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SYNCHRONOUS TDM-BASED COMMUNICATION IN
DOMINANT INTERFERENCE SCENARIOS

[0001] The present application claims priority to provisional U.S. Application Serial
No. 61/080,025, entitled “ENABLING COMMUNICATIONS IN THE PRESENCE OF
DOMINANT INTERFERER,” filed July 11, 2008, assigned to the assignee hersof and

incorporated herein by reference.

BACKGROUND
I. Field

[0002]  The present disclosure relates generally to communication, and more
specifically to techniques for supporting communication in a wireless communication
network.

II.  Background

[0003] Wireless communication networks are widely deployed to provide various
communication services such as voice, video, packet data, messaging, broadcast, cte.
These wireless networks may be multiple-access networks capable of supporting
multiple users by sharing the available network resources. Examples of such multiple-
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 commmnication network may include a number of base stations
that can support commumication 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 basc
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
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transmit power levels, In a dominant interference scenario, a UE may communicate
with a first base station and may observe high interference from and/or may cause high
interference to a second base station. The first and second base stations may be of
different types and/or may have different transmit power levels.
[0007] In an aspect, communication in a dominant interference scenario may be
supported by reserving subframes for a weaker base station observing high interference
from a strong interfering base station. An eNB may be classified as a “weak” eNB or a
“strong” eNB based on the received power of the eNB at a UE (and not based on the
transmit power level of the eNB). A UE can then communicate with the weaker base
station in the reserved subframes in the presence of the strong interfering base station.
[0608] In another aspect, interference due to a reference signal in the heterogeneous
network may be mitigated. A first station (e.g., a base station) causing high interference
to or observing high interference from a second station (e.g., a UE or another base
station) in the heterogeneous network may be identified. In one design, interference due
to a first reference signal from the first station may be mitigated by canceling the
mterference at the second station (e.g., the 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
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[0015] FI1G. 4 shows two exemplary MBSFN subframe formats
[0018] 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.

[0820] FIG. 12 shows a block diagram of a base station or a relay station and a UE.
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for mtigatingiccess (UTRA), cdmaZOOO etc. UTRA includes Wldeband CDMA (WCDMA) and
other variants of CDMA. ¢dma2000 covers 1S-2000, 1S-95 and 1S-856 standards. A
TDMA network may implement a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA network may implement a radio technology
such as Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB), IEEE 802.11 {Wi-
Fi), I[EEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM®, etc. UTRA and E-UTRA
are part of Universal Mobile Telecommunication System (UMTS). 3GPP Long Term
Evolution (LTE) and LTE-Advanced (LTE-A) are new releases of UMTS that use E-
UTRA. UTRA, E-UTRA, UMTS, LTE, LTE-A and GSM are described in documents
from an organization named “3rd Generation Partnership Project” (3GPP). cdma2000
and UMB are described in documents from an organization named “3rd Generation
Partnership Project 2” (3GPP2). The techniques described herein may be used for the
wireless networks and radio technologics mentioned above as well as other wireless
networks and radio technologies. For clarity, certain aspects of the techniques are
described below for LTE, and LTE terminology is used in much of the description
below.
[0022] FIG. 1 shows a wircless communication network 100, which may be an LTE
network or some other wireless network. Wireless network 100 may include a number
of evolved Node Bs (eNBs) 110, 112, 114 and 116 and other network entities. An eNB
may be a station that communicates with the UEs and may also be referred to as a base
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 arca 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
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the descripti qgfogﬁaltingto a downstream station (e.g., a UE or an eNB). A relay station may also be
a UE that relays transmissions for other UEs. In the example shown in FIG. 1, a relay
station 118 may communicate with macro ¢NB 110 and a UE 128 in order to facilitate
communication between eNB 110 and UE 128. A relay station may also be referred to
as a relay eNB, a relay, etc.
[0025] Wireless network 100 may be a heterogeneous network that includes eNBs
of different types, c.g., macro cNBs, pico ¢NBs, femto ¢NBs, rclays, etc. These
different types of eNBs may have different transmit power levels, different coverage
areas, and different impact on interference in wireless network 100. For example,
macro eNBs may have a high transmit power level (e.g., 20 Watts) whereas pico eNBs,
femto eNBs and relays may have a lower transmit power level (e.g., | Watt).
[6026] Wireless network 100 may support synchronous operation. For synchronous
operation, the eNBs may have similar frame timing, and transmissions from different
¢NBs 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 ¢NBs via a backhaul. The ¢NBs may also communicate with one another, e.g.,

directly or indirectly via a wireless or wireline backhaul.



[0022] FIG 1 shows a w reless comuni cati on network 100, which may be
an LTE network or some other wireless network. Wreless network 100
may i nclud of evolved Node Bs (eNBs) 110, 112, 114 and 116
and ot her %Vﬁvgy@&ﬁ%ilties. An eNB may be a station t habCUYRHHINE es
with the UEs and nay al so be referred to as a base station, a Node B,
an access point, etc. Each eNB may provi de conmuni cati on coverage for
a particular geographic area. 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 termis used. 100231An

eNB rmay provi q@oz@frrrrmmsqatl 128 6OVE ﬁgﬁbé @i@pe@sem&pxh&ﬁlvhyelegs IEEt»GQkQGd)l
a fento cell, and other types of cell. A macro cell may cover

rel atively | arijecBoEmaarhestel ?‘@5)’ ‘(ré“oé‘l@ %é%?%’laf“b@lbfféﬁlf@feéﬁ(sa‘?laﬁmm@i @s)

and may al |l ow rhﬁbﬁi@%fahbrptaeﬁlb@%ﬁ&stﬁmb){ stafloJEetc. Wil DESRIVAEE celtular phone, a
cover a relatively small geogr aphi c

subscri pti on. E%?glﬁ § %/

area and may &°P i aysisfant €9 Adcuisdespipodsny ayirefpssemppupisation device, a
subscription. wAndhert@vice!d 1:pRY oRY@Er, @ orllal bNakya Wﬂeés 19@%@%0@%}21)
area (e.g., a hane) and K w restricted access UEs havi ng
associ at i on wi'tHob5&- f%r‘r@@’e § aljiglopommypigatp yith ‘@CH’S@XBSSBIB%NB%&WO
G oup (CSG, URBsf eaybls&ts InnFiche, hossid ®ieCwith dﬁﬁbl@MBoxﬁ/Qﬁncﬁca{%@-Qfeﬁled
cell may bereferredtgasa[}gﬁgg eNB, Ag %L ico cell may be
referred to adBTHPsys 8REeAh fSFVIRe Ry yhichiy any Hesignardiorsiyet o
as a fento eNBwOUEanhier@oeiBk ah@oit figineX 2RhsBed itk QodbldGurdws id¥Rt 10
may be a nacro 112 may be a pico eNB

for a pico cel ?ter?l%lﬁgggﬁallsémbeﬂefﬂﬁﬁaﬁé“ be fcnto cNBs for fcnto
cells 106 and [0@8] r éSpeciizasedrthogdNal &Mﬁlemydlslsﬁppomnm@gqromt {bnp{h@
(e.g., three) cel IWreless network 1

relay stationdo” hlﬁ( ngﬁmglte Cfﬂingﬁjﬁf(?e%?y “ﬁ‘aﬁl?‘b??“ lﬂlﬁfm%/é@a? ’3@ o S uplink.

t ransn ssi on (ﬁFDthd HHF oK pmﬁte:m ﬂlafsmtmtblamlcﬂth afito aftutifls t(K e @fthogonal
station (e.qg. s §5Lon of_ the data

and/ or ot her [fcan 1%%‘ WPICh {6 % S)oacc? mmoPF lﬁtsﬁ{ "4 %t P QPPCE Ul 10, Fggh syipoagiicr
eNB). A rel ay nwéﬁlnmdulmw wath satab& genddhd, thditiatioe Isaryl.mlst sﬂammninssd oagedcor

ot her UEs. . 0 .-El r ion 118

conmuni cat e Wi IE.) %%%gg@tﬁgﬁtﬁigﬂaﬁg tfe 3@"111151 Wlﬁ]n%(lgr t ' SRS EEGE?’%
conmuni cat i on 2dia¢ane evbcaNBs ki @nﬂxeti!EaH_tlZ% tgXalr @ingbgr sf atbcorersrgly) alag debe
referred to a%eﬁenae%lt ay t}%N sterft bgu'ﬁfﬁﬁz}fh ?5:‘ E)%ng @Qzﬁg%rb%'e?ﬁa o F}S"‘%é< Sil.'?o

may be a het erogeneous network t inclu
1024 or 2048 for system bandwidth of 1.25, 2.5, 5, 10 or 20 megahertz (MHz),

respectively.  The system bandwidth may also be partitioned into subbands. For
example, a subband may cover 1.08 MHz, and there may be 1, 2, 4, 8 or 16 subbands
for system bandwidth of 1.25, 2.5, 5, 10 or 20 MHz, respectively.

[0030) FIG. 2 shows a frame structure used in LTE. The transmission timeline for
the downlink may be partitioned into units of radio frames. Each radio frame may have
a predetermined duration (e.g., 10 milliseconds (ms)) and may be partitioned into 10
subframes with indices of 0 through 9. Each subframe may include two slots. Each
radio frame may thus include 20 slots with indices of O 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 0 through 21.~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
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OFDM and int héletell\:fmmbemqmlmlthomxﬁlamy cﬂ'dinge ﬁm@mtﬁgmbai weRfmady ament
subcarriers , i{ gcar iers (IC
may be depengga}r% v eéﬁaﬁt%qlsfg erra1t“bs<¥1su(a‘i1 E’?ﬂdl‘*‘fl &g é@% Vs é’l‘é?%ﬁjal
to 128, 256, Sh2,eNBOR4y oend2028ysicel HWR] émlidamn dikkgtch (RHICH) %ﬁd aZP@slcﬁ
10 or 20 mgagﬁ%ﬁﬁ%@%’l SSPEsH ?12 ﬁg g SO
be partitioned into su Oar(%((]s. &F%P'Cg:x Y ?eSt%Xu%T)aan” A %a\?éF raﬁ'ﬁ
MHz, and t her énaraowtsen FIG.2). The BHIGH héy @ubblahnh&tlﬁmto sayrwttehybitidhautiwheagit h
of 1.25, 2.5, rérangans@Jn (%%RMS‘.Z Thed ﬁﬁ@éﬁﬁﬂ&%&}’y information on resource allocation for
UESs and control information for downlink channels. The first M OFDM symbols of the
subframe may also be referred to as TDM control symbels. 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 muiticast information to a

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



[0030]FIG 2 shows a frane structure used in LTE. The transm ssion
timeline for the downlink may be partitioned into units of radio
frames Each radio franme may have a predetermned duration (e.g., 10
mi | lisecond® tHEY9528%d may be partitioned into 10 subf rﬁﬁﬁfﬁlswfﬂ‘?ﬁﬂzw
i ndi ces of O through 9. Each subframe may include two slots. Each
radio franme may thus include 20 slots wth indices of O through 19.
Each sl ot may include L synbol periods, @ L=7 synbol peri ods
for a normal cyclic prefix (as shown in FIG 2) or L = 6 synbol
periods for an extended cyclic prefix. The 2L synbol erlods in each
subfranme may i tndi ge r Q

avail able ti ne%?ﬁ\zl}%ﬁ%gsskogsogr %gg‘];rﬁ% uEegi {%p%g]%d%{gl a‘mc%pm %lgar%lsomﬁ}f c?g
bl ocks. Each refssw easph G@@Iaﬁmybﬁmmerfi\l\ﬁubﬁlmnmdeﬁos s¢nding. mulfi@ast and/or
subcarriers) iyha06 1§foﬁ£ati%991a§rgé/ re'feﬁ%él H)dag a@%%ﬁbt&%}cr esource

el ements. Each resource el enent nmay cover one arrier in one
synbol peri od (834! naW@ef” gews o oxemplam reguias dubianicofermsapnddl andvik0ahat

may be a real f worp Wse\ﬁ@luHﬁa[gltw %m%lﬁ?mspre&ﬁ@m ton ORE 1 M. S ¥ TP Rl

in each synbol period. Each I nclude nodul ation
synmbol s on subeawil eydic pedy in daEt thy ﬁ@fﬁlg@ﬂ‘dﬁﬂe& Aeyen eyrabod periydh § thiiough 6,

si gnal val ue Qfldﬁ]@h@htglbt¥nl9ﬁd<¥s%é§%h@§'nﬂg)lE&Qgﬁﬁﬁcﬁ:gﬁi [0032] In LTE, an
eNB may send a?\‘%“ mary synchroni zati on si 3 and a secondary

synchr oni zat i dff38] gn§be(aS§§}’miah3 {hsas; ehigsed byl aiDgNﬁ/I@Rmmt’d Wil tey gntenmes.

bandwi dth for Aﬁé’e@ltkpé'&ﬁd 1chi’an<hﬁgrﬁN§ay BOSnPhi S%‘\BM Iﬁﬂgdss)eﬁoﬁgﬁlrﬁ and may
synchroni zation si e sent in synb peri ods

respectivel y, b HseégWHJ]%?ffob%F‘Feéﬁsé‘@aeo%n@*@eféﬁceém?ﬂ iy agigen! theaivenoia h

the normal cyghkive h@rﬁfréﬁémltﬁﬁ aRNOWReivEr 4kl GnayZalsolbierefRE B QNHARL 10 Bell
signals may be used or cell search and acquisition. The eNB

may send a Ph)?%‘iclfﬁlrefB%’B%Fo%d’é‘( Is @rfglRreace emichyt i presiisiien ¢l ¢-sdsenerated 3

in slot | of sulsfsare mork @ytﬁlﬁﬂts&[uendeﬁdbt&nﬁﬁe@rﬁ%d ahe cEmenﬂ?xmaW
certain system.informat 5%?20 31 The eNB may send a Physi cal

Control For mat™ A% &t B’@’-I)mﬁynbet Eerey feps §Wo? refipice d

of each subf r afgeal. BSFISEh@Vﬂﬂr d givdnlrésourde eldbignt RE 146E MBYreCRANAYmbH8nay be
nunber of synbol used_for control channels in a subfrant,

there M ey baSsqhardopct SRS An - AhGe SPReH SBOPF At o0 ot
subfrane. M nagoatsdebent dguadthdr anénifaor Sabfamaltbray Sicemybendwd 8f b eNB
resour ce bI cks send a PhyS| cal

th | t han .
FIARQ) 1l cat 0P TCHARAAP TpiBel G o Bemty U are Do 11t "eBkier o 0.
Channel (PDCCH)8aml ltthe first M synbol periods of each subfrane (not
S et o T B oS i L oS RS L DL
resour ce al |l oceiiaopubfrome WiEs Mnd .cOind POFTCHNhar eadehtdn s§ralsol @avml(} AKd the
e oL RO Y BESh e e AR DT L B B
OFDM synbol cahmyfnmgngwuoblbcrmdn‘buorfabfﬂmsubﬁ’amceNB may send a Physi cal
cach subf rame PFL PRRE? ey out e TN Bl Bats AR R Bt
transm ssion mytlbﬁeuehdv\m lsenlld berast/amEtmm lsﬁogmaalbs tandE< hanthel &winlind. | E
are describedg Cééi%) ?cﬂ%' I Uni ver sal
Terrestri al Ra 10 ccéﬁs{‘l%&n% a&/lseﬁga egrmﬁtltgogrﬁte dfﬁf ?r?n(?ﬁ
whi ch is publ isighy} nagy dielseits e synftoD B0l DE Fou e erarsple stamairin $¥5.0h ME 1 and
uni-cast | nf or AL 40 dofu SRR oy TAES ik TENHSR SHRROL S hLADRNTA%0"

of broadcast ormati on and nmult1cas ormati on
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.

[6039] In general, the PCFICH may be sent in symbol period ¢ of an MBSEN
subframe, and the PDCCH and PHICH may be sent in symbol periods 0 to M-1.



group of UEs. A nulticast/broadcast transm ssion nmay al so be referred
to as an 8 MBSFN transm ssion. A subfrane used for sending unicast

i nformation be referred to as a regular subfrane. A subfrane used
for sendi ndvﬂﬁ%too?:ﬁégsc and/ or broadcast information may BETHUSEWOPPBEY o
as an MBSFN subframe. [0035]FI G 3 shows two exenplary regular
subframe formats 310 and 320 that nay be used to send uni cast
information to specific UEs on the downl jynk. For the normal cyclic
prefix in LTE, the left slot includes seven synbol periods 0 through
6, and the right slot includes seven synbol periods 7 through 13.

100361Subf r anEBlOQd’cEgMnuﬁr’l:%st ﬁ%( rrpzﬁoxyﬁngﬁibp)fen]?%”gm%b[agéﬁogfﬁpth% %ﬁ' lgvg?the

antennas. A cell-speci erence signa

periods 0, 4, MBaRd sufragsad Adﬁylab@lms%ec&anﬁwm@sﬁ fray be keah inedymbsk memraﬂq Mn.
A reference sigpal, i a signal that is known a priori by a
transmtter and a receiver and may al so be referred to as pilot. A
cel | -specific [P%‘foér erdd@S.s} gpdld showasomsf ebBroe fasingtn ahattthet be ssedplecitfe ¢

for a cell, e. @wnliBenshat. ORe
det ermi ned based on a celqlggflréé;ﬁeetnt?fty ngweglrg&}s/ #OIWQ%E%O antennas

cell-specific g dresMNBnce si gnhal may be referred to as si rrpl y a
reference si gngbar)! n Al &n 5% £RY nfdy gbem@ il £2HEGRoR)! ﬁ%rmﬁﬁF}V\’}n%Qe LARS!

R' a reference synbol nay be sent on that resource el enment from
antenna i, andt® Ogeyﬁﬁép?d?ﬁafhﬁ@\]%émel%ﬁl%’ Retchrraasis doae ufameen subfiemm

ot her ant ennasyr oS40k @R f Wtﬂ@?cgr’ﬁ&%&ﬁ}’th@%NB%?%IQM%Wra%Qﬁt @ﬂi‘rﬁ fpﬁ?ﬂeg
S

with four antenpas. A reference signal maﬁ be sent i'n synbol
0, 1, 4, 7, 8 HAFEmef 0‘%%03:%7]*15&11?%11@%%% hes pegwAr 'Fl?fiepnﬁ besﬂsschﬁéewfhw

control syrrbol @rtdth @h&QMristi®d @CH a9l Rrfigwler mey\fot DM Tordrol {HboRCHCH
may be sent in % nbol %ﬁpgrl od 0, and the PDCCH and PHI CH may be sent
in synbol periB§&e ¢ beify, &b SR -£aTR A BRMAS B HIVO 9 MaHR S¥IE1?‘PX|PPF|1W§ of a

synbol peri odssuBfidnge, 33. of thk m&m&&ﬂﬁle eﬂl@Qﬁfﬁéh@l Iﬁay HanSRRWSing WOMBSEN

exenpl ary MBSFN subframe formats 410 20 th
aly y Nbf?al f%l‘l‘l]&f e.g., as shown m FI 4 T eMBSFN mode may be associated with

certain characteristics such as a minimum number of TDM control symbols, the
reference signal being sent from cach antenna in one symbol period of a subframe, etc.
The eNB or relay may transmit control information and reference signal in fewer
symbol periods in the MBSFN mode than the regular mode, ¢.g., as shown in FIGS, 3
and 4. The eNB or relay may also transmit fewer TDM control symbols in the MBSFN
mode than the regular mode. The MBSFN mode may thus be desirable under certain
operating scenarios, as described below.

[0642] A UE may be within the coverage of multiple ¢éNBs. One of these eNBs
may be selected to serve the UE. The serving eNB may be selected based on various
criteria 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.



may be used to send broadcast/multicast information to UEs on the
downl i nk. Subframe format 410 may be used by an eNB equi pped with two
antennas. A reference signal may be sent in synbol period 0. For the
exanpl e shSWAZIIHOERRS 4 "M =1 and one TDM control symboPCHE§20B%05828t
in the MBSFN subfranme. Subfranme format 420 may be used by an eNB

equi pped with four antennas. A reference signal nmay be sent in synbol
periods O and I. For the exanple shown | FIG 4, M= 2 and two TDM
control synbols nmay be sent in the I\/BSFI\]I subframe. [0039]1n general,
the PCFICH may be sent in synbol period O of an MBSFN subframe, and

t he PDCCH and I d 1. 9 .
Br oadcast / mul t[?dggg" mﬁ?&? ﬁaﬁ ?rgénrfelrr]élgwé%&p%lé)n@g BIS ﬁcr%r Bp%{trlm(l)‘oﬁsexﬁnsmn’
t hrough 13 of vhirh iVBSEMrioUbvhighe UENOU@CH&Q aw@ﬂ?ywlthtw{er patigoss 8sd psiblyray

be sent in synhel S@]‘ern%qg aMeﬁﬁg Qﬂ&ltﬂag:b%tﬂhc[ 8%493)1]: éxg%ple,?’ %ﬂﬁj 14U§H3¥Vmsa9rre

subfranme formats that be use ‘'ownl er subfrane
formats may al@ﬁctwcl%@?ﬁ 1. agd pichb GNBrid2 end tpan havedovesn respimedspaster fongico

eNB. [0041] An &NB 19k1.a n{a&]o%NBmggsRE\%ﬁﬁél%& iy B fqgalaﬁfe fmi%ﬂﬁ cgé%gaFN

node and/or other operatin
f r om subf r ame 1@ Bica GNP 47 thepatigess forglicp B Hétlelowehﬂ!amélelpe@l@l%afor mede,

the cNB or rel.gg my TMS%%%SBR%?IBEEQn&f&%% 3 e SHRS egsal{gnglﬁ cﬁ% oiveft dBtn

as shown in FIG 3. The régular node may be associ at certain
characteristi é%‘egh@ﬁ 183 a configurabl e number of TDM control symnbols,

the reference @64@Pa| P& Q@cé‘teéﬁmrﬁﬂ‘n%iﬁﬁﬁlha ﬁ%ﬁ&ﬂ%}h@cr&%ﬁ sQJnam 'ﬁﬁy be
synbol peri ods of a subfrane, etc. In the

rel ay may tranSipRHec iy et ane Svkrngs Sorsr washes oNBrobsqrving high mtef@leeiamﬁmn Bn
FIG 4. The VBghi fReerifFpoNme @w&h%&ﬂca@ﬁrﬁm&er\m &eqt@r(é% &nSFhL;CS

such as a m ni mum nunher of TDM contr ol %/ he reference mgga
bei ng sent fr SWFESE FOANE AN Areghyee 8l 86 fo‘t?e‘rnlfebfﬂf“tﬂ <NP. s éipf Nay

The eNB or relchysiffdas b aB&MeNBGR Rt EtRIngt OO bARY biPhe dREVERIRILPESe eNB
signal in fewer ﬁ%&iﬁ’%l er| ods in the MBSFN node than _the regul ar

node, e.g., adtd IRt lpesepn the tagmif povgdeveNgg thiy eNBY)| 591“‘1??&901&@ rent

transmt f evvereNEDMaQchr ﬂibir synelohisation stgnls MRRRhh: Re€eréde@folne démiasc ar
node. The MBSEN ED rr%y p be desirable under certain operating
scenarios, as HEEEYIHEY BE [0042] A UE may be within the coverage

of multiple elBes] Onén @ dedi@s ENBNBS relays may be arranged into different groups. Bach
group may include eNBs and/or relays that are not dominant interferers of one another.
For example, one group may include macro eNBs, another group may include pico
cNBs and relays, and one or more groups may include femto ¢NBs. Rclays may have a
similar transmit power level as pico eNBs and may thus be grouped with the pico eNBs.
Femto eNBs may be divided into multiple groups if they are dominant interferers of one
another. By having each group includes eNBs that are not dominant interferers of one
another, outage scenarios may be avoided and the benefits of range extension may be
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 ¢NBs and relays in different groups to transmit their synchronization signals

such that UEs can detect these signals,



may be selected to serve the UE. The serving eNB may be sel ected
based on various criteria such as received power, pathloss,

signal -to-noise ratio (SNR), etc. [0043]A UE may operate in a

doni nant i MRPYYPUA¥e scenario in which the UE may obsePGBURI§H050289
interference fromone or nore interfering eNBs. A dom nant
interference scenario may occur due to restricted association. For
example, in FIG 1, UE 124 may be close o fento eNB 114 and nay have
hi gh recei ved power for eNB 114. However, UE 124 may not be able to
access fento eNB 114 due to restricted association and may then

connect to magpguspNB ik0s am\egﬁo%@g%s\aﬁ&ioﬂgwmé A% (eog,ggmﬂa & e

1) or to fento eN 116asovm recelve
FIG 1). UE 1284583y th&ft é@giemeuﬁlughmmeNBelrléndaclf maynhdve it mb@menm

on the downl i nje@adiHEY, @4&90&12%1‘&1‘5 nmygmwa R RBANS Gnd l%hg'}lﬁs W&h%

the uplink. 10 100441A dom na nt érference scenari o
due to range dRvemsi cwbiragsikiarissong subfamaralior fime Wi dhthixd @@ummmeml@et o

an eNB wi th | qugs, et hh%ﬁdo@ﬂl@y Hzgz%siﬂ% Qhﬁfrahﬁ\@eﬁaé%m%a@ééer ng@%’o

detected by the UP. For exanple, et ect macro
eNB 110 and pifeethesmrreey aﬁlad%%w%@% 1 Gwbichesydiave s wmc P startpihees

eNB 112 than n@sksnes %ﬁrjﬂjo In %ﬁl‘éﬁf taﬁ}?htﬁl%%r of érmﬂﬁha@%e Qﬁﬂeé abh %acfh%ouy

122 to connect tq pico eN t’he pat hl 0ss fof pico €NB
| ower than thénaﬁd’ﬁ%qdé%ylﬁ%‘?be sanrTaleys. This may result in |ess

interference tigodohe W 6@ R8iSn, BeENR iKiclQg ANBINYERedAE 31 £18% SorhiPlunthnes
122. [0045]In an aspect communi cation iR a dom nant interference

scenario may Y& 8upBET (R B alevs ey verkers YR rta remnupicaty Wikkalke FEeNEThe

observing hi ghntbrlﬂérﬁilgfeHBQﬂ@etmﬁlﬁﬁthahtﬁé bORBsibIB SEME 8dsbe SNBameA iBrdeA)
t hen communi cat(f wi,th_the we F?ENB in the reserved subfranes in the

presence of t HEWEF ABHETIRE é‘H‘ r PR RS- AR aNplesig). Be srdairf Ny My a
"weak" eNB or canfi gSJtd’ megese&wsm&ﬁi@s NMHWN 868iM&d PRWRfer@findt O AN

at a UP (and not | evel of the eNB)

Furt her nore, 81 Sf”@f@'ﬁ %Wgﬁ\ﬁq‘tlh 1dm%§§?f8‘ﬁ?°6rﬁ‘gi‘é]t hothe @%jr?&‘FlEO[
such that i nt gefier eheeh faamdasudBmant miykrakihe mehingan tlﬂefeﬁnmﬁlnd%?mbol
[ 0046] I n one desi eNBs.and rel a rranged into er ent
RPNl AT AT Pt S Oty B AR
dom nant i nt ereN@r erysSopefateoine AMOmbéy with-ode texamp higtenn@Rea grixURoddByith two
i ncl ude macro .eNBs not h i ncl ude C nd_rel ays,
and one or nortlgnsgn}“oaun?%mar?a;e/[r hle%g rPePn”B}g%yéW;Prﬁgﬁgm@h ﬁé&vi ad e
simlar trans mfeie;mvmnaﬂ iaveath asermdcsobiéd)dﬁs egmds @laawnhhlm(}lle o7 ddpeeher
with the pico di v. roups. ,if
they are doni r%ig n i ep%g?rgl tran%nf“ﬁq ¢ rﬁgreﬂﬁvfﬁﬁale%h‘% 8

i ncl udes eNBs tiahatittiag élerl?@EI@bmtmmewedtsmftfaeueemsndnf toomcaiﬂ&tfhleﬁce to the
outage scenar 'v%ﬁke?%éje P%yqllg%gmgqlnddetbg%e(? %ngel tthe mtcr{egﬁ] eNEXErS)I;] sa'vc%ﬁ

may be realize
transmitting other control channels, such as the PHICH and PDCCH, as well as data in

each reserved subframe. In yet another design, the interfering eNB may transmit
nothing in each reserved subframe in order to avoid causing any interference to the
weaker eNB. 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 each 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



[0047] I n one design, different groups of eNBs nmay be associated with
different subframe offsets. The timng of eNBs in different groups
may be off Qne anot her by an integer nunber of subfra

exanpl e, (%20&&@]% “eNBs in a first group transnit subf FQWES%?W??P’(%
eNBs in a second group nmay transmt subframe 1, fento eNBs in a third
group may transmt subframe 2, etc. The use of subframe offset may
allow eNBs and relays in different groups to transmt their

synchroni zation signals such that UEs can detect these signals. 11
[0048] FIG 5 shows an exenplary transm ssion tineline for four groups

of eNBs and r byl sytntfol fvith MIL YR dERCHIOG hibden fae&céa sﬁﬁi?anﬂcl@emmhuaay
have its subfrane O starts at tinme To. A second groug may 1 ncl
t

pi co eNB 112 dff@vpefuRianase? aighi &4 masle PR &1Q resprvessyybiemgys dst @m@o

one subfrane @Ntsenztantaeesmes Abhmhé ol FOTEOHB SRY mn%ﬁl%eem#msqm%\ﬁts%é
whi ch may have _its subframe O starts two _subfrarnes after tinme To.

fourth group nedM F‘H’é‘loh%’éle]e‘ﬁ‘f]bMeﬂ\Bfoi% PCRHITE i cAelyressaipd syfieme s %hQWﬁ 0

starts three subfq, %W&% q@Jﬁaﬁfeq &QervddFo0RAes alB 130y MH@@QBQTM%@‘!P@&H@BY
be forned, and. eaag‘ﬁ'ée%r oup |ncI ude any nunber of eNBs and/ o

rel ays. [0049]K cﬁéglaaﬁﬁw ERCFOFYP fhFassi A ﬁbs@wﬁa@mﬂe‘swwﬂ@r
cl ear sone subfwedrase fioh tk MRAKBseNR ix@fr&hé&%eﬁ)@@f&@&lﬁ%ﬂBQ%@bf Shacro
comuni cat e V\A&ghgt EJE. ?\%therfié % B nmay transmt as little
as possi bl e i A Che OrRddriaeNptit e d 10 Acdrrethends! sy hnpise eEBdACe
to the weaker taMit Innitondfses @and § Rati mileifi@fddig: adB HBRMa60 kil FeHB
the resented Sﬁﬁframes as MBSFN subfranes. The interfering eNB nmay

transmt only “tH& PCFICH with M =1 and the reference signal in the
first synbol peosipd GkfeedgibacianFIV.elegbbNBa® tandhitmaysyhdhadsatidn signals

nothing in the_ r in eriods. of suhf rant, ., as
shown |gn FI G I%SU%Fam%Fnog$ﬂ§ 3%5@' @ﬁo Nt gﬁt@:&%elflis'ﬂﬂragﬁglé' ﬁaeg]gglﬁ%?eéfca
in a 1-Tx noddowht Iaymimemtzxtﬁ)nsrgnhls antedaectiog fa ABhHandvee rédetvd he\PBCH
transmt ant ennas f.eri ng eNB nma M
L1 Pana the r orBRCHe A SRR blaBty SO BB e 1S ey U Yk
in FIG 3. |nayewkardiEherstradesingrieritgheaNy nbe rdawve ngcieNBubfﬂmei Inewisich the
the reference gﬁo%ﬁlzat%‘dt sdé%% AVohd PP LLI0g & rllaytto celcr e§ e?%QIRIB

reserved subfr to reduce 1 ntert eérence
For the desi griades orey bed dafsoloe, 2l kébfiamese of emlyngarml\lﬁhbﬂmyleamowduch the

transmtting q ,n:ﬁfon sl rsE%nalQ%rﬂﬂﬂ%#@CH §}4<%Jans%§n§dm§ s and RROCH, .35
wel |l as data i eac reserved subframne esi gn, fHeE
interfering eN®urhie dorarsueh thanGEheangletent téamakeesﬁBved rwmfabhmohmt of
order to avoid,gausing any interference to the weaker eNB. The

interfering eNB may also transmt in the reserved subframes in other
manners. The iWﬁSé}feRﬁﬁgﬂ?@NIBﬂmyammfa&hgmwu Fle 5| subfstmen Grehé f obfacro eNB

modul at i on Sym? cn% cle @b}'; %%t(f)éi\fﬁmﬂlla;l-(ﬁi tt@‘%ﬂ% ﬂte&f@legc%qgm%%in%%r\ég gd’ﬂon

subframe. [0050]In t e exagp hown 1 n Fl
reserves subf sigagsand dadBEHffsnm 6130@0@1\18131@%@?%@1@ arsiof gicoenB TOMue

control synboli:el By Ml’d'(fl:lﬁ oa¥ | fd“ﬁld%ﬂo%ﬂsq 18368 1| @%eﬁfvgﬁqnéllfggrfc@@the B

Fento eNB 114 (fento eNB A) reserves subframnes for macro
110, reserves SEisBroREHEOS Slgﬂalﬁémbﬂlﬁ SBCH| fzon éﬂi@l@m aripipae 80§ fmto eNB

subframe 1 for 1} aidred WPk k81, nENBrBhe 0 5T KMB 15141t RS

one TDM
eNB 114,

[0G53] 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



12 control synmbol with M=1 for the PCFICH in each reserved subfrane.
Fento eNB 116 reserves subframes 2 and 7 for macro eNB 110, reserves
subfranmes 3 and 8 for pico eNB 112, and reserves subfrane 9 for fento
eNB 114. FHP 1R82%516 transmits one TDM control synbol PGRAUR20M4/650289
for the PCFICH in each reserved subframe. As shown in FIG 5, the
subfranmes reserved for macro eNB 110 by fento eNBs 114 and 116 are
time aligned and allow the macro eNB to L%ransn‘it inits subfranes O
and 5 with little interference fromthe Tento eNBs. The subfranes
reserved for pico eNB 112 by nacro eNB 110 and fenTo eNBs 114 and 116
are time alig I otran i.ts subf.ranes
0 and 5 with p%ﬁ?ﬁerlgifeﬁ 59 earsgﬁaéig a(r?(T)m %}és %{nodc eh%ﬁflbﬁ’gﬁégnlw’ the

[ 0051] Ref er r i mymberck UEs vFlthﬁB thg coesgh o€ hish mdii3, plﬂcammmennemrepom from ﬁle
synchroni zatl Sk@n u n

the PBCH in su btg %Blse){&“ﬂé ?Ha@rggger c %f%?% egusb;&%% %’oaaﬁj?’a’f’ilg Tpico
si gnal s when crélBe@nlﬁfng fefmgp eélﬁBso apdmpEgaty edkither Ve PBGHNRy grovidacdal]
detected eNB i prdeknt o comunicate with the eNB. To allow UEs to
detect a weaker e a strong interfering eNB nay reserve or clear
subfranes in vP#¢h tlﬁeChsVHmamfzaaimlbntssre@n@ms ségnal phea I@Bbe anlearriers
transmtted bydefe%né’m%r i CiNBeenn B! $n %ecﬂz% L9 dTaY 186 C%Q) attrong 1%erferm§| S

subframes or only some subfranmes I n ‘he” sy nch oni z n-si
and the PBCH &P&s{sugihasrmactoedNBsyandtvecakos aNBs (secths p‘EheNBi;)e}mylbngeﬁh(bmcﬁ

be done such ttﬁ'h@ftthg%cﬁ&rklgiinglrs Sf el NKBYRAKEH s HNBY hﬂ" diffelef asﬁ?%ﬁ‘!%g and do

anmount of tine. [00 2] Referring to the exanple shown in
subframes 0 arfdt SPlfte. neriRee sychoasafemtoct By e tolay) emydbeetdBsofighrisnd

116 to avoid lmgs%reﬁ@se;ﬁe,?esete@t &.&1@caymmmamhé%emeféa&g% grﬁaélé"g b 181 CIE]ECH

fromthe macro eNB. Subframes 1co eN eare
macro eNB 110 “éﬁd’lefré‘??feﬁceeﬁ@éﬂs?ﬁﬂm&gﬁm&@eﬂﬁﬁﬁl\ﬁiﬁm dinterference to the

synchroni zat i qossj gnalsg %ﬁc&rﬂﬁufc@%ﬁﬂ%a&&%@' 1HQ &8 NBed ﬁb@%nlieaﬁﬁ inyOf

femo eNB 114 is cleared by fento eNB 116, and subfrane O
eNB 116 is cl &818¢ §p llﬂEhfFléﬂ‘-‘érQBC 1o the PEHBESE thavebrraceggiagind p@ﬁélbbeB!@

may conmuni Ca&@néﬁhs’%w‘hbﬁoﬁ&@ﬁbﬁgﬂnt&i@nlw | Bl &eldRSEl, Ylf?eﬁﬁl@ﬁ(a? h%@aﬁd %h of
deS| rng to conmunicate wt

subfranes. t her desi P ﬁ\

weaker eNB nam&‘ﬂ’é@ sYaol Witk ‘ﬁléfqt“ﬁ@“ AT thedatefwe sHRend mey PW&
for the weakeferiNBng TDM eént@NOfrRs. dBSAGther Besth@S HENAE @hy NBIMAN Keeived
entity may deméj]ga reservati on @]f subframes for the eNBs, e.g., based

on data requesYROUBRY SYRATIRS Wit sk ARprence RBS MR drrRsess Epaiig ychted

the eNBs. For sghiboldethic QIESmaySdofpi @8R Sho FaYLiRE sYHBT v the TRBL 6or@B1 syhBols
various criteri ahsuch as | oading at the eNBs, the nunber of engs in
the vicinity, tHe" A&y of UEs within the coverage of each eNB,

pi | ot measur erlﬁﬂSﬁ] rember UE hapobthine thsnel @ftinatd @l BX UL eNB UHRGEN 6h £NB
may reserve arg‘,fure i

am rl_ttoanal | oW mdl tx{!cpﬁg eNBs and/.or fento eNBs

to communi cat & AR SR FOHEECd Bh eV RS %ﬁov? H’ere%é"i“Fe Y@ pt fhg greaker

gai ns. eNB may be transmitted on different subcarriers and may not overiap with the reference
signal of the strong interfering eNB. In this case, the UE may derive a channe] estimate
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



[ 0054] Each eNB nmay transmit its reference signal on a set of
subcarriers determ ned based on its cell ID. In one design, the cell

I D space of strong interfering eNBs (such as nmacro eNBs) and weaker
eNBs (such‘%‘%Z%P@%z@NBs) may be defined such that the r8CEUSHEY050289
signals of these eNBs are transmitted on different subcarriers and do
not collide. Some eNBs (such as fento eNBs and rel ays) may be

sel f-configuring. These eNBs may sel ect hhelr cell IDs such that
their reference signals do not collide With the reference si gnal s of
strong nei ghboring eNBs. [0055] A UE nmay communi cate with a weaker eNB
in a reserved ve hi gh, in erfer nce due to t
PCFI CH, the re@ﬁ%nﬁg&gﬁﬂga egﬁg eﬁ%s@?tb?cghdgt‘ﬁ i e rﬁ (SIS §lg‘batluémln}
strong interf erdakey c¥NB Th¢: HEom d©desle garh stdbecohdiol nh@nndlfmﬁﬁthdmmhngl' 4D,
control synbol, i r e i ot er er| n

may process rersrtgdln ént?ﬁhla %ﬁr&{c@ dﬁ?? Qa%ﬁ} déﬁofféé‘ (%Orl}g%tlno s g% tWéageﬂE
may di scard re@telrfv@me @pmbfbt secglmedsumaramii dersvevihd bhahmeglastmmteefof dreemEer

and may proce e The U a roc
the recei ved s%?/qr]?rb t{c}gm{% &%W nt {m})ﬂe rrboﬁ‘s Pi%ﬁlggﬁﬁ b%rra%nge o
[ 0056] The UE myﬁ@wapwcdla@mmwy geushisaioe ﬁfoa"rtht frterfiasiag eNBeNB:has da
on a referencg al t ference
signal of the ﬁidgggr ghé%%%{)??l?%%%ﬁt&?%{%ﬂ@%ﬁgwﬁeren lgﬁt?ga rC[r%FOedres
and may not oweRTd shamelh (¢ $1eﬂlpé’ﬁ3é1fbr?éﬁ€1§|ﬁgdaé’lDCéﬂi)taheveﬁtasaln@data channel
interfering elBg. ih@Pb@Cﬁ) ﬁ@ﬁ@mv&c%r%%d gl?ﬁlbglﬁ ?cl%ﬂ estimte
for the weaker €NB based on the reference signa rom-t |s eNB. |f
the reference lgqsé'hal The wepjer \ﬁk@k@fw e comtd! jifernafipn And Hea tefherénde 2
signal of the s\ ptgfel8khRgbe h@unﬂm@&fﬁf;aﬁﬁo%e nﬁ%éffe%%ﬁ £10B R ghﬁmeonl%the

estimation with interference cancel n ti mat
i nterference (fE%TPM?%OIrSéF'BWéﬁ@éS‘éqf’@ﬁ'lasleg»raéﬁhot“ﬁéﬂF -8y frethis gepeethyBUE

based on knowny Vﬁ%&&m@ SRk chely tﬁé%ﬁht@\@éﬂ@n@@?wﬁ:ﬁ%nﬁﬁf?%’@bserve

subcani ers on ich the reference signal is transmt

subtract the &9tfFHErwge frmdberintedpiing thhemaiaig| N cejtighsmbats lmﬁle
UE to renove tghlgmh@terference due to the interfering eNB and nmay t hen
derive a changg‘# est te for _the weaker eNB based on the

i nterference- élel e W@*ﬂ‘ﬁ'i NE-fRy NSy coRTrd dnfpistation m & memer erfaqiiate

cancel I ation féfbleeatptdn yRRTDEISthE ﬁregence biBe infeffeRNG) InfcanH!:st}J?lethe
interfering eNB e reference S|gnal fromthe

thalﬁ%col i de th t

weaker eNB. THE¥SE® VaH&W%S%ED%@Ht@dWP?% N RHERIVES SUPHERS bhwtting
interfering eNB=23esti gt PCFIEL i Mhesdoeke hiegerUge t»@a@@cm@laﬁ@ﬁ%&wmn a
confrol channel,, subtr.act th?%ﬁstl mated i nterference fromth

recei ved si gn&redeGminegdpmber MrcoRmel SYRBRIS ihthe rpsgved ﬁ‘é’fﬁélﬁk&o‘ Enibs
after subt r actdesighs} theUR stay BB bede bithemfnteLHCEDM koht@efeals beh P SaddmitEBY
performint erfer ence ca,gﬁeh_(lgaﬁg or ang qjée?n(fe ssion fromthe
interfering eNB WG & F BECh dhg Fdilel et iy tigayeaker
estimation perN8rimarctrst T ddEtuﬂ&ymEkﬂ,C@ﬁlieh aanbbRbvethannRHerei®. fm ththe

PBCH, PHI CH an DCCI—% as well as the data channel (e.g., the PDSCH)
Bas

fromthe weakél cNES ‘ed on the channel estimte. [0057] The weaker

eNB may send ¢@39) ol TheverkermdNBmapsad datatrdnimisdiens WEthe PHACE Wb ihkR MM

reserved by t r|n %E The interf eNB, ma i‘
only the fi rs?&%&y&bﬁ 5 O % fransrissign i §:ﬁc§f%0n‘r@l n¥b si ‘éﬁw@ﬁ%n
FIG 4. |n thidscodate PPﬂI(Eﬁé thEd :myheabs EFVEH hmg;hnssmhmeﬁeh eincecca afdthyed
the first TDI\/IRE)(R@E [Ihlgxqgg y.0observe rence fro t he
interfering e on&lt § renlgsi ngﬁ:g b(S:E(I)'\rr{:‘t T mer VD §Onilﬁe lﬂtg .
The UE may decode the PHICH based further on a pomon of the PHICH transmission
sent on subcarriers not used by the interfering ¢NB 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



[ 0058] The weaker cNB may transmt control information in a nmanner to
facilitate reliable reception by the UE in the presence of the
interfering eNB. I n one design, the weaker eNB may transmt three TDM
control syrnbBrYYPH2% reserved subframe by setting M = 3PEBUSI04050289
PCFI CH. I n another design, the weaker eNB may transmt a

predet er mi ned nunber of TDM control synbols in the reserved subfrane.
For both designs, the UE may be aware OfISt he nunber of TDM contr ol
synbol s being transmtted by the weaker €NB. The UE would not need to
decode the PCFI CH sent by the weaker eNB in the first TDM contr ol

symbol, which yetﬁgsﬁ% Vﬁ)&@i hinI ‘?lt)ﬁ[r S{n%p(r:;?m{)&? g hlalrlt % tr%%{gﬁeeg_{ngl %NB

[ 0059] The weake may sen Uhree {ransni $sion
t hr ee TDM contintgifering eyBl en subtaeriePHIoCketl baﬁsmt@“@rloglemh egach TDM contr ol

symbol . The Ugggm d%@%aktepﬁ\ﬂfﬁh dg\%ﬁee& él%?%}]q Sede ﬁP Bl fermgv\HB

transm ssions sent in the secon con
may observe nonfl et frapseic B f qopielt éorinpticar foemutrggteeNB adTﬁh@ bEecnsayf the

decode the PHIfHehased (f upt fa@&gnomleawpﬁéﬁ B 0 &ﬂg thd bl qao%[“ BROn
sent on subcaniers not used by the interteri n t f

control synbolPII¢HobePPREHnwemlice pthengntiglyhaingls tosebitpdn thi desPBdCperfonmariee.ee
TDM control syifRQger sIQlﬁlgViﬁék&EmﬁN%r 'ﬁﬁ-ylos%ed}q)altt he aR Qggd)lgﬁo ol dic to NB

such that adverse inpact due to interference fromthe Interfering e
can be reduced’un‘F@W“gé&(é‘?PdV@Hl&eﬁ@eméé‘@@rth@mfml@eh@y send the PDCCH in

TDM control syp#l s Wint RGUa) BESAL %ece%lfcmﬁag fe@g' ﬁ&%ﬁéﬁ 42d pld)ON

subcarriers not used by the interfering eNB, @]ﬂ e weaker
eNB may be awdf®! e “FH@I P avith dneviisdecdhas serme tnn@ﬂ@trmléym § ngheefus TN

may transmit tdigrd ethbdIma, bt Q5sHBE f)lﬁlﬂtuPe@ ik td H@ﬁ ﬁnetrﬂa@n@edﬁl&ﬁ% lﬁieeff@r&tgs
of the interference. In one desig t he weaker eNB nmay scale the

transmt powertN§% 1pRee @sperihe Pﬁénap@@a-qd regpip oy e I siith bightrtenferensa framl s

to obtain the memtRRLNEEAOMBPAERde hESRAVEY r3§Rd HEHLIRY TRE QRMed
for the | oss of B@rt of the control information due to IE)UI’IC'[UI‘II’I by

the high intertYBPEhCRYiieolPlRtd With S12FWrS #y @ikgs neutral weight in the decoding

process. In another design, the UE may perform decoding with interference
canccllation for the control channels. The UE may estimate the interference duc to the
interfering eNB in the TDM control symbols, remove the estimated interference from
the received symbols, and use the received symbols after interference cancellation to
decode the control channels.

[0063] The UE may decode the data channel (e.g., PDSCH) from the weaker eNB,
possibly with knowledge that some modulation symbols may be punctured due to high
interference from the interfering eNB. In one design, the UE may discard received
symbols with high interference from the interfering eNB and may decode the remaining
received symbols to recover the data sent by the weaker eNB. Tn another design, the UE
may perform decoding with interference cancellation for the data channel.

[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.

[(065] 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



100621The UE nay decode the control channels (e.g., the PH CH and
PDCCH) fromthe weaker eNB with know edge that sone nodul ation
synbols in_the first TDM control synbol nay be |ost or punctured due
to high intE?FEPRIEE fromthe interfering eNB. In one dggT"Sﬁz,“W??ést’JE
may di scard received synbols with high interference fromthe
interfering eNB and nmay decode the renaining received synbols. The

di scarded synbols may be replaced with asures and given neutral

wei ght in the decoding process. In another design, the UE may perform
decoding with interference cancellation for the control channels. The

UE may estimatgg,f PB 8L f&y Feﬂ&;%m%ﬁe Ha‘?a § coh{’él‘?ﬁffaﬁﬁa‘tl&g O%r% %]Né %o,

TDM control synb Fenove the estlnated i nterference from
recei ved symnbdiey 1d&waM§mﬂe@h’e1<eraeTéETQ/@elcrgyﬂﬁdlig agff kilesran] ehiBeto flE Bibc €The

cancel | ation tlfak%@t%aﬁns&@eﬁﬁm ld leﬂa nﬂ@&%bi@%ﬁéﬂma B‘fm %Cﬁqe

t he data channel fromthe weda eNB 0SSl
know edge t hatthask e?fﬁ@rme&m 3@%@3@Wfﬁ@m}dl§%@taﬁ¢]@ﬁhme to h| gh

i nterference fihgp) t h%eiaptlﬁg%,ﬁmma ank Blit AREre SR e sdrlltindon Y same
di scard recelved synmbol s wi Interference fromthe interfering

eNB and may dé{:eaeréwx renped wh PG e et devidipiisiraionoelee d &% By derendst a

sent by the wegketuhBes is%a@iﬁﬁﬁlhﬁ(vnﬁ%ﬁ@éugﬂaméshﬁu%h MBYiREREA & Bhcro eNB
decoding with interference cancellation for the data channe

[0064] The UE nd 2ad e dubigaes phislay davplsk subfepmeaitaviseini mal sansmi e URe

weaker eNB baggth®Rpiich@fcchi®ChObAUes Mad doBTBRAY SorRe bitphABN &L rlIf) hltlﬁ.k
presence of high interference fromthe interfering eNB. For exanp

the UE may perfffamegét saich dnvilligteg to &@c‘é@ﬁ #y SBVetSHW@Faﬁ?jS FﬁP@klﬁ@&Bﬂ%
hi gh interf er euRnRR inCeNiEEk Rill REShY Ch&YTONE 510, [P9651Ihe: slhswmﬂ]%%
descri bed herei n%%‘(}bﬁ Hsed to supﬁgort operation b rel a%;

relay 118. In't Ell? P Aiecpt deleY oif mpR agsmit g 1??&9 T Bcwp %m’éap( %Pda%d
control i nfor refighomaf rb@rﬂeﬁﬁﬁ rlg 2N Jaﬂ»l@ and aﬁ@)(na%eﬁsfeﬁﬂs Nthdcrd BB dADAN

and control infg matlo the uplin irection, relay 118
may receive d S aéﬁ?a C r&, 402111 nf Jieﬁﬁlffra&ﬁs for the uplink direction are' not shown in
FIG. 5.
[0067] In a range extension scenario, macro ¢NB 110 may be a strong interfering

eNB to UEs communicating with relay 118 as well as new UEs that can be served by
relay 118. For the relay downlink subframes in which relay 118 transmits to the UEs,
the timing of relay 118 may be shifted by an integer number of subframes (e.g., by one
subframe in FIG. 5) from the timing of macro ¢NB 110. Macro eNB 110 may clear
some subframes (e.g., subframes 1 and 6 in FIG. 5) for relay 118. Relay 118 may
transmit its synchronization signals and the PBCH in relay downlink subframes that
coincide with the subframes reserved by macro eNB 110. TUEs can detect the
synchronization signals from relay 118. The UEs may be aware of symbols punctured
by macro eNB 110 and may make use of this information to decode the control channels
from relay 118, as described above.

[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



16 from UE 128 and may retransmt the data and control information to
macro eNB 110. Relay 118 may appear like a UE to macro eNB 110 and
like an eNB to UE 128. The |ink between macro eNB 110 and relay 118
may be ref ¥Q&YMPY8%S a backhaul 1ink, and the |ink bet REBHSH8YEN28918
and UE 128 may be referred to as a relay |link. [0066] Rel ay 118
typically cannot transmt and receive at the same tine on the sane
frequency channel or bandwi dth. In the wnlink direction, relay 118
may desi gnate sone subframes as backhaul 'downl i nk subframes in which
it wll listen to macro eNB 110 and some subframes as relay downlink
subfranes in ' It Wi 1.t J ! - upl i directiagn,
relay 118 rrayvggféﬁs:%ﬁbehz;? 2935%%@12%%2%%@' gs@%ﬂ%@“%ﬂ%ﬁ 1|tSnIE ngt‘}lt%)lfer gﬁtesgm!)ﬂ
which it will pefied efrfublipmend, 2Bs 4 andl9 vdieh ssupibframessn abich addghBldllistepd fonk
subframes in vwhjehnNg i Il transmt to macro eNB 110. In the exanple
shown in FIG 5, in the dowlink direction, relay 118 may transmt to
its UEs in sudP¥@hes Inongrvgsisn, nagpochBrid () moe set e DCELH {0 amaictaing! 1@,
and may |iste AGf ] b 1 .4 9,,.T,

NebO NGOy ENFrahed ih Rhidh EE@?%@EO%OZWféEtbmaggay[ 51636@]6%”

subframes for t%e upli'nk direction are no
a range extengh@frmgschand ¢, ofmeero SNB 11900 nEE. e aRdty dhd) mayt lerofvettieng

eNB to UEs Corguiichithdd i &f*?herﬁfﬁ?,'g]fl]o A8 @ﬁthslgg fﬁfwayﬁé%h%@ggﬁ@

be served by relay 118. For the relay : bf ranes |
relay 118 traf&ii¢s Rejax his mapsranymibthe PAFIGH tofits FES sythd filgt sympoliperiod and

shifted by an jft&8cdecbiindBE POk
FIG 5) fromt hdg tig)ﬁ‘ierﬁ of mapgr {)@%EIJBHE ?ggémcl\j/gegﬁﬁo“c%% tﬁ%ﬂ?ﬁ;ﬁfn&ﬁgﬂgxb@
sone subf ramed’{&@ g8 LEUBRY sre shrae tgnemissiony of fhe PHEGHS ene tremyngiysion is each

Rel ay 118 nay HonaRstid sjhil SKOGN RhaAdb QR 5d BIRRIES @R that RENEBGY bia%d
relay downlink subframes that coincide wth the subfranes reserved by
macro eNB 110.°"UEFTHGH tgapaiztons Hetheseaendraa hird TDdh casitrghrimbols.r Waste eNBy

118. The UEs may nlagaeyene iRfPDRIFQLS NG WoSth Y DIRES @anSiNEsidnl@r ARY
may nmake use of this information to decode the control channels from

rel ay 118, as /dB&cErpadeasernd and dodgiibe contrbsysahelen distay ddtviay dreode the
subfranes, relrCCH BasB@BYn BRPofRn 08 1RMDCAH &h@idkidn MRENVA BNR dlbhand
may not desi reE.t_dg g nsm t ag’y} th]Bg to its UEs in these subfranes.
However i ncdFETRY o} sybilsa ik, b o 10y faspiae TummifaRpsBof ihe
exB](cact ed to trcamamghanaam.gj tigaaHmH @nd/érsPdEESH ) iRtchdrg fﬁla;‘éiﬁ ays vifenk
subfranmes. In one.design, r 1 rate in the MBSFN node for
the. backhaul | dORRIAR TEursrFLSBEncty Ry F IBERRE fochs per stmhgp e semdyond
transmt only thind Thal bomtst spybdrol Myerd edB ofio andaskhaktp tdewitingkeontrol
subfranme and li.sten,ta_ eNB 110 in the, remsini ng. synmbol

peri ods of thgﬁfxwhglbﬂlft}“éﬁésﬁﬁv?%gaﬁa 18 "SRl i aol‘i‘??l;gBé?lOF@fé%?d
118 transmits data torlay 1 hie shinbd pesodeB diroypir B.oBelaf 11ufdyrestRs e, da,in e 4

and 9, which %pmﬁ%gltmre?rres in which relay 118 listens to macro eNB
110. ’

[0070] Relay 118 may be unable to receive the reference signal from macro ¢NB
110 in symbol period 0. Relay 118 may derive a channel estimate for macro eNB 110
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 contignous 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 cxtrapolated
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.



100691l n one design, nmacro eNB 110 may set the PCFICH to a
predeterm ned value (e.g., M=3) in subfranmes in which macro eNB 110
transmts to relay 118 (e.g., subfranes 0 and 5 of macro eNB 110 in
FIG 5). RQAy149828Pay know t he predeterni ned val ue of PABUPTIRY/ PSS
frommacro eNB 110 and nmay skip decoding the PCFICH Relay 118 nay
transmt the PCFICH to its UEs in the first synbol period and may
ski p decodi ng the PCFICH sent by macro e&IB 110 in the sane synbol
period. Macro eNB 110 may send three transm ssions of the PH CH, one
transm ssion in each TDM control synbol. Relay 118 nmay decode the

cecond and {0 FDvEan; PoneLyRRe 1A R G ERETENAGR T Lobier e

PDCCH such t hand &l Whigh camg theofynchrdD@@h $igsahs ninsicotesifrrelee 188 mbg 8kips

sent in the s g | S, I 118 na
decode the PD%%%H%%?éﬂa%aaﬁﬁéT@yﬁtﬁ %ﬁlﬂegb of %g%g%%é-‘lﬁ’reg%ns#hs? 5 gtrames
recei ved in t e dsigennd aahebkhdil devifibiveubdateso kndsyaybodted tivorico @NBE4 118
may boost the g I I cont.r 7 e, PH.CH
an or pPooct), “Tor ey FApTI8Ply S yERBER, o0 UIIE Sl pl el
control channéhese pipitpmpseare das@npiod esdrelon dowelinsaniiragsntand may frstesd Gssencto
and third TDMgRRE L&A 118Y S. - - [ .
transmtting control, ilﬁ)f o@%t il%%ﬁ?%@% ﬁ%ﬁf%r%gf%%éiﬁﬁtglag%?%g?m?g
relay 118. Madp &5 ERBnrame piesybisamey 0 ded handonaydisigy tolm@rg ¢NB Y Hio kompestherds
3 through 13. (Rel-R¥sads 4y recover the data in the nornmal manner.
100701Rel ay 118 may be unable to receive the reference signal from
macro cNB 110 [PH2byniothe pelinkgiredionrelay! 81may apaiptede s bivelanmanarmel|UE in
estinmate for nRCHAKAM Jplfk PABREMQNIN Waich efefl e NGe 13h P! addahd 'Shay
118 can receive fromnmacro eNB 110. Wen scheduling relay 118, macro
eNB 110 may neaRETHERN BrmackRNih Bk rrlavold 8 a1ws eperaipichsigilframess an eNB
li kel'y to haven betdi8rupteanehn&st WIRL &SaybiMs ﬁi@&latﬁx?r_ld:hﬁ-ang Qéntl‘g?ﬁ%ﬁion

relay 118 may listen to macro eNB 110 in two contiguous subfranes. In
this case, thd™BhSAnef &S5eiReHe ¥ grorerNg | [simdlyprschadilenat e W mey
than the chanredureghi MBLPIRIOLS f§ 98CGANMhS WK PRI REI bPGelGhAMNEL
estimate for the first subfrant may be extrapol ated whereas the
channel esti nﬁf@d‘fl?f{apﬂ’??@“%t@éond subfrane may be interpolated and may
have nore ref qo@mre $YODOIsEoval Hdethni df. 2 Macd:9 ONBr By hbeRetend a
data to relay 118 in the second subfrane, 6f Q()%Si ble. 18

[0071] Rel ay 118y SHYRUBBIGHPEVPS dParest 89 MY Re PRIBRIRE B delEne Piss
subframes 0 andtin/cNWi €Rele@ntayion, he SyRCHE@NEAL | QO Hitghadlos . caldingO AR
design, relay h%_lr?_ ”aéétSKiOB Listen ng\_%o_ macr o eNB%délo. in svbfrarres 0
and 5 of relay 1187 °eVeN P He¥e" LU FIeare' Lo P &°cqus i Yiva oy gerogencous
backhaul downlnktworisuif redidensificdibtbckra)?)i Msd legdodeni@ns Mtdork Mal tomMIES bask N
anot her design, .rel 118 skip transmttin 0 |.ts UEs in. !
Subtrames o anin® ofuns e ORER Byspl it el Yol e o g
downl i nk subf dagencadeke way filshsfeade kigadl drnt e MRt sat@NBayl 1O mithalcayy

17es T come SRS EERERENY 8 s ddh iy S R TREr G Bk erie
sone ot her subfendmey L@ natightss. by[sQIBFRE Idifferdneresqplden Kor dérdangtai second redtrence
subf r aves 1 iy feRbdhd ShiTRONER @i Mol G PR BT
to macro eNB 10004] Relfragneldtgomle pentaiior nagp ba adiasd dtaion wamn nday sxsioanene NB
(e el ay o)Lkl g 0 i o bl . LuhaDe, L 8l 9,90
a schedul er atefpreicgyisnalgnaydy cerslgd et thi B1E. tTh enadisignktho intarfeteage dut & tnd

the uplink of glEs.s k8 BRREPRE L .
(00731 FI G 6 herciy g Db Siabil B SUBRIREH B OBt lgrh ot

i nterference ithotjain 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



Wi rel ess communi cati on network. Process 600 may be perforned by a UE,
a base station/eNB, a relay station, or sonme other entity. A first
station cauysin hiqgh interference to or observing high interference
froma secdh@2EON%Eh in a heterogeneous network may be PCEAS2I09/pHgB9
(bl ock 612). The heterogeneous network may conprise base stations of
at least two different transmt power |evels and/or different

associ ation types. Interference due to first reference signal from
the first station may be mtigated by canceling the interference at

t he second station or interference to the first reference signal may
be mtigated hy, e secon
reference si gnat %,]g;gg%%gr%f %ﬁg%t}ogﬁéu?ﬁ %\%%Mfég{aﬁ ‘S}q Ia\‘fm‘gtta%onttﬂ
first referendétsi gnal (bl ock 614). 10074] In one deS| gn the first
station may bgpgys 259 Shedr Wi, i i &
station may b 2[ For bl o¢ i(g The |SE%021?fS%gcénr?ceg] éola%fl§e fﬁe%?acr Pst
reference si grﬁi‘ﬁe ﬁ*ﬁgﬁbnt@éd é@!?@éllﬁ@cﬁfmoﬂtlhwe@mlyl i) bwe fedes bepa statibre, or (iii)
interference dygebfef &‘f'nbfiﬂaﬁﬁf of ficfd, ?fgge&nﬁlﬁﬂgbaﬁa’&l&% aﬁﬂ‘élagastta?gn.apor
subtracted froma received signa an

i nt er f er ence- CAHESI bdirsfirgsaures vrpktospddhes Eenbeneesignel uths Fighsthtionaay
then be procesgegid.ginebt al &Ilaﬂy%wlzﬁéd Gk 's%ﬁ@;%&(we@ fpla%ﬁdiﬁé el 06"
a relay station wth which the I's In comunicatlon

i nt er f er ence- d&iteateeRs) ’@%Pe ??é?yteélsw thed iy sseqnd Sesduees ard diffetsntafrom det a
and/ or contr ol firki'VeKABL | PRe BROteshMcds hﬁ‘ayb&f%ﬁ‘m% Q—tﬁrs‘?@ctOJf sht;‘&lﬁe‘?é B the

station to the UE. [0075] 1 n anot her design first and second
stations nay CBTHFFIFSRUESS) MY FRITISS Béé‘"é"@ts%ftqféﬁbcéthﬁrsawblchon%yal@edlffelen‘f

station, resperdn ekt sel bf ubdanRerd. eI QedBAG RESEnRL L9 maPhe dehi dn)théééﬁ&d
ot her conbl nation of macro, pico, and fento base stations and rel ay

station. For BPORKCSePathe spoord spinaid pay figetrordcallisin wiflethe firg reference

reference si gnaghalbya pAiadisy:Shrosizadon QikniBd RQe4aERY Eﬂlﬁﬁgmzﬁofi%ﬂghm iy
associ ated wi th secon re ources for sending the second reference

signal may be "SRRG LBHEM fhyge! e‘ftﬁjec"%le@o?iﬁ PRsRRITCERRY HF de@nd flaticanin
fromthe fi I’Stdeﬁg&(bdl’s,ﬁfxﬁ"ﬁlmeéﬂa% fhbTishes @SR ces may conprise a first
set of subcarr seco d resources npri.se a_ second
St of subcarPEBE TREcH iy ottt FEAb ST ONIONEr PrigHing atgpenee.
subcarriers. F‘(}ﬁamﬁﬁt wﬂdmdsledeeamaﬂesmgtﬂadenﬂﬁ)a e s@esH caind Hgh SREGR e
resources by the econd S atl @%8% n avoid collision with the

first referend®®t 5‘?{&?‘@ hig brﬁr ?ﬁ’topﬂiha Lsteypgneoy petyork, and

secondary syn cahncﬁdm]eﬂa# toamt:gatgmaah femage doe togaeﬁieﬂraﬁefedcehag&ﬁd‘l o@dthe ARt station
sel ected ceII J sent t he ond statian in design
subfranes, e. by e ccg]%“’rn@r’{réngc Cé’ﬁ%até?{c ‘7%]? Mexd ‘%&%&Agmléﬂaggﬁ?gﬁ* %Stan
appar at us 700 réfeuentm sidnglaliyl setpctingt chfféraﬁemmnesﬁfppm&hgls s@o0d kdtabied gnal
nodul e 712 to first thI’l usi I h interference to
or observing hb’qlﬁe%éo g Lndp ! rolrnbmét1 “g“*i%ben%ﬁgfﬂglieﬁ%ﬁlgpﬂ a

het er ogeneous Wﬂiﬂimr EJGa&dhcwqrmdmaoe of 14)r¢cesqr60t}ifqa¢pe1anmg erdlsr enne ifde
to a first ref f IR tatlo cancelin

i nterference (X’?f: %ﬁsg&gg%%% antl{%l3 on or ela)?gta e Pnee emr ?%LW 8m?sdgwbigﬁ
first referendeligingiak ripgroske striiqng(biick Bé&)e nﬂxerlelsmaﬂawsmﬁpnansmndn ng a
second ref er engesst 9 void collisi th
the first reference S?Jm ]\é f%ﬁf&q%&hé ﬁ%(g}&gotgg gcscl?!)asemfmon (&P%ggels
800 for oper atlibpgeley stefioaymast alsq dﬁrﬁermmcaubﬁmbelswhcbmm:nm toonEs (block
network. The rebayriRtahy thndﬁal}{?%ﬂ 4; &H‘u’ﬂ% 1%&% %rﬁﬁ?ﬁa I s LG Ds It In which it
listens to a macro base statio rellay statl nay
transnit in afeNBUEK HoHES (bock §&8 subf ranes inwhich it Ii stens to the

macro base st agg (bt I
subfranmes in \ﬁu"gﬁ it lfﬁgagggr%ﬁ%nsmt-gggmﬁ% ?%feg%:%tl n‘aﬂn %yr?e g) §c{ g;!fl on
may transmit SRR STEGEE &t thedERSHM mopethay Bierregwas Hiode V\,hl olg deilglt, tleershirt s

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



gi ven subfranme in the MBSFN node than the regular node. In one
design, the relay station may transmt the reference signal from each
antenna in gl period of each subframe in which the relay
station Iiﬁ‘gﬁ%%%%%e macro base station in the MBSFN ?QHUWQ@GOZ”
e.g., as shown in FIG 4. The relay station may transmt the

ref erence signal fromeach antenna in nmultiple synbol periods of each
subframe in which the relay station trangmts to the UEs in the

regul ar node, e.g., as shown in FIG 3. In one design, the relay
station may transmt the reference signal in only the first synbol

period or onl yyddeee §i §StholeOn FUTRO! TIREKIP I8 m@f‘%ns;ﬁﬁbt%{]%-égﬁ?@mwh

the relay station ITstens to the nmacro base station i |
node. The rel diPrseachisaisnivaip MulEpe #ymbel hsripdst efreaelc aubpgadl whigh iy wlay

synbol peri ods: @6k @aSnSe e tRUbES ANBe 're%&lﬁ‘h E%Ee, tet}_z?, s €W $f Bid. QN 1n one
e

transmts to the UEs in the regular np e relay station may al so

transmit the ristehdhc@lay grior may Gl hearefermse signalte oS frsdembeld
the regul ar mMy@ged &QRKIR ArsPRR s?ﬁﬁél%@n%&{s og E%ﬁ kutfththe it REich ﬁie%ﬁ'gi&tﬁ?oﬁlon

may transmt a} si ngle TDM control synbo nd may transmt no tain
each subframe HSERiRhMpGro Pese slafian i dhe MBSk sragehAkerely atefigmmaypignsmit

relay station thekfd@ee iyl @ HB¥%l FHBbINERBARN acRks tRh JubfrahlRlif Shich M relay
control synbols fromthe macro base station in each subfranme in which

the macro bas&BEPHIISN! PARHLE Besequiampds. e sdarrstagian menalsq ngyit the
station may deefodfccatgnhledsthcaR@nGORIEOVBSIARIGE afd@hreeuldrh®aPH CH and

PDCCH) fromt cro base station bhased on the second and third TDM
contr ol synbongq'gﬁoog'bﬁ—el S128 °§i]i’g\ﬁ§%é‘ﬁdlé%Fe&¥ on, fay frast ¢ singlgol Iy

gper ating a [) ];ebﬁyblsjnﬁlbdl \(ftﬁd nﬁp@@ﬁ@’fwﬁo 8000 ch g.dﬁal md 1iDalith 6 Bleds t®the
eterm ne subfranes in i a.,relay station is ljstening to a macro
base station, ”éacfr;g[i‘fﬁef ga@ﬂﬁﬁ,l@%gﬁ%%{l {1y fECEie ﬁ/@@#ﬁ‘%ﬂféﬁlﬁyofﬁ& ey
station in t hamdbiimahymbon fishi thihmbdie base ktayonSh adch @fbfiate lid $hieNiho ehatd
the macro base station, a.mdyle 916 to determ ne.subfranmes in which
the relay st atefjla Soen&:}n?n t“?%sﬁgtgﬁ? %edﬁlajf SeRs e HEa% SHET Y %‘f%‘fetaéqe“t one
transmt in tRentrodghanesl (mpoke PYIGHhad PEICAY) Stoat thomadrabdsh@atimibbdcabR thei N

whi ch the rel i.on, i ransm tting to the UEs. [0081]FIG 10
shows a desi g%&gﬁ& %dﬁr](r)%{é@\s/[tcfgtbogs “(])brollst ransmtting control

[0080] FIG. 9 shows a design of an apparatus 900 for operating a relay station.
Apparatus 900 includes a module 912 to determine subframes in which a relay station is
listening to a macro base station, a module 914 to transmit in an MBSFN mode by the
relay station in the subframes in which the rclay station is listening to the macro basc
station, a module 916 to determine subframes in which the relay station is transmitting
to UEs, and a module 918 to transmit in the regular mode by the relay station in the
subframes in which the relay station is transmitting to the UEs.

[0081] FIG. 10 shows a design of a process 1000 for transmitting control
information in a wireless communication network. Process 1000 may be performed by
a first station, which may be a base station/eNB, a relay station, or some other entity.
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



information in a wireless comuni cati on network. Process 1000 nay be
performed by a first station, which nay be a base station/eNB, a

relay stati other entity. The first station i dentif
strong i nt e"?&%(}l%(aég:ti on to the first station (block Iﬁf@flﬂﬂwz%
first station may determne a first nunber of TDM control symnbol s
being transmtted by the strong interfering station in a subfrane
(block 1014). The first station may trangmt a second nunber of TDM

control synbols in the subframe, with the second nunber of TDM
control synbols being nore than the first nunber of TDM contr ol

synbol s (bl ocknd&hG) nu;ﬁta@r mmdcdmbsrmbgfs JQME‘?Q&I {hQ'f SYaRgh %%

the 21 maxi mum nunber of TDM contr ol or t I rs

station and WW%P?%EDWE@EWO&DM roI symbol s. [0082] The first

station and thgos|ronde i Mteih@hi MY Gt AkbAD uﬁﬁYeuths@atlgh fhfr ﬁ%ﬂrte different
transmt power levels. In one design, the first station nmay be a pico

base station, SRR PRVE FYEs-flaorh¢sien aﬁ‘q ot stasign pay Be hitieq bpspdaion, and the

station. In arl@t%l"f@fngd@ﬁérgﬂay bdvemhdré dse %@511' QR afBRer Qﬁlg"f} B EFPstRfS Snay
station, and the interfering station may be a fenmt o _base station, Or

vice versa. | PeaRecHNBFhYF0qA Ji¢ ineHaringsiation menby »imipipspEationt @mics
base station, are tUh&et okl @d’slgﬂgtllgtfﬁ-:itls&ﬂm{'r%y% 2R BLse KRALO P8R
station. The first.station a ong interfering station may

al so be sone d’f‘tﬁ%‘?““éé'%%@ﬂ g‘ﬁ Angng H%E‘F‘bbﬁﬁé@“%"c athedist stien anhibe strong
station, femnt Gntbﬂ‘@ﬁg&faﬂ@ﬂ may aifcﬂjcaymsm&ﬂ @fbin@lidh. of [RGB BhdcR 0B fé@%h@n

the first statiton (rsr?r%h control channel (e.g., the P
i ndi cating t hé™g% E?ﬁﬁté Ol’of“ﬂﬂ@f‘ﬁ‘bﬁtﬁ ol synbols being transm tted

:c n the subfrareodsf the osd ﬁéﬁi@ Itlfebt ﬁﬁff ﬁiﬂoﬂgn@/c ﬁiﬂsﬁm d SC%Hﬂ‘QIhCH@,ﬁ@ eft.; thkhe
irst station ot trans annel if the stron
interfering st@?{% ]inglciﬂ’ eco' ﬁm f's OngzP conro Fl@%lsehﬂ}?ﬁﬁ@awg%@
may be assunedhd abfr hrhelfsmgmdg ﬁmasfmarzg sthtiohDWneoprésesd Ty e lstation MOPBG]
I'n one design of bl ock 0 t irst station may transm contr ol
channel (e.g.,™'He E’ﬁl Efi‘i' Fh3B e Sng l?tier&fgt“gfﬁf\%bgﬂﬁsﬁ}t g@/ﬁ‘ﬂfo‘faseata a
first transm tprgiowerindderable ma¥ beakimat fosthaddcand nmyertdfanmtﬁmblhgmbols

control ¢ hann t)t)slatg at[n {)nc\e}ﬁ:%ml?\(rl)]ﬁbl (ﬁdll{}lié ?Igzaf%lﬁ SPM%I} may, éﬁnslnﬁ & qf)Pthgf: hanacl

second transm
transmt powere. EeﬂeIPHICH ca iroCIqet) mieél”uay DM cdn*ltmtbgmiiﬁ]lﬁ a ﬁlhtetrifnslﬁﬁbowel

tati t . P
T the second mareitr By SH B, FGR0 RS i Remmid BBl o
sel ected to awoitebl gymp@ddtie gccvond Ilrargrrmtrpowet kevel, whitle mepde highgnébn ﬂwcﬁmt
the strong i ntt Jn%{ I‘IF&%D&R@ 'Iﬁ)gn thcli]gr%%r(ﬁ‘tbloﬁt Ei‘@fhéoﬁlcqﬁs\f st%!u?n ?’5 Fahsim mzt a

t he second nu contro
the effects ofCOil’fml shdnotldpge ﬂferlﬁhhcﬁh@ RRG@hgini the @ptﬁlwirnm@elsofa”ﬂwimomrol

[0085] FIG 11 ] a . j tid 0

control infor r?g??ég% ot gg‘gkﬁgaﬁ‘gé‘ﬁ%&%ﬁﬁ %ﬁﬂ@ O%;%g%u?(ﬁhbﬁqgip HitBite
identify a string ffom "é? feani pgergering peont dhafifs station snagtalso ranseitrfivohgbaad
1114 to det er HyRGerdf ffbf\ﬁéon&b‘l@ﬁﬁol?fn otkMra Ot 9 hlt?g\é{lgﬁief?ffep@ bf]igterfe ence

transmtted by the strong intéerfering station ina
nodul e 1116 t dronyiBmsieng nderdpoyitionunber of TDM cont r ol synbol s by the
first station [pgast he p3@biil aA%ys ahﬁs@%p@{# BFRG! 180 %P'\l}aﬁé}ﬁm&g'comml

synbol s being .nore than the first nunber of TDM control
information. Apparatus 1100 includes a module 1112 to identify a st1ong interfering

ate

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.



22 [0086] The nmodules in FIGS. 7, 9 and 11 nay conpri se processors,

el ectroni cs devices, hardware devices, electronics conponents

| ogi cal nories, software codes firmvare codes

any conbi n&f‘?%ﬂa{’%gﬁeof [0087] FIG 12 shows a bl ock di 55?@%08?/953289
design of a station 110x and a UE 120. Station 110x may be macro base
station 110, pico base station 112, fento base station 114 or 116, or
relay station 118 in FIG 1. UE 120 may -he any of the UEs in FIG 1
Station 110x may be equi pped with T antennas |234a through 1234t, and
UE 120 may be equi pped with R antennas |252a through 1252r, where in
general T ?.. JogRfl Rrhe mohglgﬁﬁﬂ FRS. 9t 9taﬁ1@r11]rﬂé}xconﬁ3rlgé ?1 e{gwls ReRfSrc3 OF
1220 may receive data froma data source 12 con I nformation
froma cont ro|dl@élﬁ?*phﬂ&@@é%@fmcm&bctmnw&cwm, lqgm&bfrlwalﬁ BAMARE. 19EWRIST
t he PBCH, PG:lc@h‘és ﬂh@%,coEm’ 01%ﬁ3?eom%ﬂg%&eﬁay be for the PDSCH,

etc. Processor éﬂf ‘g encode and synbol Cﬁ t he
data and contrB‘P87i nf &t %%‘H"V% 6'3]8{3‘% ?giafﬂﬁféd@igﬁ@é%m%ﬁi’d“@éﬁ’i pVPE 120.

synbol s, respegition 8lok m@' Mﬁ@c@@ﬁaqé%@mﬁﬁ FbSBasOeReAte, feﬁtoewae@&alon
synbols, e.g., for the | ~specific reference signal .

A Uransii 0 (T AU 14 B1 B1o Al M T B0 <L GUE GO menbhey Gicassen1goso

may perform spmadtioall 16 %pt{demﬂl T aﬂélﬁﬁpdzsagim&@h ti eyt Gl FESHLTRQNS,
t he control synbol s, ;and/or t referengcﬁe%%nbol S, appl |cabl e, and
may provide T P5GERR SRtk daTee thigueh | u‘V‘%ﬁf‘o‘F@e‘( L aniag .

th{ﬂ?”?h 1232t .[o638¢h m:?duhadi: mrox,lzaﬁnmypﬂaéégwsaz@nfa?s&ei%Idm fﬂhﬁ RUhta
synbol stream (e.g. or . etc.) to obtain an output s

stream Each ﬁé‘ﬂﬁ‘?é%lgranfﬁﬁ%ﬁTW%ﬁép%? G%E’Eer(péocﬁssm E:%‘lque[E fie qogtrol
anal og, anpl i fiyfornfatibi ﬁaﬁy béfacthy chHyﬁusHI)?H; Pﬁf{@#}?p@tmaﬂlphﬁ dGlam@g e fe
obtain a downl T do ink signals fro ul ators 32a
Ohr ough 1 295t HaeD R Db R P o S TSR YRPOITH £33
respectively. ab@@ﬁﬂmﬂmpﬁﬁhﬁﬁﬁtoaﬁhemmaﬁsﬁﬂﬁﬁaamhéamghg&aﬁgrnﬁﬁ&mvdy
o e e ORS00 S L o3 2B AL A o
respectivel y. shaific chéenamdel lsiahadr AZtEaﬁsmmyTK})nﬁiittpieaan(t emgtiple- fnatbﬁte(MIMO)
arPLL 13 SounSREL o3g T8, Tha h BrSRE A S RL I A g

i nput sanpl es ﬂ(leecqtrpl fyobo QRN or eltecreyermloe abmm:isn1fr@p1@:ak71e,da1ﬂyﬁdyqbrs\udaAT
M MO det ect or psy Jl 39113 n%'t &ﬁia\{o? hya ou 2132t Each modulator
denodul ators 1’ roug 12 J é%%lon ofi t HeE
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recei ve proce pr S : terleay
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processor 1264 Tmay recelve
via T antennas 1234a through 1234, respectively.

[0089] At UE 120, antennas 1252a through 1252r may receive the downlink signals
from station 110x and may provide received signals to demodulators (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



data (e.g., for the PUSCH froma data source 1262 and control

i nformation (e g , for the PUCCH) fromcontroller/processor 1280.
Processor é‘; al so generate reference synbols for a reference

si gnal . 8fromtransmt processor 1264 nmay bePhFEEBHEYIBY a
™X M MO pr ocessor 1266 if applicable, further processed by nodul ators
| 254a through 1254r (e.g., for SC-FDM etc.), and transmtted to
station 110x. At station 110x, the uplink signals from UE 120 nay be
recei ved by antennas 1234, processed by denodul ators 1232, detected
by a M MO detector 1236 if applicable, and further pr ocessed by a
receive proce%ewdedlwfo;eﬁq%% Dadecrdess d@&a rm%a% ok b RHR hon
sent by UE 120. Processor 1238 nay provi decoded data to a data
sink 1239 and ﬁéﬁfﬁéﬂ%@éﬁeﬁ@rﬁ@&bl i nfornatl on to control | er/ processor
1240. 100911 Gogapy Ol lo%rtﬁémle@eﬁeem %%%Moc%%mz@%ag%e% arld opess

operation at station 110x and UE 120, respectively. Processor
and/ or ot her prde&s&irhealiSGRSfMEa dafe sewrgg [ 264 a!t‘i@@@“ﬁhvf%@ﬁffoﬁr(ﬁfgefm

direct processpb80cR) Fdm c@ntroﬂl&%@&%ogqgfid N plrd G508 ,zz(ﬂr Bﬁ%%%o]-&ggal'en
FIG 10, and/or_other mgr ocesses for the techni ques described heéerein
Processor 1280¢itgecymBeln & dielraes sl afbe mihglsdeon frangmit ppepessay 1264

perform or di r@@tbe%&e@@%ﬁﬁam Mnﬁb@roc@ssandi&nf %ﬁﬂ@dblewmelsﬁeéssfe%y
t he techni ques descri bed here ries 1242 and 1282 may store
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e ddit
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fields or part field cl es any cqnbi natjon
t her eof 100931W5Ee (5:?’ %ﬁs}m%ﬁﬁf”&sﬁz% ?‘R‘gﬁiégplﬁ?yeg’irﬁf they %ﬁ it &t station
various il ustinét anddJB &g rz:qjectmel}c mocemﬂm&snd/alolﬂﬁuplb&ssowmkda{ogﬂés dgthm
steps descri begm Qnpection wth the di S@ erein %g.bem 8

i npl enented as er ronl%pﬁ ’am?a cORptt p 810°GF °VY m FG. 8,
conbi nati ons Qﬁﬁocb&stll@OO ToFKl. day duyd/arlokhesbroa@s:stfm the iteuhqucebalageaﬂi Iie'retizy
of hardware a L QYUS i)l ust ents

nodul es, ci rcg)lSj ?C%g Y%b%{ld/graorﬂh e“been ec':s‘o’éﬂ(rglggpl ggélﬁ%\%rf%ﬂgnoelr afc“‘ft
in terns of thpedcessfafficini lﬁﬁal6| :tﬂyl/m \Nﬁet Ipelcessucfmr fluenetliniad idesgribed herein.

i mpl enented a U} the.partic
application aﬁ\é es%lvginﬁcag?]ét% ?jal ‘é]\fgtgmqﬁa%gigjﬁ%gﬂwd% e tﬁ nsHls)}t{ and UE
Skilled arti sdas mpgctivaiyl e%‘remedltlheuél@g@}’ isghedulé Ll,llrEetfmo:hail tratnymsmlvan sheng
ways for each %ﬁﬁl{kcdlfl Al p%H}P' i cation, but such inplenentation

deci si ons shou not be 1'nterpreted as causing a departure fromthe
scope of the gP®8knt Tépssof geliirethe pOOGUIdTnderstand thudnipintation aaitsignels may

| ogi cal bl ocks,e LRAUMES usifeh 6fre?\1'éf SERFLLRS n t

t he di scl osur e'E:t%[‘egr?elrllc nﬁ%}ﬁ% yc = ed gféﬂepeg?lgérﬁ?f%% &%Q&éhﬁl&ué@ For
gener al - pur pos&apededs @ﬁ‘fmcamm gﬁmraandeulgﬂqemanpn gegngls.olrits( HBMpIs, and chips
application spegifdCnl néf%@ﬁc%& Qﬁlroﬁél{oﬁéihk aﬁf@, Wscriftion! &by bPerI%s@HEQ@th
gate array (FPGA) or other pr ogr ammabl %ew ce, discrete

or transistor YPHfEs C“W@e?léﬁt@mﬁaﬁeﬂ&af%ﬂsc@%ﬁ%ml@ Of@ﬁl‘tlelﬁ‘?y opiésabiicidstdron

t her eof desi gngficle® oP&ly Cgﬁ]mngtnﬁ thdidgt i ons described herein. A
general - pur pose rocessor e a_mcroprocessor, but in the
P@g Jﬁ*ﬁw

al ternative, br odBess gy skiflyvayld Berapriveneitmale yrgwedugmiive logical

control |l er, mMuldcREORbNRE| 8fouitdl arklt le6ritiRCAbRCdesAtRE Oiﬁee'i)%ﬁ’erctﬁﬁ)(vnfﬁ' &e
be |nplenented as a %onblnatlon of conputing devices, e.g.

combi nati on offisglopEpheiRly maYRednpismsrigd §§)Fie°t’ém1ﬁllﬁfdél‘lafet 90361?“31’ SOﬂware or

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

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



di scl osure herein may be enbodied directly in hardware, in a software
nodul e executed by a processor, or in a conbination of the two A
sof twar e nngI eside in RAM nenory, flash nmenor gﬁ?
EPROM nenorY; nmenory, registers, hard disk, a reﬁS?;’élﬁ?OéWt%ﬁﬂ

a CD-ROM or any other form of storage nediumknown in the art. An
exenplary storage nmediumis coupled to the processor such that the
processor can read information from and,wmite information to, the
storage nedium In the alternative, the storage nmedi um may be
integral to the processor. The processor and the storage nedi um may
reside in an ARkGbedNRv\RnErallPM 58S oS fcir @un@ndﬁﬁ’& bR NRLY glln&}o'hgﬁy is
alternative, the processor and the storage nedi um may resi

di screte conpoRekmented an hadwprer airseftiare . depegs apem f@n@lﬁﬂulaﬁﬂpﬁhcaﬁon and

exenpl ary desi@#iga cénl@@mﬁty RSk @Nsh tﬁ@@&e&dln@%ﬁa}sm@d hﬁlipdnﬁf %ﬁmﬁﬂeﬂn&t the
har dwar e, softwar firmmvare, or any conbination thereo

i mpl ement ed i rfiessPEddinstionafily’ PUWIP%)H?YM?T E@Ilsﬁf’étl*céhr c?ﬁpléfﬁtmﬂ but such
transmtted ovighleASntORR Q@LisRY ShouRSTd: e lihtPfetcar as CAEEnLON dé’partme from the
conput er - r eadabl e di um go ut er-readabl e nmedi a i ncludes both

conput er st or &GP PEHE A IRYMMni cati on nedi a i ncl udi ng any medi um

25 that facilifpesdes tmarsfi®s ;Mstr@tw‘é%@&ﬂ Slocky, QQIRR, fa'h@mr@lf‘t@ d@slcﬁgrﬁl 10
anot her. A storal?gfe nmedi.a avai I able nedia that can

accessed by a GBFEHOY WlBUP%@é%OSW?@%M%ﬁ be dplemeted.s perirapd ‘VE‘S]S’/&WY%T
exanpl e, ER‘K'A itpokd Potcddor, mdlgﬁau@ignaqmwﬁ@r ajrseachatar;@aoamkl Pedifidlintegrated
conpri se or,_other optic i sk storage,
magnetic di sk cé'f‘&t é‘gggg %ﬂ%%r?g‘ﬁ‘ﬁ’@ﬁ@? pHe aidy %SQASQOP@%VSP”%‘?WB B’Sﬁer
nmedi um t hat cakvibe disede tgatecaf rman@gtmslc@fce dikRfeke Qﬁkd{i}ﬁl@géoafmoﬁ@@e
in the formof i Struc) ata tru es an be
accessed by a Cﬁg‘ﬁ@m}ﬂn %ff? dseélglb tg[?g? rﬁB%‘E c@ﬁfﬁ‘g?ﬁlﬁ emorA general-
general - pur posmmse ;sp@snoahlapbﬁrm&e)pmcmﬁsmmm thé\hlsemanemyheqmaﬁ&tm@rbel S
properly terned
software is tra g?nnvflr%dal %:ﬁﬁ'sgl \9\%@8}1? mwgogf’?}éoﬁller 8t St%?ﬁ@?h“i‘ n‘%ﬂ’@cess‘”
source using amy@@mhalimmabmmdaﬁ b benbimgpibh of walphitng devicst gl apcaamb;nanon of
digital subscrj e, ( W|rele t echnol ogi es_such
infrared, radi oqf\SrP %1 cr’g\%a%m&r?%én t um?%axfa’?'“@%%fcésmsf’l B Obp’i‘“P‘cS’
cable, tw st edmplaplrocesw_m comjuntioewgiss DER chra ol agi @lser sueh hordiguiatibir ar ed,
radi o, and m ve d |ti. of ne Kk
and di sc, 356§§?her"[g|5 ﬁStebl nl(tz’i“ﬁuggtho@ og ha?%otriﬁl eSCEi%‘%) }n F%lgacrtioral%lg ﬁ'l
optical di sc d@ﬁC@ﬁltrahel%maﬂJe Islebccdlueslchr(edﬁvm) harfivayppy a ehfstereametiube cueqused
di sc where d| Y, r net i c ile disc
p}'{l‘ﬁ&@% } or 11? Q fxixylﬁgtloqaotf h gﬁwé’ F n%vgﬁule Inay reside in

reproduce data“o asers natl ons o
shoul d al so b&4Mdhampsd ﬂﬁﬁh meniOIWhéo%opeom EEROMUteneny cBERRDN nrmn:hrya.

[0097] The pr e\{EQHé”b qix%%(iﬁ gpi 116919 g adf_lﬂe ébﬁrrg%(e g fafry 6tﬁer9§{91vdé %rgé Qedium

enabl e any person skil use osure.
Vari ous nodi f ik8aye snge tn'(t) £8 @X@illéﬂﬂf sfergemgfipn ipeoupled di thy pwppsarenth thy

those skilled thdhbdgoREdn re@NBrolRBHERR! iifd VQH: ReIRLER: tg%é J@&gge hﬁéd?drﬁ‘

may be applied to other variations wthout departing spirit
or scope of tHg hgidenyiar ke stygesmedivia may de insean! éo th pr@@@sscrinﬂéﬂd@dessaj

be limted to hiteneexaaR BsdidddndeRtigh s Q]?%CS'I('J beg. hﬁI@'rﬂawlléglgé % LQshe
accorded the wi dest scope consi stent wt principles an novelS
features dis cItB'g'éIH hép dlienalternative, the processor and the storage medlum 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



26 CLAIM5 1. A nethod for wireless comunication, conprising:
determ ning (812) subframes in which a relay station (118) is

|'i stening base station (110); and transmttin 8l4) in a
mul ti cast/hf%gnég!@[gﬁ?gsi ngl e frequency network, MBSFN, m)agT’ 20289

relay station (118) in the subfrannes in which the relay station
(118) is listening to the macro base station (110), wherein a
reference signal is sent in fewer synbolysperiods in a subframe in the
MBSFN node than in a regul ar node. The nethod of claim1, further
conprising: determning (816) subfranmes in which the relay station

(118) is transhatticiliged PansiS e LEHMAIE PlogramUESm ofid 38dc t0ANGher, A st rage
transmtting (S%S%mi gﬁt he regul ar node % the relay station (118(3 n
the subframes TYARPC apavalghlegnedie it 1 be saosysed by § parpshpureasaer wecithe

UEs (128). Theumethaghpmafer.Clmiwmayor éﬁ[ﬁﬁbl@j fhdtrhﬁ Mt@ml}i&aibda&tp{ﬁ@r-{e&ﬁble
MBSFN npde conprises transmttin e reference signa / the relay
station (118) elﬂéf’rﬁagzﬂ?ﬁp%ﬁ‘?tWaRgWﬁ &EBng-RBM P"o?ih%foijéﬁﬁ Hisk siere@ne

in which the medgayicskiskistopdge Ol 38dr hapnbticSt@ibetgvit®, drhfy GRES BedS Bhat can
station (110),_ an twhe_rei ntt(t;d?e A rdansm ttldn%l i n ,ttefregufl_ag1 rtrpde - dat
COprr | ses t rarll)grlhset ?ﬁﬁdrytq{é OFe ‘s:q:e_ pr%a;am code means 1n tne iorm of mstructions or data

structures and that can be accessed by a general-purpose or special-purpose computer,
or a general-purpose or special-purpose processor. Also, any connection is properly
termed a computer-readable medium. For example, if the software is transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies such as infrared, radio, and microwave are included in the definition of
medium. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical
dise, digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually
reproduce data magnetically, while dises reproduce data optically with lasers.
Combinations of the above should also be included within the scope of computer-
readable media,

[0097] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing from the spirit or scope of
the disclosure. Thus, the disclosure is not intended to be limited to the examples and
designs described hercin but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.



ence signal by the relay station (118) fromeach antenna in nmultiple
synbol periods of each subframe in which the relay station (118) is
transmtting to the UEs (128). The nethod of claim1, wherein the
transmtting in the MBSFN node conprises transmtting the reference
signal by the relay station (118) in 8dly a first symbol period of
each subfranne in which the relay station (118) is listening to the
macro base station (110). 5. The nq?ﬁggygf claim1, wherein the
transmtting in the MBSFN node conp transmtting a single tine

di vision nul tj pl exed, , T control synbol and.no.data in each
subfrane in vhi cn&m@thggaﬁmswfel@s% cOBNMENiGIESR, FPTPHSIBTiacr o
base station (110). 6. The method of claim 11, further conprising:
recei ving a maxi mum nunber of tine division multiplexed, TDM control

symbol s from the maccelesseining (84 2)13upframes inswhiickna relawi ch
h b tati : S I i : )
26 7 The method of cranrst! RIS Ms el G MsBtpRdbe AT 1 o
sent in a first synbdt {88 ianidof each subfranme in which the relay
i 118) is Ii i . th 0 b tati 110 th
method furiher conpr KagiRar G TAS HonA DR FGASLsidChat sifong
and third synbol permésrr@hmbésg@ftwnk | MBEIRN, theydéellgy fHeati on

(118) is listening to tﬁk&esina ﬁfﬁﬁixﬁ égg@éé%é&a{}?ﬂg; dl ngda'z)n

| east one control chb® aﬁ%?x :
the received TDM Conf‘épé%ﬁmﬂ@lrﬁ('l 138) &‘Ii%ﬁ’@ﬁﬂ’?gﬁ 8 the nYAER) Bise

conmuni cati on, conpri SiMg: . . .
station (110), wherein a reference signal is sent
in fewer symbol periods in a subframe in the

MBSFN mode than in a regular mode.
2. The method of claim 1, further comprising:

determining (816) subframes in which the relay
station (118) is transmitting to user equipments,
UEs, (128); and

transmitting (818) in the regular mode by the re-
lay station (118) in the subframes in which the
relay station (118) is transmitting to the UEs
(128).

3. The method of claim 2, wherein the transmitting in
the MBSFN mode comprises transmitting the refer-
ence signal by the relay station (118) from each an-
tenna in one symbol period of each subframe in
which the relay station (118) is listening to the macro
base station (110), and wherein the transmitting in
the regular mode comprises transmitting the refer-



means for determ ning subfranes in which a relay station (118) is
listening to a macro base station (110); and neans for transmtting
in a nmulticast/broadcast single frequency network. MBSFN, node by the
relay station (118) in the subfrannes in which the relay station
(118) is listening to the macro base &Fation (110), wherein a
reference signal is sent in fewer synbol periods in a subfrane in the
MBSFN node than in a regular node. 29 9. The apparatus of claim8
further conprising: nmeans for determ ning subfranes in which the
relay station (118) is transmtting to user equipnents, UEs, (128);
and means for traReetsignalibythe relay a?aﬁmneﬁb{/)S) frometaghsqati on

(118) in the subf 1N i t 10 i
transmtting to Jﬁgﬂﬁgéh(Qﬁ@;iﬁ@d§§9ﬂ§5géﬁiﬁgﬁ%éﬂaéééﬁgﬁhﬁgTamﬁ%rein
the transni tting innwhiehNB elmetatiopr | £¢8) s aransmittiagteethe
reference S|gnald3 tzi | ay st'ation (118) in only a firSt synbol
period of each s %?% Zﬁﬁ-mhich the relay station (118) is listening
to the macro base station (110). 11. The apparatus of claim8,

wherein the transpitting. in th 3SFN. node conprises transnitting a
single time dhvislbg m&h@dé&fga,am, varerein thadsansmithiaigdna in

S S bt \ . . o Athe . o
Tcro base statidnt ﬂ%ﬁg’.‘e%.ﬁj"iﬁc?i&n%m@ﬁsﬁﬁ?aaﬁn?ﬁﬁéﬁﬁﬁ?bgg%‘a%‘?sieng
a conput er - r eadal@RCEesiGNa Icbypihairetay atatian (d48) iy oxtly adstone

conput er 10 car oyt BEHIY G°68cH BeiPaRRY iR wHighThd itfay “en
station (118) is listening to the macro base station

(110).

5. The method of claim 1, wherein the transmitting in
the MBSFN mode comprises transmitting a single
time division multiplexed, TDM, control symbol and
no data in each subframe in which the relay station
(118) is listening to the macro base station (110).

6. The method of claim 1, further comprising:

receiving a maximum number of time division
mulliplexed, TDM, control symbols from the
macro base station (110) in each subframe in
which the macro base station (110) transmits to
the relay station (118).
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7. The method of claim 5, wherein the single TDM con-
trol symbol is sent in a first symbol period of each
subframe in which the relay station (118) is listening
to the macro base station (110), the method further
comprising:

receiving TDM control symbols in second and
third symbol periods of each subframe in which
the relay station (118) is listening to the macro
base station (110), and

decoding at least one conftrol channel from the
macro base station (110) based on the received
TDM control symbols.

8. An apparatus for wireless communication, compris-
ing:

means for determining subframes in which a re-
lay station (118) is listening to a macro base sta-
tion (110); and

means for transmitting in a multicast/broadcast
single frequency network, MBSFN, mode by the
relay station (118) in the subframes in which the
relay station (118) is listening to the macro base
station (110), wherein a reference signal is sent
in fewer symbol periods in a subframe in the
MBSFN mode than in a regular mode.



9.

10.

11.

12.
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The apparatus of claim 8, further comprising:

means for determining subframes in which the
relay station (118} is transmitting to user equip-
ments, UEs, (128); and

means for transmitting in the regular mode by
the relay station (118) in the subframes in which
the relay station (118) is transmitting to the UEs
(128).

The apparatus of claim 8, wherein the transmitting
in the MBSFN mode comprises transmitting the ref-
erence signal by the relay station (118) in only a first
symbol period of each subframe in which the relay
station {(118) is listening to the macro base station
(110).

The apparatus of claim 8, wherein the transmitting
in the MBSFN mode comprises transmitting a single
time division multiplexed, TDM, control symbol and
no data in each subframe in which the relay station
(118) is listening to the macro base station (110).

A computer program product, comprising a compu-
ter-readable medium comprising code for causing at
least one computer to carry out a method according
fo any of claims 1 to 7 when run on a computer.



