FEEDBACK CHANNEL STATE | NFORMATI ON FOR M MO AND SUBBAND SCHEDULI NG
IN A W REPESEEHNIONI CATI ON SYSTEM [ 0001] The present appP¢EEP08H004962
clainms priority to provisional U S. Application Serial No.

60/ 786, 445, entitled "A CHANNEL STATE FEEDBACK FOR DOWNLI NK

M MO- OFDVA SUB- BAND SCHEDULI NG, " filed Marth-27, 2006, assigned to

t he assi gnee hereof and incorporated herein by reference. SACKGROUND
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data Streans via- the NUM channel in a Manner such. that the-highest
overal | thro;ghpcu_t can_be achieved for the data. transm ssion. To
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d. send chann st%_t? information to the base station. The channel
state information’ ﬁ%@ -indi cate how nany-data-streans to-transmt,
how t o -trangi®dz]t heFidataers thsdanse reard gorehwdn metongpualidatiye, iandlinoat or
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W rel ess comautngat MhamaliplamsnBtMIARY ve anténnas form a multiple-inpst muitiple-

output (MIMO) channel that may be used to incredse throughput and/or iyprove
reHability. Far example, (he base station may transmil up to T data streams
sinultaneously fiom the T transmit antennas to improve throughput. Alternatively, the
‘base station may transmit a single data stream from afl T transmit antenngs to improve
reception by theerminal.

[0004] Good porformance may be achieved-by transmitting one or more data
streams via the MIMO channel i1 a manner such that the highest overail throughput can
be achicved for the data transmission. To faciliiste this, the terminal may estimate the
MIMO channel response and send channel state informaiion to the base station. The
channel state information may indicate how many data streams to-transmit, how io
transnait the data stréams, and a channel quality indicator (CQI) for each data streani.
The CQI for each dala stream may indicate a received signal-to-noise ratio (SNR) for
that data streant and may be used to sclect an appropriate rate for the data stream. The

channel state information may improve performance of data transmission to the



[ 00061 Teehn| for efficiently sending channel state information in
a wirel es%%]m}%ﬁﬁati on system are described herein. | np% %@B@W%Z

differential encoding nay be Used to teduce the anpunt of channel
state information to send. Differential encoding refers to conveying
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[000S]  Iu another aspect, different channed state information may be sent in different,

operating modes with heterogencous reporting. In one design, CQI in?fonmtio‘n-may-bc
reported in accordence with a first reporting mode while in a first bperating mode; e.g.,
a scheduléd mode. CQI inforniation may be reported in accordanee with a second
reporting mode while in a sceond operating mode, e.g.. an unscheduled mode. The CQI
information may be gencrated in different manners and/er sent at different rates for
different reporting modes.

[0009]  Various.aspects and fedtures of the disclosire are described in [urther detail

helow,



[0019]FIG_ 5 illustrates heterogeneous CQ reporting. [0020]FIGS., 6
and? show™P #PHLREY and an apparatus, respectively, for PEHEEIPHEp962
channel state information with di fferenti al encodi ng across space and
frequency. [0021]FIGS: Sand 9 show a proceSs and an appar at us,
respectively, for reporting channel state 3nformation with
differential encoding across space, frequency and tinme. 100221FI GS.
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streans; traffic streans, etc. I MO processor 130 may
per f or m t r angREEBEating ik &owh@@@%@?im@ﬂl@ ha% ﬁ@“@fat I ghagdtypibe m«hlp,wée!»s
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WO 2007/ 112371PCT/ US2007/ 064962 [ 00281At term nal 150, R antennas
152a t hr offh®®5313f%cei ve the T downlink signals, and ealRbl/HRI08F4962
152 proVides a received signal to a respecti Ve deroodul at or
(D.E.M)1)) 154. &eh denodul ator 154 processes (e.g., filters,
anplifies, downconverts, and digitizes) itd received signal to obtain
sanpl es and may further perform denodul ation (e.g., for OFDM SC- FDM
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1103 t he R upliariforsi gptadosrear €2, pacedseg, foynantentasicidda, dod mpugh nbant |
processed by .fdenngul. IS ! o g, anPAhL LAl MaR0QEES S L, &
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Controller/ p%g%gés]?otﬁ%%%%y%}% %&%?ﬂgg{ig K¢ ?gﬂé% "sdlagé'ngbggtf%ary rlﬁcnal
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antennas, one data stream per transmit antenna. The S spatial
channel s 6 8" hert EOMIeEppReestw Ehaagperfoan sennipgtsennasrowmsse of or
data transm sgi o8, 1atREEEATLRE oAt Engb LERNEE. BN wlthplied
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preceding matrik. In“general, a streams may be sent pati al
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channel s may (be &ebeBhLACFOm SEPRGmE Bepw st ARG SRAN: Blipc hapnel s
based on one-or nore criteria such as overall throughput.
modulator 132 further processes (e.g., converts to analog, filters, amplifics; and
upcoaverts) its output chips wud generates a downlnk signal. T downlink signals from
modulators 132a through 132¢ are transmitted via antennas L34a through 134t

respectively.
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data streXR 19741 on on' espatial channel, width may coP¢HYRIAHIGIYS?
an actual antenna or a virtual. antenna depend| nur m whet her direct
NUM') Mapping or preceding is uSed. The terrnS "data strains’
"Spatial channels"; and "antennas"” may |ai¥ 'used inteithangeably. M
packets: O codcWrds may be sent sinultaneously On the N1 data

streans. 10034 Q reco e ata .stre Si ng
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antennas to. 3 9 L. SU 150
may oot mat e PHRET R TR ARG AREAT s e dn Rt ho P AP bu R SR,
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dotes-Mn e tt'i]ﬁu%elts‘?zf transmt antennas Wth the best perfornmance
(e.g., the higheSt "overall throughput). The spatial state information
may then i ndifeR80k t Hitsasettiaf L0 dndrrptink agabmrasse (<003 8temandther
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precedi ng vedPoMEyOmeagsser 136y altdrfaﬁlmsmsmd (CY: ﬂﬁa@rl@ubbaﬂdiw%ﬁ)rhmal
150 may eval LI Oh e " Lagedi ng
A L e S L e
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preceding VoGt Qg &l LAG AR oRAIL AR il - @ SPeCi fi ©
precoding Matrix as we M'specific co ums of this preceding
matrix, [0039403I geferapliersocepvisaiil gecht® donlfad ivaproomapaientiiont 1§
the number of, t wWh, he
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May be provided for one et nore ubb
channel state information recetved from all of the terminals,

[0632] S spatial chanmels may be available for downlitik transmission from base
station 110 to terminal 130, where 8 <min {T, R}. The-S spatial chiannels may be
formed-in various manners. For dirset MIMO wapping, S data strearas may be sent

from § transmit antennas, one data sireant per transmit-antenna, The S spatia) channels



[ 00401The i nformation may convey SNRS of equi val ent inforination
for diffeMh9¥pRETIal channel a and/ or different sabbandsECTA$A0ET62
SNRs may be achieved for different subbands due to frequency
selectivity of themreless channel. Different SNRs nmay al so be

achi eved for different spatial channels ifg base station 110 uses
direct M MO mapping for data transm ssion, if termnal 150 performa
suteessi Ve interference earicellatioti for data reception, .etc.
Different SNREYHE) coReRsOIso en] GApamit pypgs wyed i deta gpmynisione Fahnel s on

di fferent subhapdss sHhe s§§ﬁxbf1§ﬂygia\!ﬁﬂu;§i€@wuﬁ|a pz&&ﬁﬁtnﬁlﬂr&@o ﬁzagéa\ﬁ?@qta
subband may be used to sel ect._an appro riate packet format, which may

i ndi cate, a caUEtTEREbessREER AT frap 5. éhﬁéﬁé{“’ﬁlﬁ‘@mﬂbt"&d} thert o yse

| er data: sentopisgoddials: smﬁar’@hrc&iaam&lve@mf 1 8%xs whheadnd FRnSEREE Ak,
the CQ informatjon may convey SN Rsand/or other. information

i ndi cative ofTEHREPaER & %’H‘EF'#’ i data seeainiont Krowes e meptial dielsapre

channel s andlig @&, bm&m@%pw&% i<h\@%11&k@1 st?au&mﬂwﬁnggmy\%l ues
for Mspatial chanpels on ands. A CQ value X'

may
obt ai ned for &S Eyaepans f&%%ﬁwéﬁbliwﬁ@ﬁh@%ﬁ bayeql Bﬁali*f'd“ﬁmmrﬁéem%r
of CQ. val uasofwu}dwnh;;@e pr oportional to the product of the nunber
of spati al gtnnels nunber of subbands, or M N CQ
val ues. Thesé Béh ng{%’é*pII‘ﬁ;W 1 %fq}gﬁal*'fﬂ&vflemwawamg8%%111 fHgsteemdel ect

a suitabl e subhanehe sfp@iﬁal ditinAel] WRBSHE PSR und RRScE ankahd @S viRL al SO
be. used to deteli an ap‘&@g&r{ ate ﬁ?Cket format for each spatial
channel an et “‘E‘lijﬁ BERAHE O diregtdf (ﬂﬁmﬁl”l‘“MPTNO@K%‘WF%e’Eth‘%“Ease

station 110 Nayta ﬁﬁﬂﬁtb"ﬁfspahéﬁ ncmuéwc At 80BHE mef hdiRbd MicHESQUNTEM
[00421In au %3%%@0? dj fferent]| encodi ng may be used to reduce the
I

ari nunt of c £345PR s AFY hﬁ’PF BRIy %’ﬁ’d’“ 5 YlirlereHEa™  encodi ng

refers to conmmsy ng ’fdi‘nhf‘xﬁl’]@(mﬁl@fﬁmb@&e‘v’v&ﬁm Wah stesmb ﬂﬁﬁge&@:o@a‘\»imwal
val ues. If t vari a valuyes is small relati

hot vl val uedeiof R G SR Ry 5Rt GBS MV e
t ham t he act yaF), sebdssise intdrkfeareanhdeiibtion ey dag aﬂI&anﬁfcﬁWed@oﬁ@thhc art..
per f or mance \Q?ga alEﬁ{dum n 1Elgnal i n% over head erential encodi ng

may be perfor SO R B HEP A aE’B&teé“m%ﬂﬁad'éedn?#%’&?‘i"rf%yD"-‘aﬂh
acr oss space randerfd ¢&ed wenayand am@ta@ ixpaetrchecgioenaycortthgtihd hR: dad

across sone ot her canbi nati on, of.-d 431 Table 1 |i
R ' R R B L S
val ueI macéI al 3?13'35;9 resgraémeda ?‘?" appart sbRnd\ialledslingdo Miptote ;fsﬁ’ommbuemean
act ua va et.c. di fferenti Ve

di fference béﬁf%ﬂa‘%&? TR be ety ?ﬁ@%&ﬁl"%’%‘@%m ¥‘it’h@*d may

di fference beb%@’bohm:ﬂdkfsﬁt&éﬁﬂfsla&hnmc atal@bcditrg Wllex%) Q A wr

Atai) In general, differential i nf onuat i on Yﬂ%/ ri se any
i nformation PHet pibgrvalye- &mwaﬁml@%@éw}'%@@mﬁ:lﬂa‘?n Sdpr P arabeds dueQy

val ues, e.g. tqfGuehd nsuMﬁe i‘ad@t‘l’!;q{x QEnuMﬁa&x”hgxﬁaQi 8yilh au-EQ'QJd%oﬂed r{};‘)m

Descrlptlon FI value (e.g., an SNR value) for a spati
channel on a:tergiighhiyghay be assigiied Subcarriers in a subband with good SNR mswad ofa

subband with poor SNR. Data may b8 sent at a higher'rate-on the assighed carrers in
the subband with good SNR.

[A036] Terminal 130 may send channel state information to support subband
scheduling and MIMO transmission by base station 110. The channe! state information

may comprises

e Spatial state intormation used for MIMO transmission, and

@ CQI mforination used for subband scheduling, rate selection, ete.



Derence in %T vaI ues thr two spatial channela on I ¢ same subband. AX
Di fferenc®9 23{al ues for a given spatial channel on ¥&HUSIBHUAYR.
AY Difference in Y values for two subbands, MK Difference in AX

values for two im intervals. MY Difference in AY values for two tinme
intervals. 100441For differential encodiny across space, one spati al
channel may be a designated spatial channel, and the ranbling spatial

channel s may esi gnat ed. spat i al channel s. A full val ue
be provi ded f{@gﬂ] Tglggg ﬁeﬁfﬁé‘a‘ﬂiﬂﬁa%t oFmagcamptie varigis ipgs gt iy el”?%fﬂé‘nth? aI

CQL val ue Maynbéespmothi: eeialfsoite ﬁﬁﬁxhaﬂb@ﬁerdi%@a@@&ﬁb@ﬂd SpalidrhtcaRanmel or
for all non-desi ed s atial ,channel s. For ferenti al codi ng
acr oss frequé‘?ﬁ‘g%}gpghém% Ei‘ﬁci‘nfﬁr ?P&V‘%@’lﬁm%‘%‘? lé’ﬁtﬂ‘é}?fng R len ?%rfa%t he
remai ni ng subkandsthadjiMiRcinon:] rapsivg vadleth ditfbbarpogishic & dfldansi val ue
may be provide te ubband d a differential CQ

TaY ued oy e S alse e By R SRS LR HRR T ar R Dinh kielsE et
differenti al aemm@dmtg ﬂaﬁrmrfbmc (g tﬁelhl’@eﬁt Bl@Liy dlouiyut)d @ ha spatial

designated: ti t erval [ r tinme intervals may be
non- deSi gnat eg&tmﬁ’mmm &Y E“‘“dq“‘?"‘ﬁ“ “%Vﬁ@nﬁﬁ Y*be provided for

the d' esi gnatlit&d] ti rmamniteeﬂaaagln, thesyghtial schitef hforeaiondb a@mcn\salbha@d nﬁy be

ded f h
ng\t;:ang ma;r a?cﬁé: pabgp s%{ J)f rﬂ \fn %p{%&engasat{é;} eﬁrgw%;r%t r \%/3968 Cprccgd%g g g?rF} ta

subband, a r efefoe rrmrwaba»n that efnhandATd:msng h20 mely sphticakia pefiannets and

F‘O 2% Illgln?it eg A\\’&lh Q%%Q%aa%glsm rs,c%f{i%g &Eﬁc%{ %1:%{{0? g ﬂt"t‘fé) yon%%%zgons of g@fz%m%of

space for twshepatiial n@hévenclts sEniabses Siliiparieh rh:xy ihém zSdlemaarﬁdtef Ma CQ
x:: 3g 8; | éi | ec%[;@{ AL s‘fvﬁll; zh%?ér B(grl‘a?ﬂa Q,fb e%aa' sBu? %ﬂqﬁﬁ @‘tr‘f'ph%, s
Term nal 150 \(lspeca'icu-nhmmﬁhep)ecmgﬂ ms:lxve and send the followi ng CQ
i nformation: {Mﬁnd '%19 ggnle)al Xbc spatial state information may indicate the number of daia
streams to transmit, (Which- may be related o the rank of the MIMO channel), a set of
antenas to use for transmission, a set of precoding vectors to use for transmilssion,
other information, or any combination thereof. The spatial state information rhay be
provided for one or more subbands:
{6048]  The CQI inforgiation may convey-SNR% orequivalent information for
different spatial chavnels-and/or different subbands. Different SNRs may beachieved
for different subbands due to frequency selectivity of the wireless chamel, Different
SNRs may also be achieved for different spaiial channgls if base station 110 uses direct
MIMO mapping for data ransoiission, if terniinal 150 performs suceessive interférence
canceliation for data reception, ete.. Different SNRs may thus be achigved for differcsit
spatial channels on different subbands, The SNR ofa given spatial channel oria given
subband may be used fo select an appropriate packet fonnat, which may indicate:a code
rate, & modulation scheme, a data rate, cte., to nse for data:sent via that spatial channe!
on that subband. In general, the CQI informalion may convey SMRs and/or other.
information indicative of received signal quality {or dne or fnoTe spatial channels and/or
ohe or more sibbands.
[o041] FIG. 2 shows CQIvalues for M spatial channets on N subbands., A CQL
value Ay thay be obtaired for each spatial chavnel i on ach subband #. The number

of CQI values may then be proportional to the product ef the nwmber of spatial chamels



100461Base station 110 (or a receives) may receive X and Y from
ternmnal YED24AH124EY derive the original CQL val ues, as FGV/PERRRI 064062
=X ,andEq (2) X 67=X+Y 100471The CQl val ues derived byliase 'station
110 may not exactly netallic CQ val ues obtained by term nal 150 due
to quantization of X. ead E For sinplicityg much of the follow ng
description assunes no quantization error. [00481FIG 3B shoW. a

deign of differential encodi n gcross_fre uenc(é for one spati al
channel on t W8 BEBHBEHST stbgendg; g ! x%rﬁﬁle",ﬂlua&c%@ﬁ Liglgsp gy be ysed for

obtai ned for shitanépatdulhs Charpel suﬁibiﬂ%’éi&eﬁﬂﬁr%gta%%ﬁﬁﬁuﬂ TheREm - 01

val ue of i.s optained for étfge 10 sanme spatial channel on .
P PR

non- desi gnat ¢@VELBEAHEP b us 1o MPPRRYIHePIoFE fopnet Ke pephepaial

fol | owi ng COchimdbiofBEl @Bhand. FAo¥edndeddho(:8) v . N COPERIEX0 Wsslialdanp110

may receive Xand AX fromie.nninal 150 and may derive the original

CO val ues, AEIBIIBE SISRITcak amRpEgT pokpk resources.
106421  loawaspect, differential encoding may be used to reduce the amount of
chanuel state information 1o send. Differential encoding refers to conveying differences
between values instead ol actual values. If the variation in the values is small relative to
the actual valucs, then the differences, may be wonveyed using fower bits than the actual
values. Differential encoding may provide good performance while. reducing signaling

J ovarhesd. Differential encoding may be perforiaed on CQJ values acrogs space, across

fieqiendy, across space and frequensy, aéross space, frequency and fithe, or dcross
some other combination of dimensions.
[0843]  Table 1 listy-different information that may be sens-for CQl-information. A
full CQ1 value may also be referred to as 2.CQI value, a pivot CQI value, an actual CQI
value, etc. A differential CQI value may convey.the difference between two full. CQL
valyss {g.g.. ¥ or AX) or the difference between two differential CQI values (e:z., AY,
AAX, or AAY). In general, differential CQI information may comprise any infotmation
indigative of differences in‘full and/or differential CQI values, e.8.. ¥ AX, AY, AAX,
and/or AAY in Table 1.

Table 1

Symbol | Deseription

X Full CQI value (e.g., an SNR vahw) for a spatial channel on a subband.
y Difference in CQT values For two spatial channels.on the same subband.
AX Difference in CQI values for a given spatial cliannel on two subbands,
AY Difference in ¥ values for two subbands,

AAX Difference in AX values for two time intervals.

AAY Difference in AY values for two time intervals.

{6044]  For differential encoding across space, one spatial channel may be a
designared spatial channel, and the reinaining spatiat channels may be non-designated

spatial channels. A full CQIvalue may be provided for the designated spatial channel,



X2 = X 4V 100501Di fferential CQ encoding across frequency nay be
used i f a“AH§i"t2d%t a streami S sent on a single spatialp‘a\(ﬂg?ﬁ‘?é?’qﬁ“?q
this case, a differential CQL val ue may not be needed for another
spatial channel. 10051] FIG 3C shows a design of differential CQL
encodi ng across space and frequency for twb spatial channels on two
subbands. In this exanple, a CQL value of Xi, is obtained for

desi gnat ed Spat i al...ch gﬁ% and C?g Vi %}ueo Xu, .is obtained for.
non- desi gnat €4 ‘E%g{“}cgﬁéﬂ Y lﬂﬁlé‘?mﬁ”ygﬁpr '3?‘8‘ ot “‘%B%éﬁ%‘ﬁﬁ% SpapehChenel i g
of 4k2', and 424 renceoptaaid npdiaf denrepa tfoadiffolaiahelcsdiag antksBiequency, one
respectively, gn non-desiagnated subband 2. Term n 14‘31&?0' y derive
Chet ol | ovi n5 ClpRitls BELAANBEFRRRRRY o b Doag R it 205V
rk, , and y Mesiga¥@bpbbdndswitefat O vaind m¥2 bapevided Hethe dtdialate@@bbuad, ues
for spatial channel b.an.sybbands, 1 and 2. respectively, Terminal 150
may send X aﬁagggggm%@ﬂf glﬂqﬁglt‘l? 8?\3}% Bgﬁéfﬁﬁbdgﬁlggié?hg&a%%}‘ E%Wd% and
AY as CQ i nfdifferetikiomedding suisbamel 0@ ti0 082y Base be b dtdipnted e imytval,
receive X, Y, mn AYE L.ten nil, 150, and may %g kve. the orjgi r}‘a[g
Cooel e X, Voa O ERDARTGD50,S00 ALl Sy
X22= X + AX +¥lud¥ay be pravided tor the designated tine interval, and a ditferential CQIvalue

may beprovided for cach non-designated tife interval. A designated subband may also

be referred to as a primary subband, a preferred subband, a reference subband, ete, A

designated spatial channel and & designated time interval may also bexeferred 1o by

other tetms.

{(D43]  FIG. 3A shows a design of differential CQI encoding across space for two

spatial channcls onone subband. In this example; a:CQI value.of A% is obtained for

designated spatial channel 2, and a CQI value of Xy is obtained for non-designated

spatial channel . Terminal 150 (or a transmitier) may derive and send the. following

CO} information:
X=X, and Eq (1)
}? = "Yb _"*Y;I. .

{0046}  Base station 110 (or a receiver) may receive X and ¥ from terminal 150 and

Y may derive the-original CQI values, as follows:
X =X, d Eq (2)
Ky=X+Y .

{6047}  The CQI values derived by base station 110 may not exactly match the CQI
values obtained by wrminat 150 due to quantization of X and }. For simplicity; much of
the following description assumes ne quantization crror,

[9048]  FIG. 3B shows a design of differential CQI encoding across frequency tor.
one spatfat channel on two subbands. Tn this example, a CQI value of X is obrained for

the spatial channel on designated subband 1, and a CQI value of X is obtained for the



[ 00531l n the design shown in equation (5), differential encoding is
per f or red W398%4128Hace first and then across frequency. ESFHS0BHG2
encoding may allio he perfornmed across frequency first a,nd then

across space. [00541FTC. 3D shcrwsa design of differential CQ
encodi ng across spatial, frequency, and dijpe for two spatial channels
on two subbands in tw tine intervals. In tine interval 1, CQ val ues
of Xthand XL, are obtained for spatial channels4i and b on designated
subband 1, aftERORLYshiwe! Froadesisterd sitbayhi-aT ssirak 5 ngyaleriyy and send
Channel s a angk Biennpetkdgshanated subband 2. In tineintenral 2, opt
val ues of 4" and 46 are (btained for spatial channels a and b on

subband I, and 'C%“éﬁl ues o_cg .4" and Xa'i, are obtained for spati al
channel s a and b ¢n~subband®2. Temiinal 150 may derive CQ Eq(3)
information for tine interval 1 as shown in equation set (5).
100551Ter m nal 158%may-dehi-ve CQL information for time interval 2, as
follows: Eq (7)) AY =yr- = (4, - Xfs)-(.X, - XL) , ); and Art St.

MY =AY, - AY_{J%?S ( Y;Ba%'f?es@% Iié{) ¥P1)e ra&%ﬁfan:d(ﬁ .fr_or}fécé}%ﬁﬂ} Bh) an%{.%%gygﬁﬁx{-

.212.) (Xu, - XL) wher T erencern val Uues at'i a
channel ?) on tsubigandCRI vauasyw fllowes: i nt er val s,

X, =X, =nd Eq (4)

Xy= X +AX

[6050}  Differential CQI encoding across frequency may be used if a single data
stream i sent on a single spatial channel. In-this case, a differential CQf valus may not
be needed foranother spatial channel,

[0651}  FIG. 3C shows a design of differential CQU encoding across space and
friequency for two spatial channcls on two-subbands, In this example, & CQE value of
X478 obtdined for designated spatial channel o and a CQI value of Xi5-is obtained for
non-gdesignated spatial channel b on designated subband 1, COI vdlues of Xs, ang X
arc obtained for spatisl channels ¢.and b, respectively, on non-designated subband 2.

Terinal 150 may derivé the following CQI information:
X=X, ., Eq (5}
Y =Xy X, s
AN =X, ~X, , ad

AY =¥y ¥ = ‘\:X‘zb = Ay, “'§§’f;.z. - Xfa) :

Ty i

wherz ¥, and ¥; are differential CQI values for spatia channel b on subbands 1 and 2,
respectively, Terminal 150 may send X and ¥ a5 CQI inforination for subband 1 and may
send AX and AY ¢ CQl information for subband 2.

[0052]  Base station 110 may recsive A, ¥, AX and A¥ from terminal 150 and may

derive the origitial CQf values, as. follows:



AY' is the difference in Y values, for spatial channel b on subband 1
intw ti M THUEH s, 12 A AXis the difference in AX VEFHER0pHp64962
spatial channel a in two tine intervals, and AAY is the difference in
AY val ues for spatial channel 17 in tw tinme intervals. [00561For
time interval I, termnal 150 nmay Send Xand Y as CQ information for
subband 1 and may send &Vaud A Yas CQ information for subband 2. For
time interval 2, term naI 150 may send AX' and AY as CQ information
for subband | and#wmy<send AAXand AA Y aS CQ information for sd&aKéhd
2. [00%$71Base station 1 10 may receive X, Y, AX and A Yfromterm nal
150 in tine intervg)=%-ahd may reeeive; AAP', AY', AAX and ii\LAYIn
time interval 2. Base station 110 may derive the original CQ values
for tine interval ¥ as shewn o equation set (6). Base station 110
may derive the orlgl nal CQl values for tine interval 2 as fellows:.

Eq (8) =AX AAA- %ﬂ" & A Y + AAY =+ Y Ar -I- AY 1110581In
t he desi gn shown i equa’t‘l on f “differential mcedinai S per f or med
acrbss space firSt, then across frequency, and then act:asst.-line.

Differential [@(ﬁﬁbm rmgrhmdys@i showh & qqemfmmeﬁifﬁamnm sndotiieg wejm‘ymiddr st,

e L O RN A

t wo subbands pedmthetl woodsifrgudnny BrsvaldshenBifobedpadt | al encodi ng nay be

ded d
S)r(ut;legng nL(r)rbZ pu???rfe; |§Er'1 er‘%ﬂ?“""[@%@%ﬁ‘ﬁ%ﬁ@%ﬁw@b@}é?h Btﬁaﬂ g(r:]r?)ss

space for no rtﬂ:qmduajn abdNbing fratw@tpatdl amanetls omrae_w dobhandy fnawaEchafiimervas.i @US
manners. |na cha nel s, are
assumed to bg{?‘l 1% ngllélgllrﬁ Cbggalfc‘:gd)fgs’ ang%ﬁ’ ke Cﬁ)& A ure@a%ﬂ?nn yerond & on
desi gnat ed splag gmtcdcshkaxamrei aad BQ$ veu@QF Xy, ahauéwf,zafe Diajnet! m@rspapathaahels a

h | b h : ~value of XstY,. | ha |
oi 05 shat s an Sttt dvbel 2 I hal i R ot BB L oo B e
maybe sent f Qiafilh £RQS i e%at&qd%%mh thh%H@éb% b oBBF1 Lhen are

design, a separate Y ue: may be conputed for &ach non- desi ghate
spatial chan m:ieiauus.etcﬁts;bmel dh@miche: Hedi mg Sdthengh ‘SpBefrmahl ramyeleri can

adj acent spatlla g f' 13 nﬁ g i@ channel sa, b, ¢ and
d have cQ valti&d" 3 “%‘”m%va rfa® é‘f“mf‘é‘%“% BiFVd1y, then Y val ues
13 for spati aﬂ(}aspanﬂ‘e}rmnh13{o:majnde1dmrﬁmiutfantanmpfwe‘dwar&ema}.-‘Q@ﬂfﬂﬂu%ﬁ.
lra= Xa - Xi?, and YuXfr, respectively. TheYc and Yd val ues may be

sent for spatial %&agn{el thl)ﬂ ’ Eq (7)

AP = H=Y, = = X))~ (K~ Xa)

¥ T

ANK = 8K~ AX = (X}, ~ X ()~ (X, - X,,) , and

i ‘; :S.\'

ABY = AT =AY = (=¥~ ¥, = 1)
\-———/_—.—_.J
A% T
= (X4 ~ X3, (Xl = X[) = (X = X0 ) (X, = X))

¥ ' -

% ¥ i 2

where AX" isthe differance in CQlvalues for spatial channel o on subband 1 in two
thne fntervals,
AV s the difference in ) values forspatial channel & on subband } in two time

intervals,



c and 6/, respectively. In yet another design, a separate rvaluc nmay
be corrput B 2087/1848h non-ci eSi gnat edspati al channel . A sPGRHUS0)TRAdI62
May then be sent to convey the values for allnon-designated spati al
chatutels, Different conbinations. of Y values nay bedefined and
stored in a | ook-up table, The sinale indgx may indicate a specific
conmbi nation of V values in the |ook-up table that nost closely

mat ches the sot of conputed Y values. The Y values for nmultiple

non- desi gnat ed spéftﬁi’t’ éﬁ the Aidfarvadesn dayvalibsior fetid obveyiedn itwo 't'jmhhrtervals a‘nd
manners, For si rrp n tion as

one non- desi gnat ea sf)"af i ‘%h%’ﬁlﬁé ?Tﬁsgtjgﬁs%whmgléa%%;glm ahy lfl’r%‘é of
bits may beu or nnel
staMinfort njﬁﬁﬁl ‘Fﬁ’ ’F Fbilovvl?rll%rﬂl é??égﬁah%%ﬁﬂseﬁé ?%?Rﬁl d{gergigtrz?ngial on
bel ow. Nx neatlradf abd msy foou Maﬂ;ﬂhl’aﬂ@ﬂ infobnagioX foybband AnBertinof
bitstbr a di ffer | ue Y. .Nw - number. .of bits_for. bo:

di fferential slva ﬁg@%@gﬁg S ‘}Xr\&"dﬁﬁ&%@ l’g'%mﬁﬁufg f S’I’bbg’b‘%{] P
state i nfornaﬁa;&a;dmﬁaziﬂsmmﬁmemmmfaubﬁ fos sibbardi cate a desi gnated
subband, which.is N.|o 0021The nunber of bits to use for a
gi ven piece ¢P%37hni r}lgé’f“? %ﬁ“’ﬁﬁ;ﬁ ?@?‘M’e}@%%‘éﬂy@ﬁn’é‘“ﬁm%‘@éﬁq ¥ 5%t ween

the anount ofipERkdl dnd MayrRSRLULE OQYf %’A){tahﬁ AA'T"fﬁQﬁHagde@ai\ﬁe'B%é!:%tatmn
si gnal i ng overhead I n one_exa esta, Nx My 3 =4

N 2 fin- :2-4i8msy ﬁmw@lwrtanwl\ﬁngizvalmaﬁa tige imm'Vﬁloirawﬁqnary@rehMmm%m@h M
=-4. O her Vaéa's'@sstaﬂm}’f 16hR9 dRe H%Qﬁhgfn@f COXyatdY for Wte 18BN follows:

[ 00031Various reporting schenmes may be Used to send channel state
information in an efficient manner. Sone reporting schenmes are
descri bed bel ow, [}60‘(‘5&11:% 4A shows a first reporting schene tK&t®
uses differential CQ encodi ng across space and i ndependent encodi ng
for each of theN siphdadsy ¥ this scheme, a full CQ value X', a
differeMal CQ value Y," and spatial state infornmation nay be sent
for each of the Niukbgndax 400, ragpoit for all N subheads may
include N-(N, Nx My ) bits. The ftill CAO value and the

differential OCQ val ug:y: Aigrﬂﬁaggys}gq_neagz N, paube qel gifytiaed as
shown in equation s“ét )"

[0058]  In the desigi shown itk équation {7}, difterential encoding i$ performed.
across space first, then across freqiicncy, and fhen across:time. Differential encoding
may also be performed across freguency fitst, then across space, and then across time.
{6059]  TForsimplicity, FIGS. 3A through 3D show differential encoding for two
spatial channels, two subbands, and two rime.intervals, Differential encoding may be
extended to any number of spatial channels, any number of subbands, and any namber
ol drne ingervals.

(0060} Differential encoding across space for more than twio spatial chanhels rhay
be performied in various manners, In-one desigy, the CQLvalues for the spatial chanuels
are assumed 0 be linearly related by a.common ¥ value. Thus, if designated spatial
channel @ has 2 CQI value of &, then spatial chanuel » has a CQJ value of X+, spatial
channel ¢ has a CQIvalue of X+2Y, spatial channel ¢f has 2 CQI value of X+3Y, ete. A
single ¥ value'may be seat for all non-designated spatial channels. In ansther design, &
scparate ¥ valoeanay be computed for each non-designated spatial channel relative to
the designated spatial chiannel or an adjacent spatial channel, For example, if spatial

channelsa, b, ¢ and & have CQI values of X, X, X, and X, respectively, then ¥ values
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full CQL value.X,, a differential CQI value ¥,,,. and spatial state information may- be sent
for sach of the N sobbands, A CQI report Tor all N subbands miay include
N-(N, + N, +N,) bits. The full CQI value X, and the differential CQI value ¥, for

each subband » may be delerniived as shown in equation set (1),
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Differential @Qﬁe\ﬂ@ﬁﬁg @dﬂaﬁk@&@i.prw&ﬁ%st performance (z.g., the highest.ovarall

throughmit) for that subband may be determined. The bestispatial channel set from
among N spatial channel sets for the N subbands may be scleeted and used a5 a common
spatial channel set for all N spatial channels. Alternatively, a spatial channel set that
provides the best-performance averaged-over all N subbands may be selected 48 the
sommon spatial chaonel sel. Full and differential CQI valyes tiay be derived based on
the common spatial chanﬁei set. ‘A CQI.report for all N sebbands may include

N, + N (Ny + Ny ) bits. The commen spatial state information may also comprise
other information instead of or in addition fo the common spatial channel set. In
another design, spatial state information may be reported fora patrticular unit (e.g., each
subband), and CQI information may be averaged and reported for & larger unit (e.g.,
multiple spatial state reporting units). The CQI reporting unit may thus be larger than
the spatial state reportingunit, e.g., in frequency:

{00681  FIG. 4B shows a fourth reporting scheme, which uses differential CQI
encoding across space and frequency.. In this scheme, a full CQL value X, a differential
CQI value ¥, and spatial state information may be provided for desiguated subband #
and may be sent with N, +{Ny + N, ) bits. The designated subband may be a
predetermined subband (e.g., subband l},- the subband with:the best perfortnance, ete, If

the designated subband is not fixed, then Ng bits may be sent to indicate which subband
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is the desjgnated subband, Differential CQI values AX and AY may be derived for each
nen-designated subband baged on the common spatial state information (e.g.,. a common
spatial channel set) and sent for that subband. . A CQLrepozt for all N subbands may
inclode N, + Ny + N )+ (N -1 N, + N, bits.

[0069] 11 one design, differential CQL encoding acress frequency is achieved by
taldng differences herwetn adjacent subbands. In this design, differential CQL
information fora non-designatéd subband o may include differential CQI values

AX, =X, =X, and AY, =Y, - ¥, between subbands n and n~1 or differential CQl
values AX, = X, — X, and AY, =Y, - ¥, ‘batween subbands » and st

akl Tl

[0070] A CQI teport may include different pieces of information in various forimats.
The N subband indices niay be arranged in 2 fionotonic manner so that sibband 1
accupies the lowest frequency rairge ahid subband N dccupies the highest frequeney
range in the system bandwidth, as shown in FIG. 2, 1f'suliband £y the designated
subband, then the first Ng bits may convey the designated subband index 7, the next Ny
bits, may cortvey spatial state information [or subband £, and the next (Nx+Ny) bits may
convey the filll CQI vatue X; and the differeritial CQI value ¥, for subband £. The next
Ny bits may convey gifferential CQI information (g.g.. AX,,, and AY¥;,,) between
subbands £ and £+1 across space and frequency. The next Nw bits may convey
differential CQI information between subbands £+1 and #42, and so'on, and Ny bits
may convey differential CQI information between subbands N—1 and N. Then, the next
Ny bits may convey différential CQI iriformation beiween subbands ¢ dnd /-1, the next
P’-J.W bits may convey dilferential COl information between subbands £-1 and £-2, and
5o on, and the last Nw bits may convey differential CQI information between subbands
Zand].

[6071]  The first thice cotumns of Table 2 show a design of differential CQL
infornuation for differential encoding between adjfacent subbands. In this design, the
differential CQI infoimation for cach non-designated subband » includes Ny, = 4 bits
and jointly provides (i) a differential CQI value AX, between subband # and an
adjacent subband for the designated spatial channel and (i) a differential COI value
AY, for the non-designated spatial channel. The CQI value for each spatial chaunnel on

each subband may be deternsined as shown in equation sets (53 and.(6).
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Tahle 2

Differential between adjacent subbands | [Differential from designated subhand £

Index. '-AX,, AY, ladex AX, AY,
0 0 -2 0 3 -3
1 ~2 -1 1 -2 -2
2 -1 -1 2 -1 -2
3 0 -1 3 ¢ -2
4 +1 -1 4 +] -2
5 + -1 5 3 -1
6 -2 o’ 6 -2 -1
7 -1 0 7 -1 ~1
3 0 o E 0 -1
9 +1 i 9 -3 o

w +2 0 10 2 0
1 -2 +1 1} -1 0
12 -1 +1 12 8 (i
13 Q +1 13 - 44
14 A+ +1 14 -2 +
15 +2 +1 15 -1 +1

{6072]  Taanother design, differential CQI encoding across fiequency is achieved by

taking differences with respect'to the designated sobband. In this design, differential
‘CQI informaiion for a non-designated subband # may inchade differential CQI values
AX, =X ~ X, and AY, =Y, - ¥, between designated subband £ and non~designaied
stihband 4.
{0073}  1f subband { is the designated subband, then the first Ng bits may convey the
designated subband index £, the next Ny bits may copvey spatial state information for
subband £, and the next (Nx+Ny) bits may convey the full CQ1 value X; and the
differential CQI value ¥, for subband £, The next Nw bits.may convey differential CQk
information (¢.g.. AX,,, and AY,,; ) between subbands £ and 41 across. space and.
frequency, The next Ny bits may convey differential CQI information between
subbamds £ and £+2, and s0 on, and Ny bits'may convey differential CQI information

between subbands £ and N. Then, the next Ny bits may convey differential CQY
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infotmation between subbands £and ¢-1, the next Nw bits tiay convey diffevential CQl
information between subbands £ and -2, and so on, and the last Ny bits Tiay convey
differential CQI information between subbands £ and 1.
[8074]  The last three colwmnns of Table 2 show a design of differantial CQI
information for differenmial encoding with respect o the designated subband. In this
design, the differential CQIdnformiation foreach non-designated subband s includes
Ny =4 bits and jointly provides.(i) a differential CQI value AX, between subbands £
and 1z for the designaied spatial channel and (i1) a differential CQI value AY, forthe
noit-desighated spatial chamiel, IF the designated subband hag the best perforniance aid
" b is used as a reference for the non-designated subbands, fhen the differential CQI value
| AX, for each non-designated subband should be a non-positive valze. The CQIvalue
for each spatjal channel on each subband may be determined as shown in'equation scis
(3):and (6).
{0073}  Table 3 shows another design of the differential CQI informaiion for

differential encoding with respect to the designated subband for Ny =3 bits.

Table 3
Index AX " AI’,,
0 2 -
1 B -1
2 ) -l
) 3 K 0
4 - 0
5 0 0
6 2 +1
7 1 -1

[0076] Tables | to 3 show some exaniples of joint encoding for differential CQI
values AX, and AY,. Other joint encoding designs may also be used.

[0077F A CQI report may ¢convey CQI information for all N subbands, ¢.g., as
shown in FIG. 4B. A CQI report may also-convey CQI information for a subset of the
N subbands. Twone design, a CQI veport for an even tme intetval may hiclude a full

CQI'value X, a differential CQI value ¥, and spatial state information for the
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designated subband € and miay be-sent with Mg # N, + (N, + Ny} bits. A CQIrepont
for an odd time interval may inchade differential CQH values AX anid AY for cach non-
designated subband.and may be sentwith (N -1 - N, blts. If there are many subbands,
then the CQI information for the non-designated subbands nay be sent in multiple time
intervals. The CQI information for the designated and non-designated subbands may
also be sent fnv-othiei raanders.

10078] F1G. 4C shows 1 fifth reporting seherie, which-uses differential €QI
encoding acvoss space, frequéncy and time. Differential encoding may be performed
across time {e.g., across consecutive reporting intervals) if the wireless channel varies
slowly. Inthis scheme, 3 CQI report containing -Spaqe-.ﬁiequcixcy CQI information may
be sent every P time intervals, where P>1. The space-frequency CQlinformation miay
comprise CQL information generated for ong or more spatial chatinéls on one or hiore:
subbands based on any of the schemes described above. For example, the space-
frequency CQI information may comprise N, + (Ny + Ny )+ (N~ 1) N, +N, bits for
CQI information generated for two spatial channels on N subbands based on the fourth
scheme described above: The space-frequency CQI information may be sent in one:
time interval or possibly pmaltiple time intervals, as discussed above. One or'more CQ!
reports containing temporal differential CQLinformation may be sent in time intervals
histween those with space-frequency CQIinformation. The teriporal differcritial CQL
inforniation in ¢ach CQI report inay be gererated with.réspect to CQI liformation fora
previous CQI report. The wemporal differential CQf information may comprise AX and
AY for'the designated subband and AAX and AAY for ¢ach non-designated subband
being reporied. The AX, AY, AAX and AAY values may be derived as described above
for FIG. 5. -A chaunge in the designated subband niay be made every-P time intervals.
[0079]  The first through fifih reporting schemes described above asstme that
multiple spatial channcls arc available. fasingle spatial channel is used, then
differential encoding may be performed across frequency, and differential CQIl value ¥
may be-omitled. AX values may be sent with fewer bits since only difference across
frequency (and fot across space) is conveyed. Differentiat encoding may also be
performed across frequency and time. The-AX and AAX values may be sent wiih fewer
bits if differential encoding across space is not performed.

{6080} In general, the CQI information and the-spatial state information may be

teported at the same rate or different rates. The spatial state information may be
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reported at one rate, and the CQI information may-be feported ata second rale, which
may be slower or faster than‘the first rate.
[0081]  Cheannel state information may be gencrated and reported based on a
configuration, which may be selected for terminal 150 and may be thanged in a: semi-
static mannet via signaling. In one-design, channel state inforriation may be obtained
For'the desigriated subband-and reported. [n another design, channeél staté ihforniation
may be averaged over ail subbands {e.g., based on # channel eapacity funetion), and the
average channel stateinformation may be reported. If the average channel state
information is reported, then differential CQL information may be obfained with respect
to the average CQI information. Furthermore, there is no need to convey the designated
3 subband.
[0082] T spatial state information may be'dependent on preférence of terminal
150. In one design, the oriterion used to.select a sat of spatial channels (or a serof
antennas) may be based on'théaverage channel characteristics ol ali subbands, In
another design, the-criterion may be based or the chennel characteristics of the
designated subband.
[0083]  Inone design, terminal 130 may generate channel staie information based on
a selected reporting scheine and repott ehannel state Wiformation on a contiimal basis in
guch-reporting interval. This.désigi may be used, e.g., when terminal 150 has o sérvice
duration covering one or few report intervals,
[0084]  Inanother design, termingl 150 may generate and/or report channel stale
information in different manners during theservice duration. This design.may be used,
) e.g., when the service duration is much longer than the reparting interval, Terminal 150
niay fransinit multiple packets during the service duration and may sclect a suitable
packet format and a switable sef of gpatial channels for égch packet trarsmission. A
packet transmission wmay span one or mukiple reporting intervals. A designated
subband may be selected for each packet transmission and may change from packet
transnuission 10 packet ransmission. The subband sclection may persist for each packet
wansnussion. I this case, theindex of the designated subband roay be omitted in CQI
reports sent during the packet (ransmission..
[608%]  Tcrminal 130 may operate invone of séveral operating modes, such as &
schediled mode and an unischeduled maode, at anty given momient. 1n'the scheduled
mode, ternyinal 150 may bescheduled for transmission on the downlink and may havea

persisient subband allocation that is known by botl the ferminal and the base station. In.
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for transmission. For example; terminal 150 may operate in the scheduled mode diring
its service duration and may operate it: the unscheduled mode outside of ifs service
duration.

[0086] Iy anotheraspeet, a heterogencous reperting schewme is used, and terminal
150 may send different channel state information depending on its operating mode. In
the scheduled mode, terminal 150 may generate:a full CQI value X and a differential
CQI value. ¥ on the basis of the overall or average chavmel characteristics of the
allocated subband(s). Terminal 150 may convey the fult COI value, the dilferential CQI
value, and spatial state jnformation in N, +(N, + Ny} bits. Terminal 150 may report
channel state information at higher rate or more frequently in.order to update the
channel state information in a timely manner. For example, termyinal 150 may report
N, +{Ny + N, bits in cach reporting interval.

[0087]  In thgunscheduled mode, terminal 150 may generate CQI information for all
or many of the subbands. For example, terminal 150 may generate CQI information
based on the fourth repoiting schemie i FIG. 4B and may Send

N, +(Ny + N )+ {N=1)- Ng + N bits for ali N subbands. Terminal 150 may also
generate CQI information based onfhie fifth reporting scheme in FIG. 4C or seme other
scheme. Terminal 150 may reportchamnel state information at lower rate or less
frequently in order ta reduce signai‘i-ngrevexfhead,

{0088]  FIG. § illustrates the heterogencous reporting scheme. Terminal 130 may
operate in the scheduled mode between times Ty and T, During this time period,
termiral 150 may determine channel state information (e.g,, sverage CQI) for only the
selected subland(s) and may report channel state information more frequentily, c.g., ata
rate of onee every T seconds. Terminal 150 may operate in the unscheduled mode
hetween times T; and Ts;. During this time period, terminal 150 may determine channel

state information for all N subbands {e.g., CQI for each subband) and may report
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I
Subband has 1AS%bestiE: SARSrA s SRE e T eogtonl PurerilEe for
t he uni t - desiigihateign stthdifedsiialtcheniitgveross ﬁﬁ@:raamtm{aieu@Q]Spvmi mrateAX" for
each non-desi ﬁ{' %a‘?‘gn %1%9 %?}H&crﬁ il %(gr n?ﬁrh&% galp§:§:1xielb o%gmﬁ é’f slglﬁfiaahagaa as

val ue for eac spa annel on eac
shown i n equdblivondi@et 'Ehe(x@)ltqalnwa(iﬁ)chqi{nﬁﬁﬁﬁyfaﬂnésgmﬁ 18 hmi/xsﬁeammh&r
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AX" Al c . Auformation may then convey the sclected antennas. The muliiple spatxai chamnels may

also correspond to multiple precoding vectors selected from among a plurality of
precoding vectors available for transmission. The spatial state information may then

" ) convey the selected precoding vectors, The spatial state information may CORVEY
multiple spatial channels for ¢ach subband, for each set of subbands, ot for all subbands,
{096} CQI values may be obtained for the multipie spatial channels on the multiple
subbands (block 614). The CQI values may cortespond to SNR estimates or some other
measure of received signal quality. The CQI values may be differsntially encoded
across the multiple spatial channels and the multiple subbands to obtain differential CQL
information (block 616). The differential CQI infermation may comprise any of the
information shown in Tdble 1 (e:g., ¥; AX, AY, AAX, and AAY) and/or sonie other
information. The differential CQ1 information and the spatial state information may be
sent as Teedback (block 618).
[6091]  Forblock 614, the CQI values nmy be differentially encoded across the:
multiple spatial channels and the nwultiple subbands with respect to.a reference CQI

} value, This reference COI value may be a COI value for a.designated spatial channel on

adesignated subband, an average CQI value for all spatial channels on the designated
subband, an average CO!I value for all spatial chanuels and all subbands, eic. The
reference CQI value may be sent with the differential CQI information.
[00921  The differential encoding in block 614 may be performed in various.
manners. The €QI'values may be differentially encoded goross the nndtiple spatial
channels first and then across the muliple subbands. Alternatively, the CQI values may
be differentially encoded across the multiple subbands first and then across the multiple
spatial channels,
f0093]  The multiple spatial chamnels may comprisea designated spatial channel and
at [east oue non-designated spatial channel, The multiple subbands may comprise 2

designated subband.and at least one non-designated subband. At least one differential
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CQI value {(eg., V) may be-determined for e at least one non-desighated spatial
chamnel on cach subband based on CQl valtoes for the spatial channels on that subband.
For gach non-designated subband, the difference (2.2, AX,) between a CQL value for the
designated spatial chanbel on that non-designated subband and o CQI vakie for the
designdted spatial chiannel on either the designaied stibband or an adjavent subbarnd may
be determined. For each non~designated subband, the différence (o.g., &¥,) between at
lgast orie differential CQI value {cg, Y, Tor the at least one non-designated spatial
channel on that non-designated subband and at least one differential CQI value (e.g., ¥x

¥y, oF ﬁ}’:,'r;ﬂ;):.for' the at least one. non-designated spatial channel on-cither the designiated

subband or an adjacent subband may also be determined. Foréach non-designated

subband, the differential COLvalue (e.g., AX,) for the designated spatial channel and the

at feast one differential CQI value {e.g., AY,) Tor the at least one non-designated spatial

chamiel may be mapped to-an.index, which may be sent as the differential CQI
information for that non-designated subbiagd.

[0094]  FIG. 7 shows a design of an apparatus 700 for reporiing chaune] state
information with différential encoding across space and frequency. Apparatus 700
inctudes nisans for determininig spatial state information for multiple spatial chantels on

multiple subbands (madule 712}, mieans for obtaining €QI values for the multiple

spatial channels o the multiple subbands (moduie 714), means for differentially

enceding the COL values across the multiple spatidl channels and the multiple subbands
o obfain differential CQI ififormation {module 716), and means for sending the
differential CQI infonmation and the spatial state infonmation as feedback (module 718).
Modules 712 to 718 may comprise-processors, elgctronits devices, hardwarc devices,
electronics components, logical cireuits, niemories, étc., ‘ot aify ‘combination thereof.
[6095]  FIG. 8 showsadesign of a process $00 for reporting chanriel state

information with differential encoding across space, frequency and time. Spatial state

information may be determined for muliiple spatial chanvels on multiple subbands

(block 812). CQI values may be obtained for the nultiple spatial channels on the
muliiple subbands in multiple time intervals (Block B14). The CQI values may be
ditferentially criceded dcross the:multiple spatial chanriels, the multipie subbands, and
the multiple thwie intervals to obtain differential CQI information (block §16). The:
differential CQI information and the spatial state information may be sent as feedback
(hlocl 318).
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be performed across frequency and tune. AArval ues nay be
sent with fedRgicabpireyity. fmegofipse pleney Al Céﬁb@@f‘ﬁ@“’a@}foss space i s not
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i nformati on e rep orted at the sane tale or diffeerent rates.
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i nfor mation pEaeHERRNE ALl ik HEERNER! 8y , Wil RILIBHOVAR), OF
faster than the first rate,
CQI informiation may be reporied in accordatice with a second reporting mode while:in
a second operating mode, e.g:, a unscheduled mode (block 1014}, The CQI information
may be sent at a first rate in the first reporiing mode and may be seat at a.second rate in

the second reporting mode. The second rate may be stower thao the first rate.



[ 001] Channel state information may be generated and reported based on
a confi guM 1A bh may be selected for terminal 150 BrdURR)7/ %2
changed in a: sem-static manner via Signaling. 113 one desi gp,
channel state information may be obtained for the designated stibband
and repOted. In another design, channel 8fate inforthation May be
averaged over all subbands (e.g., based on a channel capacity
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packet transnisdpdiied imive (@mbtﬁ%lhfd“)s é‘i’l@@ﬁﬁsd th ?mitji l;béf% Sifi:ecﬁnﬁmm pactIsors,
Packe! { oS DAl By AE88sccL DELAR Bhpl R SESLATALEE, subhead
may be om tted ts sent duri B et transm ssion.
100851 Ter mi naherioBos, Figy Oowruamémﬂtﬁaﬂbcr@f sever aI Oper ati ng nodeS, such
as a schedul e } nt. In
t he schedul eggﬁrmrﬁgg %@ﬁg%g%gg%%g b@%hi%da% ge‘faié g%ggir%?ﬁg@g?sm on
on the downl |Sﬁ%aaﬁﬂhmilaaivwa’epéwsaugléaémf Stéqbbiyhmd*hamsmamﬂbmttbhamli S
known by bot ks E&efréq%r{r&z eakeraaa c‘d’l%n%ﬁw{ékaﬁllﬂcﬂmh'u orth %c&m%f#pi@d
nmode, it may be clesirable.to accuratel’y réport ralg channe

state. i nfor il cbipageofrecauprsaitingdhif sty hﬁ?ﬁ?ﬁbf}g Geaét, ifhygperting scheme

i naccurately ? b q I

Gt bbands. |1 { e Ghaehodal e el AR BRI R SBeraions ) e
for transni ssihgalestraaps ouehnbeus kith seltiptedyy ordm, f’r&j\/‘éﬁl wéﬁcsmmnénmtatmbband
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t onpor t ehanneTst at € information fof as many ands "as possib lI]e
Term nal 150 sayent sbhags than forseinglseppu wegig@h@awsé%@éw@m&m\s dfiedul ed
modes dependigfg Qe :Q@&n hiehsk 'ﬁvc@-ﬁlmd@xo&@ birANEA L dAng across space
transm ssion. For. exanple; termnal. 150 may operate inthe

schedul ed noded dagichey there etfecsivgri ce duratl on and nmay operate in the
unschedul ed_ Rfid4PUUHEARR AR eI MR ,ﬁwatlb@nmﬂ@@ﬁf%@u@a%@erzor
aspect, a heterogeneous reporting schene I's used erm nal .
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subband(s) . TeEMhRAkirckiPtAdTBY), GRRN S¥nd Bt (158s), iddidBsigda G ocessing

devices (DSPIS), programumable logic devices (PLDs), ficld progranunable gate amvays




generate }%%e%gl nformati on based onithe fifthrepotting schene in Fla

or some o Terninal 150 may reportichannel sta‘fqém]52007“}6“962
information at lower rate or less frequently in order to. reduce
signaling. overhead. RL0881FIG 5 illustrates the heterogeneous
repordng -schene. Termnminal 150 nay operat@’in the schedul ed -no. de
between tinmes Ti and T2., 'During this tine period term' nal 150 may
det er m ne ch st at tio nly the
sel ected sub and S} lgc m’ Conli rTﬁlor”t %Iéa:ﬂ%reﬁfn"rsst%cr o] Ctl(fcg)lﬁmrn)re
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plurality or Preco ng vectors a transn ssi on
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vectors. The s emuay convey nultiple spatial

t hannel S ' for g%:dﬁ%gu@&%cgﬂa Smrgtg?édﬁ gﬁg? of .subbantkot for all

subbands. [0G8UPEQ Thapweisuadeyeripdoryt the fedosess ﬁm@dﬁj@tcnwl@wawaai
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correspond to SNR estimates or soni c other measure recel ved si gnal
rqual ity, Thevitr repdibvinesatmiyo hesediilipdindhe rhiny e gensde oringnledeting

mul t i pl e spatialy rﬁi}?ﬂl&%bl%:d%@th&ﬂ%x 15%‘115 lvﬁh&t §$1}4991@@1@§1 thiOs ;@:@Ec@%pe of

differential (.01 i'nfornation . The.differenti al

i nf or mati on Mdiskwyei Jeusaty Gi’SB‘PW@S ilﬁtf%tﬁlﬂqﬁéttqwﬂém\mﬂ%ﬁ\m%e I
(cigr, AX  13%kLribG et Mih b8 A6k BRMEAS RERSndifiRWB i PincibRE
differential -CO inforthation and the.spatial state information may
be sent as fasdmaekicgigsdisderdbago11For bl ock 614, the CI Q val ues
may be difibrentiallycncoded across the multiple spatial Channels
and the nul ti slit:Mantis with respect narefetence OQ val ue.
This refer end&‘@'@ WHATISHyABEERIS:00 val ue for ati esi gnat edspat i al
channel on designated stibband, an average C.Q value for all
spatial channels On the designated subband, an average CQl val ue for
all spatial channels and all SUbbands, eie. The reference M val ue
may be sent with the differential CQ infOrmation. [00921The
differential encoding in: block 614 nay be performed in various.
manners. The CQ val ues may be diffcrentiall yencoded across the

mul ti pl espatial channels first and then across the.. nultiple
subbands, Alternatively, the agvalnes may be differentially needed
across the multiple stibband"s first and then across thenultiple
spatial channels. [.0093] The nmultiple spatial channels may conprisea
desi gnated spatial channel and at | eastonenort-designated spati al
channel . Thenul ti pl e subbands may conpri se a desi gnated subband. .. and
at | eastone non-desi gnated stibband. At |east one differential WO
2007/ 112371PCT/ US2007/ 064962 CQL val ueYn) nay be determ ned for the
at | east Onc:non-desicnated spatial channel on each subbarld based on
CQ . values for the spatial channels on thatsubband. For each



Channel on that non-desi gnated subbandand at | east one differenti al
CQ val ueW@2087/112371 or 11,,,,) for the at |east: one nofHBSAMEHLA
spatial channel on either the designated subband or an adj acent
subband may . al so be determ ned. For each non-desi gnated subband, the
differential CQ value (e.g., AX ,) for thg designated spati al
channel and the at |east one differential CQ value (c.g" AN for the
at | east one non-designated spatial channel may be mapped to an

i ndex, which®lagIMS sent as 'the, differential CQ information for

t hat non-desi gnat ed subhead. [00941FI G | shOas a design O an
apparatus 700 flar reporting channel state information with

di fferential encotli ng actpsetspatgisand frequency. Apparatus 700

Spati al channel o BRONIFE LR ReaR LM TirBt Grelty Rafor Bigh Mg or ' P ©
obt ai ni ng CQmuhilleigstid: ohanhileomuliiplelsebiapd icafiftehannekigofnht TQ) valuss

Mul tipl e subbands. ( we r14) nmeans . for differentially encoding the
CQJ val ues a(f"f;'fc‘)’g’sm‘t£ ﬁ%e)%ﬂ%ﬂsﬁuﬁi "}ebb’%%gstdiﬁgFh{’@ﬁua\tr‘mcé?ug‘ﬁﬁﬁﬁ%@tq}i’ég‘{?f’g‘?tg’ieﬁﬁ”é%&
subbands to aigbaatiogiafid ersemnt dalifERhid K fifattacon {seeibhek: £3H), and
means for sending the dif %@E{t@tflcal- Q. information and the spati al
state information® 8§ Peedback (rntfducleéo’MS). M odules. 712 to 718 may
conpri se processors, eleetronies.devices, hardware devices,

el ectroni cs conpogentsy, | ogical circuits, .menories ..eic.. all

conbi ndti On t her e’g'f 00@‘3@&%&({&80&15%%\?\?5“%? 12%5?1 Fieery 1?)?%@%%%’%%0 f or
reporting. chisfmetiakt eicedeithif OQhedice acradstife rdeififle pebitl chbnrebaodihag

across space, guency. and tine.  Spatial~state informtion. may he.
det er ni ned fé‘%‘f“ﬁﬁ?ﬁ%‘*?%%’és %8’2{%‘-‘% e dc V%ﬁﬁﬂ%ﬁ%b%*utﬁ e&ﬁ%@"%b‘?@%k
81.2). CQ vahlwesihthe dErobebl@eddfontionhe nul tiple spatial channels
an the nmultiple subbands in nultiple tithe intervals (block 81k). The
CQ values may be differentially encoded across the nultiple spatial
channel s, . the nubti plléesoamds claemd, whrecimibk téiphbeetGQievalmiar @@l s to
obtain differential QA _ i.nfOQ.makian, ( _ The differential CAQ
i nformation gﬁlﬁ&?ﬁg,d&%}a}egls%@g%h 5}9?%4%%%1%&?%%@%1%?%& sent as feedback
(bl ock 818). WD 2007/ 112371PCT/ US2007/ 064962 10096] For bl ock 8186,
the CQ val ues may be -dj.f i =T oNo] Lacy : okt .
spati al channel s é(ind tﬁh{g a&%&uﬁﬁdﬁ?@%ag&g%gﬂggﬁc%&ég%%C%‘er}g%lmn ngl% g%*f'e to
obt ai n di f f el@Htvialak Fo@ik eltiple spafig channely andike mulfig¥)sublomds.hat tine
interVal. The CQ values may be differentially encoded across the

mul tiple spatial channels first and then across the multiple
subbands. The mnul i pl ellwizpparitr diciagh 8. wieyeic eprirerce £eslogiatnedsegare
interval and : wdesi. i:ne. lnker For each
norndesi gnat et(?ﬁltxllaﬁnlg%%r?t@elﬁl\l/lg‘ﬁ,gs%??lf"g%%lggg5’8 gg%@{%&%%ﬁédﬁd AAY) bet ween
the differential CQL values for that |ion- deSigiated dine interval

and the differential o AN HESH R m 8 P LGS Al NG b R A ML R JBY.Pe
det er mi ned. [0097%'F0r Qﬁcgﬁ%s%&t Eﬁ%“ﬁ‘?lgcstg?gln?ﬁ ?%I%M%Q%Fﬁ\é%n(aga é"cp
), AX, AY, et@l)vakg forakesigheted gpainbehanichen fhntmakipll sublpdbe sent
as:differential CQLinthunation for the designated tinme interval, The
differences in differential CQ Values (e.g., MX; AAY, etc.)
det erni ned for eaéh nofredemirgwraaiethin ilmehdgng dewedcessayis podiged 1o
differential QL. J0fQLIBL QN OEs bR Al o R HEs] ed.atb ] We al .
[0098] FI G - & oua Bl (G plalleR o L A e bR it
channel st at aliffogrdipkpgnceds fgﬁ- TR wilycs egrenttheanulapie sdibagisacxioss space”
frequency and tinme. Apparatus 900 includes neans for determ ning
spatial state information for nultiple spatial channels on nultiple
subbands (nodul e 812) , Thesapmaisor’ chiyn i whange boprogetserds condisure &
mul tiple spatjal.chadl - {4 _ AR Frultiple time
interval s (m&aﬁréﬁigﬁ(%@gﬁgﬁgﬁ g@%ﬁ%&%%ﬁ?#ﬁ?ﬁ%ﬁ@oﬁ ?‘ﬁgah(% %e CcQL
differenfially cncode the CQI values across the muliiple spatial channels nexi.



conpri se @r ocessors., electronics devices, hardware devices

el ect roni W9 08#H3#Ent s, |ogical circuits, nemories, etc.PCIYPSAPR64962
conbi nati on theregf. [00991FI G 10 shows R design of a process 1000
for heterogeneous reporting of channel state inforMation. CQ
information may be reported in accordancezmith a first reporting node
VWhile in a first operating Mdde, e.g., a schodukd Mode (block 1012).
CQ informatien may be reported' |jn accordance with a.seco.nd
reporting node whii ei nfb§ *BREBWPISIHER &t Yive n fhoaalin patial ghognale prsemised

node (bl ock 1QddnackRBa@Anahdde Q‘Idhﬁ Rhd: ORe lﬁydﬂgenﬁ%dtﬁﬁ Ll@dnﬁélr@ﬁcx&ﬁﬁﬁ
in the first reportln node and may be sent af a second rate in

second repor P "rﬁb’é@”‘dﬁ'ﬁgni‘% 66 b AT iralpd srkyanand oGk oieHardpignatedy s t

rate. [O. Olfa%aﬁmma WRerbili BRlprdcB8ROF ik taFigIRE & schidirkRlHA MY oRSiton
obtai nedfor "'multip Spatial, channels on At |east one subband

sel ected frorﬁ‘i’”é??d%?@ %E’Eﬁ“’&lsé %8fhpbands avail abl e for transm ssion.

The CQ 'values may be differentially encoded across the nultiPle
spati al Channel s d %ﬂe at | east one. sel ect ed stib: band to obtain
the CQ infornati §£ e ERRMENS U €15 Borer iy R BEnsesseHECEIG TG B ues nay

be averaged askHgse &th@maﬂneeifﬁ:ebnauwndﬁ@ Yor tlﬁﬁ@iebﬁ%n@x‘(&ﬂ’-cﬁﬁi@n% sp\md;ues
for the nultlﬁlesatlal |fferent|allgcenco

1.001011 FanfPEne@dsad ausw??ﬁﬁé%gmwm B REDIe SRR TBHIERI WbE £ or
mul tipl e spakitdka@&hannel s on nmultipl e subbabds' avail abl e for

transm ssion. The CQ values may be differentially eneoded. acrci ss.
the nmul ti pl e 'spatial channels and the multiple subbands to obtain
the CQ information forket:Rg8@cIREiH eQHiROMRAR nol 882 FlvGend the

shows a design of an a 110 or heteroge epor
RN A A At T e AR T AR A

CQL i nf or mat ispiial d’haﬁ&t&fﬁaﬁ@ﬁée&dghktczasubh'fnﬁtaﬁ@@@@hrﬂ@e ﬁiﬁdﬁ dMigﬂaeﬂc:n a
firstoperatin nodul e

For - epor t1 NP HHFbHEE AETARR S EHCR PTG e veen S ek

repOr t i ngnodenyifle@ntidl CCA vHee @ e a.oiaﬁt aiid 1g-desigeedep@ial clﬁlm}el on the

uriseliedul ed 1:11 ' cori.Se
b boessorS, - PEb TR T 4 e GiureabC Oty B PO AR ork Hob
conponent s, agHigaltedGpdti@liHatne! SEMD desBRate@iibbar@ any conbi nati on

t hereof [061031 An OFDVA system may-be abl e teachi eve substanti al

gai nt hrough subband schedul i ng, ' However, the nunber of ,aubbands in
t he systentmay nothe Sleaepdrarecniendy 1elivWhiceient tah nG&kignend edbag! the
(e.g,"” the fourth reporting sehethe ih FIG 4B T o ST Arecders
space- frequer‘i’b‘}\?‘*tbixtlﬁg ‘ﬁ‘lg?‘?sg %fgl”g m&tfﬁjéﬁ%to%elvf’ E&QI yalue fordhg depiepated
reporting schedai ¢hantdel &G thé@)u-m;gnhted abbedtaad 0 éld;ﬂ edud foedieldedigwdr head
i n5MhMO- OFDVA rati on,

versiy e B ERT B e R S L FRR BB R e SR EOh R oo
di versity rrayiaffeeamhlcmhrmmw (e al GANR manmaﬁas@nsmdmiawﬁehameljmc&nxﬁon-

subbands t han f.or el [.S) . L ransm ssion,
sl Ter | SREGRIRARTBRCHay aRe= FEOERHERCE Bitks bR bR
encodi ng. acrdeﬁgﬁmﬂcspatahd:aﬁmequmﬂa&aumrsabtmhﬂect| ve. 1001041 The
t echni ques descri bed herein May be finplernented by various. neans_

For exanple, these techniques may be inplenented in hardware,
firmmare; softvvare; OrTle appirhiinatcladn 91 Wesr@o for Eadh rau-ldas;gimdeubband the.

i mpl ementation, the processing unj use t.he. t.echniques
my be il e REEBE BRCTET Dt TR e PO B R o e
circuits fASkEshe!l, thi apiafisads l.astgjmaﬁlf@re@uﬂMWslué %Bs:)ax jeaglicgd tai-desiggmnead

pr ocessi ng devices. (DSPDs) , ..pr , N PL o

Fi el pr ogr antii aeyive g 4§ 4 G ENIRR Gl St BTG SR R priapd.

i ni tro-coranabd #imst ot difforribd €58 orlse felleat leaun b Wheviesigsstedophiel channel

el eetronie u% ::Eu% gl gxsl'i 'ﬂg%x}d%woi%gt%'; H]f%crentrg;lwtu'u%zr}t?atmn Crﬂ'm ne\d ngwndte%

subband..



26 CLAIMS 1. Arrapparzitus conprising: a processor torifigured
to obtai nwé}l%{)ﬁ?{éﬁy&ual ity indicator (C. 01) values for mEf¢TBFa07/064962
spatial channels on. nultiple Subbands, to.differentiallyencode the
CQ values, across the mll tiple spati al channels and the Miltiple:
subbandS to obtain differential CQL infOpglatioh, and to Si:m4 the
differential CQ information as feedback; and. a nenory coupled to
the processor. 2..Ti e. apparatus of clalml -Wherein. the: processor
is configured to differentiall y encodet he CQ val ues across

themul tiple spati @ chapRglasend chLhe: W{e?urplh@p%‘é&@@ﬂgéon%ﬁl}@d to
respect. to' a reference value,. and to send the reference CQ

vai n& Wth t HeedRing Srad seg inforpaner &l kast Pl s, IrrtH%p?aE}&éf‘@ﬁ gad gsend

claim 2, whergiadNeak affehfneeaEdibyal ue is a CQ value for a
desi gnat ed spatial channel on a designated , subband. 4. The apparatus

of' el aim2, -wherein the reference CQ vaI ue i s an average CQ

val ue for tilt ka:ilIO|ﬁ;e%ﬁ;ﬁ&dt@dof@ﬁﬁﬁm@‘{viﬁ&%&1@@&1%1;%5&1}1%%&@@“‘15-

The apparatus of claim2, wherein the reference CQ. value is an
average OQ VaFSTBORIgP MulipleATicnpas|seedphi o Anaa i WREY §f afees gt R d

subband. for @nstliREorR BRBFREHS 1@ kp LRI RiorMheQbivd e &Rt @@&ﬁ;am
val ue i s an average CQ value for a designated spati al channel on

mul ti pl e subbands. 7. The apparatus of claim1l, wherein the
processor is configur eghetap aqar&qwrcﬁﬂﬁizalméreaﬂﬁ@ﬂ@nbt&%?micmhaﬁs

across the nultiple s | ch nnelsflrst nd to differentially

encode t he c@ﬂ%ﬁﬂ?&gg&@w@s@«w BE SEAMT t“é'gﬁ’ﬁ‘aﬁ%ﬁ“ 2gdraliy of precoging The

appar at us of veduas Bvallable WM&k Rinlitshe, ;ﬂfd@ﬁﬂﬁaﬁﬂﬂm buigIGnkd EtbatidiQonvey tie

differentiall é dglfrde t he Cg vaI ues across theitultiple subbanda
FF &nc

first and to® %‘i‘fflﬁ“hlvf’ ode the CQ values across the multiple
spatial channel s next. 9. The apparatus of claiml, wherein
the multiple spatL I dIgannel s conprise a designated spatial channel

and at |east one '8 APUHTEHSt i al channel, Wherein me nultiple

subbands conpris eoiﬂatdﬁig clnadl @calzyblredr @) Adtuds @ﬁ&ﬁul@ﬂ@ spatial channels on.
non-designated]sg and wherein the processor is configured to
send differeﬁf‘it&?eﬁ%}“ﬁﬁforn&tl on for each non-desi gnated subband.

éo The appar ?t usda(ﬁii:xcﬁﬂlgﬂyﬁz&xdmghm@@maﬂd%ed@ﬁsaﬁfmﬁxﬂﬁ;;]lb Spaﬁ@ilmhmgﬂi%add to
eternine at | east one.diffe ar the at |east one
non- desi gnat & 8 ﬂ?lf‘éllﬁ’h ﬁ%‘éﬁm‘%ﬂ%ﬁ’ggﬂg@ W&“ﬂﬁ‘é‘@&gon CO val ues
for the nultiple spaipde deesmniel GY0nRHhRIBRbhamdck,

12, ‘Themethod of claim 17, wherein the differentially encoding the CQI
valiies comprises

differentially encoding the CQI valucs across the mubiple spatial channels first,
and

differentially encoding the CQI values acrvoss the multiple subbands next.

19.  The methodof claim L7, wherein the multiple spatial channels comprise
a designated spatiat channel and at feast one non-designated spatial channel, wherein the
muliiple subbands comprise a designated subband and at least one non-desighated
subband, and wherein differential CQUinfornyation is sent for éach non~desighaied.
subband.



. The appar at us *int 10,.' Werein for each non-designat ed
subband Tﬁ'é“i?%b’é%’é‘or is configured to determ ne..differf&icUSWerY4%3
a CQ value for the designated spatial channel on the non-designated
stibband and. a CQ value for the designated.. 'spatial cbann.el on
t he ' desi gnat ed subband” .and.todeterroi needi fferenet between at
| east ona differential CQ. value for the:at |east one
I|on desitatecl spatial channel on the nOt-designated subbanrfand

"at leaSt One difFer enthedpetiodiof gamyld, prrepiie diferuizdy spoding e CQI

desi gnated' sp@kd@ feﬁnmetdo@o&t@;oﬂe&oee&ﬁd subband, 12. The
apparatus of claim wherein for each non-desi gnat ed subband t he

processor is conf PRjtirEa2eikratidkQlyalgie i depigetsbpai@manned, cQ val ue

for the designat eﬁbrmtuﬂbasemmrmm ¢deanenoAes ahal 8d nsklbbadi.-and
a CQ value for the ﬁsrgnat ed spatial channel on an adjacent

subband, and SPReER di fference between at | east one
differential OQ mataﬁs@, tt]@ﬂxrztenﬁuetodzeaze& fROR d@ggtm@tassbagﬁatre@u&mtﬁ@h

channel on the non- q gg&t ed [s bband and m | east onp ferenti al
CQL val ue foreaffEe dttersy Gryalop & -tercd i cgttélfl%‘“’s%étgi‘ﬁ?d %ﬁ%ﬁ% Remgiophe
adj acent subhgpd. 13. The. apparatus.of claim9, Werein for

each non-desi gnat ed subband the. processor is configured to .obtain
differential CQ value far the designated .spatial channel, to obtain
at | eaStone di ffetzenti,&{qpp@@us\s{ahlu&utgor the at: | east one

non- desi gnat ed snat.i al anne di f, ue for
(he. deei onat od. "t d PR R wan g GG Blee o Pl
CQ val ue forchi;iﬁelsaﬁrrllu&ﬁasdsuﬂihﬁdmon desi gnat ed. spati al Channel to an
i ndex, and to send th rent or ma or. the
non- desi gnat ed suB’Sﬁ’ﬁg" i )i TRy adeh ag th’tﬁ@‘é%?%ﬂﬁt"ﬁ%‘“&fmglf’ﬁt fpptial

i Iwher ei n t helynnele esbibe nikBipkanbliagdy e dbhia dbetenim 01 & pabhrah; sidat e
information for at subba sadto send t he
Spati ol seate | nf BRI OR e PealTu co BiSnRRePHIERARS L0 S50t

claim 14, wherein the mul tiple spatial channels correspond to
mul ti pl e ant ennas

ted f
avail abl e for t r ahsmi g@tcgﬁpm%ﬁsgtwpef b{o 5 @f)ﬁte%/%%]sf@?‘emlqﬂ? 815eE on
‘convey the digd@Qlwedranienies. 16. The apparatus of cl ar m 14,

wh h | |
bt ecedi ng vect or sEa SRR Pl SRaneTe SBI Gy B Rl Bafng

vebt Ors avai lchbinelstiet, abd ansm sSi on, . and wherein the spatialitate

i nformation convey ecte ec
conpri si ng: S%Itgg rndejlrtlgmo“fgnla}r't gq‘ﬂg] e \f"a‘B‘r” agfoshipEny np?aﬁu%ag&? or
mul tipl e spatieal channel s:en nmultiple subbands: differentially

encedi ngthe CQ Val ues actosS:the nultiple pati al channel and the
mul'tiple stibbaridS to obtain differential CQ information; and
sendi ng the di ffeﬁbntr"ﬁtc ag@ratindiciaima Ci oviasif e disdigls spatial chand8s The

-method of claim.l7,. wherei fereatially encodi
vl Uos conpr 100 PR ERE ) skl o P el ISR e B oFih

t he' iinul ti plvespat habehpirseblsindd mmnmxteugnmtmmmm 3t lenoediong: t he
CQ val ues a‘?c{eﬁfiﬁtédrlﬁbb”t%é t'rgatP ivﬁm g %ameagesfopg‘ )ﬁlt'rentla‘lly encoding the CQI vaklues
comprises; for each non-designated subband,
means. for obtaining a differential CQl value For thi-desighated spatial channel,
means for obtaining at least one differential CQI value for the at 1dast one non-
designated spatial chanel, and
means for mapping the differential CQI value for the designated spatial channel
and the at least one differential CQIL value for the at least one non-designated spatial

chammet {o-an index.



19. The net hod: of claim 17, wherein the.nultiple spatial channels
conpri se WO#87/gRdtled. spati al channel and at | east onnorECEESHAICALH2
spati al chai nel, wherein, the nultiple subbands"conpri Se a desi gnated
subband and at | east one non-desi gnhated subband, and wherein
differentia-10X inforthation IS Sent for €gth non-designated:

subband. 29 20. The nethod of claim19, wherein the
differentially encoding the CQ values eonprises, for each

Dor | - desi gnat ed subband, obtaining a diffenm al CO value for the

desi gnated spati abq Ch6}@Bl%kcbsor-rcadab}99\%@1\1&'15@11@1% llxﬁ%ﬁﬁm@n@rﬁ' tﬁﬁfr&f Lnti al
CQ value for the at |east one non-designated spatial channel, arid
nmappi ng the @PFPEAtial CQ value for the designated spati al " channel
and the at |east png:gifi.85ent mabb&gn VR quryiamas%% (A SRS QAG
non- desi gnat ed spatlal channel Man |n§ . An apparat us
conpri sing: mu “Pe%Pé‘éﬂsh@é?is@b?lah‘ﬁicﬁgb‘:@ﬁ@nnel qual ity indicator
(CQL) values for mcéﬂdqhﬁmgmtsb%r&m&mﬁ@ cﬁ’&dfﬁghﬁa @830 RaRdShe
nmeans fordifferentially encodin val ues across the nultlple

spatial chan AEfPlssRgia! ﬁ@mﬁfﬂf ?qdﬁﬁ%‘“élﬁﬁﬁé%@“@%{’ eBtiaidHfatiedr@ht i al

i nfonnati on; uggm{dmmﬁms for sending the differential CQO nformati on

as feedback, . The apparatus of 'claim?21 wheni n t he neans

for differentiall ?ﬂ’éﬁé‘%?éﬂ‘ @nﬁﬂéoréﬁﬂld*%Pb@§fe@B?ﬁ5F@ gdormation agsglhacks or

diffeientially encoding the 'CO values across thenmaltiple spatial

channel s first, and neansfor differ,entklly encoding theCQ values

actoss thenul tipl &-su ﬁ%%@ﬁaﬂﬁb“mﬁ‘@?mﬁﬂﬁé~?9ep¥ﬁ%§cF%‘i the sgPed ahn

2 1, wherei nummm{uws,gglcghgngwatl al . channels tontpri Se a desi gnat ed
"spatial charimland. arl east one non-desjignated spatial Channe

wherein the multipfuHisBasae s¢ mfi%%mé“sa%@?dgﬁa%&fé%ﬁﬂﬁ%mwame at

| eas; one n0m;1ﬂt§ﬁ¢gﬂmieﬁhyﬁb[bBQﬂdnd and wher ei n t he means for
differentiall y encg&l| % C% val ues con E 5 each

non- desi gnat ed subB4HY" ‘mm‘mﬁé ST EBeA Perrreig velpeieToat ke

Val uel or t he rgdegilganabeds sat i al di mred, Nbans for obtairthi Leat | east
One differential CQ Valbe for the at |east one non-desi gnated
spatial, channel, and means for mapping the differential CQ
val ue for the desggnategd M%bﬁca&hﬁ&@lunﬁéﬂiﬁﬁi@#aik}aeifﬁ:@ﬁi,nﬁﬂtﬁals spa‘u&?

differential .C val uefor .the a on desi gnat.
Channel t o aff A RO RR S0 S YOLB O s o (e hRe spfbil

channed, wherein the multiple subbands comprise a designated subband and at least one

non-designated subband, and wherein the second instruction set comprises

a fousth instruction set for obtaining a differential CQI value lor the designated
spatial channel on cach non-designated subband,

a fifih instructiof set for obtaining at leastone differential CQI value for the at
least one non-designated spatial channel 6n each non-designated sttbband, and

a sixth Instraction set for mapping the differential CQl value for the desiznated
spatial channel and the at least one differental CQI value for the at laast one non-

designated spatial channel on-cach non-designated subband 1o an index,

27.  Anapparatus comprising:

a processor configured to.obtain channel quality indicator (CQI) values for
muitiple spatial channels, to differentially encede the CQL values across the multiple
spatial channels 1o obtgin differential CQl information, and to send the differential CQI

information as foedback; and



24. A processor-readabl e nedi umincluding instructions stored

t her eon, conpri sing: a first:instruction set for 'obtaining
channel quality indicator (CQ 1) values for nultiple spatial channels
on nuhi pl e subbands; a second i nsf nction Set for differentially
encodi ng the CQE val ues across the mulfiple spatial channels and the
mul tiple subbands to obtain differential CQ information; and a third
instruction set, ,,ﬁ@ﬁm?_%ﬂ;]&gtohﬁef(;lofzgsg&ent| al CQ information as

f eedback. he process() eadabl e nmedi um of claim 24, wherein
the secorid instruction set con-lariat:a a fourth instruction
set for differegtia I agross 1

spati al Channeﬁg fi Ihﬁg?ﬂr?&?ag@ 5][9:[&1916270%1% éﬂltﬁg lr()l(j(g nqegufed to OB!am

di f f er ent itbd CQI exicadbnde trheti lparial thasnacsos subbhed mudctadrﬂ &n subhands
next . | .2]6. }h%bgrq%cesi%r- eadabl.e . medi um of claim 24, wherein
the mul ti pYaEEE FURbaRETAYARAOLE P05 FABYHIEEO™ deSi anat ed spatial channel
and at | east on non-designated spatial channel, wherein thc nmultiple
subbands conprise a desi gnated subband and at | east one

non- desi gnat ed 28ubhdhglaPrardusel B 7t whersisdbnprocerserriacenfgmraep obtain
conpri ses enti al
CQ val ue tllgeo?Q% F}ﬁué ggllr%ngifed&ég%{l {haﬁ an%p%ve%r% naol (wepﬁ%lﬁl egsulbgél'ad?ed
subband, Wmlabieafoftia'utsmmsnmtructlon set for Obtaining, at Ieast One
difibrential CQ Value for the at | east one non-desi gnated spati al
channel on each non-desi gnated sUbband, and a sixth instruction

set for mappi ngot he T fifReRMn dfalaiedy, Wk tf]@ﬁlOE:&@Olqggblmt&iQO%B@JI‘! al
channel gsqit he at | east one differenti al CQ wne for the at | east

one non-d gi/ﬁéteébmé‘ﬁfarP%ﬂlplwa%ﬂéha%'waewlfmwwt@ﬁa*@e@dg@;bband to
an index. dl‘rfe:entlaayenc%'ae@WQP-\;:H&S%QI%%liﬂéﬁTﬂﬁ’h\Fa?u&gﬁ#Slﬁﬁr?erl &Qﬂpégur ed

to obtain channel " quality indicator -

spatial chanids §metiedibfepetnti Chffﬁt‘gint@rh€6lienfbheat©®1fovaimeumeanmo&s t he
mul tiple spatial channels to obtain differential CQL information, and
to send thedifferential.CQ inthnnation as feedback; and 31 a nenory
coupl ed to the3procasspparatus compi®ng: The appar at us of claim 27,
wherein the processor is conflgured o obtain the CQ val ues for the

mul tiple spati APTERSARENE glisd 40 SbBB e Tl‘é’é‘f)é@dfcﬁ@hf%%r@l”és for

plural ity nofiigaghandhaawdd bRl RiplcfubbdrAd HhSRhRime mletva]s g@d:fﬂ;hﬁtlaliy
apparatus of claim 27, wherein the processor is configureée 0

the CQ varwes “TC&QItWé“WFltOﬁ%)‘Ihé izl spatishehaneds tyymalvipkeagbirgdgaed
mul tiple §+ét?ﬁ§ﬂﬁii§ AR AR S0 Bl &iREARM; eﬁ%(?l information, and to send the
differential CQI information as feedback; and

a memory coupled to the processor.

32. The apparatus of claim 31, wherein the processor is configured to
differentially encode the CQI values across the multiple spatial channels and the multiple
subbands in each time interval to obtain differential CQI values for the time interval.

33. The apparatus of claim 31, wherein in each time interval the processor is
configured 1o differentially encode the CQI values across the multiple spatial channels

first and to differentially encode the CQI values across the multiple subbands next,

34, The apparatus of claim 32, wherein the multiple time intervals comprise a

designated time interval and at least one non-designated time interval, and wherein for



30. The apparatus of claim 27, wherein the processor is configured to
obtain CQ values For the nmultiple spatial channels in nultiple tine
intervals, and to differentially encode the CQ values across the

mul tiple spatial channels and the nuItLpIe time intervals to obtain
differential CQ information for each tTnme interval. 31. An
apparatus conpri sing: a processor configured to obtain channel
qual ity indi 0, val: ] i A I ]

Tt pl e Sabpamaw (e R SHERa] B pckiepDls oAl o BARNE diahees
encode t hée®Qen vigl diffsreaical 653 viahes furlthd piredesigattedtimehinnvel sd thhe

mul tipl e subband nd the nmultiple.tine intervals to obtain
di fferent i"é‘?"’iﬁ?jf?fj%?é’?‘r‘%ﬁﬁfg’bﬁ?‘e&ﬁ‘ﬁ“%8‘“&'?%8“’? e differential CQ

information as feedback; and a nenory coupled to the processor.

32. The apparatys of claim31, wherein the processor is configured to
di fferential | y3encod8® fIRSasIonsl e, Whpigusng Pocesetip pre sprst tp gend the
channel s angkthR1 oul LhRbEros HRRAESat NGB Gl AIT. dl il &ML QT & 19 AoR
differential CQ values for the time interval. 33." The

appar at us Tofthe fesigna@d timehieresiah and teseod thy diffeienteeivdifferdnéiabc Gt edsworfoi s
configure o. . diff i-al l. 2.1 he. val ues. acyf o he .

mul tiple g%%ht l?Og'l Jeéﬁgﬁﬁéef@ef‘?&? @?F%n m%lgﬁéaﬁ:%%lr“?ﬁilﬁazioﬁ% le%'tgzgélé'%?%%”a%
val ues acniossintehel.mul ti pl e subbands next. 34. The apparatus of
claim 32, wherein the multiple time intervals conprise a designated
time interval and at | east one non-designated tine interval, and
wherein for 33geach neRodleshgnaied time interval the processor is
configured to determ ne differences between the differential CQL

val ues for the abFHnigeshanaked!itiipgicaton EQUAValagsdor iveltidle fpetidehiaielsonl
val ues for, a: i I I vl e 35. The apparatus of
clain134,n%ﬁ@@é?%ﬁ?ﬁgggbggﬁgégbﬁfég%%ﬁfigured to send the
differential Cdifevaitivbsedwdinghie d8$vgnataecst ilmeniliplespalal asnnels, the
differenti.al,.. information for the.designated tj interval, and to
send the. AN eyeBast fRNF Pl Bl P b0 2 veereiereh E0! Soriiton
non-desigaaded time interval as differential CQ information for the
non- desi gnated time interval. . 36.. A nmethod conpri sing:
obt ai ni ng chanfdnghs fiflprantial €At ipformeryy asigedvegk-f or nul ti pl e spati al
channel s on multiple subbands in nmultiple tinme intervals;
differentially encoding the CQL val ues across the nultiple spatial
channel s, the AUl ti phemsibdandsim amadvitehen thelmulpple tinieneteirval ssrovadrise 4 0

obtain differ [ Qﬁi nformation; aq%@se di the differential CQ
infornatigﬁﬁﬁgg%éed%%clwﬂan mqg?b@“?ﬁ@" @H%ﬁhg%EEPQWﬁté . wherein
the multiple tivheecinthedVlsitiaypicosddgahdesl ghadsednipiis® i nterval and
at | east one ngnfdesignate  time interval, an ) )
ilferentialfy encoding the CQI values across the multiple spatial channels and the
multiple subbands in each time interval to obtain differential CQI values for the time
interval, and

determining differences between differential CQI values for a non-designated

time interval and differential CQI values for a preceding time interval.

38.  The method of claim 37, wherein the sending the differential CQI
information comprises

sending the differential CQI values for the designated time interval as differential
CQ1 information for the designated lime interval, and

sending the differences in differential CQI values for each non-designated time

interval as differential CQI information for the non-designated time interval.



wherein the differentially encoding the CQ val ues conprises
differentially encoding the CQ values across the nultiple spatial
channels and the nultiple subbands in each tine interval to obtain
differential CQ values for the tine igerval , and determ ni ng
di fferences between differential CQ values for a non-designated tine
interval and differential CQ values for a preceding time interval.
38. The net hod ;of cmlnggrzmls\g@%!%ggthe sending the differential CQ

i nformation conprises sending the differential CQ values for

t he desi gnat ed auancwesmmcemgaredag1@|oftfcémemtquatﬂlt>(}@mcamf 6rQR b formdton it he
desi gnate AY

di ffgr ent ﬂ%‘%m%é 8aﬁ efgétf‘%EDHQ'A%WO%%WF%‘&&S‘%&E%D& efllnﬁ@}qdﬁ‘taéﬁjgfepgét CQl
di fferent macbuﬁi]oniilmﬁ@bmtmamltiﬁ @Eedohelﬂp)ﬁﬁn@eﬁd@rvaﬁ&dn hise@nt Rheavad .

33 An a _ra conprisin a processor, configured to
repor t chg?ﬁﬁ'&“"&a%f)' 1? ﬁtﬁ‘b@éi’PHP*g(”éﬁgﬂe)th‘? PiPEFSHRILT e figHredde sbighine'a! wi t h

a first repaed fongmntqﬂ@spmmlc@mmlsaoﬁ‘ A&t &ﬁ%{.@{sdnagelea@@noa%&@ Iﬁlﬁﬁ}%t
CQL information in accordance with a second reporting node while in a
second opéﬁ**féiaﬂwvﬁd@lée fopiyapeninsiemand h?edlf"fﬁuegtlalkyeqmﬁdqt g CRY delughecross
processor yiSmE [ I
channel s (t)n gtg ke E%Haggléaq@ﬁtgggﬂﬁ se%qS th\tﬁgéa? ?tg%ac[ibr?o% LIO O%:[HSD '31%55(5[3
subbands a\lalmhéalbhémftbw ﬂtst apsrtingsna@ie; armhd t o di fferentl ally encode the

CQL val ues acragss the é[)ltg atial channels on the at |east one
sel ect ed subbarﬁldn?%o%ﬁf’ﬁ‘?ﬁ N &%Cesis?ﬁ ormation for the first
reporting node; and a nenory coupled to the processor. 40. The

apparatus of claim39, wherein for the first reporting node the
processor is af$o cOWF IRpaARSH A §lasySP aveeramfonihe (e rapsrtingantrleshat i al

channel aﬁfd%@s%o: Resatoh lg%?h%d t%nl%lﬁgé el gguésé‘gf?& h&la? ?a%'n@l a%n)éﬂﬁ% 2A9€

CQ value for the spati channel 7 and to tira
aver age ClRastoapk gdsctetsibssnd taebtain i pleegs pAdlivaluedbathe e;bemat chaolnd] gand td he

f fi t
O ot o TR 0008 L CORRRNS O TRE G it e omri
pr ocessor thesC@lanfoirgati@dfot med‘btta-b;ﬁbr@g myéd.ues for nultiple spatial

channel s on nultiple subbands avail able for transm ssion, and to
differentially encode the CQ values across the multiple spatial

channel s and the nutitd %%aﬁ@@b@ﬂ% 30 QyIRBLiRI) tﬁ@&cg{g 1egg fiAE WRfak @ T or

t he second reporting node. The apparatus of claim erein the
pr ocessor Pio§esEd s Pyl trctte ob@ijQhealwfoq mﬂ&blpmmmi channalsfonmstltiplat e

in the f'gt?‘b%'lﬁc@p@lﬁabﬁglo ﬂ%nﬁ&gont Q“Cis%%(?ffé’elfeiﬁ eé% gﬁ%{;k’ygpijh%ae

second rate sl ower e in

43. The aﬁnpmtéﬁ;ﬂs smaftfabdlmnmls&d thhetéipie $ubbails as esERIthé SQE FbinghR dot O
transiti on. Lo trst c{)eratl ng node when schedul ed for

transmi ssi'Si gﬁgl F8"t"12dR¥% i on to the second operating mode when not
schedul ed for transm ssion.

42, The apparatus of claim 39, wherein the processor is configured to send
the CQI information at a first rate in the first reporting mode and to send the CQI

information at a second rate slower than the first rate in the second reporting mode.
43, The apparatus of claim 39, wherein the processor is configured to
transition to the first operating mode when scheduied for transmission and to transition to

the second operating mode when not scheduled for transmission.

44. A method comprising:



44. A nethod conprising: 34 reporting channel quality
indicator (CQ) information in accordance with a first reporting node
while in a first operating node corrpri sing a) obtaining CQL val ues
for multiple spatial channels on at 5t one subband sel ected from
anong nmul ti pl e subbands avail abl e for ransrri ssion, and b)
differentially encoding the CQL val ues across the nultiple spatial
channel s on t heegitid@shndealaehRdaes (@QW@%@nEt%:ﬂH%@é&d%nﬁ@wWa first

information for the first reporting node; reporting CA
i nf or mat i SAPATNEREdT whkew W@W@l%'@émeﬂ@@m@lmg node while in a

second oper ati ng %@?’111)1 %C@%ﬁ]ﬂ&t ﬁ?%tlﬂg[@ép@hmcﬁﬁhnem% a 'l@astt&% subband

reporting CQ informatio accordanc
mode conpri ses selefsecaliroimgo@Qim udh o esbbhods Wmalletbﬂqoﬁoetlsmhssaxbn and
channel s on mul tipl g--subbands avai r transm ss
differentially en ocﬁliﬁﬁgmf G RV hﬁ?@é’é‘ﬁ'&%’“?ﬁsiéheﬁﬂf’ |pBe| Sé’agﬁgé{‘?”éﬂlels
channel s and the nmubhitpl® (@uhkanrdscit@suBhad 13 dbbeh GRCOINH ARG dOB: frer
t he second reportlng node.
irst reporting mode; and
reporting CQI information in accordance with a second reporting mode while in a

second operating mode.

45, The method of claim 44, wherein the reporting CQI information in
accordance with the second reporting mode comprises

obtaining CQI values for multiple spatial channels on multiple subbands available
for transmission, and

differentially encoding the CQI values across the multiple spatial channels and the

multiple subbands to obtain the CQI information for the second reporting mode.



