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BACKGROUND
L. Field

The present disclosure relates generally to communication, and more specifically to

techniques for transmitting overhead channels in a wireless communication network.

II.  Background

Wireless communication networks are widely deployed to provide various
communication content such as voice, vidco, packet data, messaging, broadcast, ctc.
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.

A wireless communication network may include a number of base stations that can
support communication for a number of user equipments (UEs). A base station may
transmit various overhead channels to UEs within its coverage. The overhead channels
from the base station may observe interference due to transmissions from neighbor base
stations. The interference may be strong at some UEs and may degrade the performance
of these UEs. There is therefore a need in the art for techniques to mitigate interference

on the overhead channels in order to improve performance.
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the overhead channel from the first base station to recover information for the first base
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The first base station may have a first frame timing, and the second base station may
have a second frame timing. In one design, the first frame timing may be offset from
the second frame timing by an integer number of subframes. In this design, the first and
second time intervals may belong in non-overlapping subframes with the same
subframe index determined based on the first and second frame timing. In another
design, the first frame timing may be offset from the second frame timing by an integer
number of symbol periods. In this design, the first and second time intervals may cover
non-overlapping symbol periods with the same symbol period index determined based
on the first and second frame timing. In yet another design, the first frame timing may
be offset from the second frame timing by an integer number of subframes and an
integer number of symbol periods. In this design, the first and second time intervals
may belong in non-overlapping subframes with the same subframe index or may cover

non-overlapping symbol periods with the same symbol period index. In yet another
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a wreless Cﬁfﬁ?ﬂmm atdl 4Brshmve tramsrdission of overhead channels with subframe offset.
FIGS. 5A and 5B show transmission of overhead channels with symbol offset.
FIG. 6 shows transmission of overhead channels with subframe offset and symbol
offset.
FIG. 7 shows transmission of overhead channels with time division multiplexing
(TDM).
FIG. 8 shows a process for receiving an overhead channel.
FIG. 9 shows an apparatus for receiving an overhead channel.
FIG. 10 shows a process for sending an overhead channel.
FIG. 11 shows an apparatus for sending an overhead channel.

FIG. 12 shows a block diagram of a base station and a UE.
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The techniques described herein may be used for various wireless comumunication

networks such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and other networks.
The terms “network” and “system” are often used interchangeably. A CDMA network
may implement a radio technology such as Universal Terrestrial Radio Access (UTRA),
¢dma2000, etc. UTRA includes Wideband CDMA (WCDMA) and other variants of
CDMA. cdma2000 covers IS-2000, IS-95 and IS-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), Ulira Mobile Broadband (UMB), IEEE 802.11 (Wi-Fi), IEEE
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,
which employs OFDMA on the downlink and SC-FDMA on the uplink. 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 27 (3GPP2). The techniques described herein may be used for the wircless
networks and radio technologies mentioned above as well as other wireless networks
and radio technologies. For clarity, certain aspects of the techniques are described
below for LTE, and I.TE terminology is used in much of the description below.

FIG. 1 shows a wireless communication network 100, which may be an LTE network
or some other network, Wireless network 100 may include a number of evolved Node
Bs (eNBs) 110 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 110 provides communication coverage for a particular geographic area.
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.

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 UEs with

service subscription. A pico cell may cover a relatively small geographic area and may
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110 via a backhaul. eNBs 110 may also communicate with one another, e.g., directly or
indirectly via wireless or wireline interface.

UEs 120 may be dispersed throughout the wircless network, and each UE may be
stationary or mobile. A UE may also be referred to as a mobile station, a terminal, an
access terminal, a subscriber unit, a station, etc. A UE may be a cellular phone, a
personal digital assistant (PDA), a wireless modem, a wireless communication device, a
handheld device, a laptop computer, a cordless phone, a wireless local loop (WLL)
station, etc. A UE may communicate with an eNB via the downlink and uplink. The
downlink (or forward link) refers to the communication link from the eNB to the UE,
and the uplink (or reverse link) refers to the communication link from the UE to the
eNB. In FIG. 1, a solid line with a single arrow indicates a desired transmission from an
eNB to a UE. A dashed line with a single arrow indicates an interfering transmission

from an eNB to a UE. Uplink transmissions are not shown in FIG. 1 for simplicity.
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FIG 3 shows transm ssion of overhead channels by two eNBs A and B in
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may transmt at different power |evels, have different coverage

areas, and hawg cilcf EPENISSOTPBEH sANPCINEEN @RS BNBAWbE b%ﬁg%@%me
network A UP may be wi thin the coverage of mul tiple eNBs. One

these eNBs melys ﬂ’@“’& 81 6t dint goy ieyisrer it caph othgrat thePli-ng eNB may be

sel ect ed basewigass\afwodk $00CkbY BY b BetsdEdhe@S netw@RAlith QifRRLSEpLsAri-REBs,
(SNR), pathloss, etc. The UP nmy operate in a don nant interference

scenario in vhEcRaeneNBEs P“i?aii\]%bg%"rti’/éNﬁ? it i hiess Aideeht pes YRGS andyr

nor e i nterf erdagmie MBgiffeAndHdH i adkls) ﬁﬁv@rdﬁf%r@!ﬂ%@ve%‘g@rﬁ?é’aé QuniBMveOGigifendue
to range extension, wh#ch IS a sc & ari !n whi ch the UP connects to

an eNB with |'GRaT opHFeres B e W The UP may receive signals
fromtwo eNBsA UE may be within the coverage of multiple eNBs. One of these ¢eNBs may be

selected to serve the UE. The serving eNB may be selected based on various criteria
such as signal-to-noise ratio (SNR), pathloss, etc.

The 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 range extension, which is a scenario in which the UE connects to an
eNB with lower pathloss and lower SNR. The UE may receive signals from two eNBs
X and Y and may obtain lower received power for eNB X than eNB Y. Nevertheless, it
may be desirable for the UE to connect to ¢eNB X if the pathloss for eNB X is lower
than the pathloss for eNB Y. This may be the case if eNB X (which may be a pico
eNB) has much lower transmit power as compared to ¢eNB Y (which may be a macro
eNB). By having the UE connect to eNB X with lower pathloss, less interference may
be caused to the network to achieve a given dafa rate.

A dominant interference scenario may also occur due to restricted association, The UE
may be close to eNB Y and may have high received power for eNB Y. However, eNB
Y may have restricted access, and the UE may not be allowed to connect to eNB Y.
The UE may then connect to unrestricted eNB X with lower received power and may
then observe high interference from eNB Y.

In an aspect, interference on overhead channels may be mitigated by (i) sending the
overhead channels from different eNBs in non-overlapping time intervals and (ii)
having each interfering eNB reduce its transmit power during the time intervals in
which the overhead channels are sent by neighbor eNBs. This may allow the UEs to
reliably receive the overhead channels from the eNBs even in dominant interference
scenarios.

In one design, subframe offset may be used to mitigate interference on overhead
channels sent in only some of the subframes. With subframe offset, the frame timing of

an eNB may be shifted by an integer number of subframes with respect to the frame



X and Y and nay obtain |ower received power for eNB X than eNB Y.
Neverthel ess, it may be desirable for the UP to connect to eNB X | f

t he pathl r..e X is lower than the pathloss for eNB Y may
be the cag‘gfal ;(%“&lggg (whi ch may be a pico eNB) has nuct]r)CITHWé?”mwsm
transmt power as conpared to eNB Y (which nay be a macro eNB). By
having the UE connect to eNB X with |ower pathloss, less interference
may be caused to the network to achievega given data rate. A dom nant
i nterference scenario nay al so occur due to restricted association.
The UP may be close to eNB Y and may have high received power for eNB
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allowed to connect to eNB Y. en connect to unrestricted
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interference fisdn eNB Y. I n an aspect, interference on overhead
channel s may mtigated by sendi ng the overhead channels from
di f f er ent eNBg 1G. ﬁ%&%wmgeﬁﬁgaﬁéﬁf%mﬁ%ofg Qerlsag ghannglp with pybframg ffsegingac h
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in which the pver ad. channel s re sent by nei hbor eNBs, This may
al l ow the UEs"™@® ahfeft ﬁfﬁ}efll?lg%é"ltgé ¢ it Bflﬁ%ﬁ é’ﬁ“a"ﬁ‘rﬁ‘@ & tieohn t HAOENBs

even in dom npgder ENIB €4 &F o0 féin&eBI&B} 198y habPla §3EnddRSIe G hinSWHR et of
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in only sone B a e SEASRT HARC Bpme stay be pEset figpehe fingi ng

of an eNB rm.yfr%bﬁs tihing begh (Hﬁetaﬁ Thdd:SgEEL MeyReiquto SilbyramRsn ik thmple
respect to th

s%own mnFIG 4A. The subframes of the low-power eNB may thus be shifted by one
subframe from the subframes of the high-power ¢NB. For example, subframe 0 of the
low-power eNB may be time aligned with subframe 1 of the high-power ¢eNB, subframe
1 of the low-power eNB may be time aligned with subframe 2 of the high-power eNB,
etc.

The high-power eNB may send its overhead channels in subframes 0 and 5 determined
based on the first frame timing. The low-power ¢eNB may have much lower transmit
power and may not cause high interference to the overhead channels of the high-power
eNB. The low-power eNB may transmit in subframes 9 and 4, which may overlap with
subframes 0 and 5 of the high-power eNB.

The low-power eNB may send its overhead channels in subframes 0 and 5 determined
based on the second frame timing, Subframes 0 and 5 of the low-power eNB may
overlap with subframes 1 and 6 of the high-power eNB. The high-power eNB may
cause high interference to the overhead channels of the low-power eNB and may thus
reduce its transmit power in subframes | and 6. UEs receiving the overhead channels
from the low-power eNB may then observe less interference from the high-power eNB.
FIG. 4B shows a design of transmission of overhead channels with subframe offset in a
restricted association scenario. In this design, an unrestricted ¢NB (e.g., a macro eNB)
may have a first frame timing with the start of subframe 0 occurring at time T;. A first
restricted eNB (e.g., a femto eNB) may have a second frame timing with the start of
subframe O occurring at time Ty, A second restricted eNB (e.g., another femto eNB)
may have a third frame timing with the start of subframe 0 occurring at time Ti. The
second frame timing may be offset from the first frame timing by an offset of Tsr os,

which may be equal to one subframe. The third frame timing may be offset from the



8 timng of another eNB. Subframe offset may be used to mitigate
interference on the PSC, SSC, PCFICH and ot her overhead channel s sent
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the second restricted eNB.
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6, eNB Y nay SenthcdpstsveiciwéadBchannel (e.g., the PCFICH) in synbol

iod O of i n ] i o
period O of epeR %sé%ﬁﬁ{)%o@ragfgm @ﬁeﬁglggrageta@r&ﬁﬁégﬁmgé gfgs@m

the PSC, SSC and In subframes 0 det €rm ned |
first frame t§ishgbol epphEamgnernsher.c lygeacrily §p fiame dmingrod difrenbeNBsemay

over head changebgoh efmg sYitAN af¥Bht L Usdel @RS B LindMELRY 4N Biet dvBRicad
intervals in which eKIB sends the overhead channels. eNB X may send

an overhead cHamisés). ifer exampln, hsdramsdingngmap he pifsst by Masrmbaheerieds/ifdkend

ot her over heagleghannel=idareSeRlif HN®Ho0 RAdS determ ned based on the
second 13 frane ti m&% eNB Y may cause high interference to the
: ngaﬁ?albwagﬂ

over head chanfigrsangte 0t o gebijapg aeet prdssymbghaffsptmaydigaised
during the ti@®niiigteSihiéabiEndedn \Wairkddd eNBneks. SRBHSm RcOMSIReAdh 6 hamak! S

UEs receiving, the overhead chgnnel fromeNB X nmay then observe |less

interference PleHRERgERyoverhead channels sent in certain subframes. Symbol offset may be
used to mitigate interference on overhead channels sent in certain symbol periods of a
subframe.
FIG. 6 shows a design of transmission of overhead channels with subframe offset and
symbol offset. In this design, a high-power or restricted eNB Y (e.g., a macro eNB or a
femto eNB) may have a first frame timing with the start of subframe 0 occurring at time
Ti. A low-power or unrestricted eNB X (e.g., a pico eNB) may have a second frame
timing with the start of subframe 0 occurring at time Tz. The second frame timing may
be offset from the first frame timing by an offset of Tos, which may be equal to one
subframe plus one symbol period in the example shown in FIG. 6.
In the example shown in FIG. 6, eNB Y may send an overhead channel (e.g., the
PCFICH) in symbol period 0 of each subframe and may send other overhead channels
(e.g., the PSC, SSC and PBCH) in subframes ¢ and 5 determined based on the first
frame timing. eNB X may not cause high interference to the overhead channels of eNB
Y and may thus transmit during the time intervals in which eNB Y sends the overhead
channels.
eNB X may send an overhead channel in symbol period 0 of each subframe and may

send other overhead channels in subframes ¢ and 5 determined based on the second



In general, different eNBs may utilize only subfrane offset (e.g., as
shown in FIG 4A or 4B), or only synbol offset (e.g., as shown in
FIG 5A or 5B), or both subfrane offset and synbol offset (e.g., as
shown in I*Y@“GB/P“%% sone other frame tining offset. TRETUSNBOVB I8 ng
of fset between different eNBs may be determ ned based on the tine
intervals (e.g., the synbol periods and subfranes) in which overhead
channel s are sent, whether high |nterfe1rence is observed, etc. The
frame timng of f set may be applicabl e £18r any duration and may be
conveyed to the affected eNBs, e.g., VI a the backhaul. The designs in

FI GS. 4A, 4B Yo rec of t he.over
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5B and 6 nmay 0 LaNerh th
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5A and 6 may qal, I NB _ ha | ow
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may send { el geQueifiead. %ﬂi& riRad dhadldlaa8h WBXNRELLATELAS, et
time division multiplexing In or avoid interference on
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transmit powes ik dﬁ%ﬂ&f&nﬁ%a%& EGRLRd mh@&fﬁe%{ee eass 0, m«%heq)\aazh%ad

channels. FIG 7 shows transm ssi on of over head C anne s wth In
this design, EeHPEEs HoMES: . 4F3é§ffﬁP@Vé@ﬁb@NB?eWQWﬂ@@ﬁ%fh‘?aﬁthm@if h‘@ad

channel (s) i ﬁhcs)z‘ﬁ@Oﬂ;SCp@x{d Pﬂ@l—lf)fr@ﬁdsaéh eliB an SHHLRIB- and § wﬁoquug%
unrestricted eNB reduce its transmt power in s

periods 0 andedlfe"fr‘he(Ir"iyE)S dais i he dwgriSﬁgF@Sn%ﬁBﬁeﬁlﬁm cgal @cepn@lfofut

does not causge fefRad Mot BIENEEPLEC eo%ﬁ&mﬁ@m%%ea?eﬁﬁo of M%NE% Y.
eNB X may send |$¥E over head channel% in_s erio th

subfrane. eNS* FafRauLuhhRyHei hmetifete ke St Thy Br@ad FIGS. 44,

channel (s) ofsxeMd @Qn@nﬂsorml)éwtahul@ tdf ReEL0l ot ISwiPoRESINE havikd IRPWRR ih the
synbol period 2. g nﬁﬁ able to receive the_overhead channel s of
g BiZfppwee

eNBs X and YIWSF‘WeIO gtBe“rersé“g higfeinfefignssi Age d5mBvin [epi BusBi n
fj he sgbf ranme aﬁ’fﬁ)ﬁ ey dised TPNocdad alotertarase«ﬁcﬁmgq%w @Eiﬁr&%ﬁgm@dmmﬁwﬁ Y,
ependi ng on the_a terfere caused by the eNBs. In
general , each("’é?\lg“e:i?gt]l %Séf)%?g%(ﬂ? ngf) {?Woaé‘runfﬁﬁt%g?ﬁﬁ]gﬁ APt gestrictpd
send its overdnaad channels. The nunber of synbol peri ods may be

determ ned b ed on th‘g1 arm(ﬁf}t of .inf or n to gend in the over ead
channel s, G TSI S GHiprent s i ki 8 st RS timthe, UBTRY g
eNBs may be ahcsn gfeﬂtiadjb]ﬁafnm’lehi duﬁ&nbtodynﬂber p@id8s s4@h ttiﬂ&tdxtnhlen l’rmﬁﬂ{ﬁfl’xh@ad

channel s do ver in ti e.g. s shown jin FI 7. In o

Goor o, “the SanbBIEBiBPs Bl fiicion BhaBRAL ialbene SivEPua Tra o
control for mahayi sigh edifcorits (1@Rdn)it pddvel fue pelart toGhikigata knteferanesy o the deérhisndd
for differentclla%é? of synbol periods to use for overhead channel s.

For exanpl e, "val ue may specify the starting synbol period as
wel | as the rkib&rshofs Egmtntskimpef vedsad chausds ol TOWer hedd dkignrehigh-by

e The SRREAAGHRNEIRNE PR 3% DhorEh HBhURT R elR M

ofa subfmme A 10w~power or unrestricted eNB X may (i) reduce its transmit power in
symbol periods 0 and 1 or (ii) transmit during symbol periods 0 and 1 if it does not
cause high interference to the overhead channel(s) of eNB Y. e¢NB X may send its
overhead channel(s) in symbol period 2 of the subframe. eNB Y may cause high

interference to the overhead channel(s) of eNB X and may thus reduce its transmit



From t he perspective of the overhead channels, the design in FIG 7
with the sane franme timng and different synbol periods for the
overhead channels fromdifferent eNBs may be equivalent to the

desi gns i WERPEY126838 and 5B with different frame tim ngPaRFSALHE39818
synbol periods for the overhead channels. Thus, the frame tim ng of
eNB X may be considered to be two synbol periods |ater than the frane
timng of eNBY in FIG 7. However, ot hﬁr aspects of network
operation nay differ depending on whet heér the same or different frame
timng is used for the eNBs. For exanple, certain transm ssi ons may

be sent in specifi I{n 8 }nl)&% Lo eryal r%aj,gl!)eveﬁ:?e t{)%c?‘ltvl I}i\‘% LOnda 1anH§1% of GCNCFS

subframe a These NSM*ssi ons na eren

or may not ovEerhdp vdbpgenditerferace. v(ﬁet:bmmnmglammrmd% idittief sebfeamte hayalre
timng is use e a S .
the Porl o) oot SRrudERsion b X! rhldf SR T SRS Bl iy e
the PSC, SSC mwdﬁmce@@d)bmem Y in subfranes 0 and 5. In this

case, subf ra”ﬁ% aerganacEl oR§. Heefﬁaﬁgéle‘ﬁ a qgum%uBof synfbaf %lr}ﬁ RN %,k' P

sendi ng the overhead channel's”in I'n or 10 avoi
causi ng i nt erdverheascehannglst Heeguebhieefcsyahelreebds ody eNBteymingd peseéos the

net work 100 nm/uus? Eﬁmafomqu{a% éseae&ﬁ&>éhg,h&g saug ﬁ% iaa'tngmﬁf B

(OFDM on the artition e systém Into
mul tiple (K dsirddogemade. gubldernieNBs mmlb@hsswned diffsrontspmba mkjods e et ed

to as tones, BiiPSvenRbFcHEARE SUBCAEAISE timd2, gmays}t%@vnr{gﬁw gted with

data. The spacing between adj acent subcarrl ers may fixed, and the
total nunber Bfons desisanive seniokperiods assiancsp dieciafis mesn be lsenveyastiiss control

bandwi dt h. Foforrﬁﬁf"’}ﬁmnl:a%r &FQHYDﬁﬁleﬁg@ﬁ v&lQeqlnzl bgﬁ%neéjfgr 4R A Q:‘iq %048
for system bandw d 0 MHz, respectively.

eNB may send w@omer%rt@u&s\f@rr%fawd@hawﬂ& Eor@ﬁarmkf, aGi] gl hayepedd ﬂ!ehe

K total subcasrﬁﬂne% §ritd1 BerdY A0 Qler RE il Okl b3t agsy%@l%er$@@to%fweﬁéadmy
not send other information in the remaining subcarriers not used for

the overhead YRAKHY(38)NED; “f‘lwéﬁ%awd ENERO! Regipds (o CFé Mejuasy BF Higlgepnt eNBs

channel s in nag ekl @pplinge bidtRai Nt erval s and (ii) send ot her
transm ssions_concurrently in other time intervals. These eNBs nay

Lhus send tr aFGH B8 PENECHYs of Ty prodicaneharasihehe fFien ibdde. Louti Bhsin a
TDVA net wor K, fridd ﬁﬂﬁm@ﬁa&’ld Qlﬁer&E Ry tpeddy BUhe ROEhRA I dharnkls )froab @¥Rrent
FIGS. 4Ato 7 des s.of mtigatin nter erence on
over head chan Ssm"WI n@f’g‘?"é Ffb%gﬁ’isfglnbﬁ'tméﬁ %?“d%Bs‘ﬁlﬂb@ B e I g,
ot her manner sand same symbol periods for the overhead channels. Thus, the frame timing of eNB X
may be considered to be two symbol periods later than the frame timing of eNB Y in
FIG. 7. However, other aspects of network operation may differ depending on whether
the same or different frame timing is used for the eNBs. For example, certain
transmissions may be sent in specific time intervals given rclative to the start of
subframe (. These transmissions may be sent at different times and may or may not
overlap depending on whether the same or different frame timing is used for the eNBs,
With TDM, the overhead channels (e.g., the PCFICH) of eNB X may collide with the
overhead channels (e.g., the PSC, SSC and/or PBCH) of eNB Y in subframes 0 and 5.
In this case, subframes 0 and 5 may be reserved for eNB Y, and eNB X may skip
sending the overhead channels in these subframes in order to avoid causing interference
to the overhead channels of eNB Y.
Wireless network 100 may utilize orthogonal frequency division multiplexing (OFDM)
on the downlink. OFDM partitions the system bandwidth into multiple (K) orthogonal

subcarriers, which are alse commonly referred to as tones, bins, etc. Each subcarrier



The techni ques described herein may mtigate control -on-control
interference, which is interference on an overhead channel from an
eNB due to overhead channels from nei ghbor eNBs. In particular,
control - oY@ 3658 nt er f erence may be avoi ded by of f s@CTiUSZPOP/PRE81S
frame timng of each eNB so that the overhead channel s of adjacent
eNBs are sent in non-overlapping time intervals. Non-overl appi ng of
the overhead channels of different eNBs nmay be achieved with subfrane
offset in FIGS. 4A and 4B, synbol offsef in FIGS. 5A and 5B, both
subframe of fset and synbol offset in FIG 6, or TDMin FIG 7.
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interval in a manner to reduce interference to one or nore UEs
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Control -on-data interference is interference on data from an
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synbol period 13 and nmay observe high interference fromthe overhead

channel of tHE*WF§h- power eNB. Control -on-data interference nmay be
mtigated in mrtmusiummwd hdréin &haf k16 niGias @, ontdderdUinteryrerde, SEadhd

data synbol s observin h interference fr ver chan el s_of
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di scard data s qb ecel ve eriod if the estinmated
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the exampl e i n(b?séﬁﬁ@%s "Inﬁg'f'?s\(ﬁgs:%l ﬁlc%ﬂ%ég 1%du§sg?§asgﬁt owcl r¥15 thc
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interference by designating a subframe as an MBSFN subframe. The eNB may send

only control information in a small part (e.g., in symbol period 0) of the MBSFN



17 interfering eNB may reduce interference in the assigned subfranes
by (i) setting these subfranes to MBSFN subframes and not
transmtting data in the subframes, (ii) reducing transmt power in

t he subfr aMe0W0F2&Sufficiently low | evel or possibly PETas2qupoiop1s
perform ng spatial steering in the subfranmes, and/or (iv) performng
other actions to reduce interference in the subfranes. The assigned
subfranes nmay be sel ected based on negoté ation between the eNBs or by
a network controller. The assigned subf Panes may al so be sel ected
based on various factors such as the | oading at each eNB, the desired
handof f bounda bet ween t he eNBs the alit vice (Qo

requi renments Sé]h%?n&er HEY gy ?‘gP?"Plﬂ%gcg?mtaﬂ% e éﬁ’c?}sd? %‘Fﬁ%‘nadEé %Bézciféilf by
the eNBs, et cMBFAN salssigndtic sm’mfor mmmaﬁmm@adam@v&y eabftate tah@n afdfopst ed
eNBs, e.g., Vv t he ckhaul one r.f erenc tion
may be perfor rre%anllen"g@% %thol‘ve f’%‘?r ‘Pﬁ?gmg\?gr We“ “‘gﬂe‘fi’wﬂ F%e%ﬁﬂ‘a}ﬂ Hee
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schedul e its 4¥Egpkghe d&Bwawpezrﬁ@m ps’sxockno tonplaces: spgsl guikid ﬂwcbfemmmﬂ" the
Control infor pQr nt for each
SUbf 1 ame w £ 1o e Fo gt B R b ks 3E By 908 PR 1} Sk et e
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receiving an &%;aﬁ&% HanRel Lkl @ Wi rel ess communi cation network.
Process 800 may b pe?@or rreg HB%/I a UE, as described bel ow, or by sone
other entity. CGWTQI qriRtareryerfesaned, vehigin ipuerfreace ohafatefrofr omedBf duesto
base station {&das chthetNom ReifBbANISE Akl 3 Lot
interval (bl ock“812 The (I)}Q/er%g)gdyl\(]: ann% Be O&TuF %Oﬂ&aﬁp&’ﬁ{éﬁ(} gn%‘r%y
synchr oni zat i Bk mgy gwawe d@thérogefh@ﬂmaﬁqwesyﬂﬁhn @m@émrm 1§|agd|aziay obfreve
PBCH, the Pcﬁiagl:"lme'ff@%ncp mlthetob@rhg)ah"c%n@ﬂﬂ'/ i) h@% Gber %Ngn%lngolgdfn—data
signal s. The overhead channel may al so be sent om a secon

station (e.g. neHperermay e ptiggipd &t wripesymangers. In 4 fiystaledigre idR inppediscard

i nterval thatgaiaSsyRBB QUi B ﬁ‘%t&’fe&é’lcé ﬁ@mfdvéﬁgadtdh%eismf%re\éﬂl;m NBE
over head channel _may be sent eac ase station w OFDNM or sorre

ot her nulti pIP@B‘?l%m%ﬁ‘éﬁﬁfeﬁfasq’ﬁ%%{%@‘?ﬁﬁ?ﬁrﬁdd’é‘@%m@%“eméh@eﬁ@a& REGPATEN i

fromthe fir sdashRseyshdd LR lh@.hllidéﬁ QY 8dingd f 8F Bt Tﬁlanmte?tl%d Elgﬁuéq'xﬁa?tthﬁase
station (bl ock 81 %:‘BHThe irst base station nmay have a first frane

timng, and t'FEtdelsAlcadeddaasynholybengEaaievaskiae badeordiagnrosssii Hy.

I n one desi gnUE fufd} Sttt ai@teadnES ot cach Bﬁnﬁdl hediod a{n@rmayt ﬁzﬁﬂaﬂgdd@%’n}ﬂﬁls
offset fromthe, sgc d fr mstlmfgt? g/anlnte unber of
subfranes, e./§eeiveddn thegsyaRelperipd, ifFPesestietedy ing erefﬂ“lés F‘fff%lﬁnﬂé(ﬂaghs €c¢ond

time int ervalcs(ccrms/a lh@hotﬂﬁsﬂdﬂi)nCIﬂ-aOQéednldacﬁﬁlgrﬂthSd}\tﬁ hRPRSoiMséddideNBtSRMTE
subfrane i ndex e]pg tf otJtG 4@% (ijeterm ned based on_the
first and secamuoumilds i lrﬁ‘ﬂb feffﬁfe%‘?f LPveisad grnmeisot ngighitns IeNBs-f Eest |

the first fr aheeﬁammengFrm;sAbmeo&\ﬁ@ewelfemrmﬁmoﬁa&m% JataaiBydibdrb&tbdby
an i nteger nbol periods, e.g., as showmn in FIG 5A or 58.
The first an JSOES%ﬁa“b?%PPS interval s may cover non-over! appi ng symbol

periods wth DMOISMIHEYMQ&B ﬁvﬁfch axdinferfelence 8 dgra frofy4nhdiB ARMb ada @oﬂnn
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ed
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non- over | appinegeisyNbhehd qhemtanﬁtsng/mm thdyebedigieposynddds, per dsahovmid #%GS.
4A and 5A. The serving eNB may also be an unrestricted ¢eNB, and the interfering

eNBs may be restricted eNBs, e.g., as shown in FIGS. 4B and 5B. In any case, each



In yet another design, for TDM the first and second base stations
may have the same frane timng, e.g., as shown in FIG 7. The first
and second tine intervals may cover non-overl appi ng synbol periods
with diffavenevssasiol period indices. For exanple, thePCITASL000/03v818
interval nmay cover synbol periods 0 and 1, and the second tine
interval may cover symbol period 2 in FIG 7. The first and second
time intervals may al so bel ong i n non-overl appi ng subfranes with

di fferent subframe indices. The overhead channel may be sent by the
first and second base stations in a subset of a plurality of

subfranes in eac ., .in subfra of each frane.
The over head &K ﬁﬁ@leﬁé‘;’f)&%’ieg‘dfeﬂ%te‘?émce ’Fﬁ%lgfl?‘p?ﬂ’g@ﬂﬁ by P shiting hese
stations in asuBﬁlhﬁ@ttoOMBaFllehbﬁimds)/aiﬂf ncﬁytfﬂﬂﬁhlttﬁh@rdaﬁdﬁl 2 @dhnes, (ii)

subframe. nera t.he over cha sent in one _or nore
Speci (1 synyBTeR bt P e Ce G Spb ol FOErE Y TrLE PO A
scenario, t he(nf)lpéﬁ@rmlil@sgatﬁt a&mﬁghﬂmxysm&wxﬁesaanﬁlor atr) ;ieffaxrrtﬂﬁg dth@@yhs to

| evel that |s | ower fhan .a_seco of . the second
base st ati on e stnar & RS A el YentSrg vSHer REue
unrestricted mgoisien binechhie SBz@AHy baseokicatitroditr. MY atkipned sulfhdsahgd
access. In both ,scenar t he second base

ranan t powet STERAE fRed Y Gy E RO PRy Hortls fipert S 85 debec

i nt er f er ence laoddfhieouodaey betaekncthaeiiigd, tIfercplﬂlltthéseﬁwrld:es(QOB}aEqu@tmhts amd/or
AL nat v gt B ACOR Rl DB DR Pl b
i nterference myy llewen\@y@?théadffemaims dg amﬂlhbackmmd base station.
pover (posel i 4B EAHERCLLARRE hoPRREo e UGLLDS, e CARRE,
fromthe UE, cdmmby ag@étatd. n@tedesmmlagmemfwéremghetakielrctnuwtenm_nbeepeymmedn
VBSEN subf  aris sl JBBACknd i S8R K AAPRBRR NARE & SlhOl Al |
second base §¥a§@mnThweﬁh@=m@oahdn®4wwmlm@enwaﬁmamﬁew&wibmgta¢@amhe
over head changgls r f, n.
The type of in o?ﬁ%?ﬁ@ﬁgﬂgég?gg é%?ﬂe ﬁ%%%dkg%gﬁgﬁgﬂﬂmQaﬁ§g§%§é§&
dependent on difirentydBsoindion by opdichgeneghih moesr: E®$r@%hmwvenﬁph@ﬂﬁw
overhead c ha%ﬁédum Lﬁg%rdhé %'aﬁslﬁﬁssﬁﬁlu{r@sr EMSIQHEQ Lﬁ)%ﬂ@&d @ hirol information to,
synchroni zati on signals. The may then detect for each base station
based on the ¥ FT§F$%%1@WQW§W§t?é@@h@é@ﬂmF@WﬁﬁﬁEﬂﬂﬁh@@i@ﬁaﬂﬁbn.
The over head |ChafRelimBhahsqs 40 'Sperrhe%@ cfeld?BCH,  PCFI CH,  PDCCH,

PHI CH, etc. The UP may then obtain broadcast information, control

i nf or mat i on, BidBeRovstaisrisn Af obrAsess 309 T et ngean oy eherd abanapiam astirelegs

one design, tQendRicHRN HeR&BE VEosad @ofxﬁ@metﬂa&o&ﬂemabﬁsgs @és@ftbb@ﬂew a
third tinme interval that nmay be non-overl appi ng w the first an

second tine iWtRr9RP é’TthF‘E'ébk BhoYE mﬂﬁerew@éﬁ&v%%aé c@%lafsl. om aefystbateuce

its transmt @e0RNcdUsd BB hecldynititbn! bBR i AN e ihdrar GRck ’P2) eplice
interference to the dat? fromthe first base station. | n another

desi gn, the UPCHERA Fhepusl\eayacompriss discringry sichiopigaton rigngh 1ty segendary

fst ati OR in a gygéuéa]ﬁahmlg@t , @lieVRBCH, ]jmapclﬁtﬁ_r ﬁﬁ@@caj}gm@l PHIEY[ D@/oB ik
romthe secon se statiogn in a fourth ti interval that is
non- over | appl‘ilu MRS Oh S Tﬁ‘FPHe"]c“?aﬁéhﬁ“ﬁTlé‘FWé‘ s0 berRat fipm gecropd Brse dlatiqine
reference sigral, af émsrlatrbley §thﬂo&lﬁ cthpime sedoad 'tlgémﬁ@v@biaﬁﬂs ﬂorﬁ@@ﬂ%ino with

i nformation ( nse . est hann qual i

estinate, et CE? %.FSB 1mt3 Hréte?"ii Fs hreg)zgrgeaéitcgfn}n(g ma}tr ge sent gy eachebase station v%th

OFDM or some other multiplexing scheme. The UE may process the overhead channel

from the first base station to recover information for the first base station (block 814).
The first base station may have a first frame timing, and the second base station may
have a second frame timing. In one design, for subframe offset, the first frame timing

may be offset from the second frame timing by an integer number of subframes, ¢.g., as



FIG 9 shows a design of an apparatus 900 for receiving an overhead
channel in a wreless comuni cati on network. Apparatus 900 includes a
nodul e 912 to receive an overhead channel froma first base station
in a firstwopee/ipeedferval , with the overhead channel bePRE/USEN/0IBIBM a
second base station in a second tine interval non-overlapping with
the first time interval, a nodule 914 to process the overhead channel
fromthe first base station to recover jnformation for the first base
station, and a nodule 916 to receive datfa fromthe first base station
inathird time interval non-overlapping with the first and 20
second time interva ith the second base station reducing its
transmt powel“HhAT Lﬁ-gG't‘memE ﬁé‘r g[hﬁ e 3PA ewpd Hmegnierals feyi bl ek Mebic e
to the data feévergpheg shbfisies basehsbatd anfiamt (ded Q. shawhade Jas IFgR. 0f) a

Conmuni cat | ontRETE) R R S RSO ME AT or e by a first base
station (e.g.In aotheNRsiga, foelsaybds toffidt,Ohe figdt Grame tasing @me rich@ctbdrd e OF
by some other_ entity. .The first base station may generate an r-head
channel conprica A TR BP R B 585 MEHE" ¢ SPolRate St SRR Bik oA
1012) I Tge onrSBeaﬁﬁcﬂnﬂramcet]ecajr]:cai_ytiwfi)in’;grdasene?zm%ay@fnoh-b&ﬂ@ﬂstﬁxég‘@hhﬁob{ndods g
signal s descrjhed above. e.fir ase i.0 S e _over hea
channel hia Vi Of SrmpRen b ®egr Bor i ap oo e, Z ksl o R
may al so be serthe fustomi sccomtoma: theisg station (e.g., an eNB, a relay
sretTon. et uBuSSEON B ALGENAh IR TR, OF RIS EHARERL
second time ilm efwafiemtay sdveidofigng fimingrbyoueintegppinmpes ubfubdmmes widt
(he sare SUDT SR L ANEXASGN FLAAY ESECLAA ld ¥ 9L ok MELLT R

of fset, the finkselsand cs‘etcbwdc;\tei.lémiligmmbqlab@dmh ovene syohelgwsed iaggi ng
T er et 17 ang Fiibe Bficg s kY BPRcrBlel O AFRERRELE  HeRF B BER R O"
of fset and syHisdirsiend seend omsinfeivalstmanraio elousid nofweeriapting sl fremosayit
bel ong i n nongoverl sﬂmn{éQnéeHQ £ alBRat b b ﬁl@ﬁf@eﬁ@mﬁﬁ&)ga@%ﬁl?ﬂ?ﬁ(mﬂr
may cover non-overlapping synbdl periods wth the same synbol peri od

i ndex det er ni feddagedmiig different frame tining, e.g., as shown in
FIG 6. For TNVet ifdfhef ddsh, @g@lDﬁrﬁ Ql%’lﬂstta'nﬁgecbﬁﬁ s Qt(%t?onmy %gye?tﬁe same

non-overl appi ng synbol periods with different synbol period indices
det erm ned bal$®er HANE e <4 ROV addC+ T nilipgfirsieang secopds i givals s @ver7 .,

The first basgushaldppine Sbol f¥aEwit &ff@r‘éﬁ’t@?ﬁﬁ&i pREHBRAIANT ERYxddRe, the
second tine interval in order to reduce interference to the overhead

channel from ¥Rdincaghg Baseversympeipeipisdcaed 1 pang)the spprndtimegptenyglaeay

station may | Quelsyinbg pbANSHIFIG.POVWEE AlPARISERLY tikh0 irk& V) m&) aldh8¥long in
spatially steer its transnm ssion away fromone_or nore UEs. The first

base station ‘H"’&SPVE‘}I@Bmg&bﬁﬁmwhrddﬁggfﬁéﬁ*ﬁﬂafr@ilweﬁ-he second time
interval as amcVBehddsHlntians, betsb:ams Ad iRl kRbnd BIEOHARL AN ikt §ie
MBSFN subfranﬁ iﬁl :?Ee subframe, and not transmt in the remainin
part of the SUWRIYME SubHzEeY [ th FARE st isbhiTamsy Oafd d&pd Fameat The
I _eaﬁt ﬁnef UE év@rhaz:jddhhxﬁxﬁl fnby"Esd lib_tseﬂit\bﬁlhhefﬁk&tag?fﬁééﬁxb?%%?m@#ﬁfn'a%ﬂweﬂga
with the first ar econd tine intervals oc : e secon
base station %@W@@W Oﬁ?eélo‘flsrlaﬁgﬁaﬁsflb%ﬂﬁerm elFTah dhe qyerhead hepngl may be
ibnt erval in ol ofiecormegkipecifitiy@ibbBieaodean b dr ARrckptarid submandie first
ase station.

In one scenario, the first base station may have a first transmit power level that is lower
than a second transmit power level of the second base station. In another scenario, the
first base station may have unrestricted access and the second basc station may have
restricted access. In both scenarios, the second base station may reduce its transmit

power during the first time interval in order fo reduce interference to the overhead

channel from the first base station. Alternatively or additionally, the first base station



21 FIG 11 shows a design of an apparatus 1100 for sending an
overhead channel in a wreless comunicati on network. Apparatus 1100
i ncludes a nodule 1112 to generate an overhead channel conprising

i nf or mat i MO REE/12668d r st base station, a nodule 1114 toPSEME2M0H@39818
over head channel fromthe first base station in a first tine
interval, with the overhead channel being sent froma second base
station in a second tine interval non-overlapping with the first tine
interval, a nodule 1116 to reduce transhit power of the first base
station during the second tinme interval to reduce interference to the
over head channel from the second base station,. and a nDduIe 1118 to

send data fr ot FRAIGS Fsiransgdebouendpdg iR Sgcopdlitigg pofeRe! i PRiey 2 Teduce

non- over | appiin@riweidd tb iR dviemhsdd @acheBREQNLE debd Hatd @4toal Fachbdsh sthfid
second base station reducin i r durin thet Hdtlgreby

mt
S erval T TR Edve RaT EES O Joy etz g G O G 2

station. The mﬁhﬂbeﬁeﬂﬂg 1E|t1%m1§%10amd/aﬂ.ﬁoﬁ&b/e OB by Setify @ﬁlﬁﬁﬁ@d’ ﬁ}venng
el ectroni cs devi.ces ewﬁ el e tronics

ogi cal ot r ot S FSOR L el S AT B RIET S E T I eco D e Negpies ooy
any conbi nat i MBSFReutdame. FI G 12 shows a bl ock di agram of a design of

a base statiap/ 110 and a 120 .ch e one

stati ons/ eNBgﬂl ¥ 4P rf?leévegg% OYeﬁheﬁ%mé‘anf?ln%é% gle Fapy Selgg’"oﬁdglelge
equi pped w t I’Beﬂ'ondﬂh&ﬂﬂﬁ&al]@ﬂ%ytﬂmmg]m d28vtd cland! WeedR6r mﬁ)ymh@n for
equi pped with, R ant { 125 ne

ol T b T SRR T AP S L T
data for one @pelﬂbﬂ@n UiESypfer@theavdhetaacmwcéoﬂezdxﬁple pircoerdisad(chargel, may

encode, interl, Tl t]jgggm%q}iﬁ %tc&?dalé('lgnc%?o%% ?{O\ﬂl %E%%%%yé@

Transmt pr oces I'sor 1V AT for "over
channel s fr onfoa ewriiam)lsthmn/ pnsabasﬁmrsym@m:zapo:oe@m teha@védnfran et i bese,

and provide o O SXJ@H%L«:? chdind] g cSddlse L HPLE PRRYY ppOCH
1%%’8 may p rfor Plg?

mul ti pl e-out ut processor m spat i processi’ng
(e.g., pr ecodli’fﬂ@ﬁ cte- tﬁhﬁ &t mas Yhebobiin bivedcey enfheedos ywrbodl sinfoanationr

pi l ot synbol sandjo}-ﬁ%%ﬂ,foﬁl?afﬁg&fmﬂrOu@ﬁr){%agfgg%lnge T output symbol streans

to T nodul ators 123 Each nodul ator 1232 may
process a resp®se flspignobe Yhmayyeepige data frem the(fest Jase staton iORDNd t@teonqewalo

obtain an OUttﬂ&{tma'iraJMOQ 0% faﬁlﬁﬁ% wiRER fﬂg?%i & afd t%ﬁteﬁgﬁ (f)iUEkt ﬁ%?

process (e.g., convert to anal og, anplif upconver't % he
out put sanpl esesnddasnsiagonmenaicAucs i 1té|tsmﬁminrmwgr dgring the thirdsimslinteraldn gider s

f'rom nodul at of,$cdhé3RRrERERYIMe &a’%a’*ﬁ&mmmr%aqtefqaﬂ&{“ tted via T antennas
1234a through 1234t, respectively. At 120, antennas_ 1252a through

1252r may recki a@@th%rhiémﬁbm%massreamﬂ %referf@ﬁq Hiensbfrem shei fisw baseGtagipriinmay
provi de recei yed sk anala. trl. denmduligtp ity 6ORNORPSH (HhAR4RAd bée station in a

fourth time interval that is non-overlapping with the third time interval. The UE may
process the reference signal from the first base station to obtain channel information
(e.g., a channel response estimate, a channel quality estimate, etc.) for the first base
station,

FIG. 9 shows a design of an apparatus 900 for receiving an overhead channel in 2
wireless communication network. Apparatus 900 includes a module 912 to receive an
overhead channel from a first base station in a first time interval, with the overhead
channel being sent from a second base station in a second time interval non-overlapping
with the first time interval, a module 914 to process the overhead channel from the first
base station to recover information for the first base station, and a module 916 to receive

data from the first base station in a third time interval non-overlapping with the first and



t hrough 1254r, respectively. Each denodul ator 1254 may condition
(e.qg., filter, anplify, downconvert, and digitize) a respective
received signal to obtain received sanples. Each denodul ator 1254 may
further prw@aeNs/124688 r ecei ved sanples (e.g., for OFDM @CE/UR2a00/039B18ai n
recei ved synbols. A M MO detector 1256 may obtain received synbols
fromall R denodul ators 1254a through 1254r, perform M MO detection
on the received synbols if applicable, and provide detected synbols.
A receive processor 1258 mmy process (ez.og., denodul at e, deinterl eave,
and decode) the detected synbols, provide decoded data for UE 120 to
a data sink 1260, and proyid, glecodg i nformation for overhead
channel s to & CBHSIFEMAS BELTE §5C0Rbb5e StEfion RANCHRS) S iensmit PQET f3idne o
transmit processot tihdGderv@yo raee nefcinet: prRersSrodahafiklms datdat a

source 1262 troI i nf or.mati on omcontrolle cessor 1280.
The symbols THbHd MeSatr s atedy 10GRE SRPPER S FLeBlREREST A ViRt o
processor 126:6)mrrfun&|axﬁﬂnl eadalrie, Piottss G0 reyareesathel Yy Aatilbadeaksiod 254a

t hrough 1254r d t smtted t b statign 110. At base station
1100 Phe ot 1 e & IR RR, RV Do R bR - d r DRt By iRy LS vr5a,
processed by sheimdulyageosrste ]azaﬁff:rhelaelt @atrell chyprainy] iMomleie orothe ¥2:3 Ghasef
obrai n the dataoafibaoIBLrTReREeR Pl daRy ByRiR E5 ne StndOana
Control | er s/ prignelssigwrisedbRde. aﬂld fiflsPBGe statwudnayesextd thirevedped dtaingh inad firllas e
ot ocessor s anl oFbo0 sk OATC e Shend GRGRLEE kR R L fadEhee
process 1000 statiofF(&., 0B wlay oher, epr)ic esegesd tunr: ittéreal ttigat iy dpo @sn-
descri bed her /or other processors and nodul es
at UE 120 ma QBH?PBE%%g?% |1?te(2:r§quag%ess 800 in FIG 8 and/or other
processes fo rqu lebfitage lefibauibs ﬂdtem:lrsr:@edi time iregrpals venelongsn 20 Qvedmubin282

may store datg@,and. Q,
respectively. S%B\ sc %ﬂt}?ﬁeerasq}fgﬁ%%ﬁmg %de & Eﬂ?s {OHJ&% %tal%{gtﬁén% sf%ll on
on the downl i thktverdsasitionk c.anes shayn plrfﬂ(ﬁlfti% Fa sy effept. diret fgstfapd secral
schedul ed UEs; r

i nformation aﬁlnclj @%@ﬁ‘gq’g@%&‘ ngﬁ ?é%lﬁsg]%mggﬂjﬁﬁ%%%ﬁ‘yﬁ%%% %arl gemd

di fferent techis GEiragedheed op i srampgimies £rep| as, shelan & FIG. SA. Fm

i nStructions, o GRIRBHES: aﬂd@y%%ﬁs@tﬂ theSrdNAl Secold ide im%TROLS: v b@l@ 11‘:
chips that may be referencéd throughout the above description
represent ed DAPNWEPHaRBEE  sublifrentvih B eeme o rBe |1t§d0wa9re§ﬂa}’nﬁg'ﬁfetﬂp%

fields or pardjgiBs %S’ﬂi)d)l%ho&f‘;'\ﬁ{hdﬁe szmeo%bbpf)%d iftlex %Qt}flnﬁﬂ)éﬁhia%tdi
thereof 23 Those o further "appreciate that the various

illustrative ¢156P%§Ianﬁlt@%}k% e. grr@élﬁh‘%‘%l in {6 i ¥, TR figho pid Sspangttiarss

described in 1ﬁféﬂ@l§0&é}06¢3\)& thbn-bBlagliSC kyatiel el Glith BRMrePE syl gemt ed
as el ectronic hardware, nput er software, or conbi nations _of Dboth.

To clearly |I‘Pﬁl%ﬁtsrdatf”ém{“ﬁ‘lb§5qdﬁtlé1ﬁéﬁa?\5@%‘ilwlgf gofes FOMaWRF - and

sof t war e, varTiRUsstitadcUsdibR oy ScdaQMRORALS pmmp(aﬁkrﬁg th@&@u.lcﬂ%nc fko@dint S,
and steps have _been described above ]glenerall in ternms of their

functional i t yO"ISFRRICAREF TuerEsFeneRRdhs QYRR ahanne! fromyhe seeppdbrseation (Hogk e

or software dﬂpeﬁcheLlﬂﬁtl’baEdWﬁatmrnﬁalbel\b&rns&ﬁﬁirﬂl@ﬁ&w@'Opo@ﬂﬁiyd@%ér@)nor may
constraints i on the qveral | ?Iyst em Skilled | sans

i npl enent t he?"p Er‘;ﬁefféﬁ FRHRETBHERY H9™ Be 0amgichdSue) % 1‘“65"‘1“%3% 1 may
particul ar apio @ati bfratilCofptishgi BplserRNtigic @RrdEed 81 MISSIRhowIfEmBOt

be interpreted as. c a de rt the.s of th resent
R T R M A A T g e

ci rcui ts descinitiraemaining parnealid sabframet h t he di scl osure herein may be
i npl enent ed of. pracessor

Y D%
si gnal proces shgﬁ%ftﬁgﬁ)”?agghm%ﬁ“d g%fi %"‘sﬂ% 08??& ¥ aﬁlﬂ At ‘3@"‘%] &Iﬁtﬂi’atya
(ASI O, a fi chethoproagtaapmmbiite tigafiret @d saynd FHRGAerofs (idaken01®).oFharaatl e

base station may reduce its transmit power during the third time interval in order to

reduce interference to the data from the first base station.



24 In one or nore exenplary designs, the functions described may be

i npl emented in hardware, software, firmmvare, or any conbi nation
thereof If inplenmented in software, the functions nay be stored on or
transm tt 403126668 one or nore instructi ons or code OPCA/US2009/039818
conput er -r eadabl e medi um Conput er-readabl e nedi a i ncl udes both
conmput er storage nedia and conmmuni cati on nedi a including any nmedi um
that facilitates transfer of a conputer_programfromone place to
anot her. A storage nedia nay be any avati abl e media that can be
accessed by a gener al purpose or special purpose conputer. By way of

h I
Commet oo oot PRt Bk BBt I G Sl S,
magneti ¢ di skwitles agemoficabibi @stwomg Apbiratus1 mamddea/hﬁ&ﬁe 100 1@ B¥epidher
AT e S N T s (A S
accessed by asegé ﬁeroabrhgudrqhaﬁﬂ fDdSm sipefirbtasPititdO S a G Rl iterva@ll with the
e Bt N e
properly ter aco :
software is tm\aﬂmtveﬁi the Hm me/\mtmrat a mcsierevlem toQeduot Hefsmit@oWEELT the
source using g o

Gabl ey fl.be ed ir,
digital subscriber ﬁtﬁlon g e segprd iy eﬁl}eg'f ?féﬁﬁﬁ%]nﬁn@éﬁgc%ﬁ% Ygrhead
infrared, r adrrh@l,meafnazin the cecondlivas; sththvaentd tamod@lax i B to eanlildeta fibimhey fireyifateC

cab l e, twst esQatBﬁ"u{ a th9§lt1me91l;tia1)0%]e§ll %ver ah;glgggg | 819' rsg ﬁncgsrec%@%nlﬂa%t%%‘ralgk

radi o, and m crowave are | nc At
and di sc, as ‘wdlethe enord bgse |sia,t;¢tudélsmrgdrqnamt paves cdufifgDhe tHidstinie dict@] to

opti cal di S o0l kBT I e8 G KRR fibpppy o sk and blu-ray

di sc where disks usually reproduce a nagnet |caIIy, whi l e di scs
repr oduce datBreoprduicain KIGHi 9[ md|ldsay somlﬁwﬁbrona‘sorm rEctofnids Idevmb Guglware

ShOU| d al SO b Vfc&cIBEQ%QICWC%IH%CEIGIETDqO%?ﬁOSECU%E Igé?'lrl‘g?lég %éﬂWEﬁ' n%%}ea

The previous description o di's ure’is roV| 5 eﬁa e *Hny
person skill é&d%net@h@aaﬂorm@aﬁ@k@emf use the d| scl osure. Various

modi fi cati onspyicQ ﬁfaﬁwglasa{;] ofanifbt 4 dR%n o?%lagexs ABRAUEN 05&&{}%3130

skilled in the art, and enerlc rincip erein
appl i ed to otWesh marbegur ghibe S@h@uﬂmd@ﬁamdmgom@ws e 16l Base eatatlon

scope of the dioSedyOsdEGipptAUsith T NGteflsS Cllzg)@au{hg)ubﬁ 1594 11) At @}5' qg@’ nliag e

limted to the exanpl es and designs describ Rerei n
accorded t he SfgBghViddbprepan5 3t Bropgind 258, vhere praenetlpl éé aaha lovel

features di SCAtQﬁ@éthB%EQ'IG a treARmiepAlcRBor 1220 MafBichod dzItQ E‘or‘é\fhé &1 1'13‘1?1% UEs

conmuni cati on recei ving an over head channel from a
first base stf&i“i‘ Bﬁatﬁ ﬁo%cef 1|2r1%t9“?‘ﬁ%é‘3an’@ﬁ’%mfﬁllﬁh‘@a vvianorake) diealaneind

bei ng sent fromid sfL RdbdidS &bl | fadtedsor @22%6'199_,“9135 Irdivh M BFY:Rbn for

non-overl appi nglh\é\gdt Qhagne?s ];’rtnrnsé cEnIl'ﬂo11erlfprll‘E)ceegs\tl)}f'jl I1240 process the information, and
provide overhead symbols. A transmit (TX) multiple-input multiple-output (MIMO)
processor 1230 may perform spatial processing (e.g., precoding) on the data symbols,
the overhead symbols, and/or pilot symbols, if applicable, and may provide T output
symbol streams to T modulators (MODs) 1232a through 1232t. Each modulator 1232
may process a respective output symbol stream (e.g., for OFDM, etc.) to obtain an
output sample stream. Each modulator 1232 may further process (e.g., convert to
analog, amplify, filter, and upconvert) the output sample stream to obtain a downlink
signal. T downlink signals from modulators 1232a through 1232t may be transmitted
via T antennas 1234a through 12344, respectively,
At UE 120, antennas 1252a through 1252r may receive the downlink signals from base
station 110 and may provide received signals to demodulators (DEMODs) 1254a



processi ng the overhead channel fromthe first base station to
recover information for the first base station, wherein the second
base station sets a subfi-ame conprising the first tinme interval as a
Mul ti cast vBro@Edezss8 Mul ti medi a Services (MBMS) Singl e PCEAEENN2Y39818
Net wor k (MBSFN) subfrane, transmts control information for the MBSFN
subfranme in the subfrane, and does not transmt in remaining part of
the subframe. 2. A nethod for wi rel ess conmunication, conprising:
recei ving an overhead channel froma fi¥’st base station in a first
time interval, the overhead channel being sent froma second base
station in a second_.tjnme interval_non-overlapping with the firsf tine
interval ; tﬁrou%]} g%%‘é’sreﬁ@cw  oVRaF h RO GG S PBImCPHEOR (et Bibe
station to regguer, dowhenv@d .08 dig@fize} Baedpbdtst rlAFEd Sipadli tOMbtain received

receiving a reference sjgnal fr the first base station in a third
Lime i nterval “mpls FereleBRUHe] A SRt FrdRaRe SwBuona b dde
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station. 3. Aheretdiod shobolwiraphlesise, Cadpronide détbadd symdopr K tdddic processor
generating an er head channel ¢ risi I nf ormati,on. fqr first
base ot at Lon. 13¥ Ha GRS ArmSEUR ERETeE L Ro e Aot yhBhlase
station in a proviéd deboder datmteGral 20 tb hdatoviak ha@dachanmiil debelicd pfemnton
froma second bas&ga%%tiop in a s&&gg%m%&qss&nterval non- over | appi ng

with the firs® {IHEN RERED4 ¢ oomes

On the uplink, at UE 120, a transmit processor 1264 may receive and process data from
a dafa source 1262 and control information from controller/processor 1280. The
symbols from transmit processor 1264 may be precoded by a TX MIMO processor 1266
if applicable, further processed by modulators 1254a through 1254r, and transmitted to
base station 110. At base station 110, the uplink signals from UE 120 may be received
by antennas 1234, processed by demodulators 1232, detected by a MIMO detector 1236
if applicable, and further processed by a receive processor 1238 to obtain the data and
control information sent by UE 120.

Controllers/processors 1240 and 1280 may direct the operation at base station 110 and
UE 120, respectively. Processor 1240 and/or other processors and modules at base
station 110 may perform or direct process 1000 in FIG. 10 and/or other processes for the
techniques described herein. Processor 1280 and/or other processors and modules at UE
120 may perform or direct process 800 in FIG. 8 and/or other processes for the
techniques described herein. Memories 1242 and 1282 may store data and program
codes for base station 110 and UE 120, respectively. A scheduler 1244 may schedule
UEs for data transmission on the downlink and uplink and may provide resource grants
for the scheduled UEs.

Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may bec referenced throughout the above description may be represented by
voltages, currents, clectromagnetic waves, magnetic fields or particles, optical fields or

particles, or any combination thereof.



setting a subfranme conprising the second tine interval as a Milticast
Broadcast Multinmedia Services (MBVS) Single Frequency Network (MBSFN)
subfi-anme; 26 transmtting control information for the MBSFN
subfrane iwotbmw/sashs rane; and not transmitting in renmaPoTMg2OH019815f

t he subfrane. 4. An apparatus for w rel ess comruni cation, conprising:
means for receiving an overhead channel froma first base station in
a first time interval, the overhead channel being sent froma second
base station in a second time interval 4on-overlapping with the first
time interval; and means for processing the overhead channel

fromthe first base station to recover information for the first base
station, wher 81%¢ Chekill erah iptheieanpresiateothals Be svagous ilpstatre logigRp?lPEeng

the first tinBodulseEivdits, amdaaldditin 6R8d dBEaRdGAonMtidd WRRlitRe S8ENufeS
(MBVB) Singl e Frequency Network NBSFQ%% ubfranme, transmts control

i nfor mati on eIl HaY REGRNTSHE? AAIRUPHE PHEVEGISPIRHE Solyie. @6 synkigions

tranlsm tin remRni el tinefratt b8 SteRhiRe®Ilith of }%ﬂd»@d@@@f@@ﬂﬁm%warious
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second tinme interval nagn-ov rl%gping with the fkrsl ti i nterval ;
hardware or software depends upon” the particular application and design constraints

imposed on the overall system. Skilled artisans may implement the described
functionality in varying ways for each particular application, but such implementation
decisions should not be interpreted as causing a departure from the scope of the present
disclosure.

The various illustrative logical blocks, modules, and circuits described in connection
with the disclosure herein may be implemented or performed with a general-purpose
processor, a digital signal processor (DSP), an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA) or other programmable logic device,
discrete gate or transistor logic, discrete hardware components, or any combination
thereol designed to perform the functions described herein. A general-purpose
processor may be a microprocessor, but i the alternative, the processor may be any
conventional processor, controller, microcontroller, or state machine. A processor may
also be implemented as a combination of computing devices, e.g., a combination of a
DSP and a microprocessor, a plurality of microprocessors, one or more microprocessors
in conjunction with a DSP core, or any other such configuration.

The steps of a method or algorithm described in conncction with the disclosure herein
may be embodied directly in hardware, in a software module executed by a processor,
or in a combination of the two. A software module may reside in RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM memory, registers, hard disk, a
removable disk, a CD-ROM, or any other form of storage mediuim known in the art. An
exemplary storage medium is coupled to the processor such that the processor can read
information firom, and write information to, the storage medium. In the alternative, the
storage medium may be integral to the processor. The processor and the storage
medium may reside in an ASIC. The ASIC may reside in a user terminal. In the
alternative, the processor and the storage medium may reside as discrete components in

a user terminal.



means for processing the overhead channel fromthe first base station
to recover information for the first base station; means for
receiving a reference signal fromthe first base station in a third
ti me i nt ewabkqoohtvess ef erence signal being sent from t hecsasongodese
station in a fourth tinme interval non-overlapping with the third tine
I nterval ; and means for processing the reference signal from
the first base station to obtain channel information for the first
base station. 6. An apparatus for wireldss communication, conprising:
at | east one processor configured to receive an overhead channel from
a first base station in a first tine interval, the overhead channel
bei ng sent f riBrANg & &R E<HkEy Sesigns.ofe ifwctons edeesmilied mae be Amplewmented in
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subframe. 7. zﬁf\gila%ﬁz n?‘erd?é:[tijat cau € a}lc\:ﬁcgssegd )S/Sa g%l?qu{%lqll’pg%tcgr ggecraf:lg)urlrpporsé gclmrllp%ter
By way of example, and not limitation, such computer-readable media can comprise
RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk storage
or other magnetic storage devices, or any other medium that can be used to carry or
store desired program code means in the form of instructions 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 wircless 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 disc, digital
versatile disc (DVD), floppy disk and blu-ray disc where disks usually reproduce data
magnetically, while discs reproduce data optically with lasers. Combinations of the
above should also be included within the scope of computer-readable media.
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
herein but is to be accorded the widest scope consistent with the principles and novel

features disclosed herein.

WHAT IS CLAIMED IS:



at | east one processor configured to receive an overhead channel from
a first base station in a first tine interval, the overhead channel
being sent froma second base station in a second tine interval
non-overl apping with the first tine interval, to process the overhead
channel fromthe first base station tgsrecover information for the
first base station, to receive a reference signal fromthe first base
station in athird tinme interval, the reference signal being sent
fromtlogiggeond base station in a fourth tine interva

non-overl apping with the third tine interval, and to process the
reference signal fromthe first base station to obtain channel

i nfor mat i onafQundd®r fiefbs mﬁgaql{oho&mopﬁ[plﬁecorrput er program

product, conprising: a non-transitor r-readabl e nedi um
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t he subrid & noOrandmé ipaniating pagofde pideuet , conprising: a

non-transitory conputer-readabl e nedi um conpri sing: code
for causing at |east one conputer to receive an overhead channel from

a firsp basg §dRid R willeds SdrfifinitdiidB, dopl @M@l . the overhead channel
bei ng sent froma second base station in a Second tine interval

non- over | apfcaiging athovérhead ehanngli fvemi sifieyt \viise station in a first time interval, the

overhead channel being sent from a second base station in a second time interval non-
overlapping with the first time interval;

processing the overhead channel from the first base station to recover information for the
first base station;

receiving a reference signal from the first base station in a third time interval, the
reference signal being sent from the second base station in a fourth time interval non-overlapping
with the third time interval; and

processing the reference signal from the first base station to obtain channel information

for the first base station.

3. A method for wireless communication, comprising:

generating an overhead channel comprising information for a {irst base station;

sending the overhead channel from the first base station in a first time interval, the
overhead channel being sent from a second base station in a second time interval non-
overlapping with the first time interval;

setting a subframe comprising the second time interval as a Multicast Broadcast

Multimedia Services (MBMS) Single Frequency Network (MBSFN) subframe;



28 code for causing the at |east one conputer to process

t he overhead channel fromthe first base station to recover

I nformation for the first base station; code for receiving
a reference signal fromthe first base station in a third tine
interval, the reference signal being ggnt fromthe second base
station in a fourth time interval non-overlapping with the third tine
I nterval ; and code for processing the reference signa

fromthe fi eslsnliniag coitadl ieBriRiod Bérah& MBEFNQIb fiafik @f fRtshofari®and he
first base station, ' 10. An apparatus for_ wrel ess conmuni cat’i on,

conpri si ng: NPLIEREMIERS I aeiarigmERgt oh hewebienY channel conpri si ng

I nformation for a first base station; nmeans for sending the
over head channel fromthe first base station in a first tine
interval, tH@wwameédeMﬂmmmghingicmemm}frtm a second base station

in a second ti nterv non-qv W t he fi
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Single Fr quenc hg (MB SFEN) subfrane; and means for
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subframe angena! fd fReEskE! MO RHETBNRARY P L heTfikh BaRUBEAAHR recover
information for the first base station, wherein the second base station sets a subframe comprising
the first time interval as a Multicast Broadcast Multimedia Services (MBMS) Single Frequency
Network (MBSFN) subframe, transmits control information for the MBSFN subframe in the

subframe, and does not transmit in remaining part of the subframe.

5. An apparatus for wireless communication, comprising:

means for receiving an overhead channel from a first base station in a first time interval,
the overhead channel being sent from a second base station in a second time interval non-
overlapping with the first time interval;

means for processing the overhead channel from the first base station to recover
information for the first base station;

means for receiving a reference signal from the first base station in a third time interval,
the reference signal being sent from the second base station in a fourth time interval non-
overlapping with the third time interval; and

means for processing the reference signal from the first base station to obtain channel

information for the first base station.

6. An apparatus for wireless communication, comprising:

at least one processor configured to receive an overhead channel from a first base station
in a first time interval, the overhead channel being sent from a second base station in a second
time interval non-overlapping with the first time interval, and to process the overhead channel
from the first base station to recover information for the first base station, wherein the second

base station sets a subframe comprising the first time interval as a Multicast Broadcast



11. An apparatus for w reless comuni cation, conprising: at |east one
processor configured to: generate an overhead channel conprising
information for a first base station; send t he over head
channel fromthe first base station in a first time interval, the
over head channel being sent froma s nd base station in a second
time interval non-overlapping with the first time interval;

set a subfranme conprising the second tine interval as a Miulticast

Br oadcasittidddii seiea(NBME) S5l MBlyionc PINah @k ERBIren GYbNeh s VehKsnliNBIRMI

subfrane; and transmt control information for the NMBSFN
subf r aiformatipn frdhpMBIFY whamein the aHdrame, and daspaptirasgmp ap remsinipgpart of
subf r ag.q dfamd conputer program product, conprising: a
non-transitory conputer-readabl e nedium conprising: 29

7. An apparatus for wireless communication, comprising:

at least one processor configured to receive an overhead channel from a first base
station in a first time interval, the overhead channel being sent from a second base station in a
second time interval non-overlapping with the first time interval, to process the overhead channel
from the first base station to recover information for the first base station, to receive a reference
signal from the first base station in a third time interval, the reference signal being sent from the
second base station in a fourth time interval non-overlapping with the third time interval, and to
process the reference signal from the first base station to obtain channel information for the first

base station.

8. A computer program product, comprising:
a non-transitory computer-readable medium comprising:

code for causing at least one computer to receive an overhead channel from a first
base station in a first time interval, the overhead channel being sent from a second base station in
a second time interval non-overlapping with the first time interval; and

code for causing the at least one computer to process the overhead channel from
the first base station to recover information for the first base station, wherein the second base
station sets a subframe comprising the first time interval as a Multicast Broadcast Multimedia
Services (MBMS) Single Frequency Network (MBSFN) subframe, fransmits control information
for the MBSFN subframe in the subframe, and does not transmit in remaining part of the

subframe.

9. A computer program product, comprising:
a non-transitory computer-readable medium comprising:
code for causing at least one computer to receive an overhead channel from a first
base station in a first time interval, the overhead channel being sent from a second base station in

a second time interval non-overlapping with the first time interval,



code for causing at | east one conputer to generate an over head
channel conprising information for a first base station;

code for causing the at |east one conputer to send the overhead
channel fromthe first base station in a first time interval, the
overhead channel being sent froma segpnd base station in a second
time interval non-overlapping with the first time interval;

code for causing the at | east one conputer to set a subfrane

conprising the segensr édubBigithd &r¥ak oAScinpikrith GaslessBhO3¢GASAd channel from
Mul ti medi a Services (MBMS) Single Fr equencggNetwor k (MBSFN) subfrane;
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transmt in remal ning part
interval, the reference signal being sent from the second base station in a fourth time interval

non-overlapping with the third time interval; and
code for processing the reference signal from the first base station to obtain

channel information for the first base station.

10.  An apparatus for wireless communication, comprising;
means for generating an overhead channel comprising information for a first base station;
means for sending the overhead channel from the first base station in a first time interval,
the overhead channel being sent from a second base station in a second time interval non-
overlapping with the first time interval;
means for setting a subframe comprising the second time interval as a Multicast
Broadcast Multimedia Services (MBMS) Single Frequency Network (MBSFN) subframe; and
means for transmitting control information for the MBSFN subframe in the subframe and

not transmitting in remaining part of the subframe.

11.  An apparatus for wireless communication, comprising:
at least one processor configured to:

generate an overhead channel comprising information for a first base station;

send the overhead channel from the first base station in a first time interval, the
overhead channel being sent from a second base station in a second time interval non-
overlapping with the first time interval,

set a subframe comprising the second time interval as a Multicast Broadcast
Multimedia Services (MBMS) Single Frequency Network (MBSFN) subframe; and

transmit control information for the MBSFN subframe in the subframe and not

transmit in remaining part of the subframe.

12. A computer program product, comprising:

a non-transitory computer-readable medium comprising:



29

code for causing at least one computer to generate an overhead channel

comprising information for a first base station;
code for causing the at least one computer to send the overhead channel from the

first base station in a first time interval, the overhead channel being sent from a second base
station in a second time interval non-overlapping with the first time interval;

code for causing the at least one computer to set a subframe comprising the
second time interval as a Multicast Broadcast Multimedia Services (MBMS) Single Frequency
Network (MBSFN) subframe; and

code for causing the at least one computer to transmit control information for the

MBSFN subframe in the subframe and not transmit in remaining part of the subframe.



