W RELESS COMMUNI CATI ON METHODS, BASE STATI ONS AND A [ 00011 W RELESS
TRANSM T / RECEIVE UNIT FOR TRANSM TTI NG AND DECODI NG RESOURCE BLOCKS AS
VWELL AS DETECTI NG DATA | N RESOURCE BLOCKS BASED ON A DEDI CATED REFERENCE
SI GNAL MODE [ 00021FI ELD OF I NVENTI ON [ 0003] This application is related to
wi rel ess conmmuni cati ons. [ 00041BACKGROUND [ 0005] Beanf ormi ng or precodi ng
informati on needs to be communicated froma transmtter, (e.g., a base

tati , 1 i . i | t it/ i it (WR , 1
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i ncorrect channeRESORGHSBEOGKS BASEDIONes DEDIC ATRID RIARERENQE STQRAgnce
degradati on can occur. [00061Cenerally, Meg@H orm ng or precoding
i nformati on may be comruni cated using explicit control signaling,

particul arl gj?nthetransmttw J e restricted to the use of
limted set gOO ]eantenna wei ght ¢ 9?‘"3&‘3@% eanf orm ng and precodi ng.
The |imted[®e8s of Thiseppiicattungh relatdithwiteddik zombmmsartnsnes referred to
as a beanform ng or precodi ng codebook. Explicit signaling to communicate
beanform ng or precoding information froma transmtter to a receiver nay

i ncur | argefo®oghal i ng over head, parBACKGROUNIDor a | arge size codebook.

When t he tr@mg}'tter and_.the receiver a,]_rng not. r est itcted to thetu§e limted
sets of ant wei gREARRERIRE TR EERFGPRCRY BT SFEREYHET t he
explicit sifioal iangravkmigen)t @gy agbase Rtaballi b reddivsrirakiggn avivdretessont r ol

channel is po | onger .possi.pl i.nce incarrect. effective chapnel response
't or mat | onPaPUBAGET i QPR Porer 8Lt § PHeERbnIRaRe BTFegProf rate
(BER) and/ otrahkmitling ah@ FeceBiy GRIARThid ioBr wartiaflirlg iepirtamtfhragaltiph-
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precoding are used. When a receiver uses incorrect channel responses for data
detection, significant performance degradation can occur.
[0006] Generally, beamforming or precoding information may be
communicated using explicit control signaling, particularly when the transmitter
and receiver are restricted to the use of limited sets of antenna weight
coefficients for beamforming and precoding. The limited sets of antenna weight
coefficients are sometimes referred to as a beamforming or precoding codebook.
Explicit signaling to communicate beamforming or precoding information from a
transmitter to a receiver may incur large signaling overhead, particularly for a
large size codebook. When the transmitter and the receiver are not restricted to
the use limited sets of antenna weight coefficients for beamforming and
precoding, the explicit signaling of beamforming or precoding information via a
control channel is no longer possible. Since incorrect effective channel response
information or precoding information results in significant bit error rate (BER)
and/or blpck error rate (BLER) floors, efficient methods for obtaining accurate

effective channel response information are desirable. Additionally, efficient



schenmes for achieving satisfactory performance and overhead trade-off are
desirable. [0007] SUMVARY [ 0008] The transm ssion and decodi ng of resource
bl ocks (RBs) transnmitted via a M MO antenna having a plurality of transmt
antennas is disclosed. Each RB includes a plurality of resource el enents
(REs). Each RE is reserved for one of a common reference signal (CRS)
associated with one of the transmt antennas, a dedicated reference signal
(DRS) i ncl uthe@ea f& agievihg aatiofoRdy Perforbsdesthd oléhead tERS-dfhatdidi Nng a
conposite % 8 med or precoded pilot, and a data synbol. Each RB may
include a " type" data synbol that indicates a DRS node associ at ed
with the RB. In one DRS node, each DRS includes a single beanforned or

pr ecoded plbst I n anot her DRS node, e S i ncl udes a conposite

beanf or ned Erecoded pilot. In yetS DRS node, single beanforned or

precoded pijoods, andrkOFRemhikSoR 8AIARLIBE oesUr&INSEE (B4) Bahsmithed COEXi St
and be transmtted sinultaneously within the sane RBs . or in different RBs.

[ 0009] BRI EFViprIER @ rptsqoemarine apargiNgel transroit anteppas atisqlqsed Bader st andi ng

of the inverBiigilud®¥ fErdlaf of feSSUrtd8emehisQRESD FIRERE RirbQRvaS foRoky ef erred
enbodi nent , Qilleen by may of exanpl e and tq be understood in conjunction

with the ac¥sfemmanrgleasnsarisgal (WRS assaciated withyooegfithe transmifantepngsy el ess

conmmuni cat i Qaeaya%w%fb%wggﬂﬂ (@I@%ﬁcﬁ&ﬁé'a%?@@e@m%@d ok BRekgddd gures 2-8
show vari ous exagﬁ es RB structures transm t he base station in

t he syst emBfotq lnflud[lmwfmpweeb@mfgﬂae@ %wea?d&grmwrmndaa fatcedure of
gener ati ng @l f 8L W may include a "control type" data symbol that indicates a DRS

mode associated with the RB. In one DRS mode, each DRS includes a single
beamformed or precoded pilot. In another DRS mode, each DRS includes a
composite beamformed or precoded pilot. In yet another DRS mode, single
beamformed or precoded pilots, and composite beamformed or precoded pilots,

may coexist and be transmitted simultaneously within the same RBs or in

different RBs.
[0009] BRIEF DESCRIPTION OF THE DRAWINGS
10010] A more detailed understanding of the invention may be had from the

following description of a preferred embodiment, given by way of example and to

be understood in conjunction with the accompanying drawings wherein:

[0011] Figure 1 shows a wireless communication system including a base
station and a WTRU;
[0012] Figures 2-8 show various examples of RB structures transmitted by

the base station in the system of Figure 1;

[0013] Figure 9 is a flow diagram of a procedure of generating an effective
channel response estimate used by the WTRU in the system of Figure 1 to
detect/demodulate data in RB structures transmitted by the base station in the
system of Figure 1;



channel response estimate used by the WIRU in the systemof Figure 1 to
detect/denodul ate data in RB structures transmtted by the base station in
the systemof Figure 1; [0014]Figure 10 is a bl ock diagram of the base
station in the systemof Figure 1; [0015]Figure 11 and 12 are bl ock

di agrans of the WIRU in the systemof Figure 1. [0016]DETAILED DESCRI PTI ON
[0017] When referred to hereafter, the term nology "wreless

transm t/reggide unirigh¥ s a bloet uﬁ Rt thé bAQ sthiibh irLthd Fs@niiser
equi pnent é% E), a nobile station, i xed or nobile subscriber unit, a

pager, a c IEHV%} t el ephone, a personal digital assistant (PDA), a

conputer, ono#sy Ot hEguteyPearl IZJaS%'bldiﬁ\ding@axﬁggﬁl%@V’PﬁUQQ%@éys%bfn a
wirel ess environment. Wen referred to hereafter, the term nol ogy "base

station" i ndBBtfes but is not linmted to a Node-B, a site controller, an
access point (AP), or any other type of interfacing devi ce capabl e of
operating in a wireless environnent. &g&%ﬂggégure 1 shows a wirel ess
comuni cat i 8418y st em 100 i ncIDETALED O¥n 105 and a WIRU 110. The

base statiogoiflS maywhee! udfe naedl\/l MO ﬁateaﬁe@ Ithe hawnmﬂ@ggp upRblbdsy Of

transmt antennas 115A, 115B 150 and 5D. The WI may al so include
a M ND ant dirpsTpeecsiygiumit @VTERUP aBPFIPS?e&)‘PUtrlé@é'@ Lmited te armger qmpmeqtzos 1200

and 120D. o Dashottleadihfh, 10 B BIULAR BBscHbE ubli o WhgH, 1L
transnlttlng RBs 125 to thé WIR . Each has a partlcular

RB st ruct urtelephene, ianperaenad digignl gsgistant (BDARER comnumcq.rr arhethenityre t he
particul ar JFRsstddide\dhfa bl@@ﬁi&f%@}{ aRirdIESSh Vﬁgn{?%t %ﬁ?ﬂﬁm@ ol | owl ng.

1) a common reference si CRS asSSsocCl ate one O transmt
ant ennas 11maeafterpibe ta_maeolaﬁzd bmgstaémnfmelu@as@tss neti limited®ra Node-B,

a site controller, an access point (AP), or any other type of interfacing device
capable of operating in a wireless environment.
[0018] Figure 1 shows a wireless communication system 100 including a
base station 105 and a WIT'RU 110. The base station 105 may include a MIMO
antenna 115 having a plurality of transmit antennas 115A, 115B, 115C and
115D. The WTRU 110 may also include a MIMO antenna 120 having a plurality
of receive antennas 120A, 120B, 120C and 120D. The base station 105
communicates with the WTRU 110 by transmitting RBs 125 to the WTRU 110.
Each of the RBs 125 has a particular RB structure that includes a plurality of
REs. In accordance with the particular RB structufe, each RE may be reserved
for one of the following:

1) a common reference signal (CRS) associated with one of the transmit
antennas 115A, 115B, 115C and 115D of the base station 105;

2) a DRS including a single beamformed or precoded pilot;

3) a DRS including a composite beamformed or precoded pilot; and

4) a data symbol.
At least a portion of data symbols reserved by REs of the RBs 125 are "control
type" data symbols that include a DRS mode indicator. Once decoded, the DRS



2) a DRS including a single beanfornmed or precoded pilot; 3) a DRS
I ncl udi ng a conposite beanfornmed or precoded pilot; and 4) a data
synbol. At |least a portion of data synbols reserved by REs of the RBs 125
are "control type" data synbols that include a DRS node indicator. Once
decoded, the DRS node indicator enables the WIRU 110 to properly

det ect/ denodul ate data synbols in the RBs 125 transmtted by the base
station 105mod_1é)ﬁkicﬁ¢a$en/enalblesrvaly¢s WIRUal Hned peppefly vdeeertdembdilatndataand

over head for ff se formati on and/ or

beanf or mi ng® YS? 183%‘8%% %ﬁ%@%‘&ﬁgy?}%% eéga val i dation), may be
utilized. bA{onymrl ddm&esaahmye ofbawlﬁcmg baifeeﬁl’lﬁrfbﬁﬁ&ﬁdéeﬁdf@érmm Jorl gcl udi ng
a single beanforne re ot and/or a conposite heanfornmed or
precoded plcﬁ’&mf%g i #f)’? b‘g’lﬁﬁ e\(ﬂh'g?ﬁg‘“b?e R RO op b eeﬁggmﬁ@g B are
used. [ 0020jktditiceintorakais, esﬁcle&aaplmp&amatﬁa sdafyUset wiiezell hat hypmd be
ftransmttedlaﬁé t.he b%S ; t |on 105. ch of a.p ural{tﬁoga RBs 205 and 210
i ncl udes a pehempe ingy Fégeerﬁ%'de ¥ Dt andyuding p singts) beamptymgdy ty of
REs reser vest prédod 6deitotandne hab@fosttclid ain@sraRAllk Yrochistidikt Alih@Bdddeansm t

antennas (Ti- T4) | u ty of REs reserved for DRSs (P), which
i ncl ude ei tR§rez @PW&%(I&%\{%W@afﬁ?@éded pilot, or a conposite

beanf or red po2@r ecodeigur bOEhovASaﬁm%%jﬂé”' oF'aﬁURB Arudthe BRSmayepd eserved
by REs 215, 220,. 225, 230, 23 255, 260, 265 and 270.

[0021] I n ontéa%‘fﬂiedthyatthlec}}?s%?taﬁﬂéel05( |Eft9}’ OfBI%uﬁ‘ﬁtﬁé of RBs\g0Brad 2Mk| ude N

includes a plurality of REs reserved for data symbols (D), a plurality of REs
reserved for CRSs associated with respective base station transmit antennas (T;-
T4), and a plurality of REs reserved for DRSs (P), which include either a single
beamformed or precoded pilot, or a composite beamformed or precoded pilot. As
shown in Figure 2, the DRSs are reserved by REs 215, 220, 225, 230, 235, 240,
245, 250, 255, 260, 265 and 270.

[0021] In one configuration or mode, (i.e., DRS mode 1), N DRSs include N
single beamformed pilots or precoded pilots. Figure 3 shows an example of an RB
structure that may be transmitted by the base station 105 in accordance with
DRS mode 1, whereby each of a plurality of RBs 305 and 310 includes a plurality
of REs reserved for data symbols (D), a plurality of REs reserved for CRSs
associated with respective base station transmit antennas (T;-Ts), and a plurality
of REs reserved for DRSs which include either a single beamformed or precoded
pilot Py, or a single beamformed or precoded pilot P2. Each single beamformed or
precoded pilot has a plurality of elements, each of which is transmitted by a
respective transmit antenna of a MIMO antenna of the base station 105. As
shown in Figure 3, the DRSs are reserved by REs 315, 320, 325, 330, 335, 340,
345, 350, 355, 360, 365 and 370.

[0022] When DRS mode 1 is used, the effective channel response may be
directly estimated by the WTRU 110 using the DRSs (P; and P2). In addition, an

effective channel response estimate may also be computed using a common
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single beanforned pilots or precoded pilots. Figure 3 shows an exanpl e of
an RB structure that may be transmtted by the base station 105 in
accordance with DRS node 1, whereby each of a plurality of RBs 305 and 310
includes a plurality of REs reserved for data synbols (D), a plurality of
REs reserved for CRSs associated with respective base station transmt
antennas (T1-T4), and a plurality of REs reserved for DRSs which include
eit hegl 3 Si tigin@ebaaid p{}d&&ﬂn@fna}ﬁhﬁﬁbﬁiﬁfédﬂiyh@éco@ing lﬂﬁtrgt ®eirifig | h@%nbeiam‘ olr rredI or
precoded pi Eac S|n or.nme recoded pi S plurality
b ot ement DS Lher Hinp e e oeEn racky BN S B P p P lumiienst "ant onna
ar e roser ved by Ree 3o 320, 320 550, o5 ﬁsp@“ﬁ‘”&‘?" S50 S5 -360, 965
are reserve S

and 370. [0B33 W@‘ﬁnéﬁl{%ﬁ‘d’é{ fP@Y%é&edtﬁ)&% g%tl 1§ SuitRbIR for °|We%°ponse may
be direct| ymegiunrahdrdty ttARmMIiRA, b Qo UsdrBsket the BRSS of Bgnalntbe&dion | N
addition, an effective channel response estimate nmay al so be conputed using
a common cYARPEE- and a precoding matrix obtai ned by precoding matrix

verificatiomogla a DifSandthet beifRr@itgorf o MRIde, QTOBRS Gho&C D), W DRI | ayers,
(i.e., asmall nupber of data streans transm ssion, such as one or perhaps

two data stshide N sompogite Beagpfoymesker Rraepded Pilets Bigutrtshowsra examele s

sui tabl e f ogf QB siPusrasd that Bl Be E@hgm;tmfwfh@ Shéé@tat% 108 i eh@@a&k t he range
of SI gnal reception coverage. [00 ZBH n_angt her_configuration_or

node
(i.e., DRS WHhPBY mqqetaas@erm Qagb oKi2 oy oicRBeapt andddo éﬁfchg#eé@oded
pi | ots Fi gplke: I yrRbb Sh ot dYBM
transm ttedig|l alﬁ%??ﬁeﬁﬁﬁﬁ?ﬁ d%(t)égél n éfg%)rganceﬁsaeﬁlm%%rs m)eg%zr wher eby
each of a pPhPapsiogiasd wih ragmsctivaibase stating terssihapiennas {TyT«b@oREs reser ved

for data sygrq%my(o@)aEsare@éﬁwkdrtUR@J whfeh 15@1§§é X%%E%l%%&f@ﬁﬁ&?hat ed with
respective base station transmt antennas Eaf| - g plurality of REs

reserved foPreewdsd Rijot dRribs| Haeh sompositgdhea QTrPﬁS’HOCE’Fl plosdssed pi | ot
(P1+P2). Eaglhroft ?Qg%lérﬁerﬁgaégcﬁr(ff Wcl?%s %raﬁ&ﬁf%?éji B hQleshiBive tRindh@d 1 ty of

el enents, each o is transmtte y a respective transmt antenna of

a M MO ant efiianpd of . MINK) antepng pifhe base staon lfwrAs shopingnfagure 4 the DRSs ar e
reserved bypREs a@éseﬁ%@byﬁ%@ 4163920 4§§ 4384835 448, 44§54950 4554660455 465 and

470. In this case fecti ve channel’ response nag be co uted using a

conmon chan#fed 4’691dhatfp? e@edhﬁgﬂmtvmckam Z¢sperisepay be exap rqtaltnglax

verificati opmhdn &l bAA2H] frkttiify SnsliRSpARRINEY ﬁ%cééﬁg%y{r&that al so

may be transmitted by the base station 105 in accordance wth DRS node 2,

but havi ng ‘éPl'sﬁPl@klPam&lfaDBﬁ | ower DRS density than the RB structure of

Fi gure 4, by an reserved

for DRSs \I\/(]V\fl@g?’l@jl ncl quﬁaégo&ﬁ%sﬁoﬁggﬁ or rre Q?)l?t %?(g%%ggatc%?%rgﬁe?ﬁ +P2) ,

and an RB 510 thelBaspadation 1RFsinsascondancs 3gith hlaBSameder &s drufekipviimg aDRSs whi ch

include a c saod I e WIRU
%gg%%tfeagltytf ﬁﬁﬁﬁgns?ff:y tBEﬁ%ﬂ’éjRﬁ sﬂlu 4, vlh%Q daﬂd‘

110 may d| r imate t ective c anne resp nse usin i cated
pil ots. | n BBEDS puly hagtiweREe o1 grd 2 iihat hreresgyvedtior RBYs whish indude a

composite beamformed or precoded pilot (P1+P2), and an RB 510 only has two
REs 525 and 530 that are reserved for DRSs which include a composite

b

beamformed or precoded pilot (P1+P2).

[0025] The WTRU 110 may directly estimate the effective channel response
using dedicated pilots. In addition, an effective channel response may also be
computed using a precoding matrix obtained by precoding matrix index (PMI)

verification via single beamformed or precoded pilots. If there are large number
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conmput ed using a precoding matri x obtained by precoding matrix index (PM)
verification via single beanfornmed or precoded pilots. If there are |arge
nunber of active M MO |layers, such as two, or nore than two data

transm ssion streans, DRS node 2 may be used. Thus, DRS node 2 is suitable
for mediumto high data rate transm ssion. [0026] The WIRU 110 nmay conpute
an effective channel response by nultiplying common channel response
estimat es, satardEiMOIapereGWBREs {d, 6f Mo th&RGE dath tlanamizsien etteags,mat ri x

obtai ned fr t he Ss.. A PMI_verjficatjqn is rforned on t.he Ss. More
than two DFég]S prade gg‘??a‘if* “asle‘g{gﬁb‘és’ bi‘g'dn‘fd&% lﬁ‘b‘flb‘g’ie %9@ P’fr%f%ﬂoc@g‘ fdfever, an
I ncr eased oped Baasnfzeh. My be incurred. Additionally, various other

conbi nati ons of all ogcat] i ngl e beanforned pilots. or precoded,pilots
and/ or conp@98le beaht®o &H%p‘PéY:SBFEHu‘ﬁi ‘f’b?&e”?’de[ﬁﬁggnanretsﬁ@sﬁ@g are al so

possi bl e. [RQQR¥IYiAg1R0E Eha@RT feSptnad éstin:Abs, IR fhed Fonfoomb¥Rilvesla 3) ,
singl e beanforned or precoded pilots, and conmpgsite nf or meqd or precoded

pilots, mayCRE®X71th a prerodimermatrisAbtaiaed Gpmm the R0 ¥ i HerifsaioR1Ssane RBs
or in diff e%ﬂﬁme@_sm tHAUSRSE.N M6 Ah8RREE DRENpERBBMAAE afso B@sddRps in a

particular RB may include one of the foll ow ng: 1). only single
beanf or med WPIpYepSEETmance.oHewever, am igereasss gesrhead soshRanuing i 8lecoded

pi | ots; andadditionally, vapiod dtRERBiAR16n9 bf Aldeskies; HagRbehMEARH pRogcoded
pilots, and conpaosite beanformed or precoded pilots. . 0028! Figure 6 shows
an exanpl e &fPragedrpidets aad/or @minesite baaynipraned or precoded pilots to DRSs1n the

RBs are also possible.
[0027] In another configuration or mode, (i.e., DRS mode 3), single
beamformed or precoded pilots, and composite beamformed or precoded pilots,
may coexist and be transmitted simultaneoﬁsly within the same RBs or in
different RBs. Thus, in accordance with DRS mode 3, the DRSs in a particular
RB may include one of the following:

1) only single beamformed or precoded pilots;

2) only composite beamformed or precoded pilots; and

3) a combination of single beamformed or precoded pilots, and composite
beamformed or precoded pilots.
[0028] Figure 6 shows an example of an RB structure that may be
transmitted by the base station 105 in accordance with DRS mode 3, whereby a
first particular RB 605 includes a plurality of REs 615, 620, 625, 630, 635 and
640 that are reserved for DRSs that only include single beamformed or precoded
pilots (P1and P2), and a second particular RB 610 includes a plurality of REs 645,
650, 655, 660, 665 and 670 that are reserved for DRSs that only include
composite beamformed or precoded pilots (P3+P2).
[0029] Single beamformed or precoded pilots are included only in the DRSs
in the first particular RB 605, whereby each DRS symbol carries one single
beamformed or precoded pilot vector. Composite beamformed or precoded pilots

are included only in the DRSs in the second particular RB 610. The composite
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transmtted by the base station 105 in accordance with DRS node 3, whereby
a first particular RB 605 includes a plurality of REs 615, 620, 625, 630,
635 and 640 that are reserved for DRSs that only include single beanforned
or precoded pilots (Pi and P2), and a second particular RB 610 includes a
plurality of REs 645, 650, 655, 660, 665 and 670 that are reserved for DRSs
that only include conposite beanforned or precoded pilots (Pi+P2).

[gOZ?] Si ngl Beeiiﬂaf'fflai aﬁpkeeddearp\alh@Me’thmi) hﬁ%raosaRgrgaeiarﬂsd uydaaidlﬁg lindiviaubhe D:?Ss in
the first part ar erepy eac S s ope_single
beanf or med ﬁngﬁ Behl 5‘1? | Bt Presedsst pilebinhBsiapd %50 "g're fgkoded

pilots are béuphfdfBEN Yr¥codBd pilet vOERSRs drB alldel tseﬁ@ﬂmm* aﬂmbaésuﬁﬁ@lo The
conposite beanforned or precoded pilots (1311-P2) may be generated by

addi ng i ndi AURPSite #ﬁ@ﬁ%@d}ﬁﬂﬁ?@ﬁd cnﬂobﬂSetzrae@altfﬁdl Bt Qg o mepRy DBS

t oget her. ﬂ,&nl&ﬂ@g’k‘ﬁusb@ﬁ%@h%@d DRINoBELEioRIdeSrine8 GlheVeS sahe optlled to one
anot her, he resulti ng) conposi te beanforned or precoded ﬁﬂl ot _is
transm tted prdorgyading| rrecond pilotspcrefe differeptyR

configurati winéieﬁcené tm‘ssamme SRiBosAE YehmrliERa bﬁgk&é&echRgJ gcxlas‘sarrf or med
or precoded pilots across different RBs, and sone of the Ss i ncl ude
conposite baidsrest REs- or precoded pilot across different RBs. [0030] Figure 7

shows anot hgiagxanpl igafe ARLERs aﬁ&u&t wa&nﬂl@%{raﬂm budthANGEk Wi fddy t he
base station 105 in accordance wth DRS A first particular RB 705

in the RB strapspitfed kyf the; wpétaiwmnkqme%w@rdﬁméswgr%ﬁ% nmdeF%zsAmezt 725, 730
and 740 thafwaz@fc@la'i‘@ﬁ?’?()@ﬁ the ﬁ%ﬂﬁ%ctﬁﬁ%f P‘?é’m'xﬁé 'ﬁﬂ&]luﬁgsea ﬁ&é’c%r st or med or
precoded pilots (Pl and P2 and a second grou 0 and 735 that are

reserved foflBREsS: AA@ngn] ih@éIﬂ@ée%ﬁ%&rt@g‘ézﬂmb@%dn@ﬂd@ﬁ%&ﬂjed pilots

Pi-i-P2 e 7 only
|(ncl udes) REﬁe%ﬂﬂé%@@ﬁ%%@éh%ﬁm@%%ﬂ%ﬁ% %%at é)tﬁ Hag? @ﬂ:%ﬁ%%@ or DRSs

that only i 70 thit aremeexsved fusebRothatdonly ipslade demipesiteheanfpmadyr
: b
[0031] Fi gur groBoctQit5ts PPN O A6 AR R 730 e HE URIMEE obRiglygy e

transmtted by t base station I n accordance Wt A first
particul ar hgnlgogcluﬁesmﬁs T3, 369,760 U, 65 @@W%ﬁgtlammemd@rfw&s group of

REs 815, 8283l fldabdfniiint ?{.ﬁf&&?gfygﬂeéag B Aph. onl Y | nel ude

si ngl e beant or e preco a second group of REs
820 and 835[00BHt ar eFlrg“eiSfef?MSfy@tametXhmlfmﬂayRWMeredbMQbe

beant or ”‘Edoﬁ&&%ﬁfeg%ﬁth%' Bl Stdefn 08 in £cSRAGRATWRABRE WidHe SBAGR, 1 0 the RB

structure
particular RB 805 in the RB structure of Figure 8 includes a first group of REs

815, 825, 830 and 840 that are reserved for DRSs that only include single
beamformed or precoded pilots (P: and P2), and a second group of REs 820 and
835 that are reserved for DRSs that only include composite beamformed or
precoded pilots (P1+P2). A second particular RB 805 in the RB structure of Figure
8 includes a third group of REs 845, 855, 860 and 870 that are reserved for DRSs
that only include single beamformed or precoded pilots (P‘1 and P2), and a fourth
group of REs 850 and 865 that are reserved for DRSs that only include composite
beamformed or precoded pilots (P1+P2). Each DRS symbol carries one single
beamformed or precoded pilot vector, or one composite beamformed or precoded

pilot vector.



8 includes a third group of REs 845, 855, 860 and 870 that are reserved for
DRSs that only include single beanfornmed or precoded pilots (Pi and P2),
and a fourth group of REs 850 and 865 that are reserved for DRSs that only
i ncl ude conposite beanforned or precoded pilots (Pi+P2). Each DRS synbo
carries one single beanfornmed or precoded pilot vector, or one conposite
beanf orned or precoded pilot vector. [0032] Thus, Figure 8 depicts a hybrid
conf : gu lr3 at Lfmo3mer ebPhis\ighipé 8 d;e;Tiats ambﬁai@aﬁﬂﬁﬁﬁgﬁi%h \eﬁ@x%tlgg&o&ﬁﬁdaﬁld 8%0Rgr e
si ngl e beanf or r.pre [ and _ one t hi 0 i.n eac
805 and 81oth§rlg§§8ﬁs£f>%%ofg§§ﬂ$ a?tﬂéiﬂwwgeh%ﬁafomﬁ PEbroes R AIRS of r uct ur o
confi gur at i @iBora/thirdloS DRSBTS ilefclPRBS08 AdH BY0 hittcokiokife BdankdRendEs | ncl udi ng
precoded pilots tg DRS REs incl udi nposite

si ngl e beant or r > ng. C
beanf or med WC$8e§aféd OfaqrdtBstryrctprpeoatigwrapans T’G@ﬁ]l’ﬂﬁstﬂﬂeblj??at“ﬁélgm
structures ¢gRRutbEDRYRES il @Engsi8gRbedntdiaied 8ApRcoedplBtsHBDREBRES 84 (12 X

7) REs, an RB structure of any dinension may be used. Furthernore, the RE
posi ti ons ofttHEnEremposiBsmaiorpyd oxgrecoded piletyyin thegarpBE. (pi, P2, and

Pi -i-P2) argopsiesent ggh@szhafe RBAMRIQ1r80Hdpict8lBy R N8 EhdiefHat akire
configuration of the RB structure nmay be used. Furthernore, although only
two singl e YeheRErhate & (18relddedan RBatmichpe oy timensiop mAORRsES: exanpl es
in Figures Ba@héQhors] thBRECAdsHionk BEIR dafalinitday)abRYs PE- T @ d iy t wo
singl e beanfornmed or precoded pilots to support two or nore _data

transm ssi o 1sPs eadd1+FD@supresented as op examplatndy gyt ¢hber desiggblecoded

pi | ot may aéb%h@u}dﬁfbﬁroi‘ﬁfétmﬂ%ﬁ&h}é’xﬁa?%e RERAMFAHeRS R, aﬂli&fg%q}nﬂkgtwo
informati on, but cones at the cost of increased overhead. The use of a
conposi t e beasedeapdormedyroptserdgd milott (Fregnd Baare howpsaRkamles M the cost
of possi bl epjNeQr 88CTor NEABHAE RUrO Lol S5AdE1Y bATREBHAANHHSkREId ON. A
hybrid DRS schene that conbines single beanformed or precoded pilots and
conposi t e beewmfermed] oprpretoded dilatspted suBPEhAWACHT BEe gata ftransmassion r gde- of f
bet ween perfiprggnce and overhead. [0035]In one exanple, if there are MM MO
transm ssion | ayers, which indicate Msingle bearnformed or precoded pil ot
vectors (i.B034li ndepBhriane ofiat single bearsformadtorcpnecesiedt pilgismay tavdid denot ed
as Pl, P2, £330 derd¥ioR BfbinkBrind drHrbeotiheRRtorkdaBioh) IRIInAL Gt Pad titi oned
into two different groups: group 1 and group 2. Goup_ 1 has N DRSs which
transmt si¢ngt e ineraated overbiead Thease gbalcopasite beambormed orprepedpilafisni t s one

f the Msi d | | -8 depi ct
Vari ous exanel oL PSR AR, bl oP GG RIRLoPhRY Bk RR LR RD i< a
particul ar bresedieg iferneatiqur detedton. ph hybrig d8iDschegreothat 20mbmepBingleN2=N- N1) ,
DRSs whi ch §L.a015hdq GPRRGL §g§|§t§§% gglﬁoél)gge BlamBI-HER : ﬁ%‘d%@%ﬁdtﬁ?ﬁhconpom te

pilot is a superposition or two or nore eant or med or
precoded pi ddbieveaat aefficientRtoadeeofBbgiiveen pedfompose bad pvérbea® cl may be a

super posi ti f Pl and P2. | e.oaP el =R . I il ot P_c2
may be a sufgg?%osi ti%n&c?f a plee|a;iljlrto &%/é%epgrﬂgflgéctﬁg%%n%f 8?’{%%&:4 S’II&@% ..+P_M
A conposi t eindidatst Mpsingladhyaimnframeg op pogpededpildtaectofs Genghdepbrdant deteed or

precoded pi qr ' i Rar for a
ompos te piT oy iy gin e el T RAl 303, B2 BB p Bl AT  ector s
that are supshposi RBahed DREgarrqmptitipnel ipid toto different gromyps:igeodl @]  P1+P3,
Pl+P_M P2 +£Joup %nq}r&tﬁ? 1 Ihlag &1 DRSs which transmit single beamformed or precoded

pilot vectors. One DRS transmits one of the M single beamformed or precoded

pilot vectors. Figures 2-8 depict various examples of RB block structures for
which a DRS symbol transmits a particular beamformed or precoded pilot vector.
Group 2 has N2, (N2=N-N1), DRSs which transmit composite beamformed or

-8-



100361Referring back to Figure 1, if the system 100 is a two node system
capabl e of only operating in accordance with DRS node 1 and DRS node 2, the
DRS node indicators in the "control type" data synbols of the RBs
transmtted by the base station 105 may indicate to the WIRU 110 whi ch one
of the two nodes the system 100 is currently operating in. For the DRS node
1, the RBs transmtted by the base station 105 only include DRSs i ncl uding
singl e bear gleesdsapilets. maﬁﬂp‘t@&e@ﬂbmss& sup@fpobIRonIoe dddRiontdfi ewdBismbreansmi t t ed
by the base statbl on 105 only de DRSSaI% ncl udi ng co 05|t Be%;rf ormed or
precoded pi FiBglg be P?P’BF@‘* bYSGHATE o8 pxaTpPleca T F‘t‘?@‘g’é

symbol s of #he bRBSsufe; x(s})ommas&mtaﬁldlmtlreuwt ct B 1MPRU Grldcdnghosite pabt bet ween
DRS node 1 and DRS no 0037J)t is al so possible to have a]';,;r S node 0

in which t hBs®@ %Y@WWE@®€§§M%HP¥I%V96R§ such thatt 6=Paek2w-otFiMure 1, if

the system WOGrhSosite pidt PGSy Bb BuBberObt ¥ laeéeaﬁﬂf&gnédnoxaccordance
with DRS node O p%s eﬂl%%s rese%ed%ﬁi‘y DEQ(}QJ ane ng node (REs reserved

for DRSs i naqeeqﬁeﬁgmkqt HSLOTH ek eawamb}naﬁwe% eﬁé’aerﬁi IB?TS?X‘H‘HH% RS node

i ndi cators {ddoBfte pAQTPr Q) withRo sﬂ@@bmeﬂ& rééaaecﬁa%tweaaﬁmﬁ ed by the
base station 105 nmay indicate to the WIRU 110 V\/mc one of the two nodes
the system aGUPErPesitipaeth e exmenosite Aot vectormaytherd 1pRE, s, P1+P i, RBs
transm ttedphypi RedkASBrst ation 105 only include DRSs including single

beanaf or med or precoded pilots. For DRS nobde O, the RBs transmtted by the
base statiolf038)5 i ncRefaerinmbaoikde Figa 1t # tie wetenms 0§ v tvepamaderfyplernr

COWDOSI te b@.ﬁ;@f, " d it DRBEn M 1 HRPDEBIRode e LAt or in
"contr ol g %ao?’gﬂly%gtgfgg %gcogli&@g r%wtay be usedlto i nst r(l),l(?t the WIRU 110

to switch b Bﬁe@?demgcma%mltha eprbrRb tyrsd date symbek ¢f she RPp srangmithedsy nhol s

may carry eb§ E}FJ bsiye%&liorl Y may! ﬁilﬁi%!aie”t% thé Q’V’QRU iﬁ)\’x%fncﬁ oﬁlb%}éﬁ@m 3 (L3)
signaling), | ower layer signaling, (e.g., layer 8319 al ing)

[ 0038] Sti | |mpéfFSetlhmsmgtemolqﬂilg@ugeatlyppexlaﬁegslysFerrﬁ@d@R gmdeflo RBtle. syst em
bl e of S node 3
capabl e o &Q]xérﬁﬁheﬁg%%@cgﬂ £6n Md5 o ?ﬁ%&‘ﬂ% i—)R Ir??i?r?%lt g@ mD e

and DRS node |cat or, avi ng nore

i ndi cate mbwmm@eamﬂmﬂomm ¢1gDR§th§h 2% thke m@%wﬁh@by (ﬁhfbper ate
in. [0039] g&ﬁﬂh her | ayer
si gnal i ng, e g., {121;6 gﬁ?ﬁﬁé‘?? %35@ %&%(ﬁgggﬁ%& I c%%ggor?égcropée(g by REs
reserved fopildat A ona bitheR&Bsodelindicatoalin &Op'@rglsﬁybb'édate syoyods of thet RBORS node

i ndi cator s | §
signaling). bﬁgglig?% %&g&%{ﬁhé{@rﬁ(p%? %xr?rc%yb%hg | neoggtl%ngrﬂe%st e

addi ti onal ®DR® Bperation nodes. DRS node 3 nmay be defl ned in such way that
the first halhsof th ded pil ot
transm ssi o@bgn]d t heﬁg%ﬁg@%%l??@?a Iﬁliéls)ﬁg?'gdd%sd}g%?ﬂ g@%%%g%r%‘g ééamc or nmed
or pr ecodedrepeltvod fearrBRS mRe&irong bick thEBignoy b, if thepestiomdod s attwsomadel t| oni ng,
(e.qg., whic th f i.e.,
DRSs i ncl ud| ng a s?%lg%? ngﬁagratl Egn acrg(gg%gfgg&"tgl O{(@%Eﬁ? s | ncI uding a
conposi t e beaefved rfthDBS) pmddbﬂ%dnq:delbt(BEs a@hdr\tadcfnaDRSRSndudheg simgle be

creat ed. F g@ oxu &he‘éignﬁgs),otrhef mbd %dlcat\é\pelgllth%"%%¥ropﬁgysed in the

DRS i ndi cat or. or Sy nor e an T our no S be used,
wher e Y>2. datasymbols of the RBs transmltted by the base station 105 may indicate to the

WTRU 110 which one of the two modes the system 100 is currently operating in.
For the DRS mode 1, the RBs transmitted by the base station 105 only include
DRSs including single beamformed or precoded pilots. For DRS mode 0, the RBs
transmitted by the base station 105 include no DRSs, and thus do not include
single or composite beamformed or precoded pilots. A one bit DRS mode

9.



[ 0041] DRS node 1 including single beanformed or precoded pilots is suitable
for non-codebook based beanform ng or precodi ng. DRS node 2 including
conposite beanformed or precoded pilots is suitable for codebook based
beanf ormi ng or precoding. DRS node 3 including hybrid single and conposite
beanf orned or precoded pilots is suitable for both non-codebook and
codebook based bearaform ng or precoding coexisting in the sane system

[ 0042] Fi gur gid&atd ia "Edr@m dy@g HatA SimlRISAES BBE S0 ugemab a{mﬁiceehe n the
system 100 of Fi ure %Hser ating an effective channel Bonse

esti mat e usg’&m@/ thee S\‘Nm@bf epPRIBrde 1 gadbi mede G %ntf‘ﬂt #@uct ur es
transm tt edshvbdidRay Q efthet higRed Bger ilEnQI@P(egﬁaayéM(m%é Batgon 105

transmts R tothe U110 i'n accordance w node det erm ned
based on, bi}gnﬂé’cg)’lqrr]r?‘t’@daﬁf signadimgni®ed-» lapiidi €lbHsn®) speed and/or a data

rate. |In stgps§lo, t@ﬁll\@f@ahﬁgl&m N@ﬁth%'@?stﬁﬁ%%%&fd@tﬁ&le%&&t@ﬁr a conmon
or effective channel response, decodes a de indicator |ocated in

"control typ@ableof aperaiingin aqcrarctaﬁée RES. Dlﬁm@od% MPR% mode gePR§modeddy niol s

ei ther reprgsephshidiRel tﬂeameg m%agﬁﬁhea@& @%vﬂlgmdravl% 1248, Shpialdafig) or
| ower | ayer signaling, é)(g layer 1 si gana In step 915, the WIRU 110
e angpre

uses the DRShitBdERS me opfigaration the QE@O‘iﬂﬁ OPﬁ'@t‘R% 125 are
reserved fofoB¥iSs, aDﬁSfIHBdeeﬁfal&aP&F él%‘&é“h%r mQﬁ%e CB%M&%%@%Q ﬁ%h&f n nes

whet her the particul ar IS asin beanformed or precoded pilot, or a

conposite blaxer eign%lwaar(e B é@@eﬁe@gmllutﬁ) ugipg Shits) vgpch arehearviplRby 1@@? est i mat es
an effecti VFes&%@Q@J détﬁsxﬁ%é%ﬁ’és £isOflsd Pexstil €5 %ﬂﬁhh&gﬁg BRsShéR 915.
Finally, in step 9 the WIRU uses the effective channel response estimte
to perform @é@@éqruswa@egﬁ@uﬁm vinlowet aenggedlingates i bl sigealkmy). 125

transm ttediggol Ne DAIFRS bbb Murkiodd 905 o \onfithdd B! el Qliafonsf T eCU I Ve
channel resBonse may I nproved using both single ntformed or precoded
pilots, and B@rﬂ?@%ﬁtt@ @@tﬂﬁf dethode 3ppex beldefinsd| IBtSS\Ch ‘M@é thatf @@tﬂreb channel
response Wﬂalbﬁftggg%t%eﬂe Gsid ﬂ?éﬁgief 1RGhemRd dr?)%c'b? }I[n}'&t thd RS

beanf orned or pr P estimates o I ve channe responses
can be i npreondihejspeopdbalfef D&Sﬁ apgiehedl fticompesitedepppdoranpdior precededgilet

beanf or med ﬁ'ﬁnﬁﬁﬁgggeﬁl}lﬂhb oreé eﬁ&%@'foﬂ% pérﬂtlgﬁ'ﬁgg(@%e vﬁ?or n‘edc}ﬁ)wef fective

channel response may a e obt r om-conposl or precoded
pilots, themesy |D&$Sésami‘ thef fageuti efethe HAMY épes o8 go MRS imalvding 4 winghrer

inproved i fy 0 pr ecoded
pilots are co?r%{b &% @fﬁ%hgt ?%%Iﬁ%gﬁuﬁ& e°>§<)a %Fll&,%%tﬁe [e@gdeg{l ve
channel resp@n@@d@ﬁloﬁa@ddlmmﬂft@@pd%sn@sb& wa@t@d Het sygteansyusdnd dweed or

ded t bt ai ned
Pr om di rect g Beflbs tHois IBAPRE-AF L 1S 1948 BRLCANE, RBWEcli DU ) of
each | ayer msrotbaaifednodes, P\itswady bavsednwhdiec! e f ective channel response

of each | aé@'lbﬂ]SH g?gﬁgtsiexgo@é’ 1" HELERY iR B SR CHAPRGLadaCRRNSE estimate

wi th each

suitable for non-codebook based beamforming or precoding. DRS mode 2
including composite beamformed or precoded pilots is suitable for codebook based
beamforming or precoding. DRS mode 3 including hybrid single and composite
beamformed or precoded pilots is suitable for both non-codebook and codebook
based beamforming or precoding coexisting in the same system.

{0042] Figure 9 is a flow diagram of a procedure 900, implemented in the
system 100 of Figure 1, of generating an effective channel response estimate used

by the WTRU 110 to detect/demodulate data in RB structures transmitted by the
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denoted as the effective channel matrix obtained fromconputation. Heff d
and Heff ¢ may then be averaged or conbi ned, and wei ght coefficients may
be applied to Heff d and H eff ¢ when conbining such that Heff = w x
Heff d + w2 x Heff ¢ where wi and w2 are conbi ni ng wei ghts. [0045] Fi gure
10 is a block diagram of a base station 1000 that is configured to transmt
RBs, in accordance with a particular DRS node. The base station 1000 nay

i ncl ude a Mide shatican1os. 10 1Ebp 905 ﬁﬁebiay@itaﬂx&ﬂ% ﬁ-amxﬁﬁeRBelto tHIAQTRIM a

transmtter 25. The na 1 conpr.i se pl ur f transmt
ant ennas. ﬁi&) ‘6‘6%‘5@78?3 ‘%@56‘%@? % r%ﬁ‘@ﬁ@? ‘f W&H@ﬁ”ﬁ%@? %&houl d
transmt thalﬁﬁslmdﬁﬁﬁomdmm bt RS dateté), Inta&'i)snmﬁmlWTBRSurmde 2 or

DRS node 3, whjch is selected ased on channel conditi o determ ned by the
recei ver 101%CVERHER §Siipates\RtRer 2fYPEPD 4T eiackive aéme PRSEAEs or 1020

gener at es RB&cotiés @DRS&Q@%Q@dMAtBPIoE&t@d &e'lceﬁﬁr@ldywaat@%bmrtﬁbm%he RBs
i nclude "contral ata synbol s_incl udi ng | east one DRS node

i ndi cat or bipe qqqéroﬁgg)eérdétat PERRYUF either W“tsﬁ’ét )c“tggﬁ"s]rﬁy?’f gignaeg; (&89 t he
transmt anigepas sigfnahﬂg) o%d\@r@iﬂ}e? Q@aaﬁﬁgl@e g [ 139461 J@mﬁ{gmametptgas 1025 may

be configured to tr | urality  of via th MO ant enna 1010.

Each RB confiq ‘é’g‘gudllﬂ ltﬁe%lmet %%noﬂEsndl‘Eé?}}WﬂEteﬁ%‘}“ed%thléE@P%@ef%S one of a

CRS, a DRS 9% lapglireghried fiIDRSP] bl ford eAMBSphitfchlid DESA tkOWPRUT €1(0i | Ot , and
a data synbal. The processor 1020 nay be confi gur ed to determne a

particul ar ReteEmings pibether the parbicias DRS4g wsipgle bagmiormpd erpracodedidet, one

“control typgeh déaap%sﬁmpahfobﬁxmg Iﬁacoh@@wopn@n@% mi%b NTRet P10 bit which
i ndi cates the_ particular RB structure, as determ ned qa% t he gerocessor 1020.
[0047] The peﬁaé%f@éanzﬁg@wﬁﬁlyarﬁ@lwmmsg@ﬁwqndhgmtﬁﬁﬁl i8Rt ofseeP™MPt i cul ar RB

structure tGriggef, %Eteﬁ'@ﬁttﬁ!elww&@ UsBs {h%%ﬁﬁ&% chQnﬁ’eEItrQé‘ptohébGesﬁnPJ%@ﬂQe in at
| east one of a channel condition speed a a data rate. For

exanpl e, théelﬁ?@éé%tgﬁronimdﬁh}wb@e ARG @ftﬂaé%lmttbeﬁﬁstlc?ﬁ trapemifited st ur e of
the RBs fromaydsksaltiochofdsi guration in which a subset of the plurality of
REs in each RB i1s reserved for DRSs including single bearafornmed or
precoded pi 48] (i . &he eghigationief ar) effechive channshresperieirawy be iaproved whi ch no
REs are res 0

P ocessor - 10967 gau it beamichmEdor pREICT3GIind Bablobltblotimel BE ¢ o
first confi gracedddanilotsy Tieieflacting dREpnelrespoasciner be ﬂttnamgriz?sthe(rrhrectly DRS node
0), to a se h I f REs in
chch RE [ 5 Posnruen aukbasal biatihat 3 WRaak ol T A o
pilots, (i. effectmglmreﬁyonspa@mﬁ}qlngm\@dlﬂbqtbdaeqsla@dknctim&@mm@es a WIRU
1100 conf i g d.. f ' t t 1000 of
Fi gure 10, g{({gl %Ié?lgg'?%%go E:&gp%%gcé%{) (Eab%g]g%ea&?ln tei'(u1 ﬂf{% ase gltcl)lr%ﬁ)%

particul ar BfRStivedbainedresavrst thyy alsebavbthowdtfrooneonDRSitebermfored at or bit .
The WIRU 11 r sform
(P ani ¢ DRpR biie R BdAdNE SNLRRRDe lnci e Rkt B bE HAENS O 140
and a dat a tepmyed lfrebtlmmu.’ﬂambgw single dnd gompésitelesmforTired dvipvdoded enna 1105
conpri ses apﬁ#tgﬁg‘l’rk I niQkqrecei ve antennas, and the FFT unit 1115 conprises
a plurality’o assenblles correspondlng to respective ones of the
recei ve ant &9ddk of ima toNXDL MOt lemeraexaib@iBe, thieffkttive drnaelesionss of ecei ves

cor rospon RO RFerif Sl e Pl PO Rl ARIHE O oy

the tine dodendated g blad eflettife tioarmel nedrie wbipivshfiom dragheastihdtden. The si gnal

par si ng uni 125

DRSs/ CRSs 1&%%”%@?%{3 | géoraa?]ncg %%?o‘%‘?{(}%& ng&?% %g%kﬁlgb%%ﬁ]e Si gn?ﬁ3 par si ng
unit 1125 f vakdatim. t fheDiBstiCRShaddd Oresporish eofcérrhniblyer st icompited bni t 1140,
and for vvard t e d i decodi ng
unit 1150, lt ﬁlygg:oagmznpcon? %}ey%m%g Elttn%%e %‘!)ol S ??‘?hgﬂ{%}ﬂgq% D) that

i ncl udes at Ieast one DRS node indicator bit. [00491The signal parsing unit
1125 parses the frequency donmin signall-



1120 based on a decoded DRS node indicator signal 1160 generated by the
dat a det ection/ denodul ati on/ decoding unit 1150. The WIRU 1100 recei ver and
its signal parsing unit 1125 are configured in accordance with a particul ar
DRS node indicated by the decoded DRS node indicator signal 1160. The
decoded DRS node indicator signal 1160 instructs the WIRU 1100 recei ver and
the signal parsing unit 1125 to forward the DRSs/CRSs 1130 to the channel
estimation gaidieddstfe eftdivk ehdBicViatkit SiRaf@ll &ofddomblfdtidn0 H_BE daida

detection/d rmdul ation/decoding unit 1150 based on the RB structure, (i.e

DRSs/ CRSsf DEL-plyfomey them e ayerages pr cambined o aad worshtrsoatficientsgy ke » cont rol |
type" data §y |t§Haé§ EENH Vdfllc WRYR Eorh MBIz sRbigthak BNEf = (vt FH, effid +
signaling), e _channel estinmation unit 1140 estinmates the comon channel

response baﬁ’@d‘%ﬁffﬁé’hmléﬁéwrﬁé?lébmmﬂh@hannel response estination
| ror mat | oTuoblgP 10 biirdaaieCEsl AGAGTOg dbontaltsodbny Al ts 1150,

whi ch decodes t "control data (D) 1135 that contains the DRS node
i ndi cat or b&Eéigurad tp hranse eh@ﬂeiﬁréllan%e\s%ﬁ@ert@y%qrmsnaﬂdq AhgbA%e i on 1145.

Based on th@ta‘é’i@ﬁ(i@@@'n%ﬁnﬂi‘&d@a'l\@ﬁ%@%@émat A0Sk 90RlvePabss,Ngo %@és%oxll%
forwards the DRSs/CRSs "11 to the channel estimation unit I?L 0, and

forwards t hé0%fsangd e(@)insmm@rﬂ@% H&%MIMOGW@W l&dpa@nﬁnﬁﬁsmlbwlﬂée%m ng unit
1150. The chapugls zﬁ&&ﬁﬂ@ Bk m%céss&lﬂ&zoe&éteﬁmh@ss wthgﬁle‘?ftflgcifdn\éﬁnﬁ&annel

response based on the DRSs and forwards conmon channel response estination

i nf or mat i onshopdd tragsmitethgRBs ercsendapey ﬂéhdélﬁ@ arqderf), D aiodg MRS 1150,
whi ch decodggqt B DRI d’elép@hxcﬁ% 21dcta ;ﬁ el%h&lﬂ m@amﬂnﬁi;annel
Qe

response estinmation | nformation 1146. “control type" ta
synbol s ar eby&hrt regpizethiQibethy snped of p g Unagl data raty. 3The gwa%img) t he
channel est

Qra%‘é RBd; %Qco‘%ﬁ&ﬁ&%l éﬁa@@lg&%&'ﬁ& RO, %eﬁeir BEIgNe channel

I'ng on the current based on 't CRSs and/ or

response, ge e

DRSs and fomﬁfgr@s"c@ﬁfféé)m / datehsymaledls ingbydarset lesttiomati R mode indieatpon 1145 to
the dat a detgc I uni t he
"contr ol ty%)lg ﬁ‘iagﬁﬁg?;%}q%%&mﬁ/bg?%%g%%% g&%%éﬁ ?rgi\f\é@l n |g§§%9ﬁ sed on
the effecti oftheBlidfi@lanteaspdi9d@. estimation information 1145. The decoded DRS
Lt cator | o8Py ! OO RGNy Bl o g DTS, HRHS T hiDEITEY 1100
which will be used for subsequen sm ssi and recel Vi r current

transmi ssi oRBs Wtaethwl\IIlM@B@cJemnsel@lﬂ hBacleBBdedpHRS apldealitydf BEsoEa¢h1 t he
previ ous trags 0] Fi o] agr am of
anot her WIR %%%%gﬁ egp%r%g%gg\é}; ggjeflisgi Oﬁﬁg 1&%!5&}%55515 e%lplt glﬁr%e base
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RBs transm b he bas ion 1000 of k wapds a
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previ ous reosemwed fanBRSecmdedin@R&ghmHeamfachnediboprec?ﬂhc&i Bﬂ@ﬂ,a(h ep@RS ng uni t

1225 parses_t guenc n t he CRSs
1335 And darad b} FEGHEREY cOmERRRIcn A Rhich BARPSHP G TP DRSS or vr e
the DRSs 1230 to the PM validation unit 1245 forwards the CRSs 1235 to
t he channel estinmation unit 1255, andlRerwards the data (D) 1240 to the
dat a detection/ denodul ati on/decodi ng unit 1275, which decodes data synbol s
in the data (D). The data detection/denodul ati on/ decoding unit 1275 w ||
decode "control type" data synbols in the data (D) that contains at |east
one DRS node indicator bit, if the DRS node indicator is sent via |ower

| ayer signaling (e.g., Li signaling). The beanform ng or PM validation
unit 1245 forwards a PM validation signal 1250 to the effective channel
matrix unit 1265. The channel estimation unit 1255 estinmates the common
channel response based on the CRSs 1235 and forwards common channel
response estimation information 1260 to the effective channel matrix unit
1265 V\:hl ch generates an effectlve channel matri x information signal 1270.
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[ 0054] The PM validation unit 1245 perfornms blind detection for the
beanform ng or precoding information that is used at the base station 1000.
The al gorithm for such a blind detection searches through a beanform ng or
precodi ng codebook for the best beanform ng or precoding information based
on a certain criteria, such as "m ni num di stance" of signal or "maxinmum

| i kel i hood" of detection (see Equations (5) and (6)). [0055]In the

beanf or red DRSIAGRYY eﬂlt@fﬂa@itve ?Etthféqﬂ@cegs%@ Rostediag BE eshiigutad to6Riteh the ansnits
0

one beanforned or precoded t via all antennas. Eqor exanple, if there
are four antlEnstyEe ¢dbe R&s{mﬂ # frst configuationmcwhich ng &isaze sesepyedder me1, 2

transmts tp&skolile QMY nfyde ¥99@h Bidbl : coﬂﬁ%urﬂﬁ&x YW%hiE subset \OPeke [v_m

..... v._.mi] AT is the precodlng vector of the mth streamand Cmis a

pi | ot code BluraldyeeREsn esh R g aesareedifeniiBSs ivclndingsingabpamibraeder required
and M pr ecoggdoddal foioss, & HRGARALYS.ed by M dedicated pilots, each in

di fferent subcarriers.

(0048] Figure 11 is a block diagram of a WIRU 1100 configured to receive
the RBs transmitted by the base station 1000 of Figure 10, and
detect/demodulate/decode data in the RBs based on a particular DRS mode
indicated by the at least one DRS mode indicator bit. The WTRU 1100 may
include a MIMO antenna 1105, a fast Fourier transform (FFT) unit 1115, a
signal parsing unit 1125, a channel estimation unit 1140 and a data
detection/demodulation/decoding unit 1150. The MIMO antenna 1105 comprises
a plurality of receive antennas, and the FFT unit 1115 comprises a plurality of
FFT subassemblies corresponding to respective ones of the receive antennas of
the MIMO antenna 1105. The MIMO antenna 1105 receives RBs transmitted by
the base station 1000 of Figure 10 and forwards a corresponding time domain
signal 1110 to the FFT unit 1115, which converts the time domain signal 1110 to
a frequency domain signal 1120. The signal parsing unit 1125 parses the
frequency domain signal 1120 into the DRSs/CRSs 1130 of the RBs and data (D)
1135 of the RBs. The signal parsing unit 1125 forwards the DRSs/CRSs 1130 to
the channel estimation unit 1140, and forwards the data (D) 1140 to the data
detection/demodulation/decoding unit 1150, which decodes "control type" data
symbols in the data (D) that includes at least one DRS mode indicator bit.

[0049] The signal parsing unit 1125 parses the frequency domain signal
1120 based on a decoded DRS mode indicator signal 1160 generated by the data
detection/demodulation/decoding unit 1150. The WTRU 1100 receiver and its
signal parsing unit 1125 are configured in accordance with a particular DRS
mode indicated by the decoded DRS mode indicator signal 1160. The decoded
DRS mode indicator signal 1160 instructs the WTRU 1100 receiver and the
signal parsing unit 1125 to forward the DRSs/CRSs 1130 to the channel
estimation unit 1140, and to forward the data (D) 1140 to the data
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[ 0056] The channel is estimted via each dedicated pil ot across al

ant ennas.

For exanple, if there are four antennas and two streans,

t he

recei ved signal nodel for each dedicated pilot nmel,2 is: [ 0057] The

ef fecti ve channel

response can be estinmated using two dedicated pilots as

an exanple as follows: .21 = [heff }1. h I C + ; and QQ-.21 + [h C2 it.

detection/demodulation/decoding unit 1150 based on the RB structure, (i.e.,
DRSs/CRSs/Ds layout), indicated by the decoded DRS mode.

[0050] If “control type” data symbols are sent via lower layer signaling,
(e.g., L1 signaling), the channel estimation unit 1140 estimates the common
channel response based on the CRSs and forwards common channel response
estimation information 1145 to the data detection/demodulation/decoding unit
1150, which decodes the “control type” data (D) 1135 that contains the DRS mode
indicator based on the common channel response estimation information 1145.
Based on the decoded DRS mode indicator, the signal parsing unit 1125 forwards
the DRSs/CRSs 1130 to the channel estimation unit 1140, and forwards the data
(D) 1140 to the data detection/demodulation/decoding unit 1150. The channel
estimation unit 1140 estimates the effective channel response based on the DRSs
and forwards common channel response estimation information 1145 to the data
detection/demodulation/decoding unit 1150, which decodes the “data type” data
(D) 1135 based on the common channel response estimation information 1145.
[0051] If “control type” data symbols are sent via higher layer signaling,
(e.g., L2/3 signaling), the channel estimation unit 1140 estimates the common
and/or effective channel response, (depending on the current DRS mode), based
on the CRSs and/or DRSs and forwards effective channel response estimation
information 1145 to the data detection/demodulation/decoding unit 1150, which
decodes the “control type” data (D) 1135 that contains a DRS mode indicator
based on the effective channel response estimation information 1145. The
decoded DRS indicator is used to configure and switch the DRS mode of the
WTRU 1100, which will be used for subsequent transmission and receiving. For
current transmission, the WTRU 1100 uses the decoded DRS mode indicator in
the previous transmission and receiving.

{0052] Figure 12 is a block diagram of another WTRU 1200 configured to
receive the RBs transmitted by the base station 1000 of Figure 10, and
detect/demodulate/decode data in the RBs based on a particular DRS mode
indicated by the at least one DRS mode indicator bit. The WTRU 1200 may
include a MIMO antenna 1205, a fast Fourier transform (FFT) unit 1215, a
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-eff ,22 Equation (3) Equation (4) The effective channel responses may be
estimated using both common and dedi cated pilots. Channel H may be obtai ned
froma comon pilot, T_m The effective channel responses may be conputed

using multiplication of Hand V, i.e., Heff HV, where V is the beanform ng
or precoding vector or matrix. The effective channel response H eff may be
obt ai ned from dedicated pilot Pm (=VC_m by perform ng channel estinmation

al gori t hm f g6 BOPAkiANGnit 3)208N9 Igé}#fo g&lr g)'%@reco iadindabe (PRayT or mi ng

or precoding nmattrices/vectors, ng vectors can be
det ect ed usY#lifation uhisi 1240 a@aahglmstlmmn ilmt 1@%&3 laneffective charmebmatniied or

precoded pi {119”11&§26§'F£ud2a data-ddte (fnon/%&oﬁﬁlgutﬁ/dé{codm “urdit 12 1 nel(le"chﬁn (5) vi

Once the beanform’ng or preco matrix or vect IS 0
ef fective chaiennd lﬁﬁm@esamlmlmfpme@w dnperphasf @nd:tHQEF’RNmaﬂHmere His

matrix or v AR e el Bnd e e B B R R T el A o Poa
above for ethehregéive hetdunbe afitlor MéMQ)anwnaadQéﬁl Pible VBV Onattenis 120M (0059) A
beant or m ng e%&v {ﬁ%&’%lfaglrgm‘iﬁ%%d iéﬁ;}?erbas %a?m% 108% Pgi%i% g§ éﬁ&’ foﬁ'apc% 4 he

followngagorl ormed or reco
corresponding time domain signal 1210 to the FFT unit 1215, which converts the

time domain signal 1210 to a frequency domain signal 1220. If the DRS mode
indicator is sent via higher layer signaling, (e.g., L2/3 signaling), the WTRU 1200
is configured and switched to the DRS mode based on the previous received and
decoded DRS mode indicator. The signal parsing unit 1225 parses the frequency
domain signal 1220 into the DRSs 1230, the CRSs 1235 and data (D) 1240 of the
RBs. The signal parsing unit 1225 forwards the DRSs 1230 to the PMI
validation unit 1245, forwards the CRSs 1235 to the channel estimation unit
1255, and forwards the data (D) 1240 to the data
detection/demodulation/decoding unit 1275, which decodes data symbols in the
data (D). The data detection/demodulation/decoding unit 1275 will decode
"control type" data symbols in the data (D) that contains at least one DRS mode
indicator bit, if the DRS mode indicator is sent via lower layer signaling (e.g., L1
signaling). The beamforming or PMI validation unit 1245 forwards a PMI
validation signal 1250 to the effective channel matrix unit 1265. The channel
estimation unit 1255 estimates the common channel response based on the CRSs
1235 and forwards common channel response estimation information 1260 to the
effective channel matrix unit 1265, which generates an effective channel matrix
information signal 1270. The effective channel matrix unit 1265 forwards the
effective channel matrix information signal 1270 to the data
detection/demodulation/decoding unit 1275, which decodes the data (D) 1240
based on the effective channel matrix information signal 1270 to generate
decoded data 1280.
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J.? =argmn( EIl vy - 11"yi C11), Vjnrl where V_hat is the detected
beanform ng or precoding matrix or vectors. [0060] The effective channel
response H eff nmay be obtained from conposite beanforned or precoded pilots
or conposite dedicated pilot. The beanform ng or precoding nmatrices or
vectors can be detected using M conposite beanformed or precoded pilots : V
= arg mn( Ellyin - EH"Vi Cnl), Equation (7) W}m=1lEV} where (VUis a

set of V. Fmopsgxanpl ghé E‘)x SlYsidg tfnyt1122\52ﬂar%s th¥ Freqi¥&dcyHornda ¥ sighal,  V3)
(171, V2, V3, V4), and the |like. [0061] Conb |n|1r91&the estimates of effective

channel respofskased pryadeeodad DiSsedeindicaton sigaeli8gigenerates byhagats « e

dedi cated paét@&t%n/&é%@odﬂﬁtfo%c{%ﬁg QhitCRaBNathe rWFRgnﬁZ@O%Eénr@tdnﬁrit@nd data
detection may be inproved. Alternatively, one may reduce the nunber of

depl oyed detiBeakRarsive|wils 1235 axsreonSperedda dicerrtenreprith espartipulah DRy e
per f or mancep,jOYGRIfEXPBP kl?éd&t)démﬁRM e BYRAtor 1Ralh 248 | PyEdecod@ddd three or

nore MIVIO | ayers are as

DRS mode indicator 81gnal 1285 instructs the WTRU 1200 receiver and the
signal parsing unit 1225 to forward the CRSs 1235 to the channel estimation unit
1255, to forward the DRSs 1230 to the PMI validation unit 1245, and to forward
the data (D) 1240 to the data detection/demodulation/decoding unit 1275 based
on the RB structure, (i.e., DRSs/CRSs/Ds layout), indicated by the decoded DRS
mode indicator signal 1285.

[0054] The PMI validation unit 1245 performs blind detection for the
beamforming or precoding information that is used at the base station 1000. The
algorithm for such a blind detection searches through a beamforming or
precoding codebook for the best beamfbrming or precoding information based on a
certain criteria, such as “minimum distance” of signal or “maximum likelihood” of
detection (see Equations (5) and (6)).

[0055] In the beamformed or precoded pilot method, each dedicated pilot
(P_m) transmits one beamformed or precoded pilot via all antennas. For
example, if there are four antennas having two data streams each, a dedicated

pilot m=1,2 transmits the following precoded pilot:

where [v_ml,...,v_m4]*T is the precoding vector of the m-th stream and C_m isa
pilot code or sequence. For M data streams, M dedicated pilots are required and
M precoded pilots are transmitted by M dedicated pilots, each in different

subcarriers.
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[0063] One layer: 1) Qbtain fl_eff d Use Heff d. (see Equations (3) and
(4).) Subscript d neans H eff can be obtained by direct estimation. Sane
for the follow ng. or 2) Detect PVI conpute and use H eff c. (obtained
from Equations (5) and (6).) Subscript ¢ neans H eff is obtained by
conput ati on. The sane applies for the followwing. O 3) Obtain H.eff d,
detect PVI and conpute H eff c. Average or conbine Heff d and Heff c.

[ 00641Two Md@Gj ayer §he chhnfhlt & Bstisleh ’QB ahf Maftecﬂ%uloﬂa%;c;ssch:fi h _eff di

h_eff d2]. Obtain PVI1, PVI2conmpute h_eff cl and
c=f| a_eff Cpn DARS. If,oz|example,1f there are four antennas and two streams the recelve_d

signal model for each dedicated pilot m=1,2 is:

v

ml

- hy by by By |V -
= C + .
o [hz. by by b vas| T Fauation (1
vm4
The effective channel matrix is:
H = heﬁ',]l heﬁ' 12
7 hgﬂ,zl hqy‘,zz . Equation (2)
[0057] The effective channel response can be estimated using two dedicated
pilots as an example as follows:
_he
- o 11 -
= }'Cl TN . and Equation (3)
| "Cef,21
- ~hej]”,12 -
y, = -C,+n, Equation (4)
| "Teff 22

The effective channel responses may be estimated using both common and
dedicated pilots. Channel H may be obtained from a common pilot, T_m. The
effective channel responses may be computed using multiplication of H and V,
i.e., H_eff = HV, where V is the beamforming or precoding vector or matrix. The
effective channel response H_eff may be obtained from dedicated pilot P_m
(=V*C_m) by performing channel estimation algorithm for Equations (3) and (4).
[0058] When decoding the beamforming or precoding matrices/vectors,
beamforming or precoding vectors can be detected using the following algorithms
for each of the M beamformed or precoded pilots, m=1,2,...M :

~

V,=argminlly, -H_V, C_|. Equation (5)

]
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3) Average or conbine Heff d and Heff c. [00651Three or nore M MO | ayers:
1) Ootain PMconpute Heff c. [00661Enbodi nents 1. Awreless
comuni cation nethod of transmtting resource blocks (RBs) in accordance
with a particul ar dedicated reference signal (DRS) node, the nethod

conpri si ng: generating a plurality of RBs, each RB conprising a
plurality of resource elenents (REs), wherein each RE is reserved for one
of a comononed ﬂfe%b@@af&xingﬂglor @Q%Samganm drictted isgbtainetin@lecffobtival , a DRS

|nclud|ngacorrp site , and a ransmtting the
RBs via a féeSP tc et‘i"ﬁﬂ%"@ﬂ‘f ﬁee‘%(%"%#é‘m?aeﬁ; Vi %l ural ity
of transm tcminema Sonse and V_hat is fittQlcbRtditsbatiforadihg oF pRbddide waeiedM t he
single pilot is a S|e&gle beanf or ned or recoded |Iot 3. The net hod

of enbodi mefitcter- vitherediertitardagpelyseropge BﬁaIY Gisojhe ‘E’&tﬁ%‘%l?of’% fogeeafR of med or

precoded pi ﬂfétheamformeﬁor-BP&oH@IﬂMS Qﬁ—l@ .asy, one of enbodiments 1-3
wher ei n each of the RBs conprises a pI urallty of REs reserved for. a DRS

i ncl udi ng al®pPRlyl e LAHRBHMERYDS OF FrewEdHgdmatypr vectors may be deteetedot hod as

in any one @fingRROMUIRHS1dorRhMAGEEMbeRRANMA drpReddBSd st i Ses a plurality
of REs reserved for a plurality of CRSs, and each one of the CRSs is

associated with a particul ar e of the transmt antennas.

Vo =argmin( ) || yi = HpV; C ), .
v o’ Equation (6)

where V_hat is the detected beamforming or precoding matrix or vectors.

[0060] The effective channel response H_eff may be obtained from
composite beamformed or precoded pilots or composite dedicated pilot. The
beamforming or precoding matrices or vectors can be detected using M composite

beamformed or precoded pilots :

M
V o=argmin(Y |y - D HuV; Cu D,
i} m=1 Vie{V;}
where {Vi} is a set of V. For example {Vi} can be {V1, V2} or {V1, V3)} or {V1, V2,

V3}, {V1, V2, V3, V4}, and the like.

Equation (7)

[0061] Combining the estimates of effective channel responses from both
common and dedicated pilots or composite dedicated pilots, the performance of
channel response estimation and data detection may be improved. Alternatively,
one may reduce the number of deployed dedicated pilots or composite dedicated
pilots for the same performance.
[0062] Examples of one MIMO layer, two MIMO layer, and three or more
MIMO layers are as follows:
[0063] One layer:
1) Obtain H_eff d — Use H_eff_d. (see Equations (3) and (4).)
Subscript d means H_eff can be obtained by direct estimation.
Same for the following.

or
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6. The nethod as in any one of enbodinments 1-5 wherein each of the RBs
conprises at |east one "control type" data synbol that includes at | east
one DRS node indicator bit that indicates a particular DRS node associ at ed
with the RB. 7. The net hod of enbodi ment 6 wherein the particul ar
DRS node is associated with an RB structure in which each DRS includes a
singl e beanforned or precoded pilot. 8. The nethod of enbodi nent 6
wherein the particul ar 2DBSeBP LScorgiie had ask Mi dfh caBbBBnsd froigt ure i n which
each DRS includes a co osj.te beﬁg ?gd or recode pi.l ot 9. The
met hod of enbodi ment 6 %"11%9545} ﬁ%& P‘éﬁSF‘B ¢ Pran %ﬂﬂ%o%g%ébéit ed with

an RB structure in whi gdmpitatie@strienamapphed féd fise RUPWIHgal ity of REs
reserved for DRSs including single beanforned or precoded pilots, and at
| east another RB inc?udes a plurality of REs reserved for DRSs |ncI udi ng

composi te beart or Med 08) Q5 @EHEHTRI, uBledt PV and condflte FngmTt hod of
enbodi ment 6 wherein the particular DRS npde is associated with an RB

structure in which oneAREFagaer cRyeing B pffcd and Hugft 6f plural i ty of REs
reserved fo[oBiRSs in%gmlmﬁfy@gg e beamc ornmed or precoded pilots, and a
second group of REs reserved i.ncl udi ng corrp05| t e beanfornmed or

precoded pilots, and aﬁb@h’@ﬂnhseﬁ—ﬁélaﬁéé’sefﬁ-gk Heoff id=h off_gibd_eBdved for

DRSs i ncl udi ng conposi beobeanbet (Tae/1or NoaGREEr | d?flepta%dmé &@oes not
include any REs reserved for DRSs including singlé beanfornmed or precoded

pi |l ots. 11. Thethelirsth s dnbRff-68nt 6 wherein the particul ar DRS

nmode is associated wth gperggh&tgogg;lﬁgﬁ & dWachh gaeh RB includes a first
group of pl urallty of REs reserved for DRSs including single beanformed or

precoded pi [9863] andThres ok soge PHY) layersREs reserved for DRSs i ncl udi ng

conposi te beanformed or 1p()gggﬁl@gﬂpuggn§9ute}1 eff c. 12. The nethod as in any
one of enbodi rrents 1-11 further conpri sing: transmtting a DRS node

i ndi cat or s/0§R8l i ng Bobplimepés ati ng node via higher layer signaling or

llower layer signali ”§1w1¥@l€§s%bﬂn$ﬁ?ca%§ RRRE A5 theh Rt d Fk‘ib&ﬁ% Bhocks1®

configuratign of DRSS in A base station conprising

nul tipl e-i niitRs) mwrﬁlpecwlpapa(tmu&@)dedm@dﬁafewe pignal (B moﬂ%,yheaf
transmt ant@fM@Somprising: @ Processor for generating a plurality of resource
bl ocks (RBs), each IBB corrprl sing a plurality of resource el enents (REs),
wher ei n each RE geBernatinggapbarafigy ofdhids, gachRB spmprising palarpdisy ef ngperire¢ CRS), a

particul ar defifl @sS, %ﬁér@ﬁc&cg'lgﬁgé réddRl fof‘%é‘%&" B%ofhrib GtEraibd OL, @ DRS
i ncluding a conposite . ata sy
signal (CRS), a DRS including a single pllot a DRS including a composite pilot,

and a data symbol; and

transmitting the RBs via a multiple-input multiple-output (MIMO)
antenna having a plurality of transmit antennas.

2. The method of embodiment 1 wherein the single pilot is a single
beamformed or precoded pilot.

3. The method of embodiment 2 wherein the composite pilot is a
composite beamformed or precoded pilot.

4, The method as in any one of embodiments 1-3 wherein each of the
RBs comprises a plurality of REs reserved for a DRS including a single
beamformed or precoded pilot.
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a transmtter for transmtting the generated RBs via the M MO ant enna.

14. The base station of enbodinent 13 wherein the single pilot is a single
beanf orned or precoded pilot. 15. The base station of enbodi ment 14
wherein the conposite pilot is a conposite beanfornmed or precoded pilot.

16. The base station as in any one of enbodi nents 13-15 wherein each of the
RBs conprises a plurality of REs reserved for a DRS including a single
beanf ormed or prgcodede Rietia as in an ond &f endbAiRBSE 158 FhbRlin Bschi g7 tREY one of
enbodi nents_13-15 wherein each %’ he RBs conprises a plurality of REs
reserved foRB QCWW%S@@“@NU‘(@S rapravedhion a phwaliy of GBSeRd epch g gbci at ed

with a part jtREs BQ%S&iatEJ]@nWaaﬁihﬁﬁ\:ﬁla?Bﬁ@@ﬂ%@ transmit antfnas/ N€ base station
as in any one of enbodi nents - wherein each of the RBs conprises at

| east one "cont rfol t Jhemetadasdpmpgione ptembedimgrisdl-aivhpeeis eadhd tiBRS node
i ndi cator bgislhapridadh q:@a%g&m@ c&ﬁ:rr(gl't "Qfat%ﬁﬂ?@ﬁat@ﬁ&gﬁé?&tqgas%ﬁ@ the RB.

19. The base station of odil nmen wherei'n the particul ar node i s
associ at ed WRStmerde iR@icator htttthﬁrfendlnaf\m p @hrticatay Dﬁ%npmsa@t‘e@eéwshhrﬁg*? e

beanf orned g precoded pilot. 20. The base station of enbodi nent 18
wherein the particular DRS node is associated with an RB structure in which

each DRS includés a Ehapwthadeofisodetionans@ \bherpn@@@@edlwlfhlo@f{s modeis 21. The
base stati op, Q&AL adient t RS ssoci at ed
with an RB str t}gturgml n V\th?ﬁsgt&@ ugggltn gﬁuaglﬁgl nc ]S%es adg'!l')ur a}u?%l? of REs
reserved fobeddmgsmpdior précovigdpilayl e beanf ormed or precoded pilots, and
O ey L1eS Pt dokrbafiion (SSREUA ) Yor RS HREIE1O
conposi te beanfornmed or precode ase statl on of
enbodi nent asogihtadewitht fme H@rstnucmrarmmcmhﬂglﬁsmd@deﬁ edcopipobitean RB
structure i es a first group of plurality of REs
reserved fo? a\@g&lf Qﬁe}fgﬁdeﬁﬁlﬁgl e beanfornmed or precoded pilots, and a
second group of REs The sretlwl ﬁ@mbbmmmmmgthemaywlmeDﬁémdwﬂed or
precoded pi S r ed for
DRSs i ncl ud%’%ts&%%eﬁpq%g?? RIRE}g ﬂﬁg%ﬂr?eq% I"%h?&p?tg(e:%é %ggh!%tﬁﬂfl%e an doe 0%ot
i ncl ude anyREESeseemirfaeEH’S@mMBsglsn@mma@ow@bepMmlmaod apr ecoded
pil ots. 2, gq%!! 8 articul ar
DRS node i 51633% (%g?tgtlgg{ ?1?‘}111(? %ﬁ?uﬁa?[t?&t% ure géesm}t]‘i A foggg%%?&%%g?%des a
first groupcahpgsitabahinformefl oRprecpésiapilodsl f or DRSs i ncl udi ng single
beanaf or ed or e COARE rRbAR! renfidlnRuriondor uRRlic R DRESEIAY for DRSS
i ncl udi ng conposi fe eaFsrorned recode or S

associated with an RB structure in which one RB includes a first group of

plurality of REs reserved for DRSs including single beamformed or precoded
pilots, and a second group of REs reserved for DRSs including composite
beamformed or precoded pilots, and another RB includes a plurality of REs
reserved for DRSs including composite beamformed or precoded pilots, and does
not include any REs reserved for DRSs including single beamformed or precoded
pilots.

11. The method of embodiment 6 wherein the particular DRS mode is
associated with an RB structure in which each RB includes a first group of
plurality of REs reserved for DRSs including single beamformed or precoded
pilots, and a second group of REs reserved for DRSs including composite
beamformed or precoded pilots.
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24. The base station as in any one of enbodi nents 13-23 wherein the base
station transmts a DRS node indicator signaling a DRS operating node via
hi gher | ayer signaling or |ower |ayer signaling, wherein the DRS operating

node indicates the configuration of DRSs in the RBs. 25. A wireless
comuni cati on nethod of detecting data in resource blocks (RBs), the nethod
conpri si ng: receiving a plurality of RBs, each RB conprising a

plurality of reaQurC@h@inem%ata&x(&i%sanedf/e@b@dlmeaeecmﬁﬁrt&rwﬁpﬁmg for one
of a common reference sign a dedlgég{ied ref erence signal . (DRS)

al
i ncluding a si ngra@smwtmg a Q%ﬂgﬂdeﬂeﬁwam@l BEAIULR epspting moéﬁ ¥4, dat a
symbol ; d e%%h@i‘ 184 &% Manin o%e@[@ef St &M%d whefeifReDRS operatifdho®ach

partlcular S, determ ning whet her t particular DRS is a single pilot or
a corrp05|temﬁiqat#tsthé§‘?4ﬁ@\‘ﬁtr¥§l%frp%$?’@c@f3\?@schannel response; and

detecting data 18 thg pRESsthhiah cahprisigser ved for data synbols based on the
effective channel estinmate response. 6. The_ net hod of enbodi nent 25
wherei n the si ngrulliflginpug nallgpmtépwmmewa prdes agduyslity of

27. The net{ads Rt Sohdsent 26 wherein the conposite pilot is a conposite
beanf ormed or precoded pil ot. 28. The nethod as in any one of

enbodi ment s 25 2791‘65!PR§I5‘§1 far generatong apdurbty efgiepureeBlogks (Rlisdteagh 8B  cont r ol

type" data giurbff%l &fql@s%u@ée d&ASHts %)%Mé’achfﬁﬂ g%&rwéut that

i ndi cates a partl cuI node associated with t
met hod of ef?boat w€atcopgnethegference HenplaiGRue @artmyrn@m’ecaqt%d a@“@r@meat ed with

a|n | 5? strucliphg (RN A2 e RitdREplife b 45185 i1 APh CoRFsMie YildEhindra Pr ecoded
P data symbol; and

a transmitter for transmitting the generated RBs via the MIMO antenna.

14. The base station of embodiment 13 wherein the single pilot is a
single beamformed or pfecoded pilot.

15. The base station of embodiment 14 wherein the composite pilotis a
composite beamformed or precoded pilot.

16. The base station as in any one of embodiments 13-15 wherein each
of the RBs comprises a plurality of REs reserved for a DRS including a single
beamformed or precoded pilot. '

17. The base station as in any one of embodiments 13-15 wherein each
of the RBs comprises a plurality of REs reserved for a plurality of CRSs, and each
one of the CRSs is associated with a particular one of the transmit antennas.

18. The base station as in any one of embodiments 13-17 wherein each
of the RBs comprises at least one "control type" data symbol that includes at least
one DRS mode indicator bit that indicates a particular DRS mode associated with
the RB.

19. The base station of embodiment 18 wherein the particular DRS
mode is associated with an RB structure in which each DRS includes a single

beamformed or precoded pilot.
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30. The nethod of enbodi nent 28 wherein the particular DRS node is
associated with an RB structure in which each DRS includes a conposite
beanf orned or precoded pilot. 31. The nethod of enbodi nent 28
wherein the particular DRS node is associated with an RB structure in which
at | east one RB includes a plurality of REs reserved for DRSs i ncl uding
singl e beanforned or precoded pilots, and another RB includes a plurality
of REs reserved gpor BRSpaidSthtich R c£PbBaknt @ sbapibar thehaeficRaedaged pil ots.
32. The nethod of enbodi nent 28 wherein the parth%él ar é)RS node i s

associ at ed Wefeisassqpted witkpghB stucturedn v 9agh DRS ingludess compesiteyr oup of
plurality OhedRESrhESEF Metbde@pilPRSs i ncluding single beanforraed or precoded
pilots, and a second group fp REs reserved for DRSs including osite
beanf or med or prédeod&he fbfi*%?@tl%ﬁﬁ egpotiment A8 whrrpindds reriieyl ?‘éﬂﬂgyp of REs
reserved f of, PRES.ds0Gh4HI Wigh GANPE StiuetRE 8 A BRdeQdt iR dRuddslot s, and
does not include any REs reserved for DRSs including single beanforned or
precoded pi Plorality of REs reggrvedfer BESH duclading mingde opged\RE PEFCAddhe

particul ar gﬂﬁ %ﬂ&h&%@ﬁ&&&g avﬁlﬁﬁl%oﬁ@E§Pé’s%Hrf& DR RRifACh RB
includes a Tirst group of plurality of s reserved for DRSs including

si ngl e beantdmepasitd bermfprmed gegraspdasimlotand a second group of REs reserved

for DRSs includigg C*?H?‘Bﬁéet &aﬁ@ﬁ%ﬁ“@%@n&%&lt%%ﬁ‘&@ﬁ {Hel QlrBicular DRS 34 The
met hod as in any one o mbodi ments 25-33 further comprisin

recei ving amBﬁ@Sr?ﬁwlait%Wéhta@rR%ﬁgwéW%g whigpremedibingludagp ﬁr’ﬁgél‘ovp af hi gher
layer si 9nahl'u?ﬁh@%f'ﬁ@feslaﬁ)é&rfozsbgt%@%éig inGIH BedihforbEP 0P BRLcAILNT TO0E

i ndi cates the configuration of W rel ess
transmt/r eE’é?te»eaBﬁuat s¢opIFRLgroen ph ity ngaerved for %R%Mqlwleguqqm@swml tiple
out put (M M, 2BHLEE03r &R &%aaypﬁ&st Qnd %ﬁgeh\éma Rloiath il Yot fegauiee bl ocks
(RBs), each conprising a ural it resource el enents wher ei n
each RE is ressmedéy DRs lon'eldmg can@gﬁﬁmb\eaﬁé@mm@r@,qogmﬂqtmsﬂ does dedi cat ed
reference sy Qﬁém&@%ﬁ) R%Qfés!a‘xd)e& ra})f%s'lﬂklﬁd ?h? ﬁ’ﬁ R rh Ay Bl 3 Ge P
conposite p| ata sy nnel est matl on unit
configured Pld)otéstl mat e an effectl ve channel response based on the DRSs in
the RBs, wherei nsfor n pmas to
whet her the par?l cul gfr?@%gssfp?%hg&s%lk%Eqb%ﬁngtlgﬁ%ﬁérm&ﬁ% Sl tlglﬁg and

a dat a det epiofeis assiciatedwithguwRB| stroctade¢ morhidaeachi BB ifehidegs ﬁrﬁatrow e

e e o b iR YTRRL SeRARAT, CORS0 HIAEL LG TRRT BSh FBbEd esPONSe

gener at ed by anne ion uni
pllOtS, and a second group of REs reserved for DRSs mcludmg compomte

beamformed or precoded pilots.

24. The base station as in any one of embodiments 13-23 wherein the
base station transmits a DRS mode indicator signaling a DRS operating mode via
higher layer signaling or lower layer signaling, wherein the DRS operating mode
indicates the configuration of DRSs in the RBs.

25. A wireless communication method of detecting data in resource
blocks (RBs), the method comprising:

receiving a plurality of RBs, each RB comprising a plurality of resource
elements (REs), wherein each RE is reserved for one of a common reference
signal (CRS), a dedicated reference signal (DRS) including a single pilot, a DRS

including a composite pilot, and a data symbol;
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36. The WIRU of enbodi nent 35 wherein the single pilot is a single

beanf orned or precoded pilot. 37. The WIRU of enbodi nent 36 wherein
the conposite pilot is a conposite beanformnmed or precoded pilot. 38.
The WIRU as in any one of enbodi nents 35-37 wherein each of the RBs
conprises at |east one "control type" data synbol that includes at |east
one DRS node indicator bit that indicates a particular DRS node associ at ed

with the RB. determ3®ing WHEcHVRERVa R reSdrhetifod®HSs38 Wherein the particul ar

DRS node is associated with an RB structure _in which each DRS includes a

si ngl e beanf or méer eachragtieiar DS, determining whetherthe poytieylayr DBRESE ment 38
wher ei n t hegipaltdietbRs cddipsRPfol; S associated with an RB structure in which
each DRS includes a conposite beanforned or precoded pilot. 41. The
WIRU of enbodi meatimagngjaeefesivetrhapegl resgnss apRS node is associated with an
RB structure in 4ahicaho dhtal iG 268 REDEIRBrd AELYEERr dab Yool bhstd o T €ser ved
for DRSs including single beanformed or precoded pilots, and another RB

i ncl udes a ¢ffaskige Fhannet estmaate sewopeed f or DRSs i ncl udi ng conposite

bean or med or piggcodetl Aokl embodiment 25 wHIReNERL L Ak1SIOR FERIL38 wher ein

the particular DRS node is assoclated w RB structure in which one RB
i ncl udes a beamformedenpretodedpilali ty of REs reserved for DRSs including
single beant or N, of TRE SEAARAPLbhidmedl1ds JREERNHe UbAURIES piflkss heser ved
for DRSs including conposite %ea ormed or precoded pilots,” and another RB
i ncl udes a grimposite byamformed oy precpdedPilobr DRSs i ncl udi ng conposite

beanf or ned or progcod i i ggg, $ 1 € &ved for
DRSs i ncl udi ng szfé'ngl 'gg%)glgir#%g%rsmd r&%?’e%%g&edéﬁlgﬂsgg ?7 mr&%ad}%‘% The WIRU of
enbodi ment BBs e#raprsies at rasperet tentra tymR8atroyentiob thed serdides @t lasst ¢pean RB
structure | Brahhfa ifRENRR: bR HES o8 hhARIADRS A BLULAL ith Bl RES
reserved for S 1 Nnc uglng single Beantor med or precoded pilots, and a
second grouBBof REs reserved for DRSs including conposite beanforned or
precoded pilots. i 3 ¢ 35-43
wherein a DRS er23é i%I?%é@ggtg%ﬁgé%gﬁgﬁas%ﬁ%gﬁlp@rgg’?ﬂfrl\%&m esgg)ﬁégscei ved via
hi gher | ayeasss¢igted| ith en RBwetruttayerinsivhivhl eadpy Ditferieclndeshe BR8leoper ati ng

node i ndi Caﬁ&%ﬂﬁe&%ﬂe%ﬂi’éﬁ%ﬁ?@ of DRSs in the RBs.

30. The method of embodiment 28 wherein the particular DRS mode is

associated with an RB structure in which each DRS includes a composite
beamformed or precoded pilot.

31. The method of embodiment 28 wherein the particular DRS mode is
associated with an RB structure in which at least one RB includes a plurality of
REs reserved for DRSs including single beamformed or precoded pilots, and
another RB includes a plurality of REs reserved for DRSs including composite
beamformed or precoded pilots.

32. The method of embodiment 28 wherein the particular DRS mode is
associated with an RB structure in which one RB includes a first group of
plurality of REs reserved for DRSs including single beamformed or precoded
pilots, and a second group of REs reserved for DRSs including composite
beamformed or precoded pilots, and another RB includes a plurality of REs

reserved for DRSs including composite beamformed or precoded pilots, and does
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45. A wirel ess conmmuni cati on nethod of decodi ng resource blocks (RBs) in
accordance with a particul ar dedicated reference signal (DRS) node, the

met hod conpri sing: receiving a plurality of RBs, each RB conprising a
plurality of resource elenents (REs), wherein each RE is reserved for one
of a common reference signal (CRS), a DRS including a single pilot, a DRS

i ncluding a conposite pilot, and a data synbol ; decodi ng a control type
dat a synbol p§i88868EshPYEORSREd IR DHIEIndRIRR s Ele 128RgsRtddE pReci@Eoded DRS
node i ndi catQr based on the decoded control type data synb F
deternlnlngPWﬁéther any of the REs in an RB are reserved for a DRS based on

the decoded DRS %DdeTh@ﬂb%H%?emﬁ&ﬁment28wﬂ&’eﬁfﬂﬁb'ﬁhﬂﬂm‘l‘ﬁ%l“@§hoﬁ@1soerfOrm a
common channel response estimation based on a DRS node indicated by the DRS

node i ndi cap®eciated with apcRB§euchreHadvhirh eathh fithinstudes avfiest @retmaclchannel
estimation g, p&LfarERdlased f%ﬁ@%&@rﬁﬁé%&%@b{eéﬁﬁnﬁ@ ot brdchegdecoded
DRS node indicator indicates that there are the RBs that are
reserved foPllgyRsand #ngecand eapwieiof &S reserveA fos DRRRs reludingeamppsitthe decoded
DRS node |ng&ﬁ@&ﬂ£m1&qhgahg§phggt there are not any REs in the RBs that are
reserved for A w reless comunication nmethod of decoding
resource bl ocks 3€RBsTh¢We‘d@é@§Haﬁb@%0f ¢mbediments 238 furtfeeticemprsingef er ence
signal (DRS) no Ll ity of
RBs, each RB co%%ﬁ”é?%& ngkg’o’%? a?%&%?p?igg%lg?gcg ﬁ{sg%%%ajs%& Bééj wherein
each RE is higher lpger fignalioger lowealayensignaling, é’hmtm%%wpe@@gm@ DRS
i ncl udi ng alﬁ&ggsechglml’rg Al PRed Hdhe%km conposite pilot, and a data
synbol ; processing t s in accordance Wih a first DRS node decodi ng a
control type dat3®- syﬁtmtelmé%emﬁefdﬂwel@ﬁ@n@f(wmgamm RB;
generating a de i ndi gﬁ%@ ed control
Caqgﬁﬁ é)%ggg gllﬂ#gglgﬁﬁ)hngﬁM@wgﬁtegﬁgg | récﬂ:% rgc%%da

type data synbol fcator signa I cating a second DRS
nmode; and plurahty of resource blocks (RBs), each RB comprising a plurality of resource

elements (REs), wherein each RE is reserved for one of a common reference
signal (CRS), a dedicated reference signal (DRS) including a single pilot, a DRS
including a composite pilot, and a data symbol;

a channel estimation unit configured to estimate an effective channel
response based on the DRSs in the RBs, wherein for each particular DRS, a
determination is made as to whether the particular DRS is a single pilot or a
composite pilot; and

a data detection unit configured to detect data in the REs that are reserved
for data symbols based on an effective channel estimate response generated by
the channel estimation unit, and output decoded data.

36. The WTRU of embodiment 35 wherein the single pilot is a single
beamformed or precoded pilot.

37. The WTRU of embodiment 36 wherein the composite pilot is a
composite beamformed or precoded pilot.

38. The WTRU as in any one of embodiments 35-37 wherein each of the

RBs comprises at least one "control type" data symbol that includes at least one
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processi ng subsequent RBs in accordance with the second DRS node. 48.
The nmet hod of enbodi nent 47 wherein an effective channel response
estimation is performed based on DRSs reserved by the REs in accordance
with the first node, and an effective channel response estinmation is not
perfornmed because REs do not reserve DRSs in accordance with the second

node. 49. A wirel ess conmuni cati on nethod of decodi ng resource bl ocks
(RBs) in acpREaadienditdtbr Bit Bt bhditdtad a fScaat gﬁswcferasg&ﬁt@d WigRthe( DRS)
node, the net hod conpri sing: receiving a plurality of R Bs, each RB

conprising BBplurality of resource elenents (REs), wherein each RE is

reserved for onggof %&Wﬁoﬁeﬁi&ﬁﬁﬂ&ﬁ@'v&ﬂﬂém&@@m&la@@wHﬁ)hé‘f&l ng a
single pilot, a DRS including a conposi te pilot, and a data synbol;

decodi ng a wmm@rl witheanaRB styneiore rinsw de@}a SRS dncludes mESingle an RB;

generating g 486RH8H -JiREEbindi cator signal based on the decoded cont rol
type data sy otj mj:ﬁge erﬁ% tp@g whet her any of the REs in an RB are

reserved for a BRS bEseWTHY efrmhodimoentBSprgreindhe pacticalarddRS medais  and
determ ni ng f. o) tion
based on a ﬁg&&@gewl n aIB(;(EJIgE ]]fl%kly%a | (ll:%{hg(?eg Q%Gm%ﬁélte@

met hod of ehmﬁpmmomemﬁmlﬁ an effective channel response esti matl on is
performed based 49 Dﬁﬁ§

i ndi cator indi cat es eér;f\e/e%gholea}/ S?Sﬁ%bﬁﬁgpsaﬁgﬁ%%@g%d for
DRSs, and aa\ssecfla@dtwlﬂearcﬂammmtmeslwhg@ addeastrend BR indudesta paralisyped i f t he
deCOded DR qgs 'r\?&ji' ﬁg&%’iSé {ﬁ(éiu(fi?ﬁé%n%%algearuﬁ&[xﬁe(fi&eﬁﬂﬁgde% 1l<ﬁ’,‘)gsad(fl the RBs

that are reserve se statio COprI’ Sln
mul ti pl e-i npaatheruRBiiptledesut pluralityof/BEsanseavesafor DRSs mdudmarvgmppslter

configured E"%nltf@ Ansit éco%%li'?ﬁht‘lty of resource blocks (RBs) via the M MO

ant enna, eac corrpr sI ng urality of resource elenents (REs), wherein
each RE is resered The WIkdJ Qﬁembmmﬁ&\elﬁ%’ﬁi@rtbepswrl@@queaﬁ

associated with an RB structure in which one RB includes a first group of

plurality of REs reserved for DRSs including single beamformed or precoded
pilots, and a second group of REs reserved for DRSs including composite
beamformed or precoded pilots, and another RB includes a plurality of REs
reserved for DRSs including composite beamformed or precoded pilots, and does
not include any REs reserved for DRSs including single beamformed or precoded
pilots.

43. The WTRU of embodiment 38 wherein the particular DRS mode is
associated with an RB structure in which each RB includes a first group of
plurality of REs reserved for DRSs including single beamformed or precoded
pilots, and a second group of REs reserved for DRSs including composite
beamformed or precoded pilots.

44. The WTRU as in any one of embodiments 35-43 wherein a DRS
mode indicator signaling a DRS operating mode is received via higher layer
signaling or lower layer signaling, wherein the DRS operating mode indicates the
configuration of DRSs in the RBs.
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dedi cated reference signal (DRS) including a single pilot, a DRS including
a conposite pilot, and a data synbol; and a processor configured to
determ ne a particular RB structure for the RBs, wherein each RB includes
at | east one "control type" data synbol having at | east one DRS node

i ndi cator bit which indicates the particular RB structure, as determ ned by
t he processor. 52. The base station of enbodi nent 51 wherein the

pr OCﬁssorR Bi s conbj gUA edlreldds soﬁaﬁmhmﬁn@mm@ﬂ@d@eddcbdmgegsoﬁ& BIoElLbIC(RBE)E‘ to f
anot her Structure in_respons etectipng a chan e st one of a
channel conidi #4caifanse ity P@f“‘élﬁ% ﬁ%‘fé%tg t'F ﬁ%fwﬁ%néZPbg) RU) and a
data rate. methodcoé%nsfﬁ%e base station of enbodi nent 51 V\/nerel n the single
pilot is a single beanforned or ecoglgﬁm | ot 54. The base station
of enbodi ment 536%‘%?%F‘IPIWB% Slka prising 2 glsalii: of 8% WFOr ned or

precoded pidighents (RES) mrelﬂf&chaﬁss i$ b@¥elRIA BF 0h& ofRYeofMBorOfef@hadi Ment s
51-54 wherein each DRS i partjcular RB structure includes a single

beanf or ned %B’n‘ﬁr@gﬁbéd)lfﬁ }W“dmgaSmgl%@“ﬂ%@%é%@u@@gﬁcﬁﬁlpaﬁlt‘? pilofny one of
enbodi ment sypils adtayadBi:n each DRS in the particular RB structure includes
a conposite beanfornmed or precoded pilot. 57. The base station as in
any one of enbodPfRsiREsa @PIB’MXM?&%‘?WI&'?OIIr%?%YeddWé’“RBfFl}? Rieinan BPeul ar RB
structure incl udgseratiRl Ul febded RS Bfoﬂeﬁﬁér%ﬁ%‘é‘ﬂaiéarom%%ieh&@dl&hﬁgl single
beanf ornmed or precoded pilots, and at | east another RB in the particular RB
structure iWepdawssymbsbural ity of REs reserved for DRSs including conposite
beanf or med or pﬂi%ﬁé?%?xﬁn&'&ﬁ@tﬁer any of theIges {HEn B3P BreStelldved t&Sa DRANY one of
enbodi ments 51-54 wherein at | east one RB in the particular RB structure

i ncl udes a ¥ased on ghedgroded BREmagdetipdisatorrndr eser ved for DRSs i ncl udi ng

si ngl e beant or mad o5 Bhe Gadak-Rb b@ztfépm Q'?:Qmim'i%‘aﬂﬂel%%s@festﬁﬁén&ﬁserVEd

for DRSs including conposite beam forned orq&recoded pilots, and at | east
anot her RB based ge a2RS mode indigped by theg DRS mefelipdieatos plurality of REs

reserved for DRgg '”Pﬂéiﬁieﬂﬂodcmddl&eﬁﬁaﬁfvﬁ{eﬁt&ﬂ é)EhaQ{n%‘E@Q%an&h hots, and
does not include any REs reserved for DRSs 1 ncluding single beanforned or

precoded pipasfosmed based ODQWSWQBTM%@%&E%&&@M@ By Senedegndieatpdi nent s
51-54 wher ej;R; cﬁ?ﬁ%hth(&} tﬁ&%O%QSRE{lIII Bige R®S!h %l:"a?é rEBrwdd’ 935&(& ipglgde a

first group o urality RE s reserved DRSs |1 nc si ngle
beanf or med @xanpﬁle@tié@dmplls nntperfarpdedif thavdngedagrldRPmefle @slat@‘%dl%tés for DRSs

i ncludi ng cOPeRd:t Grd AU KBHinthe HERGRIE A VbV 84 for DRSs.

47. A wireless communication method of decoding resource blocks (RBs)

in accordance with a particular dedicated reference signal (DRS) mode, the
method comprising:

receiving a plurality of RBs, each RB comprising a plurality of resource
elements (REs), wherein each RE is reserved for one of a common reference
signal (CRS), a DRS including a single pilot, a DRS including a composite pilot,
and a data symbol,;

processing the RBs in accordance with a first DRS mode;

decoding a control type data symbol reserved by one of the REs in an RB;

generating a decoded DRS mode indicator signal based on the decoded
control type data symbol, the decoded mode indicator signal indicating a second
DRS mode; and
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60. A base station conprising: a nmultiple-input multiple output (MM

ant enna,; a transmtter configured to transmt a plurality of resource
bl ocks (RBs) via the M MO antenna, each RB conprising a plurality of
resource elenents (REs); and a processor configured to switch the

structure of the RBs froma first configuration in which a subset of the
plurality of REs in each RBis reserved for dedicated reference signals

(DRSs) i ncl udi ngr&bmﬁgesmsbmeﬁtmsan%e&emcem{ﬂ #eérsadond DRSO mECh no REs
are reserved for he base station of enbodlnent 60 wherein

the single pil 01481 s Téh%lnh‘ﬁh@d b’éa“rﬂﬂ?@l‘% 47 vpheebuen pifective channel g5 A

base stati %sﬁéﬂ%@résﬁkﬂﬂlmnaxs”?éﬁfdrﬁieﬁ ba{sreatodrwﬁssp}e@e&uamyt tHdVRIS) inant enna;
a transmtter configured ransm t aﬁg}ura ity of resource hl ocks (RBs)

via the M mc‘aﬁﬁlﬁé?ﬁw‘althéh%ﬁrﬁ‘%@@ﬁnﬁﬂ ag} cavwlmnalpl reppesse egldyatienise| enent s

(REs); and pot perfofmbd BEBSSORES @8Bbﬂws&%tDTRS’sVYhta‘é@erMe%wﬁﬁetge@oﬂaf the RBs
froma first configuration in which no REs are reserved for dedicated

reference sP@#als (DRSs) to a second configuration in which a subset of the

plurality of REggln ga6h1RBbRmuaRaEYECRH{RA O%MQQSU@CQQIO&SQHB@ pilots.
63. The base station of enbodi nent 62 wherein the Sin IS a single

bea nfor rredmo@ccpvd@ew@fatbpa|wlcqlgnév@mt@ﬁdefgmmeﬁmg%ﬁg n@ldénﬁhﬁ s are

described apeMBqlc ?ﬁgﬁﬂcular conbi nati ons, each feature or elenment can be

used al one w t hout e 6t her
receiving a plurality of RBs, each RB comprising a plurality of resource

elements (REs), wherein each RE is reserved for one of a common reference
signal (CRS), a DRS including a single pilot, a DRS including a composite pilot,
and a data symbol;

decoding a control type data symbol reserved by one of the REs in an RB;

generating a decoded DRS mode indicator signal based on the decoded
control type data symbol;

determining whether any of the REs in an RB are reserved for a DRS
based on the decoded DRS mode indicator signal; and

determining whether to perform an effective channel response estimation
based on a DRS mode indicated by the DRS mode indicator.

50. The method of embodiment 49 wherein an effective channel
response estimation is performed based on DRSs reserved by the REs if the
decoded DRS mode indicator indicates that there are REs in the RBs that are
reserved for DRSs, and an effective channel response estimation is not performed
if the decoded DRS mode indicator indicates that there are not any REs in the
RBs that are reserved for DRSs.

51. A base station comprising:

a multiple-input multiple output (MIMO) antenna;

a transmitter configured to transmit a plurality of resource blocks (RBs)
via the MIMO antenna, each RB comprising a plurality of resource elements

(REs), wherein each RE is reserved for one of a common reference signal (CRS), a
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features and el enents or in various conbinations with or wi thout other
features and el enents. The nethods or flow charts provided herein may be

i npl enented in a conputer program software, or firmmvare incorporated in a
conput er -r eadabl e storage nmedi um for execution by a general purpose
conputer or a processor. Exanples of conputer-readabl e storage nedi uns
include a read only nenory (ROM, a random access nenory (RAM, a register,
cache menordedics@sd csTardued 91|’gn§TIE(fﬂRSO idelvifigsa siRBNSildtCa MRE anchudibg as i nt er nal
hard di sks and renoyabl e_di sks, net.o-opti cal nedia, and optical nedia
such as CD-foMRogite Riot, aﬁéladlﬁbﬁ%ﬂl datil e disks (DvDs). [0068] Suitable

processors i ncl laqﬁoce@%r\éeﬁﬁg%fre&%&ﬁﬁérﬁmm@aﬁﬁﬁﬁﬁﬁkR@&ﬁﬁ&&e@d&ﬁ@RB@,r, a
speci al purpose processor, a conventional processor, |g| tal signal

processor (Phppin eachRR iacludgs rleastens opieliypy datimiz Bafpeat s

M Cr opr ocesgy ngsnma&@ Hdi@lcbObit WHibh dndddles HeLparbicGRP IR ktr@tturd as

m crocontrol | er, BI ication Specific Integrated Crcuits (ASICs), Field
Pr ogr ammabl €& tepmiged, ¥ AR PIoEsepis) circuits, any other type of integrated

circuit (10, ang/orrge %tagé%tmhbﬁ@mbb@ﬁﬁ%lmpwam%elﬁo@e%&gqsatIon Wi th
software may be used to inplement a radio frequency transceiver for use in

a wirel ess ¢onfiguradito pwiteh frem@ﬁp partip B stijacturedp anpgihenRBetrpehure ingr nj nal |
base st ati ORspsRAditOaEIMY KcHa@BE At 1845t 6RNDa chaﬁnarayn&mgﬁ aGpERrer . The
WRU may be used in conjunction wth nodules, inplenent ed i n hardware

and/ or sof t Wieless traasmugeeeivet GVTRU) pad g dakeate modul e, a vi deophone, a
speaker phone, a sdi brafd BRseAQY16E of @mﬁ&ﬁ&l@ﬁt’ 51 WV HE&GHh RO ANRle Fildtsk Vi Sion
transcei ver, a hands free headset, a keyboard, a Bluetooth(r) nodule, a
frequency nejaele e e@fmvyiowmcedwliot a liquid crystal display (LCD) display
unit, an organi gyl i gbltleﬁaﬁ?ersgdtﬂ)ﬂ o@'bﬂggdmgngg%wgél%mﬁ%cHxﬂF&mteﬁnﬂtQ' aal music
pl ayer, a nedia player, a vid 12) ayer nodul e nt ernet browser,
and/ or any wmrpﬁégbeare@ameépéareﬁ@iemi t.(W.AN) or Utra Wde Band (UWB)

modul e VWhat i s 58l ai FRdhds station a%1WaﬁgbR§§fe&mEHH£En%§Bi 80 wiet iR daf
detecting data in resource bl ocks , the method conprising: receiving

a pluralityDBf irihe Pé@&ﬂlWB@Fmﬂﬁ@ﬁ ftfgchsdeslami@glp byamgformed onpeesodddenent s
(RES), vvherﬁqd% the plurality of resource elenments conprise at |east one
comon reference signal (CRS) for a plurality of wireless transmt/receive
units (WRUs), &6 | ellebasestatigiasinedy pes efrearhodindngnal- 56&#5;@99@@1 ficto a

si ngl e WIR,pand pald pdridsihe RBSLAMS 0 fﬁ‘% it éHn?lkgnﬂ\éH e REs

i ncl ude the at rﬁcllleasl% one &RS et e?%\é{r?langac E Q%, the Res incl ué;]e t he at

| east one DPF®tbased on a DRS node indicator signaled by way of at |east one
control -type datfﬁ. Sy’f@@base station as in any one of embodiments 51-54 wherein at

least one RB in the particular RB structure includes a plurality of REs reserved

for DRSs including single beamformed or precoded pilots, and at least another
RB in the particular RB structure includes a plurality of REs reserved for DRSs
including composite beamformed or precoded pilots.

58.  The base station as in any one of embodiments 51-54 wherein at
least one RB in the particular RB structure includes a first group of plurality of
REs reserved for DRSs including single beamformed or precoded pilots, and a
second group of REs reserved for DRSs including composite beamformed or
precoded pilots, and at least another RB in the particular RB structure includes a
plurality of REs reserved for DRSs including composite beamformed or precoded
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estimating an effective channel response; and detecting data in the at

| east one data synbol synbols based on the effective channel estinmate
response. 2. The nethod of claim1, wherein the at | east one DRS conprises
a single beanfornmed or precoded pilot. 3. The nethod of claim1l1l, wherein

t he DRS node indicator indicates a DRS node associated with at | east one RB
of the plurality of RBs. 4. The nethod of claim3, wherein the DRS node

i ndi cat es Wbﬂ&tbebn& hved tnok Sd&lude ey DREs GRbaé® €sr BRBsOchidingd singkect i ve at
| east one sj| ngl nf or med or.@recoded pilot, (ii) a respective at |east

one conposi P& QﬁF Phergested giletSoded pilot, and (iii) a respective at |east

one combi nation 5% aThé heHeRtREAUsQh BRA 0RL ofRHAHREN D5 1Bl waEkiR c£ATPOSI T €
beanf orned or precoded pilot. 5. The nethod of claim]|, wherein: the DRS

mode i ndi cafidheRBgiip thegartieylapRBrtrustura ingluds adiat sorep sigdeslity ofRES r st DRS

mode i ndi cak&erveld foradRESRLIdRIRidITOD ELNBFhSES ;ﬁveéo@%@g:éthvzﬁxdaisek&@t one
singl e beanforned or precodedlﬁglot and the second node i ndi cates the

at |east on8' PRI &ifpieperaed Peicludingyeompogite berraformad 95 presodrdant or ncd
or precocl ediitsl ot. 6. The method of claim1, wherein: the DRS node

i ndi cator indicates any of first, second and third DRS nodes;
60. A base station compnsmg

a multiple-input multiple output (MIMO) antenna;

a transmitter configured to transmit a plurality of resource blocks (RBs)
via the MIMO antenna, each RB comprising a plurality of resource elements
(REs); and

a processor configured to switch the structure of the RBs from a first
configuration in which a subset of the plurality of REs in each RB is reserved for
dedicated reference signals (DRSs) including single pilots to a second
configuration in which no REs are reserved for DRSs.

61. The base station of embodiment 60 wherein the single pilot is a
single beamformed or precoded pilot.

62. A base station comprising:

a multiple-input multiple output (MIMO) antenna;

a transmitter configured to transmit a plurality of resource blocks (RBs)
via the MIMO antenna, each RB comprising a plurality of resource elements
(REs); and

a processor configured to switch the structure of the RBs from a first
configuration in which no REs are reserved for dedicated reference signals
(DRSs) to a second configuration in which a subset of the plurality of REs in each
RB is reserved for DRSs including single pilots.

63. The base station of embodiment 62 wherein the single pilot is a
single beamformed or precoded pilot.

[0067] Although features and elements are described above in particular

combinations, each feature or element can be used alone without the other
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the first DRS node indicates the at | east one DRS conprises a respective at
| east one single beanforntd or precoded pilot; the second DRS node
indicates the at | east one DRS conprises a respective at |east one
conposite beanfornmed or precoded pilot; and the third DRS node indicates
(i) the at | east one DRS conprises a plurality of DRSs, and (ii) the
plurality of DRSs conprise at | east one single beanfonned or precoded pil ot

and at | easfeafifies HANOSLAR 0P BAPHrRR RSB aRbREPHE Or Rithoht othe?pfeaTtheesnet hod of
claim11l, wherein the DRS node indicator is signaled by way of nal i ng for

a layer abo%% ¢lempyisi ’é‘aﬁmeawsorﬂswcmfé prstide e#e%mavhﬁynplﬁﬁ)@rl&q at | east

one RB of the,nRlHy éﬁkér %(ro rbﬁﬁ?m@’éré fReipoPRd GANY kehphitpe data
synbol that inclu east one [5RS node i1 ndicator bit that |nd| cates a

DRS node askgdnbiestorage meadiem for pxesytionhy fRBenergl purpREe €prapater or a

transmt/re xl‘am(p R i out put
(M M) ant egﬁgé/sg%pn% I%pr ch%%"tf%o rec ellE \&}edegng Sﬁorr a |I%l3b/£llolfﬁl Srlggg%er %légaglog{:yﬁs (RBs),

each RB conPemsinRAMp| aramdopy agfess memory éRAMane AegisteREeAche weapaayn t he
plurality Oéeﬂlgéﬂﬁ'é&;?nﬁa Héxﬁ?e%oﬁ%g&ﬁ: n@éd[xé &ﬁ:ﬁtas%%gfag BRRfaisES S{ence

signal (CRS) for ad[) ur al east one i cated reference
si gnal ( DRSyemgyeblefdigks matgnetowmcﬁl mediaaand eptital oreslialguch 83yaPAROMa channel

estimation gt aﬁﬁﬁié&lﬂz aﬁ%‘gm(a yan ef fective channel response based

on the received REs 1n a data detection unit configured to:
det er ni ne W88l of t&‘a@téF’zEspmq@ssmenclnéeatwwawaﬁtexmelemsen@etmrmpm whi ch of

the FES | nChiigsbie splcidiS84osf BFocPRS: DASACLAR HBR-ORIE il ehef o gnal ed

by way of ast o e data s
processor (DSP), a plurality of mMicroprocessors, one or more microprocessors in

association with a DSP core, a controller, a microcontroller, Application Specific
Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAs) circuits,
any other type of integrated circuit (IC), and/or a state machine.

(0069] A processor in association with software may be used to implement
a radio frequency transceiver for use in a wireless transmit receive unit (WTRU),
user equipment (UE), terminal, base station, radio network controller (RNC), or
any host computer. The WTRU may be used in conjunction with modules,
implemented in hardware and/or software, such as a camera, a video camera
module, a videophone, a speakerphone, a vibration device, a speaker, a
microphone, a television transceiver, a hands free headset, a keyboard, a
Bluetooth® module, a fréquency modulated (FM) radio unit, a liquid crystal
display (LCD) display unit, an organic light-emitting diode (OLED) display unit,
a digital music player, a media player, a video game player module, an Internet
browser, and/or any wireless local area network (WLAN) or Ultra Wide Band
(UWB) module.
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detect data in the at | east one data synbol based on an effective channel
estimate response generated by the channel estimation unit; and out put
decoded data. 10. 'the WIRU of claim9, wherein the DRS node i ndicator

i ndi cates a DRS node associated with at | east one RB of the plurality of
RBs. 11. The WIRU of claim 10, wherein the DRS node indicates whether the

at Ieastwglgplsgfg%ng&)gprl ses any of (i) a respective at |east one single
beanf or ne precoded pilot, (ii) a respective at |east one conposite

beanf or ned, or. ecoded | ot d.a a ect n
conbi nat Foft Bt prigraRisadi sRihed o orbinB P B For'SrabiarSond e
beant or nRdiea conpaaded pilot. 12. The WIRU of claim9, wherein: the DRS

mode indicator indicates any of first and second DRS nodes; the first DRS
mode i ndi catreseiting aanlunabas@ Bhe, @REP&)@pmpls@an Meshscef weowte Fleasntsone

singl e beant Og@seb% rrm%c ng tx{) 8&, {fesourc% Ff;': e%tescc%pnd 1ise é% 1”95‘{1 @%riél%l% es the

at | east one | ses Irve ast e COI'TpOSI or med

or precoded pi tedérencel 3igndh&CRERU®Rf a Chiatdhit?, of\/\hﬁfeﬂiés@ triyeni {RSin® denits
i ndi cator indicates any of first, second and third DRS nodes; the first DRS

mode i ndi cat es(WHBUsp. #elgatt oelmiatedoinfeissssignal dDBegteeliatto |%eaiggleone
singl e beanf or Rk Qr ;R £ ERUES e Rt QY mbol;

determining which of the REs include the at least one CRS;

determining which of the REs include the at least one DRS based on a DRS mode
indicator signaled by way of at least one control-type data symbol;

estimating an effective channel response; and

detecting data in the at least one data symbol symbols based on the effective channel

estimate response.

2. The method of claim 1, wherein the at least one DRS comprises a single beamformed or

precoded pilot.

3. The method of claim 1, wherein the DRS mode indicator indicates a DRS mode
associated with at least one RB of the plurality of RBs.

4. The method of claim 3, wherein the DRS mode indicates whether the at least one DRS
comprises any of (i) a respective at least one single beamformed or precoded pilot, (ii) a
respective at least one composite beamformed or precoded pilot, and (iii) a respective at
least one combination of a single beamformed or precoded pilot and a composite

beamformed or precoded pilot.

5. The method of claim 1, wherein:
the DRS mode indicator indicates any of first and second DRS modes;
the first DRS mode indicates the at least one DRS comprises a respective at least one
single beamformed or precoded pilot; and
the second DRS mode indicates the at least one DRS comprises a respective at least

one composite beamformed or precoded pilot.
6. The method of claim 1, wherein:
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the second DRS node indicates the at | east one DRS conprises a respective
at | east one conposite beanfornmed or precoded pilot; and the third DRS node
indicates (i) the at | east one DRS conprises a plurality of DRSs, and (ii)
the plurality of DRSs conprise at |east one single beanformed or precoded
pilot and at | east one conposite beanforned or precoded pilot. 14. The

WIRU of  cl aitfe BRIWMEIEndichiofindRatlRAE of fifdt, é8doRdt ahé t1tdIDRE @sbdey;, way of
signaling for a | ayer above a physical layer. 15. The WIRU of claim9,

wherein at |tbadtst HiRS Rplomdichies Plewat ddast qpedIRRBeMpBIep Rirewsciaie gt degstonsne

control -type dat mbel that includes . at |east one DRS node indicator bit
t hat i ndi cat esglgglﬁ%arprgoé%m%g}é rglc%({eééﬁ\%}’th the at | east one R13.

the second DRS mode indicates the at least one DRS comprises a respective at least
one composite beamformed or precoded pilot; and

the third DRS mode indicates (i) the at least one DRS comprises a plurality of DRSs,
and (ii) the plurality of DRSs comprise at least one single beamformed or

precoded pilot and at least one composite beamformed or precoded pilot.

7. The method of claim 1, wherein the DRS mode indicator is signaled by way of

signaling for a layer above a physical layer.

8. The method of claim 1, wherein at least one RB of the plurality of RBs comprises at
least one control-type data symbol that includes at least one DRS mode indicator bit that

indicates a DRS mode associated with the at least one RB.

9. A wireless transmit/receive unit (WTRU) comprising:

a multiple-input multiple output (MIMO) antenna configured to receive a plurality of
resource blocks (RBs), each RB comprising a plurality of resource elements
(REs), wherein the plurality of resource elements comprise at least one common
reference signal (CRS) for a plurality of WTRU, at least one dedicated reference
signal (DRS) specific to the WTRU, and at least one data symbol;

a channel estimation unit configured to estimate an effective channel response based
on the received REs in the RBs; and

a data detection unit configured to:

determine which of the REs include the at least one CRS;

determine which of the REs include the at least one DRS based on a DRS mode
indicator signaled by way of at least one control-type data symbol;

detect data in the at least one data symbol based on an effective channel
estimate response generated by the channel estimation unit; and

output decoded data.

10. The WTRU of claim 9, wherein the DRS mode indicator indicates a DRS mode
associated with at least one RB of the plurality of RBs.
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11. The WTRU of claim 10, wherein the DRS mode indicates whether the at least one
DRS comprises any of (i) a respective at least one single beamformed or precoded pilot,
(ii) a respective at least one composite beamformed or precoded pilot, and a (iii) a
respective at least one combination of a single beamformed or precoded pilot and a

composite beamformed or precoded pilot.

12. The WTRU of claim 9, wherein:
the DRS mode indicator indicates any of first and second DRS modes;
the first DRS mode indicates the at least one DRS comprises a respective at least one
single beamformed or precoded pilot; and
the second DRS mode indicates the at least one DRS comprises a respective at least

one composite beamformed or precoded pilot.

13. The WTRU of claim 9, wherein:

the DRS mode indicator indicates any of first, second and third DRS modes;

the first DRS mode indicates the at least one DRS comprises a respective at least one
single beamformed or precoded pilot;

the second DRS mode indicates the at least one DRS comprises a respective at least
one composite beamformed or precoded pilot; and

the third DRS mode indicates (i) the at least one DRS comprises a plurality of DRSs,
and (ii) the plurality of DRSs comprise at least one single beamformed or

precoded pilot and at least one composite beamformed or precoded pilot.

14. The WTRU of claim 9, wherein the DRS mode indicator is signaled by way of

signaling for a layer above a physical layer.

15. The WTRU of claim 9, wherein at least one RB of the plurality of RBs comprises at
least one control-type data symbol that includes at least one DRS mode indicator bit that

indicates a DRS mode associated with the at least one RB.
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