second number of TDM control symbols in the subframe, with
the second number of TDM control symbols being more than the first number of TDM
control symbols (block 1016). The second number of TDM control symbols may be the



the reference signal in nore synbol periods across
each subfranme in which the relay station transmts to
W@ b o283 n t he regul ar node. The rel ay stati oPCHEH$2009/050289
also transmt the reference signal in other manners in
t he MBSFN node and the regular node. [0079] In one
desi gn of block 814, the relay station may transmt a
single TDM control synbol andlmay transnmit no data in
each subfranme in which it listens to the macro base
station. The relay station may receive a maxi mum
nung@nuof nufebeg of Y e@ntrdDMntoit aliiwedylob dhes fifst otatiphend may
h subframe in which the macro
a@égg?ﬂﬁﬁgﬁiﬁﬁangﬁ#gmﬁ%§ the relay station. The relay
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contro ock 101 The second nu of TDM
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conprise three TDM caontrol nbol s. {0082] The first

stsénpbifom Hig stRes wirisrae ﬁt'ﬁtioé‘r flde ifiny setieh manalpmijanyaitghe second
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first station na e a pico base station, and th

Hff@iifhérstrwglmeﬁ?mtﬁﬁtmy be a macro base station. In
a'}@éif@ﬁ” diﬁﬁ_}' 9 sﬁoh&% at'd%scién oF af %am 1100 for transmitting control

information. Apparatus 1100 includes a module 1112 to identify a strong interfering
station to a first station, a module 1114 to determine a first number of TDM control
symbols being transmitted by the strong interfering station in a subframe, and a module
1116 to transmit a second number of TDM control symbols by the first station in the
subframe, the second number of TDM control symbols being more than the first number

of TDM control symbols.



be a macro base station, and the interfering station

may be a fenmto base station, or vice versa. In yet
wa@paberstiesi gn, the first station nmay be a feP@DURNEB050289

station, and the interfering station may be anot her

fento base station. The first station and the strong

interfering station may al so be sone ot her conbi nation

of macro base station, pico PRse station, fento base

station, relay station, etc. [0083] In one design, the

first station may transmt a control channel (e.g.,
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thereof. [0087] FIG 12 shows a bl ock ram of

d deqng pratin 1505 eed ey pYER r@qﬂe@mg@lsl@(ﬁemodu ators (DEMODS) 1254a
through 1254r, respectively. Each demodulator 1254 may condition (e.g., filter,

amplify, downconvert, and digitize) a respective received signal to obtain input samples.
Each demodulator 1254 may further process the input samples (e.g., for OFDM, etc.) to
obtain received symbols. A MIMO detector 1256 may obtain received symbols from all
R demodulators 1254a through 1254r, perform MIMO detection on the received
symbols if applicable, and provide detected symbols. A receive processor 1258 may

process (e.g., demodulate, deinterleave, and decode) the detected symbols, provide



Station HOx may be macro base station 110, pico base

station 112, fento base station 114 or 116, or relay
waeeaniensill8 in FIG 1. UE 120 nay be any of tPEr/UR909/650289

FIG 1. Station HOx may be equi pped with T antennas

1234a through 1234t, and UE 120 may be equi pped with R

ant ennas 1252a t hrough 1252r, where in general T > 1

and R > 1. [0088] At stationOx, a transmit processor

1220 may receive data froma data source 1212 and

control information froma controller/processor 1240.
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input s L e e, g., for OFDM etc.) . to obtain ) .

- aR oo AL i <6 Yol RESetErSErer Toroes gy dirbed hercn

r1 gaslimwaé 1a?rzrbﬁ>d fﬂza‘l\z/[)@m able dRa0@IPdstrath @b&es _Jfabﬁaiohhn{go% ghd UE
r, perform et ion on the received synbal s

i f128pﬁFEPeé‘éYﬂ%é, e eyt nH‘@tSélﬁ“tdléG %&dgt.a URnpBisEpR, gn the

PrRGassOindltaplin@y process (e.g., denpdul ate,

dei nterl eave, and decode) the detected synbols,

pri8¥92edethvsedl il i theprt Deuimderstand fat Wfgmagom gnggignals may
angd RpRYINAA HEGOHGDICOMR) of BiFRfHPILRBIS®s8ind techniques. For
control | er/ procesSor 1280." [0090] On the uplink, at UE
12p0amplet daih IpFtuctms ceosypandg, 2gtormetiony sigedly ditangymbpls calschips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.
[0093] Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
disclosure herein may be implemented as electronic hardware, computer software, or

combinations of both. To clearly illustrate this interchangeability of hardware and

software, various illustrative components, blocks, modules, circuits, and steps have been



data (e.g., for the PUSCH froma data source 1262 and
control information (e.g., for the PUCCH) from

W@ onvoed2Br / processor 1280. Processor 1264 nayPEl/582009/050289
generate reference synbols for a reference signal. The
synbols fromtransmt processor 1264 nmay be precoded
by a TX M MO processor 1266 if applicable, further
processed by nodul ators 125424 hrough 1254r (e.g., for
SC-FDM etc.), and transmtted to station HOx. At
station HOx, the uplink signals from UE 120 may be
rebahmeﬂﬂhyeanmsﬁhasK&®84fmph@msé@@dwwaUthdumdhmnbnﬂﬁyB
1 t r f
it Rl oA SRR b7 dnl 0aBBRb G RGton and
ohteagm casoaidsdmgatca oanhb oantlr xyhtemnf&imltﬂtawmammmy niqglerhlﬁlt the

e R L 37 B L aBlbdSe SR BT R oPYARE IS B! Sveh

C diplelch@tidp daivss athodld 40t bE GX8ibleted as causing a departure from the
Cbntrollers/procefsors 1240 and 1280 may direct the

op &gt i PResedClo8We110x and UE 120, respecti vely.

Prioewss s or Thk2éiioad dhudtiatidt Neicdd RERS SB6E RN thdTBiebte YeRtibed in
station HOx may perform or direct process 600 in FIG

6,COpRGEL Wit G dﬂﬁqlorﬂrrehersm Prydederlengpisd Prpapforsnedwith a general-
anfike Pid&koPh ABES ﬁ%nafl QFockfi6r {rsH narn%ﬁcg@ﬁ c@pécbﬁdmtegrated

herei n. Processor 1280 and/or ot her processors and
nsdghie §ARIC).UETAlg progaymmpele ptmarry it orpthse esagrampalig logic

Flfvich andirr «at hgr tr%s%@(ﬁsﬁo%ﬁ f(ﬁ§crét99na¥(§>@a?@'cgiﬁ Snents, or any
descri’bed her&in. Menories I242 and 1282 may store

datoalbaﬁmtprh@@Oédﬁsegmééo perforay thei forrtiex deadbadhe1cp, A general-
d 7 gﬁ)g g\égésyor rhay e qqﬁilUnL gfoaés% G piray th%%”[@lqyt W tll'fgéroc&rsor may be

nsm ssi 6N on 1 ownl I nk uplin
[G@QZPmmhm@@lp®C®Mnl@xmnﬂﬂhmxawmnm@@rdwumﬁ@mgmamdz%hare%or

ﬂé%%e‘%@y%ﬂ@n%h ?{‘agiroz%ﬂﬁﬂ%ﬁoﬁ’ﬁnoq u?ﬁ%ealév?c e édnagcoﬁl%}/natlon of

varil gi €
For IéaSPanqmldea cdtatraprocemsctrr w:tplmahty oﬁnmambsocessors one or more

R I BRI iRt R i S RsP ERE Ry G Pk,
be[0095rpr eSHMRt acbsbyf uoinbtagdesx diguritient descride @ cih r@ii’fﬂ@ltleﬁ iveith the
waves, netic fields.qr..particles, optic f|eId or
ol ETpEStregy b crehedicniPaly it Rursbe n[aois%@ el Gpeuted

skiyl 4 piyoetkst, buit Hesmsippioacifahetdiat A igtwaad mdligde may reside in
illustrative, | ogical blocks, nodules, circuits, and

al oVl DAROF Bpd BeReyi BN miymebnieRAN Moy FHROM memory,

d'régikt@r% a8l S, QireindRYIcRBL FODEBINt 6:Chn@ DR} RFh 0P Bofage medium
hardwar e, conputer software, or conbinatjons of both.

TUEWBAR fhg ot [Afs eYeHPETY HPREF RCSMERE SE@ALsH 10jthg prggessor such that

hah dVMREQs@Ren RAT IMBmBitio BHIMOMRI Wite YefbidibY %, the storage medium.
component s, blocks, nodules, circuits, and steps have

bdanedriabed tebovascgasdvmimay berinegrphie tef popessar. The processor
fungthe %Hgte Xnedmﬁ}trﬁh?rr reSHE h BHNEEON B W¥id $nay reside in a user

terminal. In the alternative, the processor and the storage medium may reside as
discrete components in a user terminal.

[0096] In one or more exemplary designs, the functions described may be
implemented in hardware, software, firmware, or any combination thereof. If
implemented in software, the functions may be stored on or transmitted over as one or
more instructions or code on a computer-readable medium. Computer-readable media

includes both computer storage media and communication media including any medium



i npl enented as hardware or software depends upon the

particul ar application and design constraints inposed
woeoiles2everal | system Skilled artisans may i PgI/E802/050289

t he described functionality in varying ways for each

particul ar application, but such inplenentation

deci sions should not be interpreted as causing a

departure fromthe scope of t3%e present disclosure.

[0094] The various illustrative |ogical blocks,

nodul es, and circuits described in connection with the

ditba| faglitates ltremséetrrof reegpnipetey npigameﬁbmobmrplq@e té enatiewl. WAt dorage

( %@‘%@' &% ﬂaf%'ieonﬁgdéé glm ?a% b%lag%etss% %%ﬁéralgg %% 088 3Pdpecial

( ABHSpe camlﬁuted dBjZ) rv@grﬁ‘mxainbb gt &otallmlaajlo(l FRGA)computer-readable

Crids BpORontay RS e A PRERE S B SR G i groce.

C Qhdyintidd cﬂlﬁlﬂstbﬂa@e’ Mthﬁ&ﬁdggﬂ&ﬁtdr@geﬂﬁﬁfc@ﬂ‘ r tfyeothernaddingmshat can

d%SCfI ed herein. ﬁ% ner al ose oﬁ sor 1)é%b.e a d
E S 8 CRLE 8T Stotf dSined PEgeke F‘% {pdhe form of siucdiops or data
nesyru&tareaayd han¥atel R6RbedyOL eSS OI- pm@@ga:t dr@bécl-purpose computer,

m crocontroller, or state nachine. gr ocessor may

al¥ad %“é‘eﬁahb‘i‘r@?ﬁérﬂr%“% Pérp@%ﬁﬁoﬁ%gﬁ‘?ronA & %rﬁ?ﬂf’qcﬁ@n is properly
da¥infe@% .cofpBer- re@da%%éd"lﬁﬁ | P&} Rhmple RBMcaBM@wv e is transmitted from a
m cr opr ocessor, plurality of mecr oa&r:ocessors one or
nOYDSHE, PTEYr %@b@fd?@oﬁerﬁo‘@%}lwﬁz% Ferpriahiatie. Aibprgpptis gplle, twisted
orpaﬁ'n&gﬁ’zll REEsc Rk Min€ ADE1 OB Rrk1OR-tedhBA9SILs SRE oS h%ﬁfedolfadl% and

or algorithm described in connection wt

durglérowmethmﬂ@uwamlycabl@ dibpoetisdcailer dgisted pam, DSL or ereless
hatEéi‘l\‘i@l'bgires Elﬂ:haa.ssif?ifrirw d1 ldl Iﬁlcmgﬁtal%dmpﬁﬂd% in t e definition of

process of In a conbination of t fware
mouedien.mRigk pabdiske a nseRARteire mmiudes £érapssiat quﬁﬁﬁy); laR{Mlsc, optical

mepor ;.- 5P . ‘ P 5 ynileqj ha

ar i il MR Yoy B TR bRl ShEope el gty

stropradyec méda umndorteutly) rwitilkhe daest .rephoduex edad ampyicdlyomaiye lasers.
lumis co essor .such, t hat the

oronabpo 2R P by REP IR PR SHib 8 of compucer

[ rréammatmedia to, the storage nedium In the

DS o ol B ERESe A BRI i Highy person

r egilde id Me an td\dlake orliRe 1ASNiI0RY. NMasibEembdIfieutidiet the disclosure
termnal. In the alternativ t he procgjgsor and th

stB e AR THREy© P qkillg inyfhe @rte r%ﬁﬁ%rﬁrgw}pfﬁ s glefined

USRFeit BhbEapplicl @0 9BEr VtiafHR WthollDdcPa®ing! MRhAhY spirit or scope of
desi a}gl the functions described may be inplenmented in
F'es

hah urg of igathe disclopypay ot l@tﬁnctfﬁyo behipiieatq B examples and

t hﬁﬁ ?ﬁ’sf destiiibdd RIEMBOE R0l 2 KLEMRER wiiB8 b4RCEINOOENR¥N the
ored on or transmtted over as one or
pnn01ples and novel features disclosed herein.



nore instructions or code on a conputer-readabl e

medi um Conput er -readabl e nmedi a i ncl udes bot h conput er
watapagesiredi a and conmuni cati on medi a i ncl udi PQI/ESZ009/050289

medi unthat facilitates transfer of a conputer program

fromone place to another. A storage nedia may be any

avai | abl e nedia that can be accessed by a genera

purpose or special purpose colfputer. By way of

exanpl e, and not limtation, such conputer-readable

medi a can conpri se RAM ROM EEPROV CD- ROM or ot her

opiHeel INNCERINIEDY v ge, magneti c di sk storage or ot her

magneti c storage devices, ﬁ@éﬁﬂé ot her nedi um that can

be used to carry or store § program code neans

in the formof instructions or data structures and

that can be accessed by a general - purpose or

speci all- pur fiaseheddhpiitreess commanigelingy edmisisingose or

SPeci AlgdfRSS AP SERSH caudhs BighAMhcrRABREGHT AN bRrving high

properly t a comput er - r eadabl e medi um

exatprencei ffonn heeogmi stelaneln jadicter GRarqvls n@womcmmpasmg base stations

wehsj ot t ource using a

o3l i R EliKElopy Qe R BRLe IR DU P b

di gi t almiggdbisg nitkrererice nige (thSLf)mt roferance elgesd Srom the first station by

t ec%Qc%? ghe 1nter %Hceast thg fs%c%ég gfatlcr)t%agr 81’1‘[ a%ﬁrgg Enté:rﬁ:r?ncc\e/ ?d the first
t hen coaxi a e, fipber o

patferenBSkignad Iby\&blbﬁirg&hfféraﬁhmhmgs &8 ssuiliy asecond redigrede signal
r gdi and mcrowave ar e definition of
e i SRR G B BB SR ion G hE Br bR SR es

conmpact disc (CD), | aser di sc, optical disc, digital
versatile djsc VD) ,. flopp dISk a bl u-ra i SC

wher o di oke T Y oF & BB n e 4 Bﬂgﬁﬁé"ﬁli‘”&é b Posgition or o
dirglep staBPH,OCliEEN ARt cOmt §t&@nl ¥ Aideh edi@SBES (UE), and wherein the
Conbi nations. of the above should al so be incl uded

wi BB EHBICHRSHE OrmPestpither Pe dfaBfElcrraeh due 1Pobo Prst Tefgrence
pr&dphPHshedescri ption of the disclosure is provided to

enabl e any person skilled in the art to nake or use

t he di sclosure. Various nodifications to the

di scl ogure whd ho 5@@9mlzywﬁaeﬁrtﬁ@$anwmg RS FioFbAd: Smpriscs
in the art, and eneric princi efined herein

may be eapmtuné dletlmtetf@rhme dyar tgw ﬁ@hl@fwrlch oignal detha i ng
fromt :
i sl osprBhld the QiinBRaRRALehARH £ ELpRUI Ggnal Wife UEG obrin
exarptégcandageridgizsaldesicr i bed herein but is to be
accorde nt

princi B Foééssh \(/1&9 ?n%riﬁg? ggt% ?Jnrcglgg ngElgll tc())s(;e/Mt HES rcg anne{/\ﬁ&]"mfesfor e
ClhAkdvEDioh St a @l didfiod with whidhhtbe UE Gy inwomelueigtion.

conmuni cation, conprising: identifying a first station
causing high interference to or observing high

i nt er f dr enc&hd metivd of elaiond, Slicadih G fingt Aathatie s OGerneRss station

network conpri.sin stations
Wohe second station 15% plcosbase station or a relay.

5. The method of claim 1, wherein the first and second stations are first and

second femto base stations.

6. The method of claim 1, wherein the mitigating interference comprises



of at least two different transmt power |evels; and
mtigating interference due to a first reference

W@ gnabe28F om the first station by cancel i ng t heCT/US2009/050289
interference at the second station or mtigating
interference to the first reference signal by
selecting different resources for sending a second
reference signal by the secord station to avoid
collision wth the first reference signal. 2. The
met hod of claim1l1, wherein the first station is a base
st at i odetormiaing dlrstyresuarcs asgd wheneihe filkercfeowndigntlaly g first

#ser equi pnent (UE), and wherein the mtigating

inter ‘erence conprises canceling the interference due
t o t heséleatmp ar @lladeanice (I15) gmbiaaﬂ vithesetlbnd @soufdee foretehdidg the

of claim?2, wherein the cance i nterferen

o o Talroues TebF By Sothn® RASEH dRulraBmiih ot HROGR, reaqurees.

reherence signal at the UE, subtracting the estimated

interference_ from cei ved si | at the UE t

ot a1 n ST s P ot Sera Ll eond ot s degeond

t heationt er f erence- cancel ed signal to obtain a channe

estimate for a base station or a relay station with

which the UE is in communi cation. 4. The nethod of

claimZ, wherehBihbder flaifnSt, whbRtd @8 fiks® r@olB& (cBmpPAKS: first set of

station and the second station is a pi co base station

orsubcapiggrgand gyhergip theptasersl EROWPR; sAMPrisGRereeqnd tehet subcarriers

Fi fifire AR SHE ARG bLAlbeREeRr € first and second fento

base stations. 6. The nethod of claim 1, wherein the

mtigating interference conprisesdeterm ning first

resour ges u ence signal by

The 11 ot ofrmbfod G AIERLALEESTES B OTE)

associ gtethting tehpswaoyronehesuzatioe sighdr anden skicngdainh eynchronization

se r e second resources being
%%%ﬁ%ﬁ%ﬁﬁnﬁp&%ﬁ%dglrs 2%]'gsources and sendi ng the

secondsemﬂmydwcenmmganicnxmhmysemdndnmﬁ$oumga$ fry defignated

secg d stat on, 7. tIh met hod of claim1l, wherein the

fisH mn% uﬁ?ﬁgxggallfse a first set of subcarriers,

and wherein the second resources conprise a second set

of subcarriers different fromthe. first set.of

suboar df er s ATGPPRE REVREE S SPMETEIRIe: Crgrter

conpr i sieAgk for identifying a first station causing high interference to or observing

high interference from a second station in a heterogeneous network comprising base
stations of at least two different transmit power levels; and

means for mitigating interference due to a first reference signal from the first

station by canceling the interference at the second station or mitigating interference to

the first reference signal by selecting different resources for sending a second reference

signal by the second station to avoid collision with the first reference signal.

10. The apparatus of claim 9, wherein the first station is a base station or a
relay station, wherein the second station is a user equipment (UE), and wherein the
mitigating interference comprises canceling the interference due to the first reference

signal at the UE.



generating a primary synchroni zation signal and a

secondary synchroni zati on signal based on the sel ected
W@ 2010/00285 and sendi ng the primary and secondarBCT/US2009/050289

synchroni zation signals in designated subframes by the

second station. 9. An apparatus for wrel ess

communi cation, conprising: neans for identifying a

first station causing high i rference to or

observing high interference froma second station in a

het er ogeneous network conpri sing base stations of at

| east thwo diThd epearstus rofingdmint 1poweereirevied syeamndomeanssling the

f%ﬁm }%%%Q%Rgﬁ“%nperference due to a first reference

signa romthe first station by canceling the

I nt er f ercemcfer astintatieg the dmrtbratatucon therfirpirtfegpatd gignal at the UE,

interference to the first reference signal b .

sel ect risgcies rdratie e ipbEL RSP Ged iRG et st ot e UE

r b ebtainca isttigkialcedyndeled sigedoamd station to avoid

collision wth the first .reference signal. 10. The

appar atté" o c PRFGT§e %é’i‘%‘if?{e‘fﬁ?@a‘?‘iei‘* t 1848 1P opPt4R & channel

basemsit &ria®ascitatidn beh AayStatibh Mith W RE DELiA csMaRA/dation.

station is a user equi pmrent (UE), and wherein the

mtigating interference conprises canceling the

i nt er f @b encendypataistot@lafh OSivhésih e s ToidRRigadls hRRErerence

UE. 11. The apparatus of clalm 10, wherein the neans

f gPPEEel i ng the interference conprises neans for

esti matigh fohQetbifink $hEPESudbeuk® 1§ RGafthd Bist FRhE1e 368l by

signal at the UE, neans for subtracting the estimte

i hefifeyteivte from a received signal at the UE to

obt ai n j £ < ' :

proceodin Fhet b o B B AR DR et AR JEANea e for

a sehdmnthe sehil ndtrendeoignal, Bessecat] atsongesobeing ¢ifkmyt from the first

statiQn, Wih which the UE is in comunication. 12. The

apparatus of claim9, wherein the neans for mtigating

i nt er f excemcr conlpry the scavedndgerbmre stitkomihri segpnili resirces by the

resguhcgloysed to send the first reference signal by

t R&FT P %t ati on, neans for selecting a cell identity

(1 D) associated with second resources for sending the

secondéaeference si g t he second.resources being

al ,
differdnt frBAPRATAUS ﬁgF wireleys CMPUBLAtioNn COMRIGHE: £ or

sendi ngt ket SLE Pstetsof OLMERS it@N@ntiBN at NRt $€EOMCausing high

resources by the =~ o
interference to %r observing high interference from a second station in a heterogeneous

network comprising base stations of at least two different transmit power levels, and to
mitigate interference due to a first reference signal from the first station by canceling the
interference at the second station or mitigating interference to the first reference signal
by selecting different resources for sending a second reference signal by the second

station to avoid collision with the first reference signal.

14. The apparatus of claim 13, wherein the first station is a base station or a
relay station, wherein the second station is a user equipment (UE), and wherein the at
least one processor is configured to cancel the interference due to the first reference

signal at the UE.



second station. 13. An apparatus for wreless

comruni cation, conprising: at |east one processor
weonbhgased to identify a first station causi nBCHU§909/050289

interference to or observing high interference froma

second station in a heterogeneous network conpri sing

base stations of at least two different transmt power

levels, and to mitigate interderence due to a first

reference signal fromthe first station by canceling

the interference at the second station or mtigating

interféﬁenc@hﬁompmeufk%sﬂmmeﬂérohoemsﬂgnalkby one processor is

Sel gﬁ r@cgt éstlﬁlg{e tgé {t%?e%ﬁ g%ﬁe to ¥hesf?r£]td1]e¥égen§e §§§§inﬂ the UE, to

nce si cond station Of

cosiubnremt ole wtin’ratetdhmtefrfere&te ﬁ‘lofreae(ameveﬂl ggral at k. UEh® obtain an

appar.at us st st t on :

B BF AR BecBi e iag MIFARROA Milrindl el dBatido Sovein o

Stabnm@h ebtimate Useh egeli spientor( AJklay ardiowheitleiwhidhhéhealE is in

| east one.processor is configured to cancel the

i FOBIMPB1BH e due to the first reference signal at the

UE. 15. The apparatus of claim 14, wherein the at |east

one processor IS conflgured to estimate the
i nt er f dPencehydePIPY KE Haipsddr BherBnle & ladl ongt Progessor is

URontiur&iBldeRfhink Mevt RS6iBRLEH toRERI thefiRNEerédc® TgRal by the first
recei ved signal at the UE to obtain an

i riteipn.cpshlee- ¢ etlc Pty Siyriatociated dvithosesprstesaurgen dor sending the
| ntehliSERRGEs Q%ﬁf ehecsh@aburt & B%mgadlﬁer‘@ntcfp(ﬁﬁ"ﬂﬁ:l first resources,

estimate for a base station or a relay station wth
whing fto seneé thameqogd raferemevigntlcatthosscontigesomtees kiphasespubstefon.
claim 13, wherein the at | east one processor is
configured to determne first resources used to send
the firdt réﬂ@nenwemsggmahmbytt@emﬁtht station, to
sel ect a3 ? iy Ilegc?a II}lé/dtllﬁnll Pc)rgﬂ?s?n ciated with second
resources tor sen e's reference signal, the
second r esocvdeder cbtesmg atolllezist encaimfutcn o idestiffyiarfibt station causing
urlr(l:t r%é enacndt L9 S S rv1n 1Shecir(1)tn E:necf e{ ence Slso% astatlon in a
e85 AT €sBurc & %) %h e85 LN Et at’
C dﬁ]‘:ﬁhﬂg@ﬁeo}ns ogivark qampduﬁg base @AP6HsSIf lagl.eamtwo dlfferent transmit power
qué r-readable medi um conprising: code for causing

a81” one conputer to identify a first station

causi ng hi géode Torefali @i ©ME @t ledxt Ofic @AFRALY toitizh@hnterference due to
nd station |n a hete eous

|nt ference fr 0 n
i TeE D pisY %nbé% i’lrs plation s cageelipg theelggeffrefeﬁﬁ at the second

sttt mit1 er t 86 T c a S erent
d' Eef Bh Rt miiEARSMnterPRWES td B¥efiSs redtth @‘%ﬁiﬁl f 8y sCR&FIgNAIT:
the at |east one conputer to mtigate interference due
t gesources for sending a second reference signal by the second station to avoid collision

with the first reference signal.

18. A method for wireless communication, comprising:

determining subframes in which a relay station is listening to a macro base
station; and

transmitting in a multicast/broadcast single frequency network (MBSFN) mode
by the relay station in the subframes in which the relay station is listening to the macro
base station, wherein a reference signal is sent in fewer symbol periods in a subframe in

the MBSFN mode than a regular mode.



a first reference signal fromthe first station by

canceling the interference at the second station or
worRaige28hg i nterference to the first referenckECHUNNVAY/050289

by selecting different resources for sending a second

reference signal by the second station to avoid

collision with the first reference signal. 18. A

met hod for wirel ess comuni cali on, conpri si ng:

determ ning subfranes in which a relay station is

listening to a macro base station; and transmtting in

a nultHéastIbfmaﬁ@hs&ﬂémﬂ@lﬁmhmﬁqm@ﬁﬁmgnetmork ( MBSFN)

mode b%eteﬁl% {n lsau\{’)frgltn tln? ﬁléh e re‘?l%J SEa%nE nan\é\ifﬂ tﬁlng to user

the relay sta PSSOl isten %o Tacrd HAS

suﬂnmnmnm%héﬂaum a reference signal is sent in femer

synbol peri.ods.in a subfra

" au ar gt hetaS SR by Pt an Tt dRONRpe if which
c ahPprelayistgon detaesmiktiigngthe WiHsr ames i n whi ch the rel ay
station is transmtting to user equi pnments (UEs); and
transmtting in the regular node by the relay station

i n the2eubf TROBSthb® oMWBlkieh 19, Rehekh 8 tRhahitt@y ihShe MBSFN mode
transmitting to the UEs. 20. The nethod of claim 19,

WHEPBTIFES RSP ENgSthY referapee vienehby (sl midien dorprach @gtenna in

t r@RSFhbdlipelod becabiel BIEME & whidRale By tBBod BlIR¥niE & i Macro
fromeach antenna in one synbol period of each

sUre gaton andayherring the trprsmafing i the gagylay medst ORIPHESt tensmitting
t h[ffe f@?&&fae Qi?ﬁaﬁ by ttlﬁtrblgﬁ sta@Hr M B4R IaRtehidEin ttﬂu@tﬁﬁé@yﬁﬁﬂo[‘@enods of

in the regu de conprises transmtting t

r @la@lr whfame ing\ﬁlai:h thy reldyestation a%/tr%@ttﬁn@mwfthedﬁﬂﬁ% ac h

antenna in multiple synbol periods of each subfrane in
which the relay station is transmtting to the UEs.

21. Thélmet hbdmethod b‘éi:lmrm 88, wimaile the ttanemittrgnis e MiBS§N mode

| %o&?ﬁs%@%ﬁ%% i %I thé AT ﬁ{é‘r&l&& ?&n&{‘ﬁl 5 2 {ffl $Gmbol

p eperlocﬂ oﬁaclearbframa hf whlnhethle melamstmmntlhhstermigay tl&traatcrcolvase station.
listening to the macro base station. 22. The nethod of
claim 18, wherein the transmtting in the MBSFN node
conpri ges t Thnswihbd bNglain $8,Ngleeein thaaradsnditthigoin the MBSFN mode

CBPES ERNAeR e P8 45MEE e BT O0 By SR and v

t hRtaTRGHdD shifdncSih athichithe P%BLy sthfien RBkReiEe @f the hatibi&, station.
further conprising: receiving a nmaxi num nunber of tine
division nultiplexed (TDM control synbols fromthe

macro Q@SG $hahb@bd bit18ACHR, ﬁlﬂﬁérrc@fﬁ@rlélﬂg -whi ch the macro
base statjon
receiving a maximum number of time division multiplexed (TDM) control
symbols from the macro base station in each subframe in which the macro base station

transmits to the relay station.

24, The method of claim 22, wherein the single TDM control symbol is sent
in a first symbol period of each subframe in which the relay station is listening to the
macro base station, the method further comprising:

receiving TDM control symbols in second and third symbol periods of each
subframe in which the relay station is listening to the macro base station, and

decoding at least one control channel from the macro base station based on the

received TDM control symbols.



transmts to the relay station. 24. The nethod of

claim 22, wherein the single TDM control synbol is
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which the relay station is listening to the macro base

station, the nethod further conprising: receiving TDM

control synbols in second and third synbol periods of

each subframe in which the rellay station is |istening

to the macro base station, and decoding at | east one

control channel fromthe macro base station based on

the received TDM control symbols. 25. An apparatus for

wirele co r.
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mul tipl exed (TDM control synbols being transmtting

by the2gtromge apph@tuk ©F i:lé]@q 33, atheRih ﬂl@tralsﬁhlﬂﬁflg e MBBEN mode
transm tting .a secon nt r ol ol s

t [FOMPFIpes traRynyting 3 sjng ett n?l\eflrsmgfmu tlplexe (TDM) cor%{r symboPXnd no

data in each subframe in which the relay station is listening to the macro base station.

29. A method for wireless communication, comprising:

identifying a strong interfering station to a first station;

determining a first number of time division multiplexed (TDM) control symbols
being transmitting by the strong interfering station in a subframe; and

transmitting a second number of TDM control symbols by the first station in the
subframe, the second number of TDM control symbols being more than the first number

of TDM control symbols.

30. The method of claim 29, wherein the strong interfering station and the

first station are base stations with different transmit power levels.



subfrane, the second nunber of TDM control synbols
being nore than the first nunber of TDM contro

wa20mhod@ss 30. The net hod of claim?29, wherein BPE¢EUS2009/050289
strong interfering station and the first station are
base stations with different transmt power |evels. 31.
The nethod of claim 29, wherein the second nunber of
TDM control synbols conprise & maxi num nunber of TDM
control synbols allowed for the first station. 32. The
met hod of claim29, wherein the second nunber of TDM
control synbols conprise three TDM control synbol s.
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collision wt erence S|gna trong
interfering station. 36. An apparatus for wireless
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apparatus of claim 36, further conprising:
35. The method of claim 29, wherein the transmitting the second number of
TDM control symbols comprises transmitting a control channel in the second number of
TDM control symbols on resource clements selected to reduce collision with a reference

signal from the strong interfering station.

36.  An apparatus for wireless communication, comprising:

means for identifying a strong interfering station to a first station;

means for determining a first number of time division multiplexed (TDM)
control symbols being transmitted by the strong interfering station in a subframe; and

means for transmitting a second number of TDM control symbols by the first
station in the subframe, the second number of TDM control symbols being more than

the first number of TDM control symbols.



means for transmtting a control channel indicating
t he second nunber of TDM control synbols being

w0 ean®mi2et ed by the first station in the subfree®Uusf009/050289
the strong interfering station is not present, and
means for not transmtting the control channel if the
strong interfering station is present. 38. The
appar atus of claim36, whereid the neans for
transmtting the second nunber of TDM control synbols
conprises nmeans for transmtting a control channel in
a first TDM control synbol at a first transmt power

| evel , ,and S m ntrol channel
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r qeeiem. col lision with a reference signal fromthe
strong interfering station.
38. The apparatus of claim 36, wherein the means for transmitting the second
number of TDM control symbols comprises
means for transmitting a control channel in a first TDM control symbol at a first
transmit power level, and
means for transmitting the control channel in at least one additional TDM
control symbol at a second transmit power level higher than the first transmit power

level.

39. The apparatus of claim 36, wherein the means for transmitting the second
number of TDM control symbols comprises means for transmitting a control channel in
the second number of TDM control symbols on resource elements selected to reduce

collision with a reference signal from the strong interfering station.



