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I. Field

[0002] The following description relates generally to wireless communications, and
more particularly to the use of channel state information reference signals in a wireless

communication system.
II. Background

[0003] Wireless communication systems are widely deployed to provide various
types of communication content such as voice, data, and so on. These systems may be
multiple-access systems capable of supporting communication with multiple users by
sharing the available system resources (e.g., bandwidth and transmit power). Examples
of such multiple-access systems include code division multiple access (CDMA)
systems, time division multiple access (TDMA) systems, frequency division multiple
access (FDMA) systems, 3GPP Long Term Evolution (LTE) systems, and orthogonal
frequency division multiple access (OFDMA) systems.

[0004] Generally, a wireless multiple-access communication system can

simultaneously support communication for multiple wireless terminals. Each terminal
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domain, thereby resulting in at least one unused RE.

[0010] In another aspect, an apparatus for wireless communication comprises means
for identifying a plurality of available data resource elements (REs) in a subframe and
means for assigning REs from the plurality of available data REs for data transmission
to a wireless device in groups of a first predetermined number of REs such that all
assigned data REs within a group are within a predetermined number of symbols of
cach other in time domain and within a second predetermined number of subcarriers of

each other in frequency domain, thereby resulting in at least one ungrouped RE.

[0011] In yet another aspect, a computer program product comprising a non-volatile
computer readable medium storing computer executable instructions is disclosed. The
instructions comprise code for identifying a plurality of available data resource elements
(REs) in a subframe and assigning REs from the plurality of available data REs for data
transmission to a wireless device in groups of a first predetermined number of REs such

that all assigned data REs within a group are within a predetermined number of symbols



[0017]FIG 3 is a block diagramrepresentation of a resource block used in
a W reless communi cation system [0018]FIG 4A is a block diagram

repr esentwioi2on/wh4stwo adj acent resource bl ocks used i n RCHUSeI18925961
comuni cation system [O0019]FIG 4B is a block diagramrepresentation of a
resource block used in a wirel ess communjcation system|[0020]FIG 4Cis a
bl ock di agram representati on of a resource block used in a wreless,
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di agram representation of a resource block used in a wreless comunication
syst em for data transmission to a wireless device in groups of a first predetermined number of
RESs such that all assigned data REs within a group are within a predetermined number
of symbols of each other in time domain and within a second predetermined number of
subcarriers of each other in frequency domain, thereby resulting in at least one

ungrouped RE.

[0013] To the accomplishment of the foregoing and related ends, one or more
aspects comprise the features hereinafter fully described and particularly pointed out in
the claims. The following description and the annexed drawings set forth in detail
certain illustrative aspects and are indicative of but a few of the various ways in which
the principles of the aspects may be employed. Other advantages and novel features
will become apparent from the following detailed description when considered in
conjunction with the drawings and the disclosed aspects are intended to include all such

aspects and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The features, nature, and advantages of the present disclosure will become
more apparent from the detailed description set forth below when taken in conjunction
with the drawings in which like reference characters identify correspondingly

throughout and wherein:

[0015] FIG. 1 illustrates a multiple access wireless communication system

according to one embodiment.

[0016] FIG. 2 illustrates a block diagram of a communication system.



[0025]FIG 9 is a block diagramrepresentation of a resource block used in
a W reless communi cation system [0026]FIG 10 is a bl ock di agram

repr esentwi2on/wbé45a resource bl ock used in a wrel ess cecEII2@ARIA1 Syst em
[0027]FIG 11 is a block diagramrepresentation of a resource block used in
a W rel ess comunication system 6 [0029]FIG 13 is a block diagram
representati on of schemes for allocating resource_elenent pairs to space
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[0019] FIG. 4B is a block diagram representation of a resource block used in a

wireless communication system

[0020] FIG. 4C is a block diagram representation of a resource block used in a

wireless communication system

[0021] FIG. 5 is a block diagram representation of a resource pattern used in a
wireless communication system comprising 2 channel state information reference signal

(CSI-RS) ports.

[0022] FIG. 6 is a block diagram representation of a resource block used in a
wireless communication system comprising 4 channel state information reference signal

(CSI-RS) ports.

[0023] FIG. 7 is a block diagram representation of a resource block used in a
wireless communication system comprising 8 channel state information reference signal

(CSI-RS) ports.

[0024] FIG. 8 is a block diagram representation of a resource block used in a

wireless communication system.

[0025] FIG. 9 is a block diagram representation of a resource block used in a

wireless communication system.

[0026] FIG. 10 is a block diagram representation of a resource block used in a

wireless communication system

[0027] FIG. 11 is a block diagram representation of a resource block used in a

wireless communication system

[0028] FIG. 12 is a block diagram representation of a resource block used in a

wireless communication system



[0033]FIG 17 is a block diagramrepresentation of a resource pattern
allocation in a wireless comruni cation system [0034]FIG 18 is a block

di agr am represent#ri on of a resource pattern all ocati onPCH/US20%1/02396E S
comuni cation system [O0035]FIG 19 is a block diagramrepresentation of a
resource pattern allocation in a wirelesg commnication system [0036]FIG
20 is a block diagramrepresentation of a resource pattern allocation in a
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[0039]FIG 23 is a flow chart representation of a process for wreless
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of a wirel %?e?ne%?gmlsqio%sglée%eqﬁgfc%rt%é‘kscode (SFBC) pairs.

[0031] FIG. 15 is a block diagram representation of a resource pattern allocation in

a wireless communication system.

[0032] FIG. 16 is a block diagram representation of a resource pattern allocation in

a wireless communication system.

[0033] FIG. 17 is a block diagram representation of a resource pattern allocation in

a wireless communication system.

[0034] FIG. 18 is a block diagram representation of a resource pattern allocation in

a wireless communication system.

[0035] FIG. 19 is a block diagram representation of a resource pattern allocation in

a wireless communication system.

[0036] FIG. 20 is a block diagram representation of a resource pattern allocation in

a wireless communication system.

[0037] FIG. 21 is a flow chart representation of a process for wireless
communication.
[0038] FIG. 22 is a block diagram representation of a portion of a wireless

communication apparatus.

[0039] FIG. 23 is a flow chart representation of a process for wireless
communication.
[0040] FIG. 24 is a block diagram representation of a portion of a wireless

communication apparatus

[0041] FIG. 25 is a flow chart representation of a process for wireless

communication.



7 [0042]FIG 26 is a block diagramrepresentation of a portion of a

W rel ess communi cation apparatus [0043]FIG 27 is a flow chart

repr esentwii2on/wb45a process for w rel ess communi cati on. PLOAS4}1HI0ZI6L8 i s a
bl ock diagram representation of a portion of a wi reless conmmunication
apparatus. [0045]FIG 29 is a flow chart-representation of a process for

W rel ess communi cation, [0046]FI G . 30 is a block diagramyrepresentation of
a portion 9043l wi rBiGes30 dp Kadiagmnagpaicsanirdion] gbA7peitien af) aj wirglepy ow
chart reprgggﬁkgﬁﬁﬂgngémﬂmﬂ§ocess for wirel ess comruni cation. [0048]FI G 32
I's a block diagramrepresentation of a portion of a wireless conmmuni cation

appar at us. ' ' '
[0043] FIG. 27 is a flow chart representation of a process for wireless

communication.

[0044] FIG. 28 is a block diagram representation of a portion of a wireless

communication apparatus.

[0045] FIG. 29 is a flow chart representation of a process for wireless
communication.
[0046] FIG. 30 is a block diagram representation of a portion of a wireless

communication apparatus.

[0047] FIG. 31 is a flow chart representation of a process for wireless
communication.
[0048] FIG. 32 is a block diagram representation of a portion of a wireless

communication apparatus.

[0049] FIG. 33 is a flow chart representation of a process for wireless
communication.
[0050] FIG. 34 is a block diagram representation of a portion of a wireless

communication apparatus.

[0051] FIG. 35 is a flow chart representation of a process for wireless
communication.
[0052] FIG. 36 is a block diagram representation of a portion of a wireless

communication apparatus.

[0053] FIG. 37 is a flow chart representation of a process for wireless
communication.
[0054] FIG. 38 is a block diagram representation of a portion of a wireless

communication apparatus.



[ 0049] FI G,

communi cati on.

33 is a flow chart representation of a process for wreless

of a w revessiiclomsani cati on apparatus. [0051] FI G 35 i sPaTfuses1okmnt

representation of a process for w reless comruni cati on.

bl ock diagramrepresentation of a portiop of a wireless conmunication

appar at us.

wirel ess cd
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a process fc8ﬁnﬂ[ﬂn$é%h$ﬁs comuni cation. [0056] FIG 40 is a block diagram

representation o

a portion of a wireless comunicati on appar at us.
[0056] FIG. 40 is a block diagram representation of a portion of a wireless

communication apparatus.

[0057] FIG. 41 is a flow chart representation of a process for wireless
communication.
[0058] FIG. 42 is a block diagram representation of a portion of a wireless

communication apparatus.

[0059] FIG. 43 is a flow chart representation of a process for wireless
communication.
[0060] FIG. 44 is a block diagram representation of a portion of a wireless

communication apparatus.

[0061] FIG. 45 is a flow chart representation of a process for wireless
communication.
[0062] FIG. 46 is a block diagram representation of a portion of a wireless

communication apparatus.

DESCRIPTION

[0063] Various aspects are now described with reference to the drawings. In the
following description, for purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of one or more aspects. It may be
evident, however, that the various aspects may be practiced without these specific
details. In other instances, well-known structures and devices are shown in block

diagram form in order to facilitate describing these aspects.

[0064] The techniques described herein may be used for various wireless
communication networks such as Code Division Multiple Access (CDMA) networks,
Time Division Multiple Access (TDMA) networks, Frequency Division Multiple
Access (FDMA) networks, Orthogonal FDMA (OFDMA) networks, Single-Carrier

[OO50]FIG 34 is a block diagramrepresentation of a portion

[0052]FIG 36 is a

§eMistSHN of



[0057]FIG 41 is a flow chart representation of a process for wreless
comuni cation. [0058]FIG 42 is a block diagramrepresentation of a portion
of a w revessiiclomsani cati on apparatus. [0059] FI G 43 i sPaTfuses1oknt
representation of a process for wireless communication. [0060]FIG 44 is a
bl ock di agramrepresentation of a portiop of a wireless conmunication

appar at us. 0 FIG 45 is a flow chart representation of a process for
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and devices are shown in block diagramformin order to facilitate

descri bi ng as k@sbalaS:{ﬁeem dor Mdslkt] Thmnuaoianorpu ESSMe.s cAn KD MeY elletwmrhymélme used
for vari ous V\iernente a radio technology such as Evolved UTRA (E-UTRA), IEEE 802.11, IEEE
802.16, IEEE 802.20, Flash-OFDM®, etc. UTRA, E-UTRA, and GSM are part of
Universal Mobile Telecommunication System (UMTS). Long Term Evolution (LTE) is
an upcoming release of UMTS that uses E-UTRA. UTRA, E-UTRA, GSM, UMTS and
LTE are described in documents from an organization named ‘“3rd Generation
Partnership Project” (3GPP).  c¢dma2000 is described in documents from an
organization named “3rd Generation Partnership Project 2 (3GPP2). These various
radio technologies and standards are known in the art. For clarity, certain aspects of the
techniques are described below for LTE, and LTE terminology is used in much of the

description below.

[0065] Single carrier frequency division multiple access (SC-FDMA) utilizes single
carrier modulation and frequency domain equalization. SC-FDMA signal has lower
peak-to-average power ratio (PAPR) because of its inherent single carrier structure
which may greatly benefit the mobile terminal in terms of transmit power efficiency. It
is currently used for uplink multiple access scheme in 3GPP Long Term Evolution

(LTE).

[0066] It should be noted that for clarity, the subject matter below is discussed with
respect to specific examples of certain signals and message formats used in LTE and
with respect to the channel state information reference signal (CSI-RS) and muting
technology. However, the applicability of the disclosed techniques to other
communication systems and other reference signal transmission/reception technology

will be appreciated by one of skill in the art.

[0067] Furthermore, various combinations of antenna ports and transmission
resource assignments are depicted in FIGs. 3 to 13 using a resource block map
technique in which a two dimensional plot of available resources in a transmission

resource block (RB) are depicted with symbols (or time) along the horizontal direction



comuni cati on networks such as Code Division Miultiple Access (CDVA)
networks, Tine Division Miultiple Access (TDVA) networks, Frequency Division
Mul ti pl e wocesis10645DVA) net wor ks, Ot hogonal FDVA ( OFDVAPCRAISAmI 023961
Single-Carrier 9 FDVA (SC-FDVA) networks, etc. The ternms "networks" and
"systens” are often used interchangeably,, A COVA network may inplenment a
radi o technol ogy such as Universal Terrestrial Radi o Access (UTRA),
cdma2000, e fregrekyi (At subdesrioy gdearmdenesia vescergctigndt urthrresicp farspke
(LCR). cd 000...co - 20 - 856.; rds. P@% ef wor k
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such as Evol ved UT E- UT , | EEE 802.11, |EEE 802.16, |EEE. 802. 20,
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descri bed irdlatewhipenitls af agnal antcong amingaticonomadedce: 3r d Gener at i on
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or gani zat | gpyegAMedcSBRd [Feushal kaRudiiicl B5TANE S Bhtt UE (3R me Hiese
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peak-to-average power ratio (PAPR) because of its inherent single carrier
struct ure whitwhierrapelpveas lifyit seitei¢sent weichoiktsit challengal to mtrtodpesthe fCSI-

transmt p r—-ef fehbenc lt,ls currently. u %C{ r_uplink nultiple access
Schere | n SepPT RO SERSTS Planbid forbsHE R e BBR G FogltBl B, B FeREr °F o
clarity, thetssthingeh wiRtd €81-RSlcanvbe pladégcussed with respect to specific
exanpl es of certain signals and nessage formats used in LTE and with
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to other conpuical b®er sofsleREB sighdls QhdlEhs RS €5BRRE RifBRAte signal (CRS). In
transm ssion/reception technology will be appreci ated by one of skill

the art. [ @JéFpFruntdearendasignsyilieicotiee syortsl eatwloels CRS BHs ermallgsetiet snanbe
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(or tinme) along the horizontal direction 10 )
example, if CRS and CSI-RS of a cell are on the same symbol, CRS power boosting

In

could reduce CSI-RS power and CRS of neighboring cells could collide with the CSI-
RS in synchronous networks which could make the channel estimation from CSI-RS
unreliable in a given cell. In some designs, two-transmit antenna (2Tx) CSI-RS
assignments may also avoid CRS symbols for all four-transmit antenna (4Tx) REs

because neighboring cells could be using 4Tx antennas.

[0070] Furthermore, in some designs, CSI-RS may avoid the first three OFDM
symbols in a resource block (RB) because the first three symbols could used for
transmission of control signals (“control symbols”). Avoiding control symbols may also
be useful in relay operation because a relay node may need to both transmit and receive
CSI-RS. In relay designs where relay advertises its backhaul DL subframes as MBSFN
to its UEs 120, the relay may not be able to listen to the first few (one to three) OFDM

symbols.



and frequency (or sub-carrier index) along the vertical direction.
Furthernore, for sake of clarity, the resource elenents (RES) in each

depi ct ed W8 2arie1ob#sbel ed with a correspondi ng ant enna poPCTgrseup/02:@at enna

i ndex, which sinply represent |ogical grouping of antennas. However, it is
understood that the enuneration using alﬁhabet sequence and nunbers is for
clarity of exglanatlon only, and may nqQt bear any relatlonshlp wth

an actual 4dM7&hna 4 soipg SaRimisten anqaie% ¥E- Sp[:@ﬁeza?@@nseel%ﬁlé {EgRal-salso

t tt

t eadback abiiyd PRubiaith RARShE, Hhnd RORRRSTES, I FuRmEARBPsh LIRS e
in LTE-A t ohd&Eus2tof belp e EAtR0 tainsaipplar thangelSor I\ihNOlenMduMUNﬁ) BnsbrGo VP,

Since LTE Rel.ease UEs (Il ega are n CSI-RS t he
conti nue t eﬁ&%@qa&; in‘t(t?rP m@?in?t i psad on vﬁ?t@mrﬁei bﬁ%e dHAFTERM G ¥et 0
i ntroduce tBIRdGRY- FSnotTHBeeRlre R ichndlaRRRd tﬁé)R@é‘ dulaeéte&i%& d91-HdenHORCH

regi on. There are some nore restrictions on where - can be pl aced.
[ 0069] | n soeectdégd gnoid tiaRSTiAsusd hewsouratlesatalg onasseghmg) RIS tRESIRS avoi d

REs al |l ocated to .ot her ref rence si as the ef er ence

S onal  ( CREFISTRsRirRl, SRgte cber SN haeit LR RDslToRe witeh crs
REs are al liRaahReionB A DRrtBMOdEREn el thRdesiSMEd RBs 8491l ansenddfbe Gt
symbol s by CSI-RS may be helpful to mninmize interference from CRS

transni ssi doisagthdl oreloBpnoRSighah Asbyispions . doperdieg gipdther ¢ansTRStigAY SEH ARS of
a cell are (o) | power
and CRS of“ﬁgFﬁhﬁogﬁﬁgdgéng(§%h m% 1g899%%§%99%§9%§sf%§9?§%§§§c R%hous

net wor ks whivettarc@ith @E@&kl@cdt@tetocdtﬁar@gnags budiadsithnCREcimd CH RISSAls rarreéultabi ein
a given cell. In some desjgns ransmt antenna (2Tx)
assi gnment §0mﬁyde§1g§6 B JRHOTRY %@ rﬁ@équm%rtheéPﬁor@f Bairaveilais ont Suaﬁf@eﬁmw‘( 4TX)
REs becaus I a
[0070] Furt ey e R Mocld 8 o e o RfPitndt SelT RRoon pompe! ibikamey
synbol s |nvaﬂresmmﬂdé?bHoabnﬁﬁﬁamgscad@eonﬁbrﬂHﬂﬂRSUhqeevmﬁmhﬂh@ngomMﬂ used
for transm ssion .of. contr ol s"). A ai dj ng control
synbol s nmayYMEPIFIon S o I?@‘?ﬁyaf@pﬁ 0 Iordt s, & vaid HYChBdFHEY need
to both tr@@ﬁf{ll&m@@%ﬂ@ﬁﬁ\éﬁos’a‘éﬂon% d1%b £\%|1@b{vé§ﬁ§'vﬁﬂﬁpu &aﬁﬁ‘él%ﬂe gacy
advertises its backhaul DL subf ranes as MBSFN to its S the relay may
not be abl &/Es0l20i sten to the first few (one to three) OFDM synbols 11
[0071] I n sonme transm ssion nndes UE-specific reference signals (UE-RS)
also calle du i y an
ohB 150 1o Fa e 1ob 15 hEPEk BRERuE HBEenk M Sl PR CURE BT ER &
denodul at i ovireldsn wumrdwmgrwsteﬁSIThR&qmbmek axived02nepredaye ticheofor wiyetbhker
UE- RS based si o re edul ed or. not. Therefore, in some designs,
Che REs. o ISR GRCLES COMOHE Ay e CBENGLE Sty St HAsTRaea or of o
al | ocati ng r@oyASS kRN RES, LepERmiRS &' §NMMASHONEné-MREL&Ry dashSNidbMI
certain REs as being available for réference signal transn155|ons As

further eme@mﬁ@dTbelP@Eﬂ metied déST et BE % may represeny Riistalloeated éal GROY
actual reference .si S i ng on ot her nS|d ons
stch as mucRgTRnEaRs RISCTIRe LN s P E L R o RO R kO r ces

by avoi di n®RS@fameasdia. Whi REBEﬁmﬁiefddCﬁérﬁd foosther REs gN@ ay soieéspasd the CRS
and UE-RS. As a result, in sone designs, a total of 60 RE ports ma

y
therefore Bdsawailpbiplfer &SI Ribieampssion g ongiaPhicald RENE |1d8anad selector her
control or C I I n . In
sone de5|gnéﬁ%?d§9¥$n&§?p?pgﬁgﬁ %§%§%ng@b théF?%dﬁ%E:§ﬂ%ﬂa%§%C rogﬁiatlon
si gnal s andraR8fissiandofSICBS-RY rin sthate calésiTgn sremamigx R m@} ba @eéaﬁoerdan:het ai l
| ater, CSI-RS RE alloc tlon may. %Js? avoid overlap with pagi ng channel of
Iegacy UESU?QEHEFGEWQT eréewgb POk di agram representation of a
resource bl ock 300 used in a wreless comunication system The horizontal
axi s 302 rggr/epent $n ko€ déDEnss YISDARS fragadgsichidndyhiee vl tak @adonavdispib&i4or
represents fre uenc¥ Each square tile represents a resource elenentﬂéRE),

representi ﬁ@veéa UmBseausp Adgiay by desizkiontos dlegmtirebudmadth oppepi
ked "C' SRS Lh
The rits oty i, CRVRSEOPRIENtnaBER Bl ARG} 8 S hiGRERGP! o

transnissiQMSmﬂﬁhﬁmREdummﬁﬁeméﬁmﬁﬂawnﬂIh@mﬂﬁpkemgmnaRﬁﬁmﬁioasmﬁsrﬁ@wb@spond
to REs avallable for aR& tr3%35b55| ven cell, the eNB 110 may

sel ect a sUiFaupitie §e SIebe e gt gh FrAB3RIE ARRRIRED RO e
sel ected subset to the transm ssion of CSI-RS in that cell. The remaining
REs nmay be used for data transm ssions, as further described bel ow.
[0073] I n sone designs, CSI-RS transm ssions nay be used as a common pil ot
for several UEs 120 Because feedback may be de5|rable for the entlre

o ~e~ 1



12 designs, CSI-RS transm ssions of different antenna ports may be

mul tiplexed in time domain, frequency domai n and/ or code domai n. For

exanpl e, wo 2a11icloms7ned ti ne/ frequency domai n nul ti pl exi RGTASIH1M0259RES
allocated to CSI-RS transnmissions fromdifferent antenna ports may conprise
different RE patterns. However, in sonme designs, all CSI-RS transm ssions
(for all antennas) of a cell may be allocCated transm ssion resource. on the
same subf r dfE2e% GHRS trrpwmissiensyel, diffstant geicyia porgEmap e pitRlsatd Bsttimat i on
for all ant p y -ne y 2l vt Ng SRS ransmssipns
during the dﬁ@%ﬁ”s%‘ﬁ%&ﬁi d%ﬁ%:lﬂ glfl(g{)e ecfilpvg&%%ﬁ- \Igggpreocepslgi rllltglj r%drﬁﬂziﬁés(grre
subf rame nayndietquepondpmamnagéivdering eleggn, REe allecdt20 toradSIFRE traeerdissionst ay

on to receiyve %t{gﬁl e subframes of CSI.-RS. ransim ssj ons) %0074&; some
wirel ess sySHCrEicHiEagosHePaY CORPHA fif B GANBTS. OO HeYEr Bydious
net wor ks ('d%&i@{%t,)all téﬁ-[@@'ﬁfﬁﬁﬁisﬁﬁ)\ﬁs d&'ﬁﬂ la§ Inﬁénﬂagjta hogEa 126 ﬁﬁ%lnﬁ‘@%‘}lb@at_ed

channel s of nei ghboring ce . I'n such desi gns, CSI-RS transm ssi ons of
sone cel | s traymissonredoogormal the sam¢ eulframaisethdt fibar datpesptctofe dRESYE 126y

exanple, in, so desi gns,. an,.,.eNB 110 "bl ank” out s (e.Q.

Cranom ssi GHETET TRl ol Plcatae, Boimasty eroihel BintSeling Raidibor i ng
cell. The alhasntiess BEriRatieitd @bfidinkf si@nh RGP OSIRG ﬁl%b&s%ingﬁforﬂea
coordinate by eNBs 110 wth each other. [0075]1n sone designs, | -RS REs
al | ocat ed t#me spframe ez helprpoverimanggiresivi4e-poflc Way 20 enayHios apcdigoiat ot t he
entire bandw . | i Y-S |l ed by the REs assigned to
the trans mg&%%‘gg%%“é{@grs Wﬁs Qtfﬁléﬁrrge{r%gsﬂ%stmlnggg in the channel
characteristics, is may be desirable to have all the CSI-RS REs of a
particul ar [eTdennalnpeemet wirbless Ispsiems,o sedic las otdeperapye anultiheins d e MBHDM

and 59 i n e OdREy s GRTH AR VI APl e X Tl pytte ©°

provi ding @hﬂﬁiels&fﬂheﬁ%ﬂib@ﬂhfg 01 Ve kychRBsighatthé &SRS @arthisssd @Edomd ckhe
frequency band. [0076]In sone designs, transm ssion resources may be

al | ocat ed fieay herpsthogapaired &4 enuwfditgeniRst poREm: Ephexasile, e sSarpissigithyl s on
whi ch CSI - J sm.tte ow.f | Eor )R'asrrple,
because Cs:gﬁlgsﬁr%{}ﬁgeﬂa&}%i gg‘i f{gs ?érgh\g?nnté% ‘Leraggl}téﬁgogfn\l?@ﬁéﬁlhogg‘fg%lt@ Cfsﬁ_om a

si ngl e ant ennemebhs int HecighbwingadclloThat etodacedoR B gattant ef defepart tneighbyrimpt be
usabl e. However, if nultiple CSI-RS antenna port REs are all ocated on one

OFDM synbolc,e”f’tlﬁéy%Fquéémé% byreNRs | Wevidheashupther13 port (i.e., antenna port

actually transmtting the signal) can al so use the power allocated to that

ant enna porngo7shat inSsonet ddsf@e, COIRERRACAdRhted k@i PhrtichRN GHh St Biften] 1A
| egacy UE 120 (such as a Rel-8 UE 120 in a Rel-10 network) may not be aware

of CSI-RS tiankhfhesenpechathat thayentiteshandwidthtof dag ghangelysivpifornlyrsmipladeley i n
RE | - . i . 2(), . . t
the dat a1 EhRER sikadio IR BOTRiERATor HACH e AARERIpIRE KB
ports are chahitgtisted, andayShBdedhSBD tottanc 411 IRSCENHRENREs pdHa tpartaubr aorhngur ed.

In sone designs, the SFBC and SFBC frequency shift tinme diversity (FSTD)
schenes na)PO%‘otﬁﬂ?fi Q@S@c tonsrch sy o &%&S&ngyé%% spbel CORErYERGs™ tpme

frequency dglig,&58ed ﬁiéh&ﬁi 197, a1y A3Nber yensNgnERY RKER)G Using Kl alRuldr §

schene. To m fi i ze the 1npacdt of the’ CSI-RS puncturing on UEs 120

schedul ed usfifergnttanesea potie iescbyt previdungrepatefn pacatmgafveRERB itlmi ol wetbrinty t he

Al amouti sche .t[l%t are inpacted by the puncturing may be mnimzed. As
further exﬁp%ﬁgﬁéﬁ é]fe&ﬁ)?nqy%g'ad of puncturing 2 REs in two different RE
pairs, both REs in one pair may be punctured instead. [0078]In sone

desi gns, SHEC6FSTDOnmapmes eleSERC tahsmisson erssaurpey tméy 2 ogllocatedt f& did a RES

and antenna ports 1,3 e next 2 data REsS in a given grou fQur. data
REs. Tho. t diHimisspd HeC IR Ehepignng o @Wr @ggteﬂlwnewilﬁ@ngsﬁ it s
under st 0od {¥sRic8IRF ¥IIE ARA0pRRcLEliNaAiBY abbaRk&nflor bdahd CRRRThES BN

However, dependi ng on the assignnent of reference signal transm ssion
resour ces dymcaliyt tragymittediat a2 RiEvenatyme i onlg dnem i s singhe esteniye pogte dhd power

transm ssi on of her. signals, or may not, be ed.for transn ssi all.
o dedgfted bt o oedls Py 1oh sty 8bub Eonalitiy B ose
to each ot hgfen8OpéREstREaCiaRAIN @SIOPBIESNbLHHE ASMR SESartd@ive @afehia t he
sanme. In sonme designs, Rel-10 Ues 120 sche ul ed usi ng such a schene may
enpl oy contiguous data REs in frequency (skipping any internediate CSI-RS
REs and the CRS REs). The mapping may be done in groups of 4 RES in
frequency for SFBC-FSTD (2 REs in freq for SFBC). In the case when the
nunber of available data REs is not a nmultiple of 4, e.g., when it is 4n+2,
FSTD can be enployed n tinmes and SFBC using two antenna port can be used
for the remaining 2 REs. This may introduce power inbalance. It may be

o v - 1 ~e~ N . e -



14 [0079] When the nunber of available data REs (per RB or alternately per
data allocation) is of form4n+2 for SFBC FSTD (or 2n+1 for SFBC) on two
nei ghbor iw@ 20ymioeds3 (n i nt eger) SFBC/ SFBC- FSTD nay be u®e€t/tisnoigoedssnat i on
wi th STBC where Al anouti schene is applied in tine. This enables the use of
al | available REs while keeping the power; bal anced. [0080]FIG 4Ais a
bl ock di agram representati on 400 of two adjacent resource bl ocks dep| cting
REs assi gné@8rtt(be-cartenss poriaciilly terasmitiag thFrﬁégna“i)l QﬁezﬂS@dlSRé&e %&%ﬁﬂa&e
using a twg, ﬁﬁ%ﬁsﬁxﬁrp HQr!lQﬁ&ﬂ R84 9 a%rhcgﬁapélgnbﬁttraﬁﬁ?l Bpnc, d. or f)
representing a group of antenna ports an mber (1 to 8) representing
an ant enna 8}7] i ndex. An eNB 110 with ei ?@E: transmt antenna ports (8Tx)
(o]

may sel ect @ of fHesagy dlipd20 fsuck gs 2Rel-JAdE da) inig Kel-8 nebrrikhingy notshe RS
REs f dat, R £ = 4B
al isowg r or ? h%ﬁ%engtlnégl ??I t%;%%mls-rg&%s E%%Ea%' Q{ﬁggt&ha@%ﬁ{ lri%gl%pt{ af%l X dalnlt%él%nas

each (each atdEitddl@o CSIRS. Olmescﬁfle tdasighd, XlegdcUPEs "0 tnay "dssyme Thee e sdagn
assunes that a resource den3|t of 1. REf/RB is use for CSI-RS. [0081] Note
that on OFDRNEYHHENS USSPAFs| W@u@&% blogki gdinte (PEBEr evicd i GRAI POt k- RS,

(e.g., Symeghﬁgufr'é(@’anéssz%BC S Wileash e@Rs of t@nanﬁﬁc'gbgﬁsgﬁiﬂ@%cﬁ 1hOork! - RS

transm ssi ons n sone designs, to accommobdate antenna ports,
ant enna pordesgds, ttbe SRy abé SﬂBibefcbqoenc@z $hift stmOridMrsifn IS TID e schemes ymdgol

450) of an OFDM synbol. pair . (e. 450,, 45 cont |n|n nd antenna
Sorts 5 to Gy BENgI B LA RELBalhOF REORGROIad) BERHICCAER g
symbol 452),,y Tﬁe&eﬁag @ﬁwkts)ngmg'mmhi sBBemd. N® @AHiBNRahPRASacTBPRE @sﬁ or
the synbols 450, 452 may be changed on the next RB, such that all ports are

covered w tRH pmtcltwlngameUEy Ao kchedulat |u@mg|thGSte nehmn@fthﬁbomnﬁ@r RBpaiNed ring

synbol s ma hos Si n r aIIoc Lo S resour es to
the same alten 9 dlp NETRU antgEolr v oB ERE! TR Rl W VRV B on
in channel n@lhaﬁla@d R ﬁhh&%xbﬁﬁﬂ&%l@ﬂl1@&@altof§))ﬁﬁaﬁhﬁg DREsIE twedefdrie IRE
smal | . [0082]In sone designs, 4Tx eNBs 110 may choose the CSI-RS ports

{1, 2,3,4} @opirg @061REBP@ER9H@%1@%mﬂg%m§tea " to "f." In some designs,
2TX eNBs 110 may choose RE pairs {1,2}, {3,4}, {5,6}, {7,8} in one group,

for CSlI-RSgggnsm ﬁlSS!O% dedRas, @P@T@FS@D&E%@%MC A58 SRR pdTRY, zb@n gRPsen
such that even with the fewer nunber of RS antenna ports, all OFDM

synmbol s cont @tanRﬁg a@lanmmrt&)i 3apn|cih¢ et data REB D 2OgiNelv grogsiof SRt

corr espondi a. port one aspect as nt.

of REs to ﬁt%e ports%agéL era% ref%lgloe?r?s(g rCFtenem%lng}al lhﬁIIse{Sl pq eNBs
110 with duégaeyezm 130ta8 riden oC SR lnbler Bk ld@ﬂastral{sﬁ@s%ﬁ)]nR@fcﬁst%ﬂ’lgieﬁ&lﬁlﬁgooﬂtﬁé 4G,
a resource block 480 shows anot her was of assigning a resource pattern to 4
CS| - RS por wssigmpend Pf refqmsicy pnal fansgesiatekisgiess anbmyipe.ct e gl en ibf

LG ¢ myahie heRgatet oty QYRR Wiopl: RS dronde 3h0REdich o™y e

seen t hat assi nrren are w thin assi splrtting
the 8Tx as suagmmbﬁ adﬁpllﬁ sede idesigisGthe4Boi RiEsocrhoy @i mtﬂﬁBG ﬁfay4>?6>selea'thé taA TX
aSS|gnment% n? rther spllt into RE assignnents for 2Tx N s 110.
[0084] I't wiPFIC q&s ethersadh %tﬁ%ﬁchaﬁn?lr?é“%tﬁﬁ e%%fﬂn@%@%ﬁrg SSpCG, 4C,
the CSI- RS Es%nﬁaﬁgs@@se RRANPS kS YER & lédhgymguﬂﬁhué &cRahb rq?f;); aen%'f%y in an
SFBC pai r for | egacy UEs 120. For exanple t e CSI-RS assi grinent pattern
was shi f t edodtoguous datadiEsi 1oeﬂeqderr0@rd1sk1ppnngympﬁteteIREdim@SI-&S Riss & RS (Rbrbol s

482, 484, tR\ﬁ)) Rﬁlse rlngpﬁjlhgfg fmeagrebnet do%'éefrcl: glilprssofvzpﬂhs n %Eue%%? Tor %&-LH SeI% 2
REs in freq for SFBC). In the case when the number of available data REs is not a
multiple of 4, e.g., when it is 4n+2, FSTD can be employed n times and SFBC using
two antenna port can be used for the remaining 2 REs. This may introduce power
imbalance. It may be desirable to introduce CSI-RS such that the number of available
data REs on each symbol of an RB may be a multiple of 4 for 4-CRS (and 2 for 2-CRS)

when scheduled using this mode.



[ 0085] Typically the nunber of CSI-RS ports is |larger than or equal to the
nunber of CRS ports. It nay al so be appreciated that when the nunber of CRS
is 4, thewQ3btR86450rt assi gnnment could be for 4 or 8 anemrs2@one®s1 and t he
nunber of REs used by CSI-RS on any synbol may be 0, 4, or 8. In one
aspect, such an assignnment may ensure that a nultiple of 4 REs are
re-allocated to CSI-RS fromthe avai] able data REs and hence no REs are

left over UMYPbupeWhen the nugibshgh ampidable dpigi REs I(erRBrot plierpaipieler dfatiors i s
2, the nu £ | - <1 5 I ; . t he
Co1 - s res oacdiln PR s TE A e BRACESBY 2 Syl b et Sy Bo5Rae

or phan REs symbalis rin iidte gsF BEFBE/SFEEUGFSTD mayrbe desli igrembireition thith $DB@twene of
antenna port 3 and 4 are swapped with that of antenn ort : t he.
proper Ly { KIETABH GFn SREDTRE & 31 Thiy ShblesHBe st of el cavaileble Rsrfiess
that coul dyhayg BREAWS 8ahQ@Y. CSI - RS may be left unused for CSI-RS to
preserve this property of no-orphan data REs. [0086] Referring to FIG 4C, a

bl ock di agram representation of a resource block 480 i.s depicted, show ng
anot her exd$0hry BXzi Hhde st blosk Riagrag reggiesquiption ,Hpk dve mdiacey spdre&pect
t he RE assi Ng . 4: O; i Sc&f. . i 4 i

e B A R R

un- assi gnedabcledausingaviand dblztdrconhhimation ahsmilpbaten&), bi ¢ dRBrdppaspntoteed i n
FIG 4B. The r%bl em when thgse REs 4?2, 484 are used for CSI-RS and how
this probl &P BETBHAOEEHEI By YRFHJ T S48e TBIPTHIRES" BIPAIMREHST W 16
[0087] I n sQN® ARSWAR SichWhEnat dMEshnd ord Y@ )3l sl RF ofts $1RBe okrihH 8. SEBE over
2 beans that the UE 120 is aware may be advant'ageously used t o utilize full
power i nst ead tayr uSFBC-ESRDIng ASédieREedpyydata twinemisswnREEhaRE assepinigbt e f or

4-CRS, or 1 for. e ulation s ol...al on t hat can
oot mt o ublgn Rl HERT AR AN0HS cPor L BB e PGl e A R
482, 484 yyitsRTPlaMichRasSdcRA@Lh dNOB € 1DNAIng orit 601 WeStAPS “at he “RisThdat
break the SFBC grouping may be all owed. Wether to use the REs for CSI-RS
or whet her deyigppurEes BEBCSPHSE daepityey | eE/BEc gaifoaCH RS net wor k | evel
during the setting up of a network (e.g., by the eNB 110). [0088]In sone

desi gns, f ggosspundip@ haeFDIHhbils €bnth us@ﬁ&itﬁpm@ntggfeﬂe%ge RBXalb6r
provided with 1nformation regarding where to 1ook tor CSI-RS of a
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this, CSI-Ra antenna pastenns cop d B i) ”Ftéf ¢§ER§fan N8, BhrdTOnh 2aBh o8k
subframe i ndex >y I’aél 8 Ifl?g?rsegl hdex, sl ngilag guency RaPRork" (S nunber

and cell | D.toBaged bepldcbe oh Affas@FDONsyrhbe (8., 520bsBIshef aklOFDM syabat e
CSI-RS transm ssions froma neighboring eNB 110. [0089] I n sone designs, as
di scussed #BBVeg dRanyiZgonrinas URRSnndrnienparees Ado Scras ke misacapdyRES n one

aspect, enahl I r i i i \/\/gf;ﬁ r P L i.gnal
from an ant% gﬁﬁ%@%t&gg%}f\ﬁn@;’%%é@oﬂ %% te)&a%? Z‘nrqn&a&}oa@?cl ﬁg&@%kg(? S(;%gCSI -RS
may be arr angedeta fet atappiogdbatheynibotad$0, etSRanays tic khiyatl ogrthepsxtoRBa

gi ven port size (e.g., 8, 4, 2 or. 1) may be orthpgonal to each other (e.qg.,
due to timeutl BguehEytsEsoeRa Ryt FheaS&HIetsiYHWPrg)c H5Li5 B PRISE AR BruDer
of antennagy éf@%oﬁﬁ% Wb R 1R o¥n iHhEmY rd%kign Yoot dHoRat A GRESTRIGPEHURES
antennas. For exanple, CSI-RS resource allocation pattern for 8 antenna
port groupsgo teysaosmutinge group C3dvaBagratsly uns thedhctahaniren naigiooup sh{nhiek) |
which in turn naﬁgcong{i se 5 CSI-RSb(gll I ocg{i ons for 2-Tx port CSI-RS.
Ther ef or e, “PHASEHIQGEEMEHE 2B SPBOAP MY At YY ePalis i ssion of CSI-Rs,
as a function of a nunber of transmt antennas used for transm ssion of the
reference googepl (B @me &sighso4T2ENBk Ha0frmctlioone bel QYI-RE poetd (W2 T4y espect
to the number transm t antennas such  that first _resource pattern
correspondi{sgf’ﬁ%} af Phc SHCTHG RSRHD (%! 7 dn goma egjgny PIRENES WABAneons o

super set OfRaLSRC ?ﬂﬁi},Iﬁ%zr{g,ﬁ},FZ’?‘),gﬁierﬂnoﬁ@gfoﬁﬁ,%?@S]%%@trﬁ&snﬁsﬁ@& offdrdpEoer of

transmt antennas (e.g. thé first nunber is greater than the
second nunbetenna part sstigroher? nRFsbeectenerf suchSEBGVES TRh the Hewommundes iof €351+ he

o i SR DR RS R R iRy St
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[0092] I n sone designs the coding nethod used for data transm ssion may be
switched to STBC from SFBC / SFBC- FSTD, when the nunber of available REs is
of form 2ne2of1onesSFBC and 4n+2 for SFBC- FSTD on nei ghborCmg/S@HDR®ynbhol s.
This switching of data encodi ng nethod may, in one aspect, help mnimze

t he nunber of orphan REs. In various desjigns, avail able REs may be conput ed
on per RB basis or for the entire data allocation. [0093]As furth

descri bed 196IRd, toRmECIRAPOKS Mgy Balg Efapist tespuhegonsibn amwiltade ANBs 1éewélrh
di fferent ggg%bg%gﬂgng fg%4tﬁggtrguous) parts of the channel bandw dth on
su y

di fferent rames covering the entire bandw dth when
collectively seen across all subfranmes. The bandw dth and CSI-RS RE

al | ocat i on [%@ﬁl‘ er nBefgeinghaow hesElH stfeha thgaurechbloekiE 891 Gomsyanitsit dvas of
puncturing , ?l gﬂﬁéa%‘s%urc?ﬁg? S C&sPﬁgj;%%g%r Q{&(lﬁl 146 Ei%"s’%mesa%&gﬂﬁﬁé’
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pagi ng and dspisted pattrhefraGi 4;@ nilyakspdatldo) evdr;n RsDiiewkiels CHNRS ik hssigrmsddat ed
transm ssigns of such S|gna s as paging and SIBs, directed to Iegacy UEs

120, may bét By PeredhyriDRBEX AsiL Rt élierﬁ‘tﬁ‘& vodlin BEx gavienpen by spiftegibct ed
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CSl - RS aware U i n” ot her S se 110 I n sone
desi gns, CﬁmﬂﬂﬁfhﬁhﬁnmhtmmwREaﬂagﬁnﬁayﬁbéTp&bﬁmUﬂ@ned bet ween eNBs 110 of
di fferent power class (nDre generally, two eNBs in which one is dom nant

| nterferer éﬁd&ﬁ‘”c’tﬂ%ug%% h ﬁa‘le%“l?hapﬂ{ﬁf ?ﬁ)ce;fd @ as%ﬁlg%lteofﬁ

desi gns eNBs 0 for nmacro- et one se pi cO- cél?s get

anot her setCSIRE R&gthave Bednschosen dlcgehat rthidyt pyaiceurs ®bth difia REk 1iR&n BEBC pir

general, the dom nant interferer ngé@be configured to nute th? CgI-RS space
B! teq

of the weakerlcgags UbhE20 fer gram EPIdR poiw@meat a@gewrs putted dewe In
sem -stati g agdlrecH§+ B9 ofle REQB@JUOh%Yl%Mni@§ §ﬁ?§31ﬁ 485, Elo pefeat | ng

ft
cells in mhfcﬁ one cell"may nmute the CSI-RS 0 e ot er ce may
sel ect t he SEBIG Rerspadutle havet eat ptihayredhoul d use such t hat nutrng and CsSl - RS
transm ssi ons happen on the sane OFDM synbol s, thereby enabling CSI-RS

e Dot AU R RSt A L B (P

may be use on S are a
to CSI-RS tof @RSpeEsi Bmay diso boeprasqiged that lweemﬂﬁ: Imfm‘t@DM @‘Rﬁ 1ad;llﬁ1e$3§1mﬂe

previously discussed issue o 0 utrlrzatr For exa i nste
sendi ng antpeﬁrramgerl?mfosféob? ffﬁr Qném%eaﬂrenn@oah %rralaea W%%Vgﬁﬂbol s,
they can begade, Rﬁgﬁm %grﬂéld iypbexad oﬁ%ﬁecp\éﬁ h $D&stonmh eﬁﬁ%ay%hnge thap

ort hogonal sequeric one desi gns, e used for higher rank
(e.g., rank Bltipi &St B&is taes re-#H DA o lﬁélt&Seﬂomoﬂhe lageitable datk REseand.hencanks 4

and 2) [009 efe ri ng now to FlLGS. t e S exanpl e of .

2ssi gnient Jontp e 1ok fageuSed i ggomhan RESksi SHGTy SRS B BetoT (RS as. o
to 13, the REs mmdeeds OBI-RS datenBYoftSB6AE BOY2, KT, 1aS86108 eskeltRe CRERIWES he
REs marked "U' may represent REs assigned to UE-RS. [0097]FIG 6 is a block

di agr am r epnewgsyabpomapbe aﬁh@@ 808, ghbaisyng Itl@trzeomltan ey iRC t o

CSl -RS for .the case of ,2 CSI orts .in rmal c c priefix (CP), .
Sobr 1o, if BfedE P forft q&iSTR e RRLIoRpridd S0Ling ol Gl Skt Ko witn | ¢
bl ock di agri@mof epeSEpdrat 3, @rthebro@ertljiﬁla't’(ﬂa OBFIANIRI drb&fRnapabt & Meadwit@nment

to CSI-RS for the case of 4 CSI-RS ports in nornal é:|IC prefix (CP)
subf r anes, ﬂl%rsm@etllolisrth@lr@ukdtquyethﬁ%esqdrfss CSERP mpy beipfounused for CSI-RS to

preserve this property of no-orphan data REs.

[0086] Referring to FIG. 4C, a block diagram representation of a resource block 480
is depicted, showing another exemplary assignment of REs to CSI-RS transmissions. In
one aspect, the RE assignment in RB 480 differs from that in RB 450 in that the RE
pairs 482 and 484 are assigned to CSI-RS in RB 480 and were left un-assigned (i.c.,
available to data transmissions) in RB 450 depicted in FIG. 4B. The problem when
these REs 482, 484 are used for CSI-RS and how this problem can be overcome by
using STBC is further explained below.



[0099]FIG 8 is a block diagramrepresentation of an RB 800 show ng the RE
pattern assignnment to CSI-RS for the case of 8 CSI-RS ports in nornal
cyclic prebi2zri(i@Rs7subfranes, for both frame structuresPCF®S2HP0159and FS 2.
[00100]FIG 9 is a block diagramrepresentation of an RB 900 show ng an

alternate RE pattern assignnent to CSI- for the case of 4 CSI-RS ports in
normal cyclic ﬁreflx (CP) subfranes, frame structure FS 2, @[0010e?]rF|G
10 is a bl 4487 |agk1a$ﬂmee6?3&’én’fv§?1i 8rR%ﬂrar5rﬁVPeéﬂi®@U héw Hyna B are

assi gnme nt an,mgﬁ‘at Rﬁ‘e ltrZB s mg/zbé:%ivﬁ Qu%li_ éSS ga( il?l aay (ﬁl":‘g)bgl’vlep

prefix (CP) su arres structu
[ 00102] FI Ginstdadi fer SFBCeEfleﬂi hlgsroma dee;gne,s&hﬂsxaﬂl (R[Esmfre amilRBlclfb0a-GhSyvarnlg t he

RE pattern t to | -RS for t ase |-RS ports in tended
cyclic prefi fso(f %ﬁ;ﬁg%ﬁ‘?’& tion gymbppl ng SRS FU& &HGE‘E)‘atP§51fg FS 2.
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the RE pattern assignnment to CSI-RS for the case of 8 CSI-RS ports’in
ext ended cykipped.pNettithat( GPyomeldtsigmeshe Réis that bredly ahceSElB(Clgwumeg nfdyShe FS 1

oot g an 0PV eT b heeid il RISIRE S RYF s ARkTS BRI SPB e gy 05

CSI - RS por tggcidéd exh&REte@rie kel duridp @hd sett{feRlp SubldtaomSe.of, O thd &IB 130y uct ure
FS 2. [00105] I'n general when certain data REs are assi gned (or set aside)

f t h f t
Gt or ant URBRR 50 TSRS R elor pRgERE O s Y STk TD AEE 12307 ey
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such cases, data transm ssions to new UEs and | egacy UEs 120 may be "rate
mat ched" orbangiLmr,m@mmgl' m‘f@trma@gtr@atthebUE 129, To enable this, CSI-RS antenna patterns

could be functions of one or more of a subframe index, a radio frame index, single
frequency network (SFN) number and cell ID. Based on the information, the UE 120

may be able to locate CSI-RS transmissions from a neighboring eNB 110.

[0089] In some designs, as discussed above, changing of CSI-RS antenna patterns
across RBs may, in one aspect, enable full power utilization when transmitting the CSI-

RS signal from an antenna.

[0090] In some designs, the antenna port grouping of CSI-RS may be arranged to be
orthogonal with each other such that groups of a given port size (e.g., 8, 4, 2 or 1) may
be orthogonal to each other (e.g., due to time-frequency separation). In addition, a group
with smaller number of antennas may form a sub-group of the group with a larger
number of antennas. For example, CSI-RS resource allocation pattern for 8 antenna port
groups may comprise two CSI-RS patterns for 4 antenna groups (4Tx), which in turn
may comprise 2 CSI-RS allocations for 2-Tx port CSI-RS. Therefore, in some designs,
REs arc allocated for transmission of CSI-RS, as a function of a number of transmit
antennas used for transmission of the reference signal (e.g., 8, 4 or 2), the function being
nested with respect to the number of transmit antennas such that a first resource pattern
corresponding to a first number (e.g., 8 or 4) of transmit antennas is a superset of a
second resource pattern corresponding a to a second number of transmit antennas (e.g.,

4 or 2) when the first number is greater than the second number.

[0091] In some designs, CSI-RS REs may be selected to be at RE locations such
that the number of impacted SFBC RE pairs may be minimized (note that it may be a



[00106] I n sone designs, puncturing may be achi eved by sinply dropping from
transm ssions data that woul d have been transmtted in the REsS now assi gned
to CSl - R3vOoA01Egessy recei ver may be able to recei ve andPCeaseen /025961
transm ssions using, e.g., error coding techniques. In some designs, rate
mat ching may be achi eved by skipping the-,REs assigned to CSI-RS, but
transmtting all intended data bits |ntended for transm ssion to new UEs
120. Data et REs eymyfop@FBGrtY I e tn sampe dysigns dhe anataizafoncanayressulEgya Ugs

awar e of th UE
and one neceo ELbURL ke (AR BRI AR TRl e S OGR!
expect ed t ohdavembativemgyerchdr imnae unpauppd RES i.¢.ngll dhta ISEsrrgetche]scga& to
avai l abl e (%faséq*%%Es may . be used for data transmissions by first ordering in
frequency, IRORAY B MShe. [00107] Referring to FIG 14, two possible
resource allocation scherres for assigning data REs to CSI-RS transm ssi ons

in a group [@F92f our InCedrhé gimgﬁs IﬁEes coding mytbdlusad dors h@mlraﬂsmis&mﬁd@rlsd ood
that simlar schenes nay d for other sizes of 9(%roups al so. In t he
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pai rs by C$he &oirt BARSITBSSHLANS. By contrast, only one data 20 RE pair is
punctured in the group 1400, thereby al l owi ng data transm ssion on RE pair

1402 using roup cadi ng ;sch SFB ) [ 00108] However, for transmt
diversity é@l?ghes é&%ﬁﬂgg d@ﬁﬂ%‘g‘ghﬁog c aljpeticd CHORD & gpisgioniq abl e
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[0094] In some designs, CSI-RS antenna port space may be partitioned between
eNBs 110 of different power class (more generally, two eNBs in which one is dominant
interferer to another get different partition). For example, in some designs eNBs 110 for
macro-cells get one set of CSI-RS REs, pico-cells get another set and femto-cells could
get multiple sets of CSI-RS REs. In general, the dominant interferer may be configured
to mute the CSI-RS space of the weaker eNB. The assignment based on power class
may be static, semi-static (e.g., using a higher layer message), or dynamic. Cooperating
cells in which one cell may mute the CSI-RS of the other cell and may select the CSI-
RS pattern that they should use such that muting and CSI-RS transmissions happen on
the same OFDM symbols, thereby enabling CSI-RS power boosting.
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[0095] In some designs, code division multiplexing (CDM) may be use on the CSI-

RS symbols (i.e., symbols on which REs are allocated to CSI-RS transmission). In one
aspect, the use of CDM may address the previously discussed issue of power utilization.
For example, instead of sending antenna port 1,5 on different REs on two neighboring
OFDM symbols, they can be code division multiplexed (CDM) over the two REs using
two orthogonal sequences. In some designs, CDM may be used for higher rank (e.g.,

rank 8) DM-RS pattern FDM may be used for lower ranks (e.g., ranks 4 and 2).

[0096] Referring now to FIGS. 6 to 13, some example of RE assignments to CSI-RS
signals, used in LTE Rel-10, are depicted. In FIGs. 6 to 13, the REs marked with “C”
may represent REs assigned to CRS and the REs marked “U” may represent REs
assigned to UE-RS.

[0097] FIG. 6 is a block diagram representation of an RB 600 showing the RE
pattern assignment to CSI-RS for the case of 2 CSI-RS ports in normal cyclic prefix
(CP) subframes, for both frame structures (FS) FS 1 and FS 2.

[0098] FIG. 7 is a block diagram representation of an RB 700 showing the RE
pattern assignment to CSI-RS for the case of 4 CSI-RS ports in normal cyclic prefix
(CP) subframes, for both frame structures (FS) FS 1 and FS 2.

[0099] FIG. 8 is a block diagram representation of an RB 800 showing the RE
pattern assignment to CSI-RS for the case of 8 CSI-RS ports in normal cyclic prefix
(CP) subframes, for both frame structures (FS) FS 1 and FS 2.

[00100] FIG. 9 is a block diagram representation of an RB 900 showing an alternate
RE pattern assignment to CSI-RS for the case of 4 CSI-RS ports in normal cyclic prefix

(CP) subframes, for frame structure FS 2.

[00101] FIG. 10 is a block diagram representation of an RB 1000 showing a RE
pattern assignment to CSI-RS for the case of 2 CSI-RS ports in extended cyclic prefix
(CP) subframes, for both frame structures (FS) FS 1 and FS 2.

[00102] FIG. 11 is a block diagram representation of an RB 1100 showing the RE
pattern assignment to CSI-RS for the case of 4 CSI-RS ports in extended cyclic prefix
(CP) subframes, for both frame structures (FS) FS 1 and FS 2.
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[00103] FIG. 12 is a block diagram representation of an RB 1200 showing the RE

pattern assignment to CSI-RS for the case of 8 CSI-RS ports in extended cyclic prefix
(CP) subframes, for both frame structures (FS) FS 1 and FS 2.

[00104] FIG. 13 is a block diagram representation of an RB 1300 showing an
alternate RE pattern assignment to CSI-RS for the case of 8 CSI-RS ports in extended

cyclic prefix (CP) subframes, for frame structure FS 2.

[00105] In general, when certain data REs are assigned (or set aside) for transmission
of CSI-RS, such information may or may not be known to different UEs 120. For
example, legacy UEs 120 (e.g., Rel-8 UEs 120) may not be aware of CSI-RS while
Release 10 UEs may be aware of the CSI-RS. In such cases, data transmissions to new

UEs and legacy UEs 120 may be “rate matched” or “punctured” for compatibility.

[00106] In some designs, puncturing may be achieved by simply dropping from
transmissions data that would have been transmitted in the REs now assigned to CSI-
RS. A legacy receiver may be able to receive and recover transmissions using, €.g., error
coding techniques. In some designs, rate matching may be achieved by skipping the
REs assigned to CSI-RS, but transmitting all intended data bits intended for
transmission to new UEs 120. Data may also only be punctured for UEs not aware of
CSI-RS. For UEs aware of CSI-RS either rate matching or puncturing may be used but
both UE and eNB need to be aware of which approach is used. Rate matching is
expected to have better performance than puncturing. In some designs, available data
REs may be used for data transmissions by first ordering in frequency, followed by

time.

[00107] Referring to FIG. 14, two possible resource allocation schemes for assigning
data REs to CSI-RS transmissions in a group of four contiguous REs of a symbol are
shown. It is understood that similar schemes may be used for other sizes of RE groups
also. In the group 1400, a pair of neighboring REs 1404 may be assigned to CSI-RS,
thereby leaving the pair of REs 1402 available for data transmission. In another scheme,
in the group 1401, a first RE in the RE pair 1403 assigned to CSI-RS may come from a
neighboring pair of REs and a second RE in the RE pair 1403 may come a second
neighboring pair of REs. As can be seen the scheme depicted for the group 1401 results

in puncturing of two data RE pairs by CSI-RS transmissions. By contrast, only one data
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RE pair is punctured in the group 1400, thereby allowing data transmission on RE pair

1402 using a group coding scheme (e.g., SFBC).

[00108] However, for transmit diversity schemes such as SFBC and SFBC-FSTD,
when the number of available data REs within an RB in which CSI-RS transmissions
have been assigned is not a multiple of 2 or 4, the use of remaining data REs may need
to be carefully planned to reduce or avoid wasting data REs because the remaining REs
may not be allocable to SFBC or SFBC-FSTD groups. For example, SFBC and SFBC-
FSTD require RE allocation in groups of 2 and 4 REs respectively. In Table 1 below,
possible combinations of CSI-RS and CRS ports that lead to such cases are listed.

[00109] Referring to Table 1, the first column indicates the number of CRS ports
assumed for a particular CSI-RS assignment scenario. The second column “Transmit
Diversity Scheme” lists the transmission coding technique used for data transmissions.
The third column lists various possible CSI-RS antenna port assignments. The fourth
column lists whether the combination of reference signal configurations in the first three
columns may be used in certain designs. The fifth column lists any possible rate
matching issues on a per RB basis that may arise for the data and reference signal

configurations listed in the first three columns.

Table 1
Transmit S
CRS Diversi CSIRS Preference on sunport Rate matching issues on CSI-
Ports v Ports e RS Symbols
Scheme
Rank 1 ‘ Not supported due to
1 .. 2,4,8 | impact of reduced #CRS No Issues
Transmission
on control performance
) S rted 11 available data REs. 5 SFBC
upporte pairs + 1 orphan data RE.
FB
- SEBC 4 Supported 10 available data REs.
8 Supported 8 available data REs.
Not Supported. Need for 11 available data REs. 2
4 SFBC-FSTD 2 #CSIRS <#CRS not SFBC-FSTD pairs, 3 orphan
clear. data REs.




10 avail able data REs. 2 4 Supported SFBC-FSTD pairs + 2 orphan REs.
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10 available data REs. 2
4 Supported SFBC-FSTD pairs + 2 orphan
REs.
8 Supported 8 available data REs.

[00110]  Referring to FIG. 15, for symbols 1500, 1502, 1504, 1506, 1512, 1513, 1514
and 1515 containing CSI-RS there are 11 available REs. These symbols may, e.g.,
correspond to the symbol indices 5, 6, 9 10, 12 or 13, as depicted in FIGs. 3 to 13. The
CSI-RS assignment patterns depicted in FIG. 15 highlight, among other aspects, the
idea of rate matching around CSI-RS with antenna port switching across CSI-RS
symbols and across RBs. In some designs, the first 10 available REs (counting from the
top) may be used for 5 SFBC pairs, marked with lower case and upper case combination
of alphabets A to E and G to K. For the remaining REs 1502 (marked with “F”” and “f”)
in the neighboring symbols, (the so called orphan REs), only one modulation symbol
may be transmitted and from only one CRS antenna port. As depicted, there are 2
symbols 1500, 1504 containing CSI-RS that have the orphan RE. The CRS antenna port
used within an RB on the two OFDM symbols containing CSI-RS may be different. The
antenna port used for the orphan REs on OFDM symbol containing CSI-RS may switch
across RBs (marked as “AP 0” and “AP 1” in FIG. 15). In one aspect, this may ensure
that both CRS antenna ports are used nearly equally when multiple RBs are used for the

SFBC transmission.

[00111]  In some designs, the following antenna port to RE mapping scheme may be
used. For the first CSI-RS symbols 1500, antenna port 0 is used on even RBs
(represented by symbol 1500) and antenna port 1 is used for odd RBs (symbol 1502).
For second CSI-RS symbols, antenna port 0 is used on odd RBs (symbol 1506) and
antenna port 1 is used on even RBs (symbol 1504). For the sake of clarity, only two
symbols that contain CSI-RS REs in the RB are shown in FIG. 15.

[00112] As is depicted in FIG. 15, for each symbol that includes CSI-RS
assignments, there are 11 REs available for data transmissions. The first 10 REs (from
the top) may be used in 5 SFBC pairs for data transmissions. The remaining RE (orphan
RE) may satisfy the following conditions: (1) on the orphan RE only one modulation

symbol may be transmitted and from only one CRS antenna port; (2) there are 2



8 Supported 8 available data REs. [00110]Referring to FIG 15, for synbols
1500, 1502, 1504, 1506, 1512, 1513, 1514 and 1515 containing CSI-RS there
are 11 awsplatblwed’Es. These synbols nay, e.g., correspordTius2e¢iha23ygnbol
indices 5, 6, 9 10, 12 or 13, as depicted in FIG. 3 to 13. The CSI-RS
assignnment patterns depicted in FIG 15 fighlight, anobng ot her aspects, the
i dea of rate matching. around CSI-RS with antenna port switching across

CSI -RS sy nﬁzﬂnbo ér‘fﬂnté@ﬂ%g SRBS. thqtﬁlag%ﬁ’é rlnghE; the KRS @I}t%namﬂa%ii I"Vd%llﬂb REs
(counting frqm@ LR ‘?hett%) FBX1 Qﬁnﬁbﬁ?gorftﬁh n% éﬁ'ﬁ%s R @fereg’? éﬁﬁg@‘lyh% E,nﬁeﬁ

case and upper case co |nat| on o0 ets or t
remai ni ng Ras usbdZod thardpbhmRER ohRhe a;mibﬁlf 6o)nta1mngr(éSInléS ghttohésngrresg itigd s,

(the so caIIed or.p Es nly one dul ation_s be transmtted
bnaF 1 om oy oid e %w@eﬁome SWA@B%pqné%a thf Eb&ecggémfngi}rp&aﬁsgr%oo
1504 cont a'u@écf‘lgea quﬁﬁbl\k}ﬁén Rarp1d RBs HcRREN REhe JEEC %rﬁi@&@ﬂima port used

within an RB on the two DM synbol s contalnlng CSI-RS may be different.
The antenna ort used for t he. orphan REs qn fynbol cont ai n| ng CSl-R

may switch [¥i¥ss Kmall bggpriseiated thakthemappipe SCAJme T ynthods 1508) 1544, 15ke
t, thi [
et 4GP TRl SRS i SRR BIVNRE 189150, Mg peRLl g Gl |

when rrul tiple are used n somnme
desi gns, t keer Rlﬂsmmdrvgteama gortal poustd tfar ¢fd RBppikog s@c@hdr@lrﬁ? sjnabmlshiﬂm For

the first CSI-RS s oIs 1500 ten ort 0 S us g
(Feor esont caiente sk Das vsgsmots B AN er bR en Ve 5D dheld by ool
1502) . For j3reans 4Bbufpiryahots m%ﬁﬁﬂﬁ Rg@éﬁen& fo$ sy%asqrsogdﬂso%@sfzsynbol

1506) and antenna port 1 is used on even (symbol ~ 1504) . For the sake of
clarity, onh¢ ItShé @yrﬁ@@m sclebtad asghe arpha@SRERS IREmdplrstQOIdethRBalar engledwke i n

05 RS aso RUNEEN T RER SRR 1Sl ab R oRin R o af SR el urliE 3 e

first 10 Rissrt{chla@mhichfa poRy ai@yvdi@oddSRHEs iof 1 SERSnpatkdnd & s§aibals 1500,
transm ssions. The remai ning RE (orphan RE) may satisfy the follow ng

condi ti ons:1504,)154R apédS bt man?@r@dlay lgwgerateoaicling @ﬁ)uﬁgi 50 tR rigypeplermed
t tt t 2 22 nbol
cont at ni ng e8] s RR YRG5, BRI RSBl annirbst RBCD 200 € Lised i Chi

an RB on the two OFDM synbols containing CSI-RS are different; and (3) the
ant enna por@0li4led R@ﬁel’l‘lﬂﬁenom’ phambtriEs 1 ¥4, 1 58, §§hébmd Eoldt mianping SARIMAERSIe

sw tches acyo even nd od ect, the tchin

That “bot h CLeTRaR R BB Rl e R S A S il H B e BT
used for tRembHBGnd aRSITRES] Ahe nﬁa@)@ﬁﬂg%]chémmaky 1bau@doﬁteeﬁlmhﬁg drb\aid date
mappi ng scheme for symbols 1500, 1504, 1512 and 1514 achieves the

condi t i ons @NFBISHeBY B Vhe SFBE- Fl%@ trapsié Miveror chomps figs sembnlsdbandres
d ant 5
and ant ernBoPidh (S Sk 05cRAh B SeRaN LS A RS

It shoul d Begmbolsantdieihg dSTRBIGhe .t kembeist] SRE, 15031; Hé 13rapgpi I9q 5 s dleeeref
synbol s 1500, QB 04 15

under st ood ¥ HHOIGRES o éz(glfmt %Vé’éggpﬁfﬁnglbrggghg%@C%%j?c‘%gmggi‘tégggg@g@ﬁpel P
B e
may be var isettbfrd: (Dnep tlat @ crphahRig, ameousmi SHCR@nismiqstemf whomd wsinghtvemt enna
FCHH R TRV S L TR

two OFDM symbols containing CSI-RS are dlfferent. That is, if one uses antenna ports

(0, 2) for the orphan REs on the first CSI-RS symbol, then one uses antenna ports (1, 3)

for the orphan REs on the second CSI-RS symbol; (3) the antenna ports used for the

orphan REs switch across RBs. This ensures that all 4 CRS antenna ports are used

nearly equally when multiple RBs are used for the SFBC transmission. Example

mappings consistent with the above conditions are depicted for symbols 1501, 1503,

1513 and 1515.



illustrated for rate matching around CSI-RS with antenna port sw tching
across CSI-RS synbols and across RBs. The mappi ng schene may i nclude rate
mat chi ng wocondiosesya transm ssi ons usi ng the SFBC- FSTD Pcarusaoiti/oeioser sity
schenme. For synbols that do not contain CSI-RS (not depicted in FIG 15),
Rel- 8 mappi ng schene may be used. For syybols containing CSI-RS, e.g.,
symbol s 1501, 1503, 1513 and 1515, there are 10 available REs. The first 8
avai | abl e A1 ﬂay Besamcede St&?Saé%%m&mneﬁe&anr&eﬂgemd?caﬁlﬁés as

remai ni ng | g congjt b

sati sfied: ¢ )%ogi%ahe 2%{15%)e Q%II:%% é%\gh%}geg&g@ﬁ?: r%églgdr% {ésg?)cs)rﬁﬂg%:{%e%éa usi ng
t wo ant ennarapanissipng ) a given GEI:B landneraspecpaht sauting dffsoch ddie Rétsphaninkireven t hi n

an RB on the t .OFDM s ont ai nj CSl - RS re di fferen i f
one uses ani% Uﬁe}%(’%@&o@ cigpne] ﬁ%ﬂ%f?lﬁﬁé?ﬁnﬁ@é I $rds 154 ﬁorégwfhgnf
synbol , t h%tﬁ&escb@a@ﬁ)s ANtBRRAIPRA ! Forh the §érsﬂe@f1vé HeULs @@@rimﬁﬁi% A4y Siprpecond

CSl - RS synbol; (3) the antenna ports used for the orphan REs 'swi'tch dcross
RBs. This emsortes thhaNBal l0 MtcORSche @t traporissomawuns etiteteBES ynétwakEy when

Consi St ent WY PhAC ARy BUIEdRiT L Fbies B anugarabBior PV 4G AuPe 14801, 1503,

1513 and 1515. 23 10011511 n sone designs, data REs occupying the sane
time-frequgetayell ocHbowowns, asUEhECSVhIRS HaEsncoknowledb of i mgtigebhhd thmyfobse

muted (i.e not used urin tat mssmn in agiven.cell. In one
Papect -t natalotg Brtubhtnh Smute bR SR atena Sl e R ecereRs - rs
channel estj.BihaRe thé?@f'ogﬁmbhé‘gsﬁé@ﬂ ko inforfhatioh PFovi@MRoands Ifed Nebrding

scenarios. In some design, fromthe perspective of UEs 120, nuting may
si npl y meamutingt loc#tene NB2yL O usefvbtmﬁtecﬁésm)atoamtams iV pesfoonardenit ed

REs and the act.ua ted (i. un for any

transm ssi Sﬂ?fﬁﬁvgg%ﬁéﬁgsﬂa@ber% f é}g’rd%hgnﬂt:e . whi ch has no
know edge of nuting and therefore attenpts to receive data in the nuted
REs, may sumfléﬂ a FEKdulét isenblock tihgrane cepiresentapen bﬁarwmqaeof fﬁfuesmlmle,m@m one

aspect nfornpti o r o U ar ti

e’ beet ul | 1571 S R SBicR S S eutr it e T o lE oEEC P R 488 ohe

UEs 120 maypfeispt Qo8& adr alatHnehnbResHS e R ERES604 Q0d laflobhte &6 ds3-Res bl ock
di agram representation of a group of two symbols 1600 froman RB in which

CSI-RS i s trasmswsipnet thtHwaREscilnBEyude0GERG [paited ta 6131;R gassnaipdonscna

o1 ocat 0 Lot LR Fuglin SERcB08 BT 8BS 31 Be o e

transm ssi Qﬂi@bédﬂeracdﬂleﬂtgﬂlb?rtie%elﬁﬁiah vaiild SHBC Bdired 60D ahdd @ 608 36@priselime-
Simlarly, REs 1610 are also nuted in the bearer cell. It may be seen that

whi | e SFBCfﬁauwmngaw 168 HendiBG @reumb6 i ésqelHcy fwnpa%éu% tRERe  t he

SFBC group t t

oat tern 1608 m e T RS PykE 180 g M PRECC0R ELIRR. R et Fine
descri bed heahaigac tdosdribbé bofeicto ratammtdhmmlmd rﬂt[’tddﬁiﬁiCRBRlSCtﬂﬁés czmui l&adl ead to
situations where st]%h use of BC over tones. which arﬁ nore than two tones
apart rmay GEBAIORE WIRES SSh p8t C giver tRaesspeh stavanks, thavorepehanasraay

desi gns, agi.g60k 8l88 fofmihe osWasC 16R4 N Fig. 16, the tones for which a
pai red RE cannot be found may be treat ed as orphan REs 1603. Note that such
or phan REs may occur also for 2 CRS p even if the nunber of avai I abl e

data REs i 40UVl (Hssoasmodesigns @fhéerg?te%n 1@31}7%01%6%%1?1@ desthe itorey fpef or e

can then b t tf)’tﬂfd]n I nor e
or phan REs Wﬁ ?ggen(%l?Ebcgﬁgoglb?ed %&%&E Iak 88)hlalfl R%EPQ% ﬁgﬁteggﬁnbsgfhl
transm t t edrghanddtshmay péran aRE fois?2 Q&R Sopdrty eoﬂmfam mnnbermfratzaﬂdbﬂ‘e éamBEdesi gns,
t he orphan REs may al so _be unu no tra i ons for d The
ant enna poﬁf’elhgaé&g%‘ﬁ%ﬁb% gé%qpoﬁ@qﬁe@e Saheis (ARSPOGPS RTp B "@%
antenna pohf&e %ﬂﬁﬁﬁ %! Phatdd fif ﬁ'éFeere Qﬁ@%ﬁo%ﬁ’ RE?th%?—@ﬁmo?ﬁfe ik gy ool
within an RB can al so be consi dered. Howeve he mapping conplexity is

i ncreased @FBCd@pe,ndlse mwdullaeomxmbolasmnstattuedmnosfacm@ha@SRE RSngamdy okt ed
REs. Siml ar%}/l S when,t he nu[gb B ﬁéfommda ed, SFBC %ﬁi(ﬁ)s is not a
nul tiple of" %rPé’“a ﬁﬂ@epi%?s&%lsus B 48P HEELAST A5G BFBEUWEh B8 sU] t ched
across RBs trah@ﬁibﬂ@ihﬁ?%ﬁbﬁhé&ig t @héldatenhd , pdrt k&t CRREs 121D EEaNR| firdkr a
mappi ng schenme 1700 rate matchi ng around CSI-RS and muted REs using

space-t i me opfigédationditge (ISTEUpnRer poTsnthanges, Earsdiffgrest henken REs ¢ thiosaser t hat

t he mappi ng schenme 1700 is shown only in the two synbols contai ning CSI-RS
for the sake of sinplicity and clarity. The nmapping schene 1700 is the sane
for even and odd RBs. The nmapping schene 1700 enpl oys STBC for 2 CRS
antenna ports on the synbols containing CSI-RS / nmuted REs. It is noted

t hat SFBC may continue to be used on other synbols.



[00120] Wth reference to FIG 18 and FIG 19, in designs that use nuting,
an alternate schene that enploys STBC and STBC- FSTD for 2 and 4 CRS ant enna
ports reswoabivwbis7on t he synbol s contai ning CSI-RS or morastione®eétmy be
used. In the alternate schene, SFBC and SFBC- FSTD rmay be used on ot her
synbol s that do not have any nuting or | -RS RE assignnments. For

STBC- FSTD, antenna ports may be alternat ed between (0 2) and (1, 3) on the
avai | abl e REDM, ﬁy@g‘hle“ﬂ@éf} giis RBr gan galgpdea porsifrach or HeWeyde thitBaiingor t s
used for S r st f o] 2)
and on fi r:sg%g\[;% n(dr%%gd ? H gigﬁ e&gk R th?\é%‘%)aé%ﬁ)ﬁﬁgﬁg Oafglg%té@sﬁg ?Ilg(ged
mappi ng maynuted BEerSmnlerlgcﬁmraﬁlCRﬂ wlhmtitelrmmhef ofibdcomnicelated SFRA pairg 100424 ] For

TPl e | Resiipls o1 i aHnns PR ek BF (e, oliirs AR Saske b be e EhRd 468§ M ol

are assi gngggd o STBC FSTD pai rs, CSI -RS and nuted, as described previously,
the remaining RE (marked "D ) in each synbol forms an RE pair 1802, which
may be asm&;ned to_apt enna arly he RE pair 1902 in the

symbol pai %Yo n%9feﬁélga$§§o Gnéb ﬂf‘wr&mdéﬁﬁraemnlg of amasymg[sel@m] 109 febne
designs, a r S

around. Cor THE TERLRHE o AUSCHERS Snd G RS SRR T ode S BhE (SRBCRZ
and SFBC- F&RbBsmit rah\samrer abemgndt whetee @8I thRﬁlappmgswhsme 080 &r ehopeardndy med

Wi t hout rrutl n E al |.ocat | | - RS result in.orphan REs for
two cases Safboce i SE b for (B8 e e Lptpdci nd,c e pﬂ?tﬁ?@%usl y
di scussed. s&ﬁbn%) [T’ﬁ)(ﬂfs $hdBsme frveh RN SdaREN nﬁhep{%bplhg ABRRS §70U1§m1'5'18y

used in the orphan REs for 2 CRS case. In sone designs, SFBC transmi Ssi ons
may be usedTBf fire2 6RShantcnREDOfts ontthe symBaS cortemingTh 8- B;St/emnfad;iﬁiﬁ sltnmy be

i t ched d nbol s,
1 gat1 on T abar Biay SRBRERES PO R RESEPRnar sei o resour ce-

allocation to all antenna ports. [00123]Referring again to FIG 16, as
previ ousl y [@l12@jus sBdth rdtprphawgtosﬂférré& dndr FiGaol % yinbddsignai that1@@0matiog, 1601 ar e

"B 1612 arlePRcas el FMBlS pdi% A1 STECHESTRIPGRAned RS pGnRhpoBE |

processi ng r&é@@ctfs%ﬁebi{%ﬂe ${9B8k eRfalf %JQTS@JH!E of B RRLS ndyahs m,édt @fﬂ thd)
t hese REs % assuri ng the sanme chann characteristics for all REs in a

gi ven RE grgepaiceschemebdiBC REd SHBGHSRE pay by, usslion @hera%'mhm thenderapt be
made by certain canyenti I 120 uch.as 20 because
typi cal RESha esaéullgﬁn n%(ﬁ)r?.sﬁe%%gr%cessﬁg nt% Fﬁe&%%are €l afnh nna 5?%%’”?%9 REs
or one RE aweyatddttRitweed (By2paid @nd) by teé ba@mabESREQQn ts@msld@mghi )for 4 CRS
i npl ementation. Therefore, in certain desi a separated RE pair Aﬂ%

el

result in ANTCBEYBRE. Hoy PHeHREMOstsfused (ST, nﬂ%{alte %&%ﬁmfnth@rfgstswa@ﬁ
characteri r ir"
erers to BLoud RES PR HiP ol Ml HErRARE or b8 KB B L A B R R
For exanpl dixetl hepping My hdRicsnsure dqugl utilfzahaxvaf al zfuhﬁ&ﬁ peEsseparati on and

woul d therefore be considered to be a separat ed RE pair." [00124] Certain
designs ma rc t he poss erf alrrre t due IVI ng
separ at ed éll:[%ﬁl noig%eexgrsn eet” F]gi 188 als"P' nlelég or el gl réglolfoca Yonin
whi ch avai lafitte OSERS Bredassipibe) 1sa£1ﬁma1l fdaCaalt eebnt RBmAﬂem REs ﬁxha Sefl afd on
between REs i.n an For exa in sonme designs, RE all|ocation may
be perf or meesigLdt Foa\gprBﬁ ﬁéTPh@alé%aEEhBISealﬁE@‘ﬂtﬁdaaa@l é“r’ﬂ@gin%l"louél}’gt ¢ from
top to bot t | Gy [ i ng
REs to RE E%lgfngsl?ﬁég{gﬁggchm H?I%@h.s .,l%l f8 e%%??hp‘oga%qg?%ie@%g% gé;de
listed in Badigreed2o dntennk Iportb€0,ndt Sthnildrat, thd B Epse 02 mdide Isysibbhpait h190abl e 2
is for RE assignnent within a n RB of 12 REs. As noted further below a
sinmilar asdirirentichwl tO@@%g?P%F%@&} or resource assignment chunks that
include multiple RBs (i.e., multiple 12 RE groups assigned to a single UE).
WO 2011/ 1066@ZHCT/ dSLEML d8AHRO6 hs Peviously discussed, data transmissions may be rate

matched around CSI-RS and muted tones for transmit diversity schemes such as SFBC

and SFBC-FSTD. In some designs where CSI-RS transmissions are performed without
muting, the RE allocation to CSI-RS may result in orphan REs for two cases (a) 2 CSI-
RS and 2 CRS and (b) 4 CSI-RS and 4 CRS, as previously discussed. In some designs,



N=1; While (N<12) 1 if N and N+1 are data REs, then | make N and N+1 an
SFBC pair; N=N+2; 1 else if (N<=10 and N and N+2 are data REs) then 1 nake
N and N+2warnoB8AB@spai r; N=N+3; 1 else N = N+1; // this eocrrsspaneet o dat a
RE N not being used/ RE N not being data RE. 1 1001251 As can be seen by
the listing in Table 2, RE assignnent aczﬁgrdi ng to the code listing wll
result in RE pairs in which constituent s.are no greater than a single

subcarri er SHigk GNP HaasmRipvens ma be epeRit dierorABAMBES oy Fi(RS sere. bh
R ' : .
ranor sor o0e BATRESTERO G il thiy B Gl IR TREHPIAPRES Torahe SIE AR e

of skill i Ahthatamh fpdmat mhpndeTadlche? aprasRBC (udid amly cvmm) mndi doresd ORDMUCh a
case to execute over the apprapriate upper. threshaold for . e, g., N.< 24,
When tvo- RESTHpE IR GHSTS M g oW o)mbauiﬂwﬁ rEKhBlse, U Mool BEINGh {1 om
FIG 20, thgouse afbcfRAss el hhiéendRtsmaYy result in a reduced number of
ungrouped (or orphan) REs. For exanple, while REs marked "E" and "e"

synbol pair 1601 were ungrouped, the corresponding REsS in Fig. 20 are
paired and [4423lgnelciermghagapeto EIG gHhestrroneesly disrese): Mmarries seheris fAtinber

of ungroup IgF,sﬂ { m Sj %p%/ﬂqgg i for
4 CRS portgg\olm' cbog‘gﬁéﬁé@é&ﬁs I%%rfﬁﬁg‘gtﬁfhha ases,ete?? %g@m%}e{}apg}eg%c

pai rs foundsageid tabhe SKBCHhiar ‘B HB2isec ddde sitbivemicthapaktasd sadhBAegpaisr a Yy al so
be skipped. ,Alternately,. if the .nupbher of SFBC pairs. found on. an.CEDM
symbol 1 s Jdl M Macissiagake f5aeiodrgnyl SoORIMSPARE arpigaalitinsTENH I R ¢ e
nunmber of FHBGPALERING R SNRNchMIhARhhmclHEtits §OSHT REs ih@kiveh REAxthS(Per t s
are used equal I'y. [00I28]Alternatively, in sone designs, RE pairs may not

be formed &eothoREs RBwm RE pgir). SRE a asshmagor Flay dednade byi qertsipreoolenpiansl 1601 nmay
be Teft ungoguped SYERANIED 50 RK.0% RRANE! Suleh3 L ADSRR R Y
are either neighboring REs or one RE away within a symbol and by other UEs 120 to

in the

simplify implementation. Therefore, in certain designs, a separated RE pair may result
in a reduced performance for UEs 120 that assume the same channel characteristics for
both REs in an RE pair. The term “separated RE pair” refers to RE pairs in which
constituent REs are greater than one RE apart. For example, the two “B” REs in Fig. 16
have a three RE separation and would therefore be considered to be a “separated RE

pair.”

[00124]  Certain designs may overcome the possible performance impairment due to
receiving separated REs, in one aspect, by using techniques for RE pair allocation in
which available REs in a symbol are allocated to minimize the separation between REs
in an RE pair. For example, in some designs, RE allocation may be performed by
traversing the available REs in a given symbol, e.g., from top to bottom of the graphical
representation 1600 or 1601, and assigning REs to RE pairs using a technique, ¢.g., as
described by the psecudo-code listed in Table 2. It will be noted that the pseudo-code
listing in Table 2 is for RE assignment within a given RB of 12 REs. As noted further
below, a similar assignment may be performed for resource assignment chunks that

include multiple RBs (i.e., multiple 12 RE groups assigned to a single UE).

Table 2



27 [00129] I n sonme designs, where frequency domai n dupl exed (FDD)

transm ssion is used, CSI-RS nay not be allocated in subfranes that include
PBCH and w8preo11siogesal s | n sone desi gns, pagi ng subfranmes peayush@ 102596uded
fromCSI-RS RE al |l ocation. For exanple, this may result in no CSI-RS
signal s being sent on subfrarre indi ces 02 4, 5 and 9 in a transm ssion
frame structure—f00130]1n Si S

subfranes, REs| may sti ; &ﬁé%l I ocat ed so that reI ay access and ba,khaul
partitioning npy be pertd by taking into account the om ssion|of CSI-RS
signals from e.g., sulfrares,u.: E§tﬁ'e'ﬂq 9. [00131] When tinme domain
dupl exing (TDD) is use olgak@.vangﬁalleélsSFg dapnel, in some designs, PBCH nay be
on subfranme index 0. In tRexfirst 4 synbol s of slot 1 of transm ssion, two
synbol s may ingclude refergnce signal transm ssion and two may not|{ In sone
designs, primary synchkaniNgatl aaNshqpeladds8Es)nmy {be transmtted on the
third OFDM synpol i n subfmaedl add §itknGFBSpan; | ar | y, secondary synchroni zati on
signal (SSS) npy be transihi¥ted on the | ast OFDM Synbol in subframe 0 and
5. In some desjgns, these synbols may be excluded from CSI-RS
transm ssi ons. | &s Na= KeiSUktis OfrespdAes 18 843 RISN @6t bethg REB RBSI nateme data3E. CBIl - RS REs
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[ 00132] Tabl e 3-stre es—a—- ert—tpH-Ak—dows orf-gura n nodes
(colum 1) and switch point per|0d| city for each m)de (col um1 2) with

al | ocation ch. s fra r..the given o uration to

Cranom set HA SR TR B S 1 UL & RE e ki Bl o e e
signal s (" $ishing hablesudt idpREnlkmdolWhﬂak coastftugit IRty ol IQD‘ngatelﬂ khdmoa Wplglak

Swi t ch-poi nt periodicity Subfrane nunber
subcarrier apart within a symbol.

Mmere CSlL-R S _om ed on

[00126] Referring now to Fig. 20, an example RE assignment 2000, when multiple
consecutive RBs are used for transmissions to a given UE 120, is depicted. It will be
appreciated by one of skill in the art that the Table 2 pseudo-code may be modified in
such a case to execute over the appropriate upper threshold for N (e.g., N < 24, when
two RBs are used for a given UE 120). Furthermore, as can be seen from FIG. 20, the
use of consecutive RBs may result in a reduced number of ungrouped (or orphan) REs.
For example, while REs marked “E” and “e” in the symbol pair 1601 were ungrouped,
the corresponding REs in Fig. 20 are paired and assigned in the RE assignment 2000,
thereby reducing the number of ungrouped REs.

[00127] A similar RE assignment technique may be used for 4 CRS ports which uses
SFBC-FSTD. In such a case, if the number of SFBC pairs found available within an RB
is odd, then the last SFBC pair may also be skipped. Alternately, if the number of SFBC
pairs found on an OFDM symbol is odd, the last SFBC pair may be skipped. This will
ensure that the number of SFBC pairs are even which in turn ensures that all 4 CRS

ports are used equally.

[00128]  Alternatively, in some designs, RE pairs may not be formed across RBs
(e.g., REs such as “E” and “e” in symbol pair 1601 may be left ungrouped even when it

may be possible to pair them up with nearby REs from another resource block).
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[00129] In some designs, where frequency domain duplexed (FDD) transmission is

used, CSI-RS may not be allocated in subframes that include PBCH and Sync signals In
some designs, paging subframes may be excluded from CSI-RS RE allocation. For
example, this may result in no CSI-RS signals being sent on subframe indices 0, 4, 5

and 9 1n a transmission frame structure.

[00130] In designs where CSI-RS is omitted on such subframes, REs may still be
allocated so that relay access and backhaul partitioning may be performed by taking into

account the omission of CSI-RS signals from, ¢.g., subframes 0, 4,5 and 9.

[00131] When time domain duplexing (TDD) is used on a wireless channel, in some
designs, PBCH may be on subframe index 0. In the first 4 symbols of slot 1 of
transmission, two symbols may include reference signal transmission and two may not.
In some designs, primary synchronization signal (PSS) may be transmitted on the third
OFDM symbol in subframe 1 and 6. Similarly, secondary synchronization signal (SSS)
may be transmitted on the last OFDM Symbol in subframe 0 and 5. In some designs,
these symbols may be excluded from CSI-RS transmissions. As a result of the exclusion
of REs as above, 30 CSI-RS REs may be available on subframes with PBCH and SSS
and 54 CSI-RS REs may be available on subframe 5 with just SSS. In some designs,
alternate subframe 5 contains SIB1 and CSI-RS allocation may avoid such subframes

also.

[00132] Table 3 summarizes a different uplink-downlink configuration modes
(column 1) and switch point periodicity for each mode (column 2) with allocation of
cach subframe for the given configuration to uplink transmissions (“U”), downlink

transmissions (“D”’) and synchronization signals (“‘S”).

Table 3
Uplink-downlink Downlink-to-Uplink Subframe number
configuration Switch-point o|1]|]2]|]3|4|]5|6|7]|]8]9
periodicity
0 5ms D|s|UJU|JU|D]|]s|U|JU]U
1 5ms D|sSs|U|J]U|D|D]|]sS|{U|JU]|D
2 5ms D|s|U|D|D|D|]s|U|D]|D
3 10 ms D|s|U|J]U|l|U|D|D|D|D]|D
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4 10 ms
5 10 ms
6 5ms

[00133] In some designs, the eNB 110 may perform paging operation based on a
paging configuration as follows: In FDD, select paging to be on subframes: {9} or {4, 9}
or {0, 4, 5, 9}, repeated periodically. In TDD, performing paging on subframes{0}, {0,
5}, {0, 1, 5, 6}, periodically. In Config 0, only 3 DL OFDM symbols on special
subframes may be available, and therefore CSI-RS may not be performed on these

symbols.

[00134] In some designs, therefore the bandwidth covered by CSI-RS transmission
may be split into multiple groups (e.g. two groups). For example, on Subframe 0, 50%
of the bandwidth may be covered by CSI-RS transmission and on subframe 5 the
remaining 50% bandwidth may be covered by CSI-RS transmissions. In some designs,
data transmissions to UEs 120 that are aware of CSI-RS transmissions, may be
performed outside of these subframes. In some designs, CSI-RS may not be supported

for Config 0.

[00135] In wireless systems comprising multiple cells, CSI-RS transmissions may be
allocated REs in multiple subframes. In one aspect, the allocation of CSI-RS REs across
multiple subframes may provide better reuse of the same resources in neighboring cells.
In one aspect, using multiple subframes may enable subframe partitioning in HetNet

configurations.

[00136] The allocation of CSI-RS across multiple subframes may also help with the
use of CSI-RS in relay operations. For example, a relay node may transmit CSI-RS on
DL access subframes and may needs to listen to CSI-RS from macro on DL backhaul.
By utilizing multiple subframes, a relay node may not have to transmit and receive CSI-

RS on the same subframe, thereby reducing the complexity burden on relay design.

[00137]  In various designs, the partitioning of subframes may not necessarily split
subframes with the periodicity of a frame (e.g., 10ms). For flexibility, RE patterns for
CSI-RS may be defined and the information may be conveyed from the eNB 110 to UEs

120 using bitmaps. The use of bitmaps may also allow for future compatibility with
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other RE allocations. For example, in some designs, unequally spaced (or aperiodic)

subframes may be allocated to reference signal transmissions, with the pattern of
subframes repeated over a subframe period. As a non-limiting example, subframes 0, 5
and 20 may be allocated in a given sequence of subframes over a 40 millisecond period,
with the pattern being repeated every 40 milliseconds. Correspondingly, the aperiodic
subframe pattern may be conveyed to UEs 120 using a downlink message and UEs 120
may be configured to receive the aperiodic (or unevenly spaced) transmission pattern,

which has a period of repetition.

[00138] In some designs, the REs allocated to CSI-RS transmissions, ¢.g., to a
particular antenna port, may be hopped over a period of time. In one aspect, hopping
may enable UEs 120 to receive at least a few CSI-RS without being affected by a strong
interfering neighboring cell transmission. In some designs, a different hopping pattern
may be used for each antenna port. Alternatively, in some designs, hopping may be
defined for a group of antenna ports (i.c., transmissions for all antenna ports in the
group collide or do not collide). The latter alternative may work better if a UE 120
could figure out when the CSI-RS collide and does not use the CQI in that case. In the
former alternative, the chances of a few antenna ports colliding may be larger, causing

reported CQI / PMI to be erroncous more often.

[00139] In some designs, muting pattern may be sclected based on a power class of
the bearer network. For example, in some designs, an eNB 110 for a macro cell may
mute CSI-RS locations of all picos. In some designs, an eNB 110 for a femto cell may
mute the CSI-RS location of all macros and picos. In some designs, the muting pattern

may be changed, based on feedback from the UE 120.

[00140] FIG. 21 is a flow chart representation of a process 2100 for wireless
communication. At box 2102, a plurality of available data resource elements (REs) in a
subframe are identified. The available data REs may comprise, for example, REs that
are assigned to either CSI-RS transmission or REs that are muted for corresponding
CSI-RS transmissions in other cells. The available REs may include, for example, REs
assigned to SFBC pairs or SFBC-FSTD pairs as depicted in FIG. 15. At box 2104, REs
from the plurality of available data REs are assigned for data transmission to a wireless
device in groups of a predetermined number of REs such that all assigned data REs

within a group are within a predetermined number of symbols of each other in time



3 10 ns

DSUUUDDDDD W2011/106457PCT/ US2011/ 025961 28 4

WO 2011/106457 PCT/US2011/025961

30
domain and within a second predetermined number of subcarriers of each other in

frequency domain, thereby resulting in one or more ungrouped REs. For example, as
depicted in FIGs. 15 to 20, the REs not assigned to CSI-RS and/or not muted may be
grouped into RE groups on the same symbol or RE groups on the neighboring symbols.
In some designs, REs from two symbols away may be grouped also (e.g., symbols 5, 6,
9 and 10 in an RB in which CSI-RS are allocated). In some designs, REs that are one or
two subcarrier indices away may be grouped in a single data transmission group (e.g.,

RE pair 1516 in FIG. 15).

[00141] In some designs, some REs may be left over after the remaining REs are
assigned to CSI-RS and data transmissions (e.g., the RE marked “F” in symbol 1500).
In some designs, the remaining REs may be assigned to other transmission to other
wireless devices (e.g., data transmission to another UE 120). In some designs, the

remaining REs may be left unused (i.c., no transmissions performed).

[00142]  In some designs, the grouping of REs may be limited to REs within the same
resource block. For example, the same RE assignment pattern (e.g., as depicted in FIGs.
15 to 17) may be repeated in each RB in which reference signal transmissions are
assigned. It will also be appreciated that the various RE assignment patterns discussed
above may be a function of a number of transmit antenna ports used for another

reference signal (e.g., CRS).

[00143] In some designs, the data transmission assignments to REs within the group
of REs may comprise space-frequency block code (SFBC) and space-time block code
pairs. In some designs, the data transmissions within the group of REs may comprise a
transmit diversity scheme. The transmit diversity scheme may be, for example, an

Alamouti scheme.

[00144] In some designs, the at least one ungrouped RE may be used for transmission
to the same device to which the data transmissions are sent. However, the transmission
scheme used may be different. For example, while SFBC pairing may be used for REs
in the transmission group, another transmission scheme (e.g., single antenna port

transmission) may be used for the ungrouped REs.

[00145]  FIG. 22 is a block diagram representation of a portion 2200 of a wireless

communication apparatus. The module 2202 is for identifying a plurality of available
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data resource elements (REs) in a subframe. The module 2204 is for assigning REs from

the plurality of available data REs for data transmission to a wireless device in groups of
a predetermined number of REs such that all assigned data REs within a group are
within a predetermined number of symbols of each other in time domain and within a
second predetermined number of subcarriers of each other in frequency domain, thereby
resulting in at least one ungrouped REs. In some designs, an identifier may be used for
assigning from the available data resource REs and an assigner may be used for

assigning REs from the plurality of remaining data REs.

[00146] FIG. 23 is a flow chart representation of a process 2300 for wireless
communication. At box 2302, resource clements (REs) of a symbol are assigned to a
reference signal transmission. At box 2304, at least some of remaining REs of the
symbol are muted, thereby refraining from transmitting data on the muted REs. At box
2306, the reference signal is transmitted by boosting a transmitted power of the
reference signal. As previously described, in some designs, the muted REs may
comprise transmissions resources (¢.g., RE locations) used for transmission of the

reference signal in another neighboring cell (e.g., CSI-RS).

[00147]  FIG. 24 is a block diagram representation of a portion 2400 of a wireless
communication apparatus. The module 2402 is for assigning, resource elements (REs)
of a symbol to a reference signal transmission. The module 2404 is for muting at least
some of remaining REs of the symbol, thereby refraining from transmitting data on the
muted REs. The module 2406 is for transmitting the reference signal by boosting a
transmitted power of the reference signal. In some designs, the REs may be assigned by
an assigner, the muting may be performed by a processor and a transmitter may be used

to transmit the reference signal.

[00148] FIG. 25 is a flow chart representation of a process 2500 for wireless
communication. At box 2502, an aperiodic transmission resource pattern is assigned to a
reference signal having a periodicity of multiple subframes. At box 2504, the reference
signal is transmitted according to the aperiodic transmission resource pattern. In some
designs, the aperiodic transmission resource may be signaled to UEs 120 using a
downlink message. In some designs, the downlink message may comprise a bitmap
indicating REs used for the transmission of the reference signal. As previously

discussed, the aperiodic transmissions may be allocated such that a relay node may not
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have to receive and transmit the reference signal in the same subframe of transmission.

In some designs, the aperiodic transmission resource pattern may include non-equally
(or aperiodically) spaced subframes, e.g., subframes 0, 5, 20, in a given number of
subframes (e.g., over 40 milliseconds) and the aperiodic or unequally spaced subframe

pattern may be repeated.

[00149]  FIG. 26 is a block diagram representation of a portion 2600 of a wireless
communication apparatus. The module 2602 is for assigning an aperiodic transmission
resource pattern to a reference signal having a periodicity of multiple subframes. The
module 2604 is for transmitting the reference signal according to the aperiodic

transmission resource pattern.

[00150] FIG. 27 is a flow chart representation of a process 2700 for wireless
communication. At box 2702, resources are allocated to a transmitter of the reference
signal depending on a power class of the transmitter. At box 2704, using the allocated
resources, transmission of the reference signal from the transmitter is performed. As
previously discussed, the power class may be one of a macro, a pico and a femto class.
In one aspect, the power class based assignment of transmission resources may help
avoid interference of macro cells with pico or femto cells and of femto base stations

with other femto/pico/ macro base stations.

[00151]  FIG. 28 is a block diagram representation of a portion 2800 of a wireless
communication apparatus. The module 2802 is for allocating resources to a transmitter
of the reference signal depending on a power class of the transmitter. The module 2804
is for performing, using the allocated resources, transmission of the reference signal
from the transmitter. In some designs, an allocator may be provided for allocating the

resources to a transmitter.

[00152] FIG. 29 is a flow chart representation of a process 2900 for wireless
communication. At box 2902, from a set of all available transmission resources for a
reference signal, a subframe-dependent pattern of transmission resources is assigned to
the reference signal in a given subframe. At box 2904, the allocated subframe-
dependent pattern is varied over a plurality of subframes such that all available
transmission resources from the set are used at least once. The subframe-dependent
pattern in the given subframe is non-overlapping with transmission resources allocated

to a first signal and a second signal. At least in one subframe from the plurality of
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conpat i bi | i[ﬁ(ﬁsw t hFIG. 31 is a flow chart representation of a process 3100 for wireless
communication. At box 3102, a plurality of available data resource elements (REs) in a
subframe are identified. At box 3104, the plurality of available data REs are assigned to
data transmission in at least one space frequency block coding (SFBC) group and at
least one space time block coding (STBC) group, thereby resulting in no ungrouped

REs.

[00155]  FIG. 32 is a block diagram representation of a portion 3200 of a wireless
communication apparatus. The module 3202 is for identifying a plurality of available
data resource elements (REs) in a subframe. The module 3204 is for assigning the
plurality of available data REs to data transmission in at least one space frequency block
coding (SFBC) group and at least one space time block coding (STBC) group, thereby

resulting in no unused REs.

[00156] FIG. 33 is a flow chart representation of a process 3300 for wireless
communication. At box 3302, a reference signal in a subframe from REs assigned to
transmissions of the reference signal is received. The subframe comprises a plurality of
remaining data REs. At box 3304, data from at least one of the plurality of remaining
data REs is received. The data is transmitted in groups of a predetermined number of
RESs such that all assigned data REs within a group are within a predetermined number

of symbols in time and a second predetermined number of REs in frequency of each
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in the transm ssion grgup, anot her transm ssion schene (e.g., single
antenna port transm ssion) may be used for the ungrouped REs. 31 data
resource ell@edt s FIRESIS isrp hloskishasssm remeeeniision] of 2 podion3&0@rofais wilgleshg REs

f_rom the plcgztnﬁmnﬁc)éti&fl a%\égijatu?bl’ﬁle dr%é&flg %%Oﬁoir t%?tr cetixtiﬁg %E}E‘?&fa& ta?% an
W rel ess device in groups of a predeterm ned nunmper 0 S suc at al l
assi gned daperiddss twnhihission rgdodte patermviadigriedatops ecfetcpeensiyadl, nherapericfic
synbol s of each other in tinme domain and within a second_ predeterm ped

nunber of $HBYRKHPRIESOPFCCRERTORNARS f MCFiPEAHLRE P EMRISHOTRRY diby P ti ng
in at | easkgpne %erﬁéépsﬁg @F@'r RSO TP Sk ing e MdrolRY 1+riR¥niGor'Sed
for assigning fromthe av%u abfe élata esour ce s and an assi gner may be
used for assiogricpgtt&its fromthe plurality of remaining data REs.
[00146]FIG 23 is a flow chart representation of a process 2300 for
wireless c I Cagjonqgq Al el Q - ol
are assi gniwg a f;fe 'e%%ﬁ(g:eé)g?%g“?ngc?g?r%ﬁge%&{stgtl?ognp?ﬁ%%fg%%g? Cgft %Il%g?g%) sone
of remai ni rgmREMiction hat ByxTB02, ar @ibffuine dicpéiiehepatteie bf aimdnmigsidn ed¥ources
transmtting data on the nmuted REs. At box 2306, the reference signal is
transni t t edSP§PI8StPHEEC StEaRs HCtR tsowbrape-dependort RICALE STIERANST #s
previ ousl y iyl Getifhies Ot HESLAMSail e AL P8RS PR Logst
transm ssi ons resources fe.g., RE | ocat 1 ons) Used for transm ssion of the
ref erence ongnas raceivah cithex 3964 ghbmortiohgigodlih a(sebffame @3 rRBmisfi@0datired G 24

i bl ock di tation. of Lon 24 _wi rel .
commun cat i0he isp i BETeRTEHs Shstlinnsted Vblige Taks Sl oF Sufimes. i
el ements (REglveal & y¥ehalsiy Qn@ugs%]gi,erc@ﬂﬁﬁ SiBRAlcst ARSI RMsmiBRnMBAUl €

2404 is for nuting at |east” sone of remmining REs of the synbol, thereby
r ef r ai ni ng réfeesmee seanslsi whem @tliat eononl sigpalyueredagEs sighals modeted R408tais f or

transmttin he reference si.gnal boosti ng a,transm tted power of the
eror ence. Skl FUSRE St fln ko oRAnBSRRES 7 k" BHIEIA of SpBRIRE il N,
the nuti ng thBy¥mRSioRetof DK thddy chaicOBamsformBN@duadddr ansmi tter nmay be used to
transmt the reference signal. [00148]FIG 25 is a flow chart

repr esent at j on of rocess. 2500,.f or wi rel ess. co ni cat i t box, 2502,
o aper | oditBtansFIELOR"T bEaR Attt el Tdio d § Redon o0 i paiiss’

si gnal havicggnfuinRk@kib® HpphradisOfrhEUhsdudt 082 BE rigMmsociviig ROXbAARR-dhBRient
reference signal is transmtted according to the aperiodic transm ssion
resour ce paetienref tansmission desourpgs assigneddperictsdinee sigank mhswiin therwbbamee may
be signaled to UEs 120 using. a down|ink ssage, .l n so igns, .:

downt P mashhobe pidn 15, 18icR, ST ITES B8 Efinaled TR SR o a2
transm ssi enghistibe résefiReene is&d gnedst os. Phemiouls 14904l issfotifseidingt h@ntrol
aperiodic transm ssions may be allocated such that a relay node may not 32
have to recngkimadubframsmtta frARSRIST dprorrcsi 3lospted fotthe rafsrmce sigmphie of

transm ssi gqﬁ i 3%,5 % he ,odi ¢ transm ssion resource pattern
may i ncl udgﬂ%tg%{]seuc%iua 63‘??{5 aplé ioélﬁgig%%j spaced subfranes, e.g.,
subframes 0, 5, 20, in a given nunber of subfranes (e.g., over 40
m | 1isecond®63nd YKe 4besiddior ehartifepfgsantajiospeic edproaessr 49 fat waelesyray be
r epeat ed.

communication. At box 4102, a reference signal in a subset of resource elements (REs)
in a subframe is received. At box 4104, at least one data transmission comprising a
space time block coding (STBC) group, is received in an RE not in the subset of REs of

the subframe.



[00149]FIG 26 is a block diagramrepresentation of a portion 2600 of a

W rel ess communi cati on apparatus. The nodul e 2602 is for assigning an
aperi odi cwOnansws453i on resource pattern to a reference eCHnskothariong a
periodicity of multiple subfranmes. The nodule 2604 is for transmtting the
reference signal according to the aperiogic transm ssion resource pattern.
[00150] FIG 27 is a flow chart representation of a process 2700 for

wirel ess cdMHfli cakiCort2 iata blogk rppam reprsprniadiongfen BPTiGE 280 Qi Hireless
transmtter, the,
tranom t 1 or R ERRAEE, ThORRa RN e B R e AT ke i
t he ref er enaleses bfjraburkce ehonidnes (rkfammrsubzﬁrams Per moduted20Ass furevecduing yit

di scussed, .t he cl ass .nay be .qne of a mmac a fento class.
'n one. aspdfit Ot SR RYIGR LomRudRe aégwﬁ%ﬁ%&k ColaRdsTB0) Srospetont cos
may hel p avgi fotl iRty B8 BEREOLF RGUOF&ALI S With pico or fento cells and of

fento base stations with other fento/pico/ macro base stations. [00151] FI G

28 is a block diagramrepresentation of a portion 2800 of a wirel ess
communi cat iIYH6FHppaFit-udd e ﬂ%mhéﬂz@e@%atmr 0519 PERSPhGPeburessst o a
transm tt ereoffpdiGibf! &1 ERCA0%! S0Ar SEREBIIBGWR A RAHET FIeBRTcObiobRES
transmtter. e nodul e 280 or performng, using the allocate
resources, at Mﬁamessndmtdfedt Incheregd ecsonce demgoab ifi rthenstthef tvaalablel tebarnrce | n
sone deS|gn an al l qcato rovided.for allocating the r es to
O Fanent ¢ Elmioim Hertizcdgfora gt i DTP AP SRt SHTer (GO RRSbess
2900 for Ws&ﬁb@ﬁSA@%WO@% 's%bet 6t 1HR0%t %9Q3aﬂafb'1é3fEs§ur%@Tele%en?§ Is RuRtdabl e
transmi ssion resources for a reference signal, a subframe-dependent pattern
of transm gdicogn l’d@%snhsctelgcluuéesassfﬁgnetdreswrcmelem@ﬁ@rtem@@orsmgdaab aj maximginy en

over a pi urdpREsAgEntoe bf S EERk et bhf TROGRABRE PaLRrTy anail o

resources fonet tlde: SSLRBI§mBSRAo atusdreasipniee. The subfrane- dependent
pattern in the given subframe is non-overlapping with transm ssion

resour ces ate o a firs nal and a seco d si | east in one
oot e s MPSine B s it Sa8ieP At G Tooad BR300 ahanfdRgh
resource f rfWﬂafes§ Rbminfunilatiog aTRY i@uild 8467 s tforswgﬂ@#ymggﬁts%a@f Qfvaildbie
reference signal. In sone designs, the first signal may be the PBCH or SSS

and t he se(r@ﬂ@droglegmetntma b@oarciaévgmkgbfgn gpbalamgy wBEIBIN {e@@nrgeaplen@msao the a

bl ock di agram entation of a [ el.ess ni cation
oppar at ue. ot SBITERBls Poenf B bl Breddo otilonf S PigRRER T ARESL ) o
transm ssi @fgnales@sur RSP s§@bols. Tat enate 4ao4gri§llfor sclsdthbr angbydependentt pattern
of transm ssion resources to the reference slglnal in a given subfrane. The
nodul e 3004&viiiabioresquges plagettsevheewche sebssUbedpesuiBpeMdesur¢ratlees ver a

plurality t I S from
t he set ar %E%%%%’Bgﬁg??é%wonce%(ﬁlﬂég U rao?}glja é{lo%%@%ﬂa%pgﬁ?g{oﬁﬁ%% t% ﬁzs gi ven
subf ranme i somailizingetht ayipentg twinkhitiohansmossCORRB8sMbLOGES a abdraqaipatnt.0 a
first signal and a second signal. Furthernore, at |east in one subfrane
fromthe pl ity bfra | east one.fra smssmn romthe
set is alld @Q@é‘d B 8 1ip L oy gcﬁ?%lit PRtepdlaiop Of it Redy Rl W“S{GSS

[ 00154] FI Geomnunscatiof.] AaWbekars02) epvesentit dltiraet aa PTOCEIDE o?zw(ﬁuﬁ@ér of

W rel ess communj cation. At box 3102, .a plurality of avajil able data resource
el enent s (Fz@§§mit rﬁnépnélawﬁ%éora%n%wq pf dee roferenes smpaly the dangsionrbging v of
avai |l abl e r pace
' equency Breck "dadREerEabEEo Lt A ARAESIR I B 1Rl Py

codi ng (STBGi)regxbﬁdnpg tcb hdirefayuniles vl tdangmit Anteonasng laCSupﬁSbtRE& scf@lleSqrts. 32
is a block diagramrepresentation ortion 3200 of ‘§1i1 eI ess

f
communi cat PSHCTRFREFRONLINEPHE anisaeknwdl of drapgpitppieARast sﬁﬁ%t@ﬂla}bﬁ y of
avai | abl e (i@él%atre‘?ﬁﬁﬁrtﬁéase%h@d'ﬁ%@er( RE%))X 508 18R [JcRHB resblR IBRAUL GicAQth | S

for assigning the plurality of available data REs to data transm ssion in
at | east one alpeg®nfmesyuEndys mbuoksljcddscm@eq SEBGONcglesigps, dhelnetted dasntiane

space tine n?eltlgoc({(olocg%drlngg b% Su-gg(? )f01g A\ ating ré(:‘SrI%@ltlransrmsstlIor{’]sgtol antgn%aupnou RE RES

example, in some designs, REs may be allocated to 8 antenna ports, which are dividable

into two non-overlapping group of RES allocated to 4 Tx antenna ports, which in turn



[00156]FIG 33 is a flow chart representation of a process 3300 for

W rel ess communi cation. At box 3302, a reference signal in a subfrane from
REs assi gmeaotiaos4sansm ssions of the reference signal i #CrasedinmeldcThe
subframe conprises a plurality of remaining data REs. At box 3304, data
fromat |east one of the plurality of regmining data REs is received. The
data is transmtted in groups of a predeterm ned nunber of REs such that

al | assi gnét® datieabiEdRi £ eash o2 By 0158 oW CRIRSa UBPEBIstM i Mo dTHAMSE of

symbol's in c{ﬂ%e&‘@ﬁthq 5;%8%‘1318‘5 edgter EHer}F%u?&%gt%mo?flloRﬁéd (ltjj] ﬁ?ﬂg‘ﬁ&ﬁ F%Ml o

each 34 ot er, thereby resul ti ng inat |eas ungr oupe
subfrane (eragsmlsasnsjamydieetd)nl-qmeﬂhﬁmng&)lth 06 piz}dllocstodrecsdesk gragerns lsech

ref erence si CSI-RS, In sonme designs, the data received fromthe
plurality #%ﬂdﬁrﬂ%@&j (L3SMESONSay be nodul ated as space-frequency bl ock

code (SFBC) and space-tine block code pairs. In sone designs, the data
transm ssi goE 70y t hFIG.t46eis gridogk dibgiRsreprychigtiqnestf Dpdreon 460Maf an hfRRso] t
di versity schepe such as an Al anouti. schene. [00158] FI G 34 is a block
di agr am r epPRYBRESY SARMBHIcHigee T he HlodglegtHOgs arqmeé| asallocgtpg Fisewcs o 2

apparat us. f{[ﬂ%ﬁ{é%‘#‘d'n%n%‘épgf frgnsh Rl adtGHEL UidiGroR rﬁﬁn’gés‘r’i‘gf 6t b 90RenkOsi3nal,

subfranme from RES assigned to transm ssions o erence signal’,
wher ei n t hehsfibctiambeiog mested @xstharep]bamt ab tlteynmiﬁbarmfﬁiamismg af&naaREgh tlﬁftea

nodul e 340§|s for recei w%‘g dat(@%ﬁf Wg ne of the plurali ¥

remai ni ng dATTdCREECS RFEFEFHIPRY YAt 0 4 TSEP A Ol SRS PYDWAS 1St 515’6 set
predet erm ped @%m@fesafrcagat&yean&@aﬁdlﬁg la tasasge@&%ﬂn&l%@f d%ﬁ&nwnhmnrfblﬁagr oup
are within a predeterm ned nunber synbols in time and a second

pr edet er m ndgnriberfiest nombRES glrfratefrrtbfqu@n@ycomﬂ neadigr. oheemodulh d6@bis pre@dﬁsd ing

in at |east. on n the subfr 00159

chart o dRois, ASPRciby ol SRt AR Rriod PRESRL TR MR Frfie i ox
3502, a refmpfyerce gt ahydr dSideSaidomal lbedinSHO Tt OF af GIGAAY SRecHYRFERES
(REs) of a synbol is received, wherein at |east sone of renaining REs of

the synbol 2Hpeedinedsubfidmaher ei n the reference signal received at a boosted
transm ssion power |evel. At nodul e 3504, a feedback nessage is transmtted

based on t hgyirgcei yedin eﬁeera%gfé%la%om@dt 54\@94694\5! fechmfudss fé Rlig&dtiodi agr am

representation of a portion 3600 of a wireless conmuni cation apparatus. The
nmodul e 3602rangmisgipn rrewmsmg a rﬁ&:rmcerﬁ@@aélagmillsctqsadns}n o8¢ @spdch Hesagyset of

resource el ement s rein east sone of iniing REs
of "Che symisSTTapEs iy b BHIRRATeMenpst St Eleke Bloca® Sl Pl i ETRAR S
boost ed trapsm ssi on power |evel. The rmdul e 3604 is for transmtting a

f eedback nmessage based on the received reference signal. [00161] FI G 37 i's
o b Shanlu " SRS ohEn L R oS, ATOD. LRt el RS conpunl ] on
assi gned t QadinkSFHEPHR sthBRY bySci@aLibbd&din IR SbMdidesikAAMH TS an
resouree combination with SFBC. Some designs introduce blank REs. Some designs use SFBC /
single antenna port transmission using a pre-determined transmission scheme (beam) on
some REs while using regular SFBC / SFBC-FSTD on others. For example, in some
designs, CRS ports may be used and may be changed across RBs to ensure all CRS

ports are used equally to achieve better power balancing.

[00173] It will also be appreciated that, in one aspect, resource eclements from a
resource block are assigned to certain other reference signals and mandatory
transmissions. Of the remaining REs, which were available for data transmissions in
legacy systems (c.g., Rel-8 and Rel-9), REs are assigned to reference signal
transmissions. In one aspect, data REs are assigned to the reference signal such that the

remaining data REs may be allocated to data transmissions using a modulation



35 pattern has a periodicity of nultiple subfranmes. At box 3704, the
reference signal is received according to the aperiodic transm ssion
resour ce watzberme45700162] FI G 38 is a bl ock di agram r epiPesamst@ilioosyonf a
portion 3800 of a wireless conmunication apparatus. The nodul e 3802 is for
receiving information about an aperiodiCtransn ssion resource pattern

assigned to a reference signal, the aperiodic transm ssion resource pattern
having a pdtdhaiiugisugh af Skip Fsling. SYSETbY i slcastioae wpapuBet Bliarcpults; within' a

recei vi ng @gﬁ:r periodic transm ssion
resource p§?53§ﬁLQ@§§§§gf g§&§ gt%&% 5%£§ﬁ§§tﬁrepresentatlon of a
process 3900 of wirel ess communication. At box 3902, a subfrane-dependent
pattern of [#HaNsni issonte disdleiedddssizas latinEs t trba sclf arcapeied at iicgher usodHer ei n

the subfr angdependent RALLELN: I ofal LB8 RYSL Bt Uiakd Ll iSURF ATRS sueh

that all aval tanshi s 0n T esoutfces are once,

recei ved. Attrdn@nitBA04ferénce Gignabin & pigakell Suffiers U436 fraerahced tHekcysabAERON
resource allocated to the reference signal in another subframe in the
plurality o2& pipriive CP]ébfﬁ%%?ﬁﬁé’énn%hi‘fﬁ@W%lﬁly di scussed, certain

subframes may avoid transm ssion of reference signals when other contro

signal s or [AgSINg B HAd) Gs@bRURSENnS, thé Bittcrh Bf REDfK ARSI toHONWRY @ce sighaDt her
subframes, REs may be allocated to ref erence signal transm ssions to_ensure

that a chanh@FripdC @Vier §r PATRIE GUREd of [sgb&mr‘ﬂ@e RUiQdicity plagclhe abefbl &m
representa 08& fth@P&Qér.tdff?ﬁnégRt%dg%fm%nX\é %g §ss communi cation apparatus. The
p

nodul e 400 ecei ving a subfrane- endent pattern of transm ssion
resour ces aSS|gned to a reference signal, wherein the subfranedependent
pattern is [WH7fled blveqme dpﬁlgnsal STE}C (ﬁnds&BBGaESeTsD sm@h be h&@d aln thevspinbeds e

transm ssi on _resou g east ,.once. e 4004
ESE] i

receivi ng ngIet(%In i muhedjt 8801?}{’ %Vnoedlg% ucsiln% r ans m OHIGrOeVgI‘ ]l[.Pl’ngs %at

al l ocated tage ieﬁ)erafeeft@rm Bbrg Aétes liM fraf@inBEn Db hERaE thih ?Qes@ﬂltﬁﬁ@kaﬂw of
subframes. [00165]FIG 41 is a flow chart representation o rocess 4100

for wirel esqudlowizniceel BhCRArankna poUis, and maf wprknios aHrC@ﬁ@rnarlﬁn&OEGB§et of

resource elfgid s, ubframe is received. At box 4104, at | east
one data transnrss??ﬁﬁ%%ﬁﬁﬁgg?ng a space tine block coding (STBC) group, is

received in an RE not in the subset of REs of the subframe. 36 [00166]FI G
42 is a bl deW7di aghla&ﬂmee@segeadt@sigeh wopatgrpef REsns almtedftoéhwrﬂeﬂneseon

communi cat 0N, aRALAL URy, e, oduL e A30% 1S [ Q1 ERE NG AnfELs! SRGE
Si gnal in a su source e In a SU ramne

4204 is forrefbe@m yﬂgﬁg Biscl @ast pang ctidt aftlfeatmmn&ahgrﬂa@osmfdnslmgn@a@p@tpe
time bl ock codrng (STBC) group, in an RE not in the subset of REs of the
subfrane. [loo2E99atoE bagd jap powpipwlasharay PeprEemedrsoothabiRiz pleratads tuzoo

of wirel €S Jransmitters in different power class are mutually orthogonal in time, frequency or code
domain. The orthogonalization may help with cooperative co-existence of macro, pico

and femto networks.

[00178] It will further be appreciated that, in some disclosed designs, REs are
allocated to the transmission of a reference signal in a subframe-dependent pattern, such
that all possible REs are allocated over a number of subframes, thereby providing a

substantially uniform coverage of the entire bandwidth of the transmission channel.

[00179] It is understood that the specific order or hierarchy of steps in the processes
disclosed is an example of exemplary approaches. Based upon design preferences, it is
understood that the specific order or hierarchy of steps in the processes may be
rearranged while remaining within the scope of the present disclosure. The
accompanying method claims present elements of the various steps in a sample order,

and are not meant to be limited to the specific order or hierarchy presented.



comruni cation. At box 4302, a set of available resource elenents in a
resource block of a subfrane is identified, wherein resource elenents in

t he set oWoavriloedsie resource el enents can be utilized Por/ush@nneddsst at e
information reference signal (CSI-RS) synbols. At box 4304, a subset of the
set of available resource elenents is s gect ed, wherein the subset includes
sufficient resource elenents to accommpdate a nmaxi mum supported nunber of
transmit adUabas. Thesepdekitlsinghe prfevauld yaderstand,ihaf infergnation and wigmts B#e or
nore CSI-R . r | i 6 44 i | LAgram
repr esent at% iegﬁwg?é@e%gsrlﬁ ﬁ?&{gagy%%{g%tféiﬁ%%gét %gﬁocq)%r)gléa Fulé éegggqu% e
conmmuni cat ieeamplEhdatapthutrectddl2cansmimals, irdemidtioy] signas,slats, eymbelaj hrabtleps
resource elenents in resour.ce Rl ock, of a supframe, wherein resource

el ements | MAHBAE e BCISYSHd ABpueiont dhe cboks PSIOR R P FEPrSTRIGd £ R
channel st abRadddf QI PREd ORCAEHEERAE &vadbd MM ontEStieidSbr ?Xﬂf@f&'s,soptﬁﬁﬁﬁélﬁg gt e
4404 is for selecting a subset of the set of available resource el enents,
wher ei n t hepagighsetr dnycbodewmtisuthdreifent resource el ements to accommbdate a
maxi mum supported nunber of transmt antennas. The nodul e 4406 is for
utilizing t ubs re ] N : - S t

equi pnent . [%8%69] i?:fll%%é{g %gérgb%f)gwﬁcﬁgaerd?ﬁ %%%??sé%? gt %/egﬁﬁ%% Sa&b%éth:% %’ 4300
of wirel essnstorouen dlastraion. Adnpespedb@2desighsdasciles] aranals| ‘erahgdrydss aot
function of a nuqber of tran(gm’t ntgnna used for trEnsrri ssion, of the

ref erence PRSI {hRS PUSEETDLE MEfCHET ARAT@RgrAUs MesPaTasPes Helhighber of
transmt antennas such that a first resource pattern corresponding to a
first nunbgeo1ed] t ramseidf kit ewnds firthen appipaitethatofhe avasioao fithstregautogral
pattern correspondi ng a to a second nunber of transmt antennas when the
first numbéftocks, gr@a?eéf CHRYE tHY SOBHEN ntipRsefescRped g agmgctiqn, avit]) |tz at ed
resour ces [FEalell L al I; . | i bed,
| soms. deal Be o R e P RS i O Y pIm

al | ocat i ng s&®waRS or rcmgmasneng bah.anTendearfoiltustrateothise xeenchageabilion
desi gns, S be,allocated.to. nt.enna ports, ch are dividable into
fvio. hon- ov BRI AG St CoTTiess et Bamporc skt drfibsorrifopitn i o
turn 37 agpdhdaiRhdcidthed db&RGnehty aiceniar Melrtfufeaoniny! WARSRE$§EPNS.
As previously discussed with respect to FIGs. 3 to 12, the resource pattern
al | ocat ed tfenatiehalfts nis eimyilgnerited aarmsndvsae oors saftyarp edepordsoviean disppargicwet h

ot her pre- %I l.oc 1t§%n<%ﬁss?u1{ ce parterns s clp 1as, C%% arSn[deE$ Iﬁ %gﬁnsm’nslsi ons.
[ 00170] FI G pELléc 8 DR 8?§grarﬁ réjb)ls%s%n% at'on of ° % po l%l% 808 0% an
appar at us fi@ipleche trRSdes ErsdUinh eedniabify: inT‘lin‘yiggd&dy@ f6:6€athi Sartdudati ap@tlcdtion,

al l ocating resources as a function of a numper of transmt antennas used
for transnibgssush igplemeatatien deaipieas sioghbnot beprtepieied posrupaR dglepesire §rom t h
respect to r it. antennas such that a first resource
pattern corﬂrrl%ggg%g?ﬁép?%e%@?Js%u{ehurrber of transmt antennas is a superset
of a second resource pattern corresponding a to a second nunber of transmt
ant ennas wieH83lhe The serieusnblastratycgpeigtleblocksamaedvess ead wercwitirdescribathen
modul ¢ 460419 poovided forddhsali RS ALLARR! 69, T ORONIFRRS 1 AR

al I ocati on ssage. al 1A on hessage may ‘De & i gher ] ayer ssage
and may be ttapsthiterd ardnalkatdrd)j happe sppliieiticd drffesfoahd d@ath @dodnBra patposs ame.
[00171]1It will be appreciated that several new techniques for allocation of
transni ssi dFPcEwbuR dagital sighal prospsspac €03y ral anppligatins csdisdintograteth irgipect |

the new te ' [ t t ' [ OfL

ot erence. Shaat iyt RB Rl S FrEPD U A S BLBITREL A oy

t he vari ouslidest gat oegaiisihed |y wliscastoitdrdveare rgnipbBEntpadr snys e@abimbch by
several tones in frequency. Sonme. designs use STBC. in.conhination with SFBC
Sone desi gﬁl_%er?fﬁ? ﬁ%%@%g f aRHoRESshe s@lﬁ&%s FHEOers éi_egaﬂsc:"?\ FRGHle PARPENINA
port transmiSLQR ks BY adnRESORE& MR thE aNSHaESd, AR HERLIBr KRR aBp SOME

REs while using regular SFBC/ SFBC-FSTD on ot hers. For exanple, in sone
desi gns, CRenymtibsalmagccherusmttobern maypc@dratienngetitaordsse. RBsproceseorsuae al |
CRS ports are .used. equal to achi eve hetter, .power. bal ancing.,.[Q0173] 1t
w1 el so BEOd PR faConbmaGHE of ShiBhuny Hhemes tar e iSRRG &
resour ce bIEgKaRl £mdgsh8b&Gort @ phRilitdion nﬁ&rbgfocé@Bﬁ,r SNCE HbRNAcFopad@dssors
mandat ory transm ssions. O the renai ning REs, which were available for
dat a tr ansni seijsiionpvithetyREY cotes pery qtherguch FeficRradion. Rel-9), REs are
assigned to reference signal transm ssions. In one aspect, data REs are

assigned to the reference signal such that the renmaining data REs may be
all ocated to data transm ssions using a nodul ation



38 techni que such as SFBC codi ng, whereby at | east one ungrouped RE results
within a synbol in which REs are assigned to the reference signal.

[ 00174] | weana/@s45¢| osed designs, data REs in a cell areCrusSeadiarsdbnpcati on
used for reference signal transm ssions in other cells. In one aspect, due
to nuting in other cells, a transmtted geference signal in a given cell
suffers less interference, thereby resulting in a nore effective

cal i br ati on0UdB4chalinere enaraae capmilar: smbpdiientsy (the Swiedors descsbed npesPyns,
the patter asgsi o] r i |1, S 1 odi a
certain nun gfrenlog gub rlgﬂng\gélreTh%ﬂ%gﬁ?oﬁﬂg}%?%’%agg se I:I}?ﬂlhf\ tgécl)lgssffi %E t he
power of tri@apkmehtoddinrseftenencie Singnahs mad) bk 76ret mnsanencdési gnene &TBGrand
STBC- FSTD nay be used or&gt he synbol s cogia%'l ni ng,.CSI - RS and nu P tones by
avoi di ng udRYTYCHeRs SEEPISCARM I ghadabis, gpcdiyra. s@&&%ﬁ“&&a@%\%@ nor e
tones in fLRGURRGYmplidr ORI RASRERL., Sibthse ARYia RSHDE ahaBRbIYM&RY Blat can
utilization of all 8RS antenna ports, and nmay work for all conbi nations of
CRS, CSI - R®¢ amnehserliby ngcqpauter sy wa@Odf 7c&jample qurd ot dichitsien, siebi gpnputear-

pattern of REs.is al.located t.o t 1.5 ference signal, from
11 poss: bkl Tadhs PAEFETpaR RATLEARER I ON. Sio-RebT e ol ik, |
based on aspR¥RY nfbask @bk gk RS hidghstidasRgs datic@ or hily Bher AcBREG! , the
al | ocati on based on power class may be perfornmed so that REs allocated to
transm t t etkatican diefused &ncarpofi ptord aesered peogremualde yn g egarfanstiystionser
frequency of..C onaj T rth | i i hel p.:wW t.h rative
Co- exi st en%gtaosgglﬁ%%ersg% dglh%toﬁgr}b% afcgé’rs?%{'ﬁ% \%gwlsq{&%%dl (%lg%v\,iaﬁ Iug%ﬁl?%ﬁ%r be
appr eci at edndlindds compagahi® (diyclasgetiscr opti@ngdisc,Risita versatile diat(@®V D0 fTopgy
transm ssion of a reference signal in a subfranme-dependent pattern, such

that all pdéki yrdebeeygige yhercdisky upnadly wpradise dast magisticalbe svhile, disehy
provi di ng i ald I C J Wo: t he
transm ssi g%psrg an?ldeafa!. @d[tlﬁ%li#%tpg éélg}ss' gﬁﬁ@?@? 8%%01?&3? S%f@%@%&%@&@%‘i or
hi er ar chy ofitlsn gdpscope dfvenpuecessieblecdnsitd.osed is an exanpl e of exenpl ary
approaches. Based upon design preferences, it is understood that the
specific or or hj SI. hn gt . d
whiTe rommitug wi {1 Ho R drBhErS Y ool PRARERRATRY G ¥ AR
acconpanyi gy npdrivad skillad nig hice aetnto ehakee ot susof thehprevar i divdosireps Vanioas
sanpl e order, ﬁnd, are not neant. to be limted to the specific order or

hi er ar chy &@é ¢atieps to thgse embodiments will be readily apparent to those skiﬁed n the art,
and the generic principles defined herein may be applied to other embodiments without
departing from the spirit or scope of the disclosure. Thus, the present disclosure is not

intended to be limited to the embodiments shown herein but is to be accorded the widest

scope consistent with the principles and novel features disclosed herein.

What is claimed is:



[ 00180] Those of skill in the art would understand that information and
signals may be represented using any of a variety of different technol ogies
and t echrwqQuesl/106657 exanpl e, data, instructions, conman@sT/Uisadio0esbi on,
signals, bits, synbols, and chips that may be referenced throughout the
above description may be represented by moltages, currents, el ectronmagnetic
waves, magnetic fields or particles, optical fields or particles, or any
conbi nati on thereof. [00181] The word CEAEMY ary" is used herein to nean
serving as an exanple, instance, or illustration. Any aspect or design

descri bed herein._ as ?eﬁ@ﬂﬁhafﬁnﬁ%ﬁsa@hnm@ﬁ@ﬁ@@kbﬁ¥n@ﬁ be construed as
preferred or advantageous over other aspects or deS|gns [00182]Those of

skill would fur

Bl ocks,  modul oo, N ERTE ¢ SRR of fakiab Rkl LR (8RR AR 0 i e
t he enbodlmnmts di scl osed herein may be inplenmented as el ectronic hardware,
conmputer software, or combinations of both. To clearly illustrate this

i nt er changeabi | igtyothe REK EAL e PNHaBQ WAL RV RES fdrldatbStdndkhiséRn to a
conponent s, blocks nDduIes circuits, and steps have been descri bed above
general |l y ivriraless dgvie¢ int greips quﬁdmmquynunwepﬁ@ﬁs suahrthatidloaspigned daty i s

i npl enment e s hardware or s el the ar |ication
and deS|gnqg%nqugﬁﬁ¥mﬁ)me‘W&H1oﬁfﬁhengwgra %yét O%F?e %?f?gans may
i mpl ement  tdagmadesein e afsamulmmkdrmynddmuweybﬂ@bwlersfmeaaa&hemartl cul ar
application, but such inplenentation deC|5|ons shoul d not be interpreted as
causing a J@ﬁd@ﬁcﬁrd@mﬂbﬁhqfﬂ%’ IsaBee Bratieqst gneamgrrupgd BE osure. [00183] The
various illustrative |ogical blocks, nodules, and circuits described in
connection wth the enbodi nents disclosed herein (e.qg., identifiers,
assigners, transmtters and allocators), may be inplenmented or perforned
with a general purpoggcpi@ERbSYlainal, Gu'mélﬁkhegjlgrﬁﬁiy HQe@asOdath REE) , an
application specific integrated circuit (ASI a field progranmabl e gate
array ( FPGRpMpFisoddie REp nebisaigiabioonesdiachamal &téte igfosmpigarercipiencesignal

transi stor i conponents or any conbi nation thereof
desi gned t5b§§P$%$%f%ﬁe%?ﬁﬁ§?{gﬁ§§ escribed herein. A general purpose
processor may be a mcroprocessor, but in the alternative, the processor
may be any conventional processor, controller, mcrocontroller, or state
machi ne. A processor may al so be | enented as a combination of conputi ng
devices, e.g., & conﬂ*ﬁém¢hﬁdQﬁd@ﬁggﬁw@ﬁmCamﬁﬂ@ﬁeﬁﬁmﬁemsﬁﬁat@aﬁKmﬁal|ty of
nicroproces 0 unction with a DSP
core, or an gc?ﬁ%fﬂgﬁgﬁﬂ%gﬁgﬁghggIﬁoﬁgﬁ% 1%56%%‘%%% one or nore exenplary
enbodinents, the functions descrlbed may be inplenented in hardware,
software, firmnare, or any conbination thereof If inplenented in software,
the functions may be stored on or encoded as one or nore instructions or
code on a conpuHer-ré&@a@ﬁEXHwﬁﬂ@nlldhﬁmmmem@ﬁéaﬂa@heﬂmedﬂ@wi@mﬂudes

conput er staorage ia, I vai | abl e nedia that can
be mocessed By oae LBl PP u fafTur el R S R B i ¢ ot on,  such
conput er -r eadabl e nedi a can conpri se RAM ROM EEPROV] CD- ROM or ot her
optical disk storage, magnetic di sk storage or other magnetic storage
devices, or any other nmediumthat can be used to carry or store desired
progr am code in51; he fldwmabhiod mfgllerimcl ifonlser somgasiag s¢fracing fos e tthat can be
accessed b¥ a ;@ di sc, .as used herein, includes conpact
disc (CD), PR gg%up%?ﬁs 5?‘%?%12:“1%?&0@1% al versatile disc (DVD), floppy
di sk and bl u-ray disc where disks usually reproduce data magnetically,
whi | e di scs reproduce data optically with | asers. Conbi nations of the above
shoul d al so be included within the scope of conputer-readabl e nedia.

[ 00185] The previtous déscendtipad aitlam i, véhediis teqeedttanmodi memies of symbradyisded t o

enabl e any persa he art to nmake or th resent disclosure.
Vari ous mod ?%&F?tﬁéiafag[gﬁhggémearﬁ%ﬁ’ AErRt? 341 Olg@ﬁ éﬁ? l?y apparent to
those skilled in the art, and the generic prlnC|pIes defined herein may be
applied to ot her/- enbddicmeaibas ofi daimyt. whepein th erfgegndaneddiermipidiumbsy ofcope of
t he disclo SqSOa neaggvggesent di sclosure is not intended to be limted
to the enbo omn herein but is to be accorded the w dest scope
consistent with the princi pl es and novel features disclosed herein. What is
clained is:



41 CLAI M5 1. A nethod of wreless conmunication, conprising:
identifying a plurality of avail able data resource elenents (RES) in a
subf r ame;wearndi1/106457 assi gning REs fromthe plurality of pavaist@bloessdat a REs
for data transm ssion to a wireless device in groups of a predeterm ned
nunber of REs such that all assigned datg REs within a group are within a
predet ermi ned nunber of synbols of each other in_time domain_and within a
second predet er i ned Thgmdhodef dypchhpeisinsthegraupig isliputed it REs sdthanty
domain, th |.pg in at |east one ungrouped RE. 2. The net hod
of clain11$&%Eé?éﬁﬁgkkgﬂplurality of available data REs conprise data REs
not assigned to one of a channel state information reference signal
(CSI-RS) RE and a nuted CSI-RS RE. 3. The method of claim11, further
conprising assigning the at | east one ungrouped RE to other transm ssions
to other wirel eds devihgarcthod of claim 8, fuighaeprpeisios mutiae i SI;RY tipnsrdssions

conpri si ng I . ungrouped RE for a non-data transm ssion
to the mﬁrgrggggﬁégﬁg%%éﬁﬁﬁgpﬁgﬁ%he met hod of claim 1, further conprising
refraining fromusing the at | east one ungrouped RE for any transm ssions.
6. The nethod of claim1l1l, wherein the predeterm ned nunber of synbols is

zero so that all data REs wwthin a group are on a sanme OFDM synbol.
7. The nethod oflO¢c| ailhe methgrofelgim havheeain the fostepfedderminesonuinbasef RES IREs i s

f £ - foclaim:1. i h
orupt ng MR eoPmecot s PR TRERC BB LM Rb it e
reference signal.

11. The method of claim 10, wherein the another reference signal comprises

a common reference signal (CRS).

12.  The method of claim 1, wherein the groups of the first predetermined
number of REs comprise space-frequency block code (SFBC) and space-time block

code pairs transmitted using an Alamouti transmit diversity scheme.

13.  The method of claim 1, further comprising using the at least one
ungrouped RE for transmission to the wireless device using a transmission scheme
different from that used for the data transmissions to the wireless device on the grouped

REs.
14. A wireless communication apparatus, comprising:

means for identifying a plurality of available data resource elements (REs) in a

subframe; and

means for assigning REs from the plurality of available data REs for data
transmission to a wireless device in groups of a predetermined number of REs such that
all assigned data REs within a group are within a predetermined number of symbols of
cach other in time domain and within a second predetermined number of subcarriers of

each other in frequency domain, thereby resulting in at least one ungrouped RE.



9. The nethod of claim8, further conprising nuting CSI-RS transm ssi ons at
a pre-determ ned nuting pattern. 10. The nmethod of claim 11, wherein
t he firstwpredeétessm ned nunber of REs is a function of @&Cmarsben/oefoet ransm t
antenna ports used for transm ssion of another reference signal. 11.
The method of claim 10, wherein the another reference signal conprises a
common reference signal (CRS). 12 The nmethod of claim 11, wherein
the groups of the first predeterm ned nunmber of REs conprise
space-frequency bl ock code (SFBC) and space-tine bl ock code pairs

transm tted usi dg. an Theappartius bf dasmil 4, wWhereinshd plusatihenfeavailable data R¥s The

nmethod of claiml, further co | Si ng usin he at .l east one ungrouped RE
for transmicQRPORS 5% R D #CIRIRG oGO hartel SEter P ioRE ARSIl otE hispal
di fferent fCOMREMRE dhgadnited (SMRFREA transm ssions to the wirel ess device

on the grouped S. 14. A wirel ess communication appar at us,
conpri si ng: nmeans for identifying a plurality of available data
resource elenments (REs) in a subfrane; and nmeans for assigning REs

fromthe plurality of avail able.data R or data. transm.ssian to a
wirel ess device 'fn grTé{aﬁgp%PtuaOﬁgléﬁ%ﬂéﬁsmtﬁ%omﬁlﬁ@g TFANREY SR it 2l |
assi gned da¢Rt fieSunhduped RE BTRAMPR 1BhENMIbMN foR JE dafREFupge.snumber of
synbol s of each other in tine domain and within a second predeterm ned

nunber of subcarriers of each other in frequency domain, thereby resulting
in at | east one ungrouped RE. 15. The apparatus of claim 14,

43
wherein the plurality of availahle. d s conprijse data REs npt assigned
to one of a charrel ﬁfthﬁtaap%rﬁtﬁlépﬁﬁ‘@%iﬁff@# TERERTISing TAFang ?%msms)t Rt and a

mut ed CSl - B3R ungrouped RE P8 nBRRBIatMSmAkioR i@ P witeledsWelfagr conpri si ng
means for assigning the at |east one ungrouped RE to other transm ssions

fromother wrel ess devices. 17. The apparatus of claim 14, further
conprising means for using the at | east one ungrouped RE for a non-data

transm ssion to the w rel ess deyi ce. 18. The apparatus_of claim 14,
further conprisilg mddRSPPHRtUP 8f ¢laimhil hfurthenfonwrisigetpenafor rebapingfeom

ungrouped RE any. 5ﬁg5%?r IARS: fi ¢ issl6lf apparatus of claim 14,
n%g%%ter%%ned urber Oraﬁ%gﬁkﬁnﬁ

wherein the p of sy S 1s zero so that all data REs
within a group are on a sane OFDM synbol . 20. The apparatus of claim
14, wherein the second predeterm ned nunber of REs is one of one and two.

19.  The apparatus of claim 14, wherein the predetermined number of

symbols is zero so that all data REs within a group are on a same OFDM symbol.

20.  The apparatus of claim 14, wherein the second predetermined number of

REs is one of one and two.

21.  The apparatus of claim 14 wherein the grouping is limited to REs within

the same resource block.

22.  The apparatus of claim 21, further comprising means for muting CSI-RS

transmissions at a pre-determined muting pattern.



21. The apparatus of claim 14 wherein the grouping is limted to REs wthin

t he sanme resource bl ock. 22. The apparatus of claim2l, further
conpri si yormeam®e450r nmuting CSI-RS transm ssions at a pPeTdst@nm2ived nuti ng
pattern. 44 23. The apparatus of claim 14, wherein the first

predeterm ned nunber of REs is a functiop of a nunber of transmt antenna
ports used for transm ssion of another reference sig 24. The

| .
appar at us of cIéﬁn]2§ﬁeﬂﬁ@F@WﬁOfﬁ@ﬁ%ﬁﬁﬂﬂ@?dﬁéh%ﬁ@h@€gg¢6%@FdE@ﬁ%@ﬁ§es a
common ref ?{C])T%q%; ﬁ gﬂcggﬁ‘ bt & ber of transraﬁ%ﬂ%ﬂ?p@?ﬁ%&@tfﬁﬁ%%?%gﬁh%‘fltﬁlothgwer en

t he groups irst predeterm ne er o

space- f r equefecycbsignd. code (SFBC) and space-tine bl ock code pairs
transmtted using an Alanouti transmt diversity schene. 26. The
apparatus of claim 14, further conprising means for using the at |east one
ungrouped RE for transm ssion to the wireless device using a transn ssion

schere di f fer enty,f 1 O Lah. et igin bYSHALA AL AN SSLARS. Ligndine wi rel ess

devi ce on the groupe comput er program pro conpri si ng
a non-vol atcoimprissrapssnenen eddaidessigt(CRS)havi ng conput er - execut abl e
instructions stored thereon, said instructions conprising code for:
identifying a plurality of avail able data resource elenents (RES) in a
subframe; and assigning REs fromthe plurality of avail able data REs

for data transm,gsi on.t i I g V] | [ i ped
nunber of RES suz§h thr’%]te%gﬁ?r as §|k glﬁgﬁ?g’a"t@&ﬁﬁg}l e\?\#ri& ﬁ?%oﬁﬁ%fﬁgsgg%grg%%ﬁe in a
predet er m machboudtREs @fm@msedpi-faéqueasiblotiherdei(SFBChendgpaed-tim2ibdook t hi n a
second predeterm ned nunber of subcarriers of each other in frequency
domai n, t héEPebRIFsEEmsMitieg ysigan Alaaeuti Fiaasnpih §vstpyedctme. 28, An appar at us
for wirel ess communi cation, conprising: a processor configured to : 45

26.  The apparatus of claim 14, further comprising means for using the at
least one ungrouped RE for transmission to the wireless device using a transmission
scheme different from that used for the data transmissions to the wireless device on the

grouped REs.

27. A computer program product comprising a non-volatile computer-
readable medium having computer-executable instructions stored thereon, said

instructions comprising code for:

identifying a plurality of available data resource elements (REs) in a subframe;

and

assigning REs from the plurality of available data REs for data transmission to a
wireless device in groups of a predetermined number of REs such that all assigned data
REs within a group are within a predetermined number of symbols of each other in time
domain and within a second predetermined number of subcarriers of each other in

frequency domain, thereby resulting in at least one ungrouped RE.

28.  An apparatus for wireless communication, comprising:

a processor configured to :



identify a plurality of available data resource elenents (RES) in a
subfrane; and assign REs fromthe plurality of avail able data REs
for data woansmiossiion to a wirel ess device in groups of paTarsedenesvni ned
nunber of REs such that all assigned data REs within a group are within a
predet er mi ned nunber of synbols of each gther in tine domain and within a
second predeterm ned nunher of subcarriers of each other in frequency
domai n, thereby resulld§ndy  plugglity ghayailahle dakgesppesrlaeentaRES hdnory

coupled to the RLRESSSAUnd 29. A nmethod of w reless conmunication
conpri si ng: assi‘'gning, resource elenents (REs) of a synbol to a
reference signal transm ssion; ti east_so of remai ni ng REs
of he symbol .t her By FLRFTRIGe ety b Rufeb el BES I ol HE o BG Res.
and t r ansng b Wirtesh B8viE€hereE % BeRkerRinAGRSIIcPEf RES hithshattgled power
of the reference signal. 30. The nethod of claim 29, wherein the

mut ed REs conpr iagsgnadalaenREswahinregioup awsvithied prasietarmined musdieoefl symbotre

reference si gna‘lofi nchaotthequg‘%}neo Chaldd Qfdwﬁﬁilnla' second pr ejfé -{heed Iﬁ}atbhe?dfof claim
29, wherein the & §tErende" signal CoRpr T 5es D ENanmer state 11T or mat i on

reference si gnalsufdafilierRS) each other in B2queAcyibrahi@stheOIMRLNItR@lh anlcappas at us,
conpri si ng: nmeans_for, resource elenents (REs) of a synbol to a
ref erence si gnalngioypehREsush; means for nmuting at |east sone of

remai ni ng REs of V. I r fraining fromtransmtting data on
t he nmuted REs; gﬁﬁgﬁb§w£ﬁﬁgggiﬁg §9¥$%§snitting t he reference signal by

boosting a transmtted power of the reference signal. 46 33. The
appar at us of clzin132, erein.the nmuted RES conpri.se transm ssion

resources used Fdr t“amstod of grirelpss sopmpgication. CRMPHSINE; n at | east one ot her

cell. assigning, resource elements (REs) of a symbol to a reference signal
transmission;
muting at least some of remaining REs of the symbol, thereby refraining from
transmitting data on the muted REs; and
transmitting the reference signal by boosting a transmitted power of the

reference signal.

30.  The method of claim 29, wherein the muted REs comprise transmission

resources used for transmission of the reference signal in at least one other cell.

31.  The method of claim 29, wherein the reference signal comprises a

channel state information reference signal (CSI-RS).

32. A wireless communication apparatus, comprising:

means for, resource elements (REs) of a symbol to a reference signal
transmission;

means for muting at least some of remaining REs of the symbol, thereby
refraining from transmitting data on the muted REs; and

means for transmitting the reference signal by boosting a transmitted power of

the reference signal.



34. The apparatus of claim 32, wherein the reference signal conprises a
channel state information reference signal (CSI-RS). 35. A conputer
pr ogr am pwoadoati10643apri si ng a non-vol ati |l e conput er - r ead2biraSa|dioesyshavi ng
instructions stored thereon, said instructions conprising code for:
assigning, resource elenents (REs) of a gymbol to a reference signa
transm ssi on; at | east sone of remamining REs of the synbol,
thereby refrainiAgThe 't‘ﬁﬁaf%%%%frﬁl%lm o whsteln b nufed Ris eommiss; trapsgpission

transmtti @Qsohp:%s ﬁ@d%?ﬂ&r%gﬁé f ab%fel})&f&%ts g1ia. at [e%ﬂsdﬂetottﬁaeg cpwer of the

reference sig appar at us r W rel ess comuni cati on,
conpri si ng: a processor confrgured to: assi gn resource eIenents (RES)

of a synbol to ference sr ransm.s e at onme of
Femai i ng REs ot TR SRGRH O CHaely DGR RTR H hPoNeR SHOR L g o on
the nuted %%1n?&ﬁlatlonrefetteﬁ@éqs§§ﬂatl (¢Sergef erence signal by boosting a
transmtted power of the reference signal; and a nenory coupled to the

processor. 37. The apparat us of cIa|n136 wherein the nmuted REs
conprise transn5§s resour ces used Eor transm ssion ?f a reﬂgrence si gna
in at |east one’0th E‘EPH’“ °r prograim pygductfampHLg ANGR-VErS WYY, wher ei n

the refer efi‘@ﬁiaﬁl'e@ﬁ@hurﬁ DaPinE $RSrudicRAREd thefedh sal MnQiridiohd eorﬁ@ﬁﬁﬁgm si gnal
(CsSl-RS). %ng wi rel ess conmuni cati on method, conprising:
assigning, resource elements (REs) of a symbol to a reference signal
transmission;
muting at least some of remaining REs of the symbol, thereby refraining from
transmitting data on the muted REs; and

transmitting the reference signal by boosting a transmitted power of the

reference signal.

36.  An apparatus for wireless communication, comprising:
a processor configured to:

assign resource elements (REs) of a symbol to a reference signal
transmission;

mute at least some of remaining REs of the symbol, thereby refraining
from transmitting data on the muted REs; and

transmit the reference signal by boosting a transmitted power of the
reference signal; and

a memory coupled to the processor.

37.  The apparatus of claim 36, wherein the muted REs comprise

transmission resources used for transmission of a reference signal in at least one other

cell.

38.  The apparatus of claim 36, wherein the reference signal comprises a

channel state information reference signal (CSI-RS).

39. A wireless communication method, comprising:



assigning an aperiodic transm ssion resource pattern to a reference signal
having a periodicity of nultiple subfranes; and transmtting the

r ef er enceweignaoé#sccor ding to the aperiodi ¢ transm ssi oRCTASoUN®S9pRL t er n.
40. The nethod of claim 39 wherein the reference signal conprises a channel
state information reference signal (CSl-&S). 41. The nethod of claim
39 further conprising comunicating. the aperiodic transm ssion resource

pattern in a dowpHETHRE A aRAigdic transmissipn respyecerhrsftREdo gireierarcesignal hapegei n
sai d conmuni b i nj.gati ng a bitmap. 43. The net hod
of claim 33,&%%%}’%9?@@%&52}@% I c’r%n?ansm' ssion is assigned to avoid a

rel ay devi ce fr ermémaitiimgtht ocfeeaesd signdndecdrdiap soite apbeodiefrensamesorsi gnal in a
same sub franme of transm ssion. 44. A wirel ess conmmuni cation

appar at us CORBISCHRHgD- means for assigning an aperiodic transm ssion
resource pattern to a reference signal having a periodicity of nmultiple
subfranes; and means for transmtting the reference signal according
to the aperi odi @0t r afdwirsghahofrdamitehgamtthe reference signpb coripiscappar at us of

claim 44, erein the.reference signal \Ses a channel state

i nf or mat i o\r,‘\fﬂ?lg]rejeggtﬁé%fogpﬁthoéﬁ refef%]lc-e%@.al &%Hié)%. The apparatus of claim 44,
further conprising: nmeans for conmunicating the aperiodic

transm ssion resource pattern in a downlink nessage. 47. The

appar at us of cl &ilm 48hewprthed of daimdd Lhnhentannrisig eaxnenievmgihsesriedigns f or

conmuni cat '&1[31 S isg)lioﬁ %BUIceégttern in adééhléx-ﬁ{]&e?sgg@r atus of cl ai m 44, wher ei n
the aperiodic transm sSion IS assigne 0 avoi'd a relay device from havi ng

to receive and transmt the reference signal in a sane subfrane of
transm ssi on. , L . .
42. The method of claim 41, wherein said communicating comprises

communicating a bitmap.

43.  The method of claim 39, wherein the aperiodic transmission is assigned
to avoid a relay device from having to receive and transmit the reference signal in a

same subframe of transmission.

44. A wireless communication apparatus comprising:

means for assigning an aperiodic transmission resource pattern to a reference
signal having a periodicity of multiple subframes; and

means for transmitting the reference signal according to the aperiodic

transmission resource pattern.

45.  The apparatus of claim 44, wherein the reference signal comprises a

channel state information reference signal (CSI-RS).

46.  The apparatus of claim 44, further comprising:
means for communicating the aperiodic transmission resource pattern in a

downlink message.

47. The apparatus of claim 46, wherein said communicating means

comprises means for communicating a bitmap.



49. A wirel ess conmunication nmethod, conprising: al I ocating resources
to a transmtter of the reference signal depending on a power class of the
transm t twWo;20 erid6457 perform ng, using the allocated PeTas2TI@®25961
transm ssion of the reference signal fromthe transmtter. 50. The
nmet hod of claim 49, wherein the referencg signal conprises a channel state
information reference signal (CSl-RS). - 51. The nethod of cl aim49,
wherei n the powdd: cl dd apppiup ebelaigh a4 orhescipgls perigdisitia@smiseion if ent o power
cl ass. aﬁi%r?ed t@‘a%i'&%lrgﬁ dERAUHBLGRN o?@o%%e%#?raﬁﬁﬁmaﬁ fd&ice signal

c the re

means for a atrng resources to a transmtter o erence signal
dependi ng aima aarpoverfraticasdranbmiskient ransm tter; and nmeans for
perform ng, using the allocated resources, transm ssion of the reference

signal fromthe transmtter. 53. The apparatus of claim52, wherein

the reference siygnal LmRIkSE&mAuLRAMNSheBbABnipRtREMaLi on reference signal
(CSI-RS). 54. The apparatus of claim52, wheré&in the power class

conpri ses one ofallacatmgresourcepiccotramiticrfod thorcfoovme sinabdepending on85. A

conput er progra r ct conprising a non-volatile conputer-readabl e nmedi um
havi ng i nstprog'gf %%soqgllﬁj%ﬁr@}fn{qﬁgrggﬂ, said instructions conprising code for:

al | ocating resokbeﬁsﬁnﬁlg, Wirtd A8 8N datR@Ireurd REr i RsRMGS thd @Rabndensadi ng on
a power class of the transmtter; and 49 perform ng, using the

al | ocat ed fesdthedegsmiticansmi ssi on of the reference signal fromthe
transmtter. 56. An apparatus for w rel ess conmunication,
conpri si ng:

50.  The method of claim 49, wherein the reference signal comprises a

channel state information reference signal (CSI-RS).

51.  The method of claim 49, wherein the power class comprises one of a

macro, a pico and a femto power class.

52. A wireless communication apparatus, comprising:

means for allocating resources to a transmitter of the reference signal depending
on a power class of the transmitter; and

means for performing, using the allocated resources, transmission of the

reference signal from the transmitter.

53.  The apparatus of claim 52, wherein the reference signal comprises a

channel state information reference signal (CSI-RS).

54.  The apparatus of claim 52, wherein the power class comprises one of a

macro, a pico and a femto power class.

55. A computer program product comprising a non-volatile computer-
readable medium having instructions stored thereon, said instructions comprising code
for:

allocating resources to a transmitter of the reference signal depending on a

power class of the transmitter; and



a processor configured to: al l ocate resources to a transmtter of
the reference signal depending on a power class of the transmtter; and
perform weizng/mbes7al | ocat ed resources, transm ssion of PChaSe@Efime®ACe
signal fromthe transmtter; and a nmenory coupled to the processor.

57. The apparatus of claim56, wherein tfae reference signal conprises a
channel state information reference signal (CSI-RS), and wherein_the power
cl ass conpri ses PSHEMYNZ usigcths allocaidagsoysess drinsmisiopldhe refaence signal * 5g,

A wirel ess ﬁ%gﬁé'ﬂﬁ%h%? met hod, conpri sing: al l ocating, froma set
of all available transm'ssion resources for a reference signal, a

subfranme- dependent pattern of transm ssion resources to the reference
signal in a gi vgg subf rane; va élsl ng the all ocated .subfranme-dependent
u

pattern over a r ait %ppafat‘éﬁfB’F Vi URIR3HON, COMPRSINE ah| e t r ansni ssi on

resources from thg,&8loraberslaesiat | east once; wherein, the
subfranme- dependent pattern in the given subframe is non- overlapping with

transm ssi on resour cedogt¢ moatrec tha trandinrtst o§ thgnaficrcand signadaleperdling gmal ;
wherein, at least in oneﬁﬁbfram& fromthe plurality of subfrane, at | east

one transni ssi oR°PE5OARE B CHNMHECTsEY | s all ocated to the first signal

instead of the refer¢aaBms @R the allocated rourckhardiRnQmdnQf titd @fdRmR, wherein
the first signal conprises one of gmghysmal broadcast channel (PBCH) and

an Synchr oni zat isgalSirgiahe t8sg)itter; atsm ssi on and the second si gnal

conpri ses one of i L gnal System Information Block (SIB). 50
60. The net hod gfrﬁl%rﬁa' nc’lgg%l,%a%n%reé)?ér:c%%%@' reference signal conprises a

channel state information reference signal (CSlI-RS). 61. A wireless
conmmuni cati on apgar atus, conprising: . . .
57. The apparatus of claim 56, wherein the reference signal comprises a
channel state information reference signal (CSI-RS), and wherein the power class

comprises one of a macro, a pico and a femto power class.

58. A wireless communication method, comprising:

allocating, from a set of all available transmission resources for a reference
signal, a subframe-dependent pattern of transmission resources to the reference signal in
a given subframe;

varying the allocated subframe-dependent pattern over a plurality of subframes
such that all available transmission resources from the set are used at least once;

wherein, the subframe-dependent pattern in the given subframe is non-
overlapping with transmission resources allocated to a first signal and a second signal;

wherein, at least in one subframe from the plurality of subframe, at least one
transmission resource from the set is allocated to the first signal instead of the reference

signal.

59.  The method of claim 58, wherein the first signal comprises one of a
physical broadcast channel (PBCH) and an Synchronization Signal (SSS) transmission
and the second signal comprises one of a paging signal and a System Information Block

(SIB).



means for allocating, froma set of all available transm ssion resources
for a reference signal, a subfrane-dependent pattern of transm ssion

r esour ceswoaotiwessef erence signal in a given subfranme; PCT/USAEA03595Dr
varying the all ocated subfrane-dependent pattern over a plurality of
subfranmes such that all available transm,ssion resources fromthe set are
used at | east once; wherein, the subfrane-dependent pattern in the given
subframe is nonfOoverl ﬁr%iﬂi*fﬁi%Ctlﬁmﬁgaﬁélﬁfeé%ﬂ’@ﬁefeéﬁ‘@é%?l&%l CaMPHEtded to a

first si gn%ha fistQtesi %t%o?fr%f‘e%ncesgnal 1@) at least in one subfrane
fromthe pl ur rame, at Ieast one transm ssion resource fromthe

set is aIIocated to the first signal instead of the reference signal.

62. The appar at Zﬁ of claim6l, wherein the first signal conprises one of a
physi cal broadc&dt cHaHHE SS(WI)““ ﬂﬂ’neﬁi’pg’S?HEhﬁ‘%?ﬁr? §on Signal (SSS)

transm ssion an%éaﬁ?fo’?‘r%ﬂ@é’%n% g5ala s‘é%‘%[ll S82200 &afimi%iPRAsBGcsI @Pgl and a
System I nformation Bl ock (SIB). . The apparatus of claim®61l,

wher ei n t hecfceher gged, &stgzﬁlameectﬂppmde@wat@mhﬁtmmmlstmresqume@ tortttei on
reference SI nal conput er program product conpri sing

a non-vol at'f Een%%?ﬁ]&ellé?algéva?&%l?féarﬂ%dl um havi ng instructions stored thereon,

sai d instructi Omgcaf®PRNaflifEthe AHEcHAT subframe-depbddeafpdtideh oxfdir@rﬁhﬁfaﬁt@tofOf al |
avai l abl e transm ssion resources for a reference signal,

subf r ame- dépefitess suphithagplh avrilabledragsmessiop iesourrst feasthe éettaIﬁ@HSﬁéfaé keasice
signal in A Qé ven subfrane; varying the all ocated subfrane-dependent
pattern over d plurality of subfranes such that all available transm ssion

resources from tWrrdetthassbitseddabnd@apittoon dethe Whehsubfrarhé® non-
subframe-dependent pattern in the given subfrane is non- overlapping with
transni ssi ONCHEPHE WER travqr@é%@wsw% glioeated & yHeY sighel 2ad sseemd signghal ; 51

wherein, at | easthdfinOf e StHAHE IR LA RCHPHMERL bV BhraBD 1@ Pon et | east

one transm ssion resource fromt e set s allocat i rst signal
i nst ead of ttahsmissberesnvee fiogntik set is allocatdlFo tie fuist €@ $nseaudof thecafarome
processor, con{igured to:

signal.

62.  The apparatus of claim 61, wherein the first signal comprises one of a
physical broadcast channel (PBCH) and an Synchronization Signal (SSS) transmission
and the second signal comprises one of a paging signal and a System Information Block

(SIB).

63.  The apparatus of claim 61, wherein the reference signal comprises a

channel state information reference signal (CSI-RS).

64. A computer program product comprising a non-volatile computer-
readable medium having instructions stored thereon, said instructions comprising code
for:

allocating, from a set of all available transmission resources for a reference
signal, a subframe-dependent pattern of transmission resources to the reference signal in
a given subframe;

varying the allocated subframe-dependent pattern over a plurality of subframes
such that all available transmission resources from the set are used at least once;

wherein, the subframe-dependent pattern in the given subframe is non-

overlapping with transmission resources allocated to a first signal and a second signal;



allocate, froma set of all available transm ssion resources for a
reference signal, a subframe-dependent pattern of transm ssion resources to
t he ref erwocelisiogtsal in a gi ven subfrane; vary t hecaluseaaneid6l

subf rame- dependent pattern over a plurality of subframes such that all

avai | abl e transm ssion resources fromthg set are used at |east once;
wherei n, the subfrane-dependent pattern in the given subfranme is non-

over | appi ng wi t VheFamsitlaast 1890¢ subitaneeison) theoplyradily posukfpmesst legshong  and a
second sig SN i : [ mi lity
of subfr arreqéhgér{usflggget%@ﬁ%?ﬂtogl atrlllgtr%eéslglggéncalrtéglstgElr?ec%&grlgmt Sféeragcragtf tﬂli%gre%}r%gat ed
to the firstgngi.gnal instead of the reference signal. 66. The
processor of claim 65, wherein the first signal conprises one of a physical
br oadcast channel (PBCH) and an Synchroni zation Signal (SSS) transm ssion
and the second gisgnala GARRE &ﬁﬁm@ﬁl@at‘fﬁn;ﬁo%%rﬂ&onﬁggﬁ_%'toﬁ”d a System

I nformation Block (SIB), and wherein the reference signal conprises a
channel st at e i ntlocatatiiooma sefod rB prelabl gmealsmisiin-RS)urces for a ref@@nceAignial.el ess

comn o2 Lot AEL SO A BT Y088 R RSB 200 02

avai | abl e daten sibgarh@ data transm ssion in at |east one space frequency

bl ock coding (SFBC) group and at |east one space tine bl ock codi ng (STBC)
group, thereby resithe ahecatad sybiramesiependeat pattern over g plurgiify ofiputHsancsfsuell ai m
67, wherei ural . avaj | abl I i a REs not

assi gned tgh %Eg ag%lﬁg%ctﬁ%lﬁﬁ%%los rgéoél?‘%r%f% oo(riil?n%ht isgtnE@'l ?ggégfaérlﬁs:agt %ﬁéhal (CSI-RS) RE

and a nuted CS| vRSrdE.the Bibframe-depefident Patvidrii @1 S $iveasubfidrealsimen- appar at us,
conpri si ng: . means for, identifying a plurality of avail abl e data
resour ce elO¥ARIIPEE IR frapsmigsian pspouies allggafed to a firshpigpal andp sgeandgigngly al | of

the plurality Of%}{egégﬁ’ia@il%& iﬁ%&‘%& 5 nh PGt glhg{mﬁsﬁfb%nfef‘at%asw@ét one

space frequency codil ng group an east one space tine bl ock
codi ng ( STB@psmissiup resbher dtoyn theset it kHocakad to ohaufigr © e dnsREd.of the reference
signal.
66.  The processor of claim 65, wherein the first signal comprises one of a

physical broadcast channel (PBCH) and an Synchronization Signal (SSS) transmission
and the second signal comprises one of a paging signal and a System Information Block
(SIB), and wherein the reference signal comprises a channel state information reference

signal (CSI-RS).

67. A wireless communication method, comprising:
identifying a plurality of available data resource elements (REs) in a subframe;

and

assigning the plurality of available data REs to data transmission in at least one
space frequency block coding (SFBC) group and at least one space time block coding
(STBC) group, thereby resulting in no unused REs.

68.  The method of claim 67, wherein the plurality of available data REs
comprise data REs not assigned to one of a channel state information reference signal

(CSI-RS) RE and a muted CSI-RS RE.



70. The apparatus of claim69, wherein the plurality of avail able data REs
conprise data REs not assigned to one of a channel state information

ref er encewei2gnzlo645CSI - RS) RE and a nuted CSI-RS RE. PCT/UR2011M2396put er
program product conprising a non-volatile conputer-readabl e nedi um havi ng
instructions stored thereon, said instrugtions conprising code for:
identifying a plurality of avail able data resource elenents (RES) in a
subframe; and assigning all of the plurality of remaining data REs to
data transm ssion in at |east one space frequency bl ock coding (SFBC) group
and at | east oné9spadewircless GinpoknicgdinrgpuSTBCjongproue: t hereby resulting in
no ungrouped REs A wi.r.el es 0 ni c 0 rocessqr ured to:
Tdent Ty apl ur a5 il R PLra &t PedBhl ol DranEn QoS R T

subfranme; a@eframe; andassi gn all of the plurality of renaining data REs to
data transmssion in at |east one space frequency bl ock coding (SFBC) group
and at | east on r r resulting in
no ungrouped RE%&%?& agél n&rﬁgktﬁlﬁé cessg(0§¥$%1flgllg%ﬂ£}lzRE %e(fag%/ n the
plurality ofanavsibail & ldat end¥pacefroprensebidak aodhg (SEBC pasigaetiattiensooee of a

channel state |nf ormati o ference sign |.-RS) RE and mut ed CSI - RS
RE 53 spacgAimendl g&fﬁ?}gng) rgup t ]&%aﬂ?ﬂfﬁ(@%g gnio ‘t‘:‘%ﬁﬁ?ﬁﬂegl Rig:

receiving a reference signal in a subfranme from REs assigned to

transm ssions of the reference signal, wherein the subfranme conprises a
plurality of renaining data REs; and receiving data fromat |east one
of the pluralityoof riwappiragsdatiainREs, whdrenehdplihuitydef evallsble daaRHst ted in
groups of a predeternined nunber of REs such that all assigned data REs

within a grempriss @HRENAL 2signedvr Al gedamnshpate ipforggtignoreiereieersigngl and a
second pr ecdersf: @?R%nﬂ%@%d%l'ﬁ%ﬁéja” frequency of each other, thereby

resulting in at [east one ungroupe 75. The net hod of claim 74,
wherein the reference signal conprises a channel state information

reference signal (CSI-RS). 76. The nethod of claim 74, wherein the
groups of the fimst 93[@61%1% BT WEBES cOinpRES ﬁ@Bﬁfv'olr‘a@ﬂ& &t equency
bl ock code (SFBC) and space-ti rr%iqbl ock codeppalfrgs he net hod of

cl ai m 74, virsleblcpmediem dayiag instnstinnsstased thicrdannsaihiasigraiops mmﬂﬁ‘sn&mﬁyrl ses a
transmt dlfver sity schene.

identifying a plurality of available data resource elements (REs) in a subframe;

and

assigning all of the plurality of remaining data REs to data transmission in at
least one space frequency block coding (SFBC) group and at least one space time block

coding (STBC) group, thereby resulting in no ungrouped REs.

72. A wireless communication processor, configured to:

identify a plurality of available data resource elements (REs) in a subframe; and

assign all of the plurality of remaining data REs to data transmission in at least
one space frequency block coding (SFBC) group and at least one space time block

coding (STBC) group, thereby resulting in no ungrouped REs.

73.  The processor of claim 72, wherein the plurality of available data REs
comprise data REs not assigned to one of a channel state information reference signal

(CSI-RS) RE and a muted CSI-RS RE



78. The nethod of claim 77, wherein the transmt diversity conprises an

Al anmouti schene. 79. A wirel ess comruni cati on apparatus, conprising:
means forwoeosi/Ms4sg a reference signal in a subframe fr@cTRE01A8239ghed t O
transm ssions of the reference signal, wherein the subfranme conprises a
plurality of remaining data REs; and 54, means for receiving data
fromat |east one of the plurality of rermaining data REs, wherein the data
is transmtted in groups of a predeterm ned nunber of REs such that al
assigned data REs within a group are within a predeterm ned nunber of
synbol s in tine7d4nd A setoddfprietss eommuedanemisempo$in®REs i n frequency of

each other, thereby resulting in at |east one ungrouped RE. 80. The
apparatus of cl adwivify a véTereRbd kg il £EeTRRkeeh RTRlassomgelrtb $REsaissibaNeeE!
state informati on reference signal (CSI-RS). 81. The apparatus of

claim 79, whreic&renceriengh sihsteinfhcrshbirame sempised atdiralityed rerapipee dofa g
conprise spage-frequency bl ock code (SFBC) and space-tine block code pairs.
82. The apparatus of claim79, wherein the data transm ssion within the

group of REs conprises. a transnit diversit chepe. .. 83._ The appar at us
of ol ai m 82, WG ving fids (PGS QA Bs PIPrahpr ewininn b RRsu¥ e EPhons,
84. A met hogt @fta WirAbRRRAIGH IFOHRS 624 hRAeteARMBA hdBEK of REs suck B&EhlY1 NY 2
reference signal transmission in a subset of resource elenents (REs) of a
synbol , whesegnedatatd REs withimreegrofip awvaing agrdEsrained membgndiotynoss imiineed  and

wherein the _reference signal .receive t. a. boosted. transm SsSi Qn power
lovel + ana 260 Grc b oy M isd e FoR B SRR PR FLIEF B ef er ence
si gnal . result# in BhRas®hbadg@lp&d REM 84, wherein the reference signa
conpri ses a channel state in%ornation reference signal (CSI-RS). 86.

A wirel ess comruni cati on apparatus, conpri sing:

75.  The method of claim 74, wherein the reference signal comprises a

channel state information reference signal (CSI-RS).

76.  The method of claim 74, wherein the groups of the first predetermined
number of REs comprise space-frequency block code (SFBC) and space-time block

code pairs.

77.  The method of claim 74, wherein the data transmission within the group

of REs comprises a transmit diversity scheme.

78.  The method of claim 77, wherein the transmit diversity comprises an

Alamouti scheme.

79. A wireless communication apparatus, comprising:

means for receiving a reference signal in a subframe from REs assigned to
transmissions of the reference signal, wherein the subframe comprises a plurality of

remaining data REs; and



means for receiving a reference signal transm ssion in a subset of resource
el ements (REs) of a synbol, wherein at |east sone of renmaining REs of the
synbol arwo0288/met5¢d and wherein the reference signal recgivsed1aesdal boost ed
transm ssion power |evel; and neans for transmtting a feedback nessage
based on the received reference signal. 5, 87. The apparatus of claim
86, wherein the reference signal conprises a channel state information

ref erence si gnameesfar F@ewmg data f18’81 atAcanf peq Afhe plypthin PE%?ma@Hn&é%tﬁ &ds.

CONPI i Si NGiyherein thel dFls ¥ &nfn%&?ﬂ g%h%%‘f QUiLre @(ﬁr‘?&dﬁ s%ﬂ&mhﬁtsélpn
resource pattern aSS|gne to are nce signal, erlo Ic transm ssion
resource pa‘ssﬁgtdd dam/Rngahmer grodp edetwitlof arpuédetepﬂnmedlmluﬁrbarm{‘ssynﬂmdﬁ ineece Vi ng

the referenc cor di th eriodic transm Ssion resource
pattern. 4n 2’ 3%@ qu%e aﬁ%ﬁ@@frmw erzother dtshye si gnal

conpri ses Qa%hﬁ@nﬁhtQﬁﬁ%@ehﬁ@%ﬁﬁafkgn reference signal (CSI-RS). 90.
The nmethod of claim8 wherein the information conprises a bitnmap.
91. A wireless connunlcatlon appar atus, conpri sing: means for

receiving informati on about an aperiodic transm ssion resource pattern

assigned to a reference signal, .the aperjodic transm ssion resource pattern
havi ng a peri oditity k %Faﬁﬂﬁ?W§PEC%E%?a‘WﬁgmnéﬁﬁffﬂﬂweSH@a PRYISCP &eei vi ng

the referenggRi 9RIinREAMIH PR NG AR)TIFG ¢ transm ssion resource
pattern.

81.  The apparatus of claim 79, wherein the groups of the first predetermined
number of REs comprise space-frequency block code (SFBC) and space-time block

code pairs.

82. The apparatus of claim 79, wherein the data transmission within the

group of REs comprises a transmit diversity scheme.

83.  The apparatus of claim 82, wherein the transmit diversity comprises an

Alamouti scheme.

84. A method of wireless communication, comprising:

receiving a reference signal transmission in a subset of resource elements (REs)
of a symbol, wherein at least some of remaining REs of the symbol are muted and
wherein the reference signal received at a boosted transmission power level; and

transmitting a feedback message based on the received reference signal.

85.  The method of claim 84, wherein the reference signal comprises a

channel state information reference signal (CSI-RS).

86. A wireless communication apparatus, comprising:
means for receiving a reference signal transmission in a subset of resource

clements (REs) of a symbol, wherein at least some of remaining REs of the symbol are



92. The apparatus of claim91l, wherein the reference signal conprises a

channel state information reference signal (CSI-RS). 93. The
appar at uswof2ocl/@b45791, wherein the informati on conpri se®Ca/us2aImps6t
94. A wireless comunication nethod, conprising: 56 receiving a

subframe- dependent pattern of transm ssign resources assigned to a

ref erence si%nal wherein the subfranme-dépendent pattern is varied over a
plurality nutedsidwhesinghe Feierrnge signal &v‘aw%q %bqqsgﬁ&ﬁn%@%lﬁn pewslic¥ds are
used at |eaggy once; and receiving a control signal in a subfrane at a
transm ssion resource allocated to the reference signal in another subfrane
in the pluralitynahs farbfansmigdng a feedbackdessagdeebanet drotthe ofceoledirefic@ice wher ei n
the reference Pignal conprises a channel state information reference signa
(CSI-RS). S8hal 96 The nethod of claim94, wherein the receiving the

subf ranme- dependent pattern conprises receiving the subframe-dependent
pattern in a higher |ayer nessage. 97. A wirel ess comrunication
appar at us, conpmi’si ndhe apparatusehelgin 86, wisrehvhnigfacsybignahendgpendent

pattern of ran nlss n_resources assi a reference signal, wherein
the subfra EQW3é BRI r?§e§5?9ggﬁﬂﬁé§‘a plurality of subframes such

that all avallable transmn ssi on resources are used at | east once; and
means for receiving a control signal in a subfrane at a transm ssion
resource all ocatséd tG*ﬁﬁ@k$%ﬁ§m@W@éM§mgﬁ@h0¢ﬁmﬁmﬁﬁm@r subframe in the

pI uralit y of s u%é’e?vqg 1nforrnat10n a (?ut an a Ilioedlg ﬁr W Ileg &r& Oﬂat{gﬁ# Qs%%r X o

COI'TpI’I Si ng.: eren e S gna In a res

el enents (RES )refblﬁ:nae ﬁgiﬂil?fl rtﬁH&perﬁﬂi‘b transmlssfcm(les,dulrd@aﬁbnﬂ I&a&ﬁig oOpeeiod i of
transm ssion conprising a space tinme block coding (STBC) group, in an RE
not in the YBRlssUMffamEsaRt t he subfrane. 99. The nmethod of claim

98, wherein the & fﬁﬁ§ﬂ%§e@k&@@&gﬁ8@@é&ﬁﬁ%t@ﬂ&ﬂ%@ﬂ&hc%ﬁﬂ&ﬁm&ﬂﬂR%Hﬁkbon

reference signal (CSI=R
pattern.

89.  The method of claim 88, wherein the reference signal comprises a

channel state information reference signal (CSI-RS).
90.  The method of claim 88, wherein the information comprises a bitmap.

91. A wireless communication apparatus, comprising:

means for receiving information about an aperiodic transmission resource
pattern assigned to a reference signal, the aperiodic transmission resource pattern having
a periodicity of multiple subframes; and

means for receiving the reference signal according to the aperiodic transmission

resource pattern.

92.  The apparatus of claim 91, wherein the reference signal comprises a

channel state information reference signal (CSI-RS).
93.  The apparatus of claim 91, wherein the information comprises a bitmap.

94. A wireless communication method, comprising:



100. A wirel ess communi cati on apparatus, conprising: means for
receiving a reference signal in a subset of resource elenents (RES) in a

subf r ame; wearndi1/9§457 means for receiving at | east onePdatts20mAan®Ai SSi on
conprising a space tine block coding (STBC) group, in an RE not in the
subset of REs of the subframe . 101. A nmethod used in a wireless

communi cation system the nethod conpri sing; . .identifying a set of
avai | abl e resoure@haneneimadependansdnpttan Bf Bensnypsion SapreeEmeSEtkPd; n

resource e'r@f%%‘ﬁf:ési}gﬂ%l,t@ﬁer%ﬁtthé’ﬁu 3d. 'eﬁdén‘?é&ké—@l @ﬁ%@g@%ﬁ%ﬁﬁ%f’t i1 zed

for channel state ormation reference sign
sel ecti ng aubfiosetsuol tHahell setilable teanainisaioh ecsoases pcaised etneast sncoanhed ei n t he
subset includes sufficient resource etgnents t o accommbdat e %lnaxi

mum
supported numberCWiViRg 4 AAHA! SigheldhAsubiramg at a transpisyiqn iepppreqallasaisd &2 ¢ o

transmt ong QferfREQidaal mRRoAMTRMEnican hdiNBfaliBAsH RBRMhes. 102. The
met hod of claim 101, wherein the set of avail able resource elenents is

disjoint to a set of resource elenments enpl oyed for comon reference signal

synbol s. 03. . The t hod , of ai.m 101, erein the set. of avail able
resource el ements is eéﬁleg%é]ofc&alﬁl és%etWhﬁeHF é‘é;&\é\g{:eéw%fﬂg PEPER byed for

UE- speci i GhiffcP§t@RGR oSS refféfeelsfnal (CSI-RS)104. The met hod of clai m 101,
further conpri sing: identifying a nunber of resource elenents in the

set of avail able resource el enents; and switching to space-tinme bl ock

codi ng based u PQR t h%h@%@{q cgf; cl{iﬁi&ég lr\j@gre%ll %@Qée?vin% thle dsg%{r%ﬁ%%—:de gh%erqe t hod

of claim 101, wherein's et conprise I a group of
resource elpan@ntcombpasedceyining e Jubfsine @dper@ientepasthi ihartdghon tgxr masdageli 0
frame index, or a cell identifier.
97. A wireless communication apparatus, comprising:
means for receiving a subframe-dependent pattern of transmission resources
assigned to a reference signal, wherein the subframe-dependent pattern is varied over a
plurality of subframes such that all available transmission resources are used at least
once; and
means for receiving a control signal in a subframe at a transmission resource

allocated to the reference signal in another subframe in the plurality of subframes.

98. A wireless communication method, comprising:
receiving a reference signal in a subset of resource elements (REs) in a

subframe; and

receiving at least one data transmission comprising a space time block coding

(STBC) group, in an RE not in the subset of REs of the subframe.

99.  The method of claim 98, wherein the reference signal comprises a

channel state information reference signal (CSI-RS).

100. A wireless communication apparatus, comprising:
means for receiving a reference signal in a subset of resource elements (REs) in

a subframe; and



58 106. The nethod of claim 104, further conprising assigning
resource elenents used for space-tine block coding in pairs, wherein
resour ce Wbenartos4s7n a gi ven pair are |ess than a pre-deceruseonad2svanber of
resource elenents apart. 107. The nethod of claim 106, wherein the
assigning further conprises assigning resource elenments in a second
resource bl ock contiguous with the resource bl ock such that at | east one
pair conprises MEEBYFYdCEIanBAtlsast pRhldth BanwysTPE EOTRPTHIRE APRICE HEICIIPnd

resource b|c8&i|flﬁ (%l?c% %%oqlg%géﬁq@ﬂ e s(?lfo%eﬁ LAREs LPGhe SHBRLGLN the resource

el enments chose pair are In € sanme resource bl ock and sane

OFDM synbol . 109. An apparatus for w rel ess conmunication, the
appar at us conpri.sing: means for identifying a set of avai]able
resour ce el ement!®1i n AMFLOduseding BERlescoqayegt H’é}’St%e&@mFﬂil@lsour ce

el ements iRotgsipgt of available resource el ements can be utilized for
channel state information reference signal (CSlI-RS) synbols; nmeans
for selecting aiduib$eng efcttdevaibiblofsawead ¢labbes mesoyowee bloskehes, wherein

e B BT AR, PR oA T

subset to tfiBiRsIMol cRMPeOdtatt M Brriadlon RSfepnad Glofiall(C SR RS 8YmBSEIY prrent .
110. The apparatus of claim 109, wherein the set of avail abl e resource

elenents is di sjseliepingpsubseiex thefsct ekvigtlellc srsenisarclemants vhewit G sesefon
reference %lllcqll?(?é:s gﬁ?ﬁépe% Pesource eleFlegifIs]t a;rg%mg&f)a% ﬂr’{ltld%tnglfné glll ![ogt.'géggmbw]o ern

t he set of ava resource el enents is disjol resource

el enent s enphayednfeanastdmdpeci fic reference signal synbols. 112. The
apparatus of claim 109, further conprising: 59 means for identifying
a nunber of resdiHEESEICHENLO frANYIHEORSRT IBPre LR A BDU R OANEE el enent s;
and gg@@ﬁwggr swtching to space-tine bl ock codi ng based upon the
nunber of resource el enents. 113. The apparatus of claim 109,
wherein the neans for selecting the subset conprises neans for identifying

a_group of resouise ghements hased ygon at | east one pfa sublrgme index, a

is disjoint to a set of resource elements employed for common reference signal symbols.

103. The method of claim 101, wherein the set of available resource clements
is disjoint to a set of resource elements employed for UE-specific reference signal

symbols.

104. The method of claim 101, further comprising:

identifying a number of resource elements in the set of available resource
clements; and

switching to space-time block coding based upon the number of resource

elements.

105. The method of claim 101, wherein selecting the subset comprises
identifying a group of resource elements based upon at least one of a subframe index, a

radio frame index, or a cell identifier.



114. The apparatus of claim 112, wherein the nmeans for sw tching includes
means for assigning resource elenents used for space-tinme block coding in
pai rs, whwoein/rwesource el enents in a given pair are | ePETIUS20M1A25961
pre-determ ned nunber of resource elenments apart. 115. The apparat us
of claim 114, wherein the means for assigning further conprises means for
assigning resource elenents in a second resource block contiguous wth the
resource bl ock d0&n tihgmethod efxdaimolild. Bather eInpyisiRe LSBT BILYBIE enent s from
t he resour Rﬁgﬁ ) resaurce .nl . he.  appar at us
of claim l%genpé er gggmtsﬁ%g&r%g%&glé Cgﬁggréﬁﬁ%lgéﬁlggrghn ]%egorur%%éeié@%g p%ti r are in
t he sane r eswurpag dnd ekthamd psadecihbbd symbxalof resource elehients apartet hod f or

al l ocating resources for a transm ssion of a reference signal in a wreless
comuni cati on system the nmethod conpri sing: al l ocating resources as
a function of a nunmber of transmt antennas used for transm ssion of the
reference signaljg7t hehbwahdP6r DENDENGSEREh Wk aisigBsPRGthet Sorhigscgumber  of
transmt antennas such that a first resource pattern corresponding to a
first numbepsigfing reapent clemensnnasciondacsoyperbdedk aontiguasis sodhe essouicee
pattern correspondjn to a second number of transmt antennas n the
Prrst numbdoRB0gF Py edhaft PRERBHER b o ais Mom AP RIGR e

al | ocat ed ragmy eesmd @sancablbgcat i on nessage. 60 118. The net hod of
claim 117, wherein the reference signal conprises a channel state
information reference signal (CSI-RS). 119. The nethod of claim117,

wherein a resource pattern corresponding to the | argest nunber of antennas
i s non-overl appilng. WThe ngctiddofod]digCHI6e VheREDIHE ¢esopRt te®ntents chosen for#2. The

met hod of claim 119 wherein further conprising limting the resource
pattern cortEppbRdn the spme resguga Mockmdspme OFEANY shmA_l t o a predet er ni ned
nunber of subfranes. 121. The nethod of claim 119, wherein the

pre-all ocated resource pattern is allocated to control signa
transm ssi ons. 122. An aratus for .allocating resources. for a
{ransm sei on of 9% eriFaRant BRRRCRY Conmbubuial B bt AR O RRREDE ey ¢ he

appar at us conpr insdafgfor identifyif@aRst dfakaitdbl ORaduredclEREHY it £ Ecsdsrc@bfodkefi on of
a nunber of transmt antennas used for transm ssion of the reference
si gnal, theé spbfigme.orhasain sgporEcsclanapts | thesg eE availgbleresomeisdamets ¢andissmi t

antennas Sy, {PRL cRarnbf dhee ﬁrﬁﬁﬂﬁgti[:oﬁ g?f%%&l%é Qigiri]%r(b‘%%&%? dRGoiko @ first number

of transmt antennas IS a superse a sec resource pattern
correspondi ng ani@nafaacloathgwsdibest odfthd scanbavailablntaonas cldnents hacieir st

nunber is rqg@er,tqqﬁzthg,second nunper; and neans for indicating the
al | ocat ed petduclides sHITeIqng EspISR clesitsde accommodate a maximum supported

number of transmit antennas; and
means for utilizing the subset to transmit one or more CSI-RS symbols to a user

equipment.

110.  The apparatus of claim 109, wherein the set of available resource
clements is disjoint to a set of resource elements employed for common reference signal

symbols.
111.  The apparatus of claim 109, wherein the set of available resource
elements is disjoint to a set of resource elements employed for UE-specific reference

signal symbols.

112.  The apparatus of claim 109, further comprising:
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means for identifying a number of resource elements in the set of available

resource elements; and
means for switching to space-time block coding based upon the number of

resource clements.

113.  The apparatus of claim 109, wherein the means for selecting the subset
comprises means for identifying a group of resource elements based upon at least one of

a subframe index, a radio frame index, or a cell identifier.

114.  The apparatus of claim 112, wherein the means for switching includes
means for assigning resource elements used for space-time block coding in pairs,
wherein resource elements in a given pair are less than a pre-determined number of

resource clements apart.

115.  The apparatus of claim 114, wherein the means for assigning further
comprises means for assigning resource elements in a second resource block contiguous
with the resource block such that at least one pair comprises resource elements from the

resource block and the second resource block.

116.  The apparatus of claim 114, wherein the resource elements chosen for

the SFBC pair are in the same resource block and same OFDM symbol.

117. A method for allocating resources for a transmission of a reference signal

in a wireless communication system, the method comprising:

allocating resources as a function of a number of transmit antennas used for
transmission of the reference signal, the function being nested with respect to the
number of transmit antennas such that a first resource pattern corresponding to a first
number of transmit antennas is a superset of a second resource pattern corresponding a
to a second number of transmit antennas when the first number is greater than the

second number; and

indicating the allocated resources in an allocation message.
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118.  The method of claim 117, wherein the reference signal comprises a

channel state information reference signal (CSI-RS).

119. The method of claim 117, wherein a resource pattern corresponding to

the largest number of antennas is non-overlapping with a pre-allocated resource pattern.

120.  The method of claim 119 wherein further comprising limiting the
resource pattern corresponding to the largest number of antennas to a predetermined

number of subframes.

121.  The method of claim 119, wherein the pre-allocated resource pattern is

allocated to control signal transmissions.

122.  An apparatus for allocating resources for a transmission of a reference

signal in a wireless communication system, the apparatus comprising:

means for allocating resources as a function of a number of transmit antennas
used for transmission of the reference signal, the function being nested with respect to
the number of transmit antennas such that a first resource pattern corresponding to a
first number of transmit antennas is a superset of a second resource pattern
corresponding a to a second number of transmit antennas when the first number is

greater than the second number; and

means for indicating the allocated resources in an allocation message.



