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stmultancously from the T transmit antennas to improve throughput. Alternatively, the
‘base station may transmit a single data stream from all T transisit antennas to improve
reception by theterminal.
[0084] Good performance may be achicved by transnutting one or more data
streams via the MIMO channel in a manner such that the highest overall throughput can
be achieved for the data transmission. To facilitate this, the wrniinal oay estimate the
MIMO channel response and send chamnel state information {o the base station. The
channel state information may indicate how many data streams to transmit, how to
transiiit the data streams, and a channel quality-indicator (CQI) for each data stredit,
The CQI for each dala strcam may indicate a received signal-to-noise ratio (SNR) for
that data stream and may be used to select anappropriate rate for the data stream. The

channel state information may improve performance of data transmission to the
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operating modes with heterogeneous repotting. In one design, CQI information may be
reported in accordance with a first reporting wode while 1 a first operating mods; e.z2.,
a scheduled mode. CQI information may be reported in accordance with a second
reporting mode while in a second operating mede, e.g.. an unscheduled mode. The CQI
information may be generated in different manners and/or sent at different rates for
different reporting modes.

[00069]  Variousaspects and features of the disclosure are described in urther detail

below'
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Orthogonal FDM (OFDM). Single-Carrier FDM (SCFDM ,
etc. OFDM and SC-FDM partition the system bandw dth
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any form of Frequency Division Multiplexatig (FDM). For example, the techniques may
be used for systems that utilize Orthogonal FDM (OFDM), Single-Carrier FDM (SC-
FDM). ete. OFDM and SC-FDM partition the system bandwidth into multiple (K)
orthogonal subcarriers, which.are alse referred (o as tones, bins, ete.. Each subcarrier
may be modulated with data. In general, modulation symbols are sent in the frequency
domain with OFDM and in the time domain with SC-FDM.

[D024] The techniques may alstbe used to send channel stateinformation-on the
dowslink or uplink. The downlink {or forward hink) refers 1o the comnuuitcation Hak
from a base station to'a terminal, and the uplink (or reverse link) reférs to the
gommunication link from the terminal to the base station, For clarity, the techniques are

describad below for sending channel state information on the uplink.
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the data and pilot symbols based on direct MIMO mapping, precoding, ete. A data

symbol may be sent front one antetwsa for direct MIMO mapping or from nultiple
antennas for precoding, Processor 130 may provide T streams of output symbols to T
modulators (MOD) 132a through 132t. Each modulator 132 nay perform modulation
(e.g., for OFDM, SC-FDM, ete.j on the output symibols to obtain output chips. Each
modulator 132 further processes (e.g., converts to analog, filters, amplifics, and
upconverts) us output chips and generates a downlink signal. T downlink signals from
modulators 132a through 132t are transmitted via antennas 1344 through 134t,

respectively.
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10031 Controllersioroeessors 140 and 190 control the operation-at'base station 110
and terminal 150, respectively. Memories 142 and 192 store data and program codes
for base station 110 and terminal 150, respectively. A scheduler 144 may select
terminal 130 and/or other terminals for data transmission on the downlink based on the
channe! state information received from: all of the terminals.
[6632] S spaual channels may be available for downlink transnuission from base
statiort 110 to terminal 150, where S <min {T, R}. The S spatial channels may be
formed in various manners. For direct MIMO mapping, S data streams niay be sent

from S transmit antennas, one data streant per transmit antenna, The S spatial channels
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termiinal 150 may be assigned subcarriers in a subband with good SNR instead of a
subband with poor SNR. Dala may be sent at a higher rate on the assighed carriers in
the 'subband with good SNR.

(636} Terminal {50 may send channel state information to support subband
scheduling and MIMO transmission by base station 110, The channel state infonmation

Ay COmprise:

e Spatial state information used for MIMO transmission, and

o CQJ information used for subband scheduling, rate selection, etc.



detection techni ques such as linear m ni nrum nmean
square error (MVBEj, zero-forcing (ZF), successive
w0 paoenisrence cancellation (SIC), etc., all of PU81907/064962
are known i the art. SIC entails recovering one data
streamat atinme estimating the interference due to
each recouped data stream and ganceling the
interference prioi to recovering the next data stream
SfC may inprove the received SNRs of data streans that
ari§037 c ovBrephthbtar infdr@@38] mBysmerivch@dowaypes uppbrmation. In
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ormation for gi ven subband may indicate a set of
M P s milp mrwséﬁwaw stgis tfformagion way indivstrithegivomeron data

t hs@x%qrﬁ Bband de fcﬂlngﬁlba @Qe{mﬂ%&ﬁﬁﬁ J@lﬁﬁvﬁ\hg MM & &gt olf

channel response, evaluate diftrelcnt possible se
t raafpsgstto Btﬁtf‘éfﬁﬁlagmb&a@e g s al prRediic Ve tels anwre |1ore§miw@

an;ghzﬁj %L%Hh&? of Ql? Cgl%gm Qtfanttﬁc@ﬁﬁ mi be %Qt‘iﬁ Q‘Qésf?f‘é\ﬁﬁﬁt}mﬁ Hﬁy be

per f or mance i ghest over al
th?*@‘(}éﬁlﬁ*pcmqilwfm@%b‘é?i‘“&l state information may then

| ndpagt e I8 1$8bmeliod ﬁapam&\» befmar%“ ilggﬁg‘ljmlaﬂan for

anot her design, the spatial slateln ormation for a )
gi 4Epro geriahdharrsls ahder & Hyrent sulhapdso Diferont SNRamas e aeheysd

( Ofor ex‘(@h@:ﬁﬁtl.lSYhm & 15&1%2&1; ucl;\{&rf@ﬁ}eéiﬂ tﬂagw}fﬁcbk gﬁﬁa\cit O3Bt
for transm ssion o tha bband Termmal 15

eVEI it d dwiba 2pered quﬁ&emwwaléhwéﬁ efria@sepwign blfbusus direct

prﬂ@ﬁﬁ'n{l r)l'ﬂ@“f'd@tg%aﬁﬂges%) dichhignent ool 0aLLens i ference
col unms
L&]LSH&.E]OB for data reception, ete.. Different SNRs may thus beachieved for different

spatial channels on different subbands. The SNR of a given spatial channel on a given
subband miay be used to select an appropriate packet format, which may indicate:a code
rate, a modulation scheme, a data rate, etc., to use for data sent via that spatial channel
on that subband. In general, the CQI information may convey SNRs andfor ather
information indicative of received signal quality for one or more spatial chammels and/or
one or more subbands.

[6041] FI1G. 2 shows CQl values for M spatial channels on N subbands, A CQI
value Ay thay be obtained for each spatial channel s on each subband 2. The mumber

of CQI values may then be proportional to the preduct of the nurnber of spatial channels



the preceding matrices The spatial state information

may then indicate a set of M preeodng vectors with the
whe®y/1psrf ormance, e.g , a specific prccodi ng PEL/UB2002664962

ell as Mspecific colums of this preceding matrix.

[0039] In general, the spatial state information may

i ndi cate the nunber of data St rfams to transmt (which

may be related to the rank of the M MO channel), a set

of antennas to u e for transm ssion, a set of
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vaal u',,Q ly i ltg 1%9 aq I r:ogmg ‘Lg ﬁ)row 58 ooo ualﬂdsaar‘-gz,g\% Ir'krla rc%ua;n&q»égéa aling
t m»sxélbab tiﬁléfﬂerappmmpmg mﬁsehqaiazmﬁnemdfwrﬁfﬁtvaimmcmm BB}, across
:r y Lq%&&{?. a"a‘m% gﬁu S‘% ?n—:qug a%,s‘%% 3 tspaw 1&?1%@11?%15%{;1“ %r Across
c hamaetheorpntoiatiorsefblasrdiond. n general , t he CQ

! n[g&hi’at Iﬂﬂif‘%%h%aﬂ\ﬂgy m%cl\Rﬂﬁlﬂn hat%mez%% ch fdy Il‘f(ﬁlmr[armdglon A

tive of ece or
s platl Ké]i wdh@mmfd'lsp rdkoed @med éQi more a$vubb~’aﬁdmi mL @()ainmi Q1
‘ |y annel s
Su\bg?%) ‘(;{3 ¥ 1§§ ma [on%%% g trtgfcﬁe%b% «eca%oo %%N QI

S patuua{.c.,g;hanml) of thc mm&amhﬁcstebbaﬂddiffuﬂital ﬁ@ﬁmaemstlj«f 2. CoY,

e 55 1t aRGRRaH G omst ot s FoBioE b on

OrindvkNvERE ditfabatesin flingsesr AerordhiUe VARYs, B oUsedy for aax,
subband scheduling to select a suitable "subband f or

datng/of pPAhEM®Kilon. These CQ val ues may al so be used
to determ ne an appropriate packet format for each
spaeidical chapneS on each subband. However, sending all
MN CQ values to base ation 110 may consune a

Si ggl‘LJﬂlmq a”i[)e?éi‘-g}lt‘iﬂﬁ of uplink resources. [0042] Tn an
aspeets H-erent+al—enrecodi-ng-ray-be-used to reduce
i hcXanount Faf CQI value (e.g., an SNR vahw) fora &paual channel on a subband.
¥ Difference in CQI values for two spatial channels on the same subband.
AX Difference in CQI valugs for a given spatial channel on two subbands,
AY Difference in ¥ valugs fortwo subbands,
AAX Differeriee in AX values for two time intervals.
AAY Difference in AY values for two time intervals.

{0044] For differential encoding across space, one spatial channel may be a
destgnated spatial channel, and the remaining spatial channels may be non-designated

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



channel slate information to send. Differenti a!
encoding refers to conveying differences between

wa a000e823rnst ead of actual values. |f the vari ae€DHS1007/064962
the values is small relative to the actual val ues,
then the differences may be conveyed using fewer bits
than the actual values. Differepntial encoding may
provi de good performance while reducing signaling
overhead Differential encoding may be performed on CQ
vamdeﬁﬂ&mmmﬂéxﬁpa@enwaépossuﬁﬁému@m@ywda@naﬁéﬂ@ﬁd@émeHW
a gt " on
I B e e
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acftndaldtf@@mvlaﬂ@@aluemy hAﬁm\ ﬁiﬁ@&e netqh ab*lﬁr@l wmﬂ @é)bm;y For
CONMEY: LG Biikd 85805 ) ek 2 QR hBYUES interva
(e .¥m 1¢ ‘%l &k E fie q}?x%\é\ﬁlgn%éée %ebu agg V\%i\é@zd%ﬁi% mterval,
di afnf:l Shepithesk ﬂmnn\mpmg@s({@y@v nolABkcn :@@e@hmgmygn ali A full COI
gemﬁ,%k :E,Ic}i S8R kzﬁ'de@augrﬁ By Eﬁ_’&u{@y?&'@{m gaf vy
i nformatioh indicative o erences I n ful
di ffielregnevided faGrehaphles gnageddine ivervalX A devigiataheiibbe mmﬁb also
' %C-E@ig}r&l% as d ﬁ't?llrﬁ ylui‘[hQ&fl élnu Wfed gllkﬂbcu?d egl’fé Q%gl% @19 A

across space, one’ spat anne desi gnat ed
s plesigedtodcinalivh dlanich il 4 <h’e1 ﬁ%ﬁf’aﬁm’ﬁ ngrgpany apo krmaﬁneqi ® by
MRy e AeN- desi gnat ed spatial channels. A full CQ

val ue may be provided for the de3|3nated spatia

chififrife| | dﬁ@ AA giavsardspign af diomtphfC Ubengegindreresr orace & two
f obrpa@ﬁsﬁnn& 58S kaRatEdy %ﬂ@maﬁ&bte@@@ﬂ&hu&ﬁ i Wobﬁ}uled for

non- desi gnat ed spatlal channel's. For different
endoigharyl sastbesgd aqudn Syt \@ﬁ@ofshbbaﬁanfrﬁaiyr fya-dysignated
de%b@ﬂ@%%@ﬂ%“@&%ﬁ&ﬁ1§ﬂ§r£Q@uhﬁﬁ?kﬁhﬂﬁn&HQQ@@ﬁQb le%o
nondesi gnat ed subbands val ue may be
priegVi @B ER: t he desi gnated subband, and a
differential CQ value may be prOV|ded for each
non- desy gnat ed sybband. For differential encoding Bq (1)
across tine, one tinme interval may be a designated -
time intervaly and unc or nore other time intervals
may be ‘non‘déSi‘gnated tine intervals. A full CQ value
may be provided for the designated tinme interval, and
a maﬂﬂerGnﬁ&ahuﬁﬂmo&ahmabﬁaynbenmmowkdaﬁrheﬁhaamhlhﬂand
non- ated t intery A desi gnat ed subband may
aﬂg@”@g‘ggﬁéP$ ﬂﬁ%g VRYESy wﬂalﬁ%ﬁy subband, a ptefep ed
subband. a reference subband. etc. A deS|gnated
spati alX chd&nnel sathd a designated tinme interval may Eq{2)
al so be referred to by

X, =X+Y .

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

[0048] FIG. 3B shows a design of differential CQI encoding across frequency for
one spatial channel oo two subbands. In this example, a CQI value of X; is obtained for

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



other ternms. [0045] FIG 3A shows a de ign of

differential CQ encoding across space for two spati al
W@b@mnedd’7t on one subband. In this exanple, a BQ/USHDUE4962

of ' u h obtained for designated spatial channel tt,

and a CQ value of Xb is obunmed for non-designated

spatial channel b. Term nal 15Q,(or a transmtter) may

derive and send the follow ng i nformati on X =X,

and Eq (1) Y- X1 - X0 . JO046J Base station 110 (or

a secspavierchamayonrrecels@atid saiittnd? f Tomidae rm mal dedi bDaranend

rive the original CQ values, as follows: X = X

ﬁﬁ%gﬁ%m&Sd}knﬁgmfgm?' JQ047] The CQ val ues derived by

base station 110 may not exactly match the CQ val ues

obt ai ned=by; .t er mhéhal 150 due to quantization of X andg{3)

>, For sinplicity, nmuch of the follow ng description

assunmesine jguanti zation error, [Q048) FIG 3B shows a

design of differential CQ encoding across frequency

for one spatial channel on two subbands. In this

ex@ffile, Basorpoopdi{mapreestye £ anbdt Gpmeamin [ i0ved sy cesEte

channelnenodealanat@dwsubband 1, and a CQ val ue of Xz

is obtained for thel O same spatial channel on

non-desj gnated subband 2 Term nal 150 may derive and

send i h5 T6I1 owi*R§ CQJ information: X X and Eq (3) XEa®)

- X . [0049] Base station 11 QOmy receive and AX from

t er mi na¥,180-&hd may derive the original CQ val ues,

as follows; X 1=X and Eq (4) X 3 - X +DX [005|

O A1t CORGRALAG A6 ARuchPRPRCKeATY RE1c45E
stream is sent on a single spatial chanuel. In this case, a differential CQ! value may not
be needed for another spatial channel.

[0351] FIG. 3C shows a design of differential CQI encoding across space.and
frequency for two spatial channels on two subbands, In this example, a CQI value of
Xig1s obtained for designated spatial channel o and a CQI value of Xj; 18 obtained for
non-designated spatizl channe] b on designated subband 1, COI vatues of Xo, and Xy
arc obtained for spatial channels ¢ and b, respeclively, on non~designated subband 2.
Terminal 130 may derive the following CQI mformation:

X=X, Eq (5)

¥=X,~X

RS

:‘&A‘:ﬁ = X Te - X Sa o aﬂd

AY =¥ = =X, - &, )= (X, - X))

% £,

where 1) and ¥; are differential CQI'values for spatial channel b on subbands 1 and 2,
respectively, Terminal 150 may send X and ¥ as CQI information for subband 1 and may
send AX and AY a5 CQl information for subband 2.

[1052] Base station 110 may receive X ¥, AY and AY from terminal 150 and may

derive the original CO1 values, as follpws:



streamis sent on a single spatial channel n this
case, a differential! CQ value nay not be needed for
we@epwrhes7spati al channel. [E)51] FIG 3 showsPEI/URR0T064962
of differential! CQ encoding across space and
frequency for two spatial channels O two subbands, In
this exanple, a CQ value of X,a s obtained for
desi gnated spatia! channel a and a CQ \aluc of i is
obt ai ned for non-desi gnated spatial channel b on
desi gnated ssybband 1. CQ values of X and X b are Eg (6)
obt ai ned foi spatial channels a and b, respectively, '
on non- €e3|gp ated subband 2. Terminal 150 may derive
the foll'owing  CQ information: X X la Eq (5) DL' L,,
~ XU ndiyhﬁ,e Y\ and Y2 are differential CQ val ues
for spa}* Anmel™b on subbands 1 and 2,
respectlvely Term nal 150 may send A' and Y as CQ
i nf or matsd onk 68 stibkdnd and may send D and DVas CQ
|nfornat|on for subband 2. [0052J) Base station 110 may
e \V¢ 1
[@@i : g|>&r11 git dc%lgShP{f g glfs)z.qﬂa&)% ?ilgrvilt?og bgzg\qmg?sy;% ﬂfﬁ{n'md
de@:ogh\p@#m“m ajngh ﬂ*@qmﬂams@mt@mv Iéillilfnfvem«énmméin“ engodiphy is
p g fd d.then across
f‘{é‘gﬁ‘gﬁ%% f%gcrngﬁﬁ de*%%‘o‘" ?ﬁg trirgy al so be perforned
adﬂ@@i fﬁ@éﬂ@ﬁ@vWﬁwﬂkﬂmaWdhﬁmgﬂMhEQb@@D@pa@@ﬂ&B@©@4j
Fl tg‘qughl?v %BQY%I = Bor €§ léfﬁﬂaquxatwelf ﬁ(x%’]stultw?indsﬁcg twh B&%%@‘gam In
across spat Yy,
c Hammgtesvabh G@wais@mtfémd@d ine argueb i iadefor syt n%ainselm 4: mnd b on
tie, A, &,

f ORI AL g P s O A B R R o
anmd@@ nvabeemaed si@bXd2. labec oltrail 3edOf orlucs pauaj and X, are
channel s a and b on non-desi gnated subband 2. In tine
i rftPEYiRed forgpataighayngls nd § op sulibgnd § Hméﬁﬁl xelpes OérXo' and X, ave
Obtb%i\llxg,ﬁgoer 35858%@?«% ﬁﬁcﬁlt,&\%a%guq%ut\smm #al Eﬁ‘lgj afor n%a Iadmi ESI
cﬁahnmhbnﬁﬁamaxmuwdi&mbbananqmmemmnnal 150 may derive

(6338 S:I] ggr@% n?.g \6 9?68%% ng:.u?nfEn ﬁ*a th]jl: ‘?vn%htg igi E\r,)cés Eallows:

information for time interval 2, as follomsmhere
AX = X! - X, , Eq (7)

AY =Y/ = Y, =(X], = X) = (X, = X)

b h

AAY = AX] ~AX = (X], = X1~ (X,, - X)) , and

A% a¥

AAY =AY —AY = (¥ ~Y)~(¥, = )
kY e L S |
A% AY
= (ng; - eru) “(1‘{1!1: - Xi’n i {Xzb a) (A S m)

e

¥ ¥ ¥ ¥

where AX' is the difference in CQI values for spatial channel & on subband 1 in two
time infervals,
AY" ig the difference in Y values for spatial channgl & on subband | in two time

intervals,



DX ' is the difference in CQ values for s>pati al

channel a on subband i in two tine intervals, AY' is
wae b@7di3fer ence in rvalues for spatial channel PET/082007/064962
subband J in two tine intervals.DD ' is the difference

in DL values for spatial channel a in two tine
intervals,, and AAY is the diffigrence in AY val ues for
spatial channel h in two tine iftervals. [Q05| For
time interval ! , termnal 150 may send a d }'as CQ

I nf or matlvankE aitfefubiand et BRI theld 1Y t\ﬁ@dnl@ziﬂﬁmls and

CQ information_for subband 2. For tine interval 2,

t er mi n&PI15He Adreaeng AAxelug fA‘Y—*'Pﬂ%’é *’-‘E%PW’HF BYHEPT BWIT"(B‘T
qgand 1 and %wend DDXand AA i nf or mat

folrl Whbb it Be Iiges Fotoauna f 3 iﬂéw*-ilid Eﬁéﬁ a E@éif\%ﬂ%l%ﬂ for

A&u@ﬁh@tdé\aﬁ& le l:ﬁ& m\’@iﬁ{li Aﬂf 5@1‘3 f‘mtdn'ﬁ%ldn%reﬁiyﬁﬁw b, @&dmﬁ@y
recei ve DA ' mtime interval

Balgknat aﬂwr@ﬁﬂdH S@ﬁ‘é‘y &e@r Memtdhe?’ ofsi ‘f‘d}lﬁafwe@on @calsue@w bpnd

iR, doRd BRY @ld A RS (RRMBrrhariBH! %&ﬁ%@qn@fet (6). Base
statiion 130 may derive the original CQ for time

i niteFAal fzi‘w‘aéatf{ml @wsy receipe XDLAX anEq Y@@)u ndidat 130 Nuinﬁu

A'
Dd&tan} bﬂgé‘jt mde vﬁé‘kdéDsl% Ai’\,%{ld A_’\.i n n&ii é{mvahl (D%aac statmn

di fibedag re]it*ms&l thmmxixdail ag! vzﬂuqs emrftmmtdmamr Bssogpacqudtion St (6).
Ck O, n.acr.o

EPI%,\ 3 é}‘h 2 Pmah %El:“llen%lye’ Qﬁ,léymla{lgg %1 (& méixfrgrt%ra*ai 2as gglgowsz

frequency first, then across space, and then across
time, [X005HK+R&T.sinplicity, FIGS, 3A through 3D showq (8)
differential encoding for two spatial channels, two
subbandg;, -and: vwoytine intervals. Differential

encodi ng may be extended to any nunber of spati al

channel g, _apy w’nb&?b ﬁggbbands n d any nunber o f

time intérvats ferential encodi ng acr 0SS

space for r e han t at| al_, nnel
per f or rfed n)g é& = e bge %eél’\gyn A“i”ﬁe cQ
val ues for the spati aI channel s are assuned to be

i Iy 1helatash d%wa CQRERN (1), ditMRhi eddWMSg id derformed
deigfﬁ%gat ed sfpat |gal 3h§nne (h} s é(igt LJ\/al u‘éloéﬂrLomghen

s PREEaIPEHERnBFD H e S H e a%f‘ﬁ‘e’v‘cbﬁs%mﬁ Rifiaepig] encoding
c hﬁﬂnﬂio e ph@smRd %ﬂs\fﬁl}ﬂr&%u@fl%{' 1R ncr8Rabdcal ang HRABGss tine.

c/h ch value of X-i-31', etc. A
160‘\9} “or simphcity, FIGS. 3A through )D show differential encoding for two
spatial channels, two subbands, and two tme intervals, Differential encoding may be
tended to any munber of spatial channels, any number of subbands, and any number
of time intervals.
(00660} Differential encoding across space for more than two spatial channels may
be performed in various manners. In one desigy, the CQL values for the spatial channels
are assumied to be linearly related by a common ¥ value. Thus, if designated spatial
chamnel @ has a CQI value of X, then spatial chammel # has a CQI value of X+Y, spatial
channel ¢ has a CQI value of X+2Y, spatial channel o has a CQI value of X+37Y, etc. A
single ¥value may be sent for all non-designated spatial channels. In another design, &
separate 1 value may be computed for each non-designated spatial channel relative to
the designated spatial channel of an adjacent spatial channel, For example, if spatial

channelsa, b, ¢ and o have COI values of X, X, X and X, respectively, then ¥ values



single valu may be sent for all non-designated spati al
channel s. In another design, a separate Y value may be
w@owpaisdt f or each non-dcsi gnatcd spati al chanP@l/Us2007/064962
relatu e tu the designated spatial channel or an
adj acent spatial channel. For exanple, if spatial
channels a, b ¢ and d have CQ yalues of A",, X ,h Xe
and X respectively, then Y val uesfor spatial channels
h, ¢ and t/may be conputed as Y1 - Xh - X, Xc¢c -X,
anitr ¥atial channelXp, ¢,and PO cwepwyed aEHe =YY, Y- @ndy. ¥ ¥al iesand
rra be sent for spatial channels b ¢ and c/, rcspecth
= y‘ét» reapret TS 7alé§’r;~g¥nmbi’u9éb\a%laﬂe‘ﬂq ‘?S@Ifi]@l’ﬁw clpenels
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0 e ut e val u
b Pl RERCPT S HBs LRl sEPdh Bty & o
c hammeics Yrvalyesal 1&@ )’bel u&o{hx/eymﬂkmmaﬁtdmwcm byaanikledhsnnefs@kay also
f.ol.l ow n
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arr;ssumu:nbmfn(mfdcbgzta&dmayzabc,msmﬂ for each pi ece of
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for 2-layer MIMO with M'=2, and N, =4 for 4-layer MIMO with M =4 . Other
values may also be used for Ny, Ny, N, and Ng.

{6063} Variousreporting schemes may be used to send chaunel siate informadon in
an efficient manner. Some reporting schemes are described below,

[0064] F1G. 44 shows a first reporting scheme that uses differential CQI encoding
across space snd independent encoding for each of the N subbands. Inthis'scheme, a
full CQI value A, a differential CQI value Y, and spatial state information may be sent
for cach of the N subbands. A CQI report for all N subbands may include

N-(N ; + Ny + Ny ) bits. The full CQI value X, and the differential CQI value ¥, for

cach subband # may be determined as shown in equation set (1).
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this schene, a full CQ value X a differential CQ
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for eaeh of the N subbands. A GQ report for all N
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i nfornati on | nstead in"addition to the common’

spabhaaf), %@I@piog@qlmn gy bc averaged and reported for a ]eu ger unit (..,
multiple spatial state reperting uniis). The CQI reporting unit may thus be larger than

the spatial state reporting winit, e.g., in frequency.

{0068] FIG. 48 shows a fourth reporting scheme, which uses differential CQI
encoding across space and frequency. In this scheme, a full CQI value X, a differential
CQI value ¥, and spatial state information may be provided for designated subbangd 2
and may besent with N, + (N, + N, ) bits. The designated subband may be a
predetermined subband (e.g., subband 1}, the subband with the best performance, ete. If

the designated subband is not fixed, then Ng hits may be sent to indicate which subband



anot her design, spatial state information y be
reported fora particular unit (e.g., each subband),

W@ 7371 nf or mati on may be averaged and reporPEHUSINT/@64962
larger unit (e.g. , nultiple spatial state reporting
units). The CQ reporting unit may thus be larger than
the spatial state reporting unijt, e.g., in frequency.

i 0068 FIG 4B shows a fourth reporting schene, which
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f rie tudpggnatel pultbhids 1x&henm! (‘@l’ mllzds A@(gnd\isa’lrme bX dgrivged for each

ionec 31 U&dkt%'&uk%%}%bd%«.d" Ch tY ¢08111 ;\on qp natl Qta g u{%toranaga%b comimon

nmpatbé cloamt seij étlid ¥ Tor tléd&lxubbalmg ﬁy C@i Icaoxt el dl@abtgmdu eg,

rra be a d m ned_.subband (e.g., subband
Qu.{‘ J\ éhdh jaﬁ% e]‘ge\t'“ g\f‘f%?mﬂnce etc. If the

de[%um at qsal ofMRRRA dii g Mat (‘(ﬁ)i XR6lind GRS hl@qd% »,ss, 5@\ Dby
sent to indicaté which subbandi s, the desi gnated

s UBHRR TesRger Byrwprn adiacoappebhandge & s Gasi. OREpIHE 0L

dehiovsioh ®r 9RG ReMMAcd RILGNEL 86 Ul Q@@ML@@%@ goenaitdie
conmon spatial state information (c a comon

spé{n akx, ch“annfélld Ket)Y, add: §éﬁ%elf‘<9k’b‘t‘lﬁra?t "f@ubléé‘fh@ﬁd}ﬁﬂ@(?m

LPRe A1) S 4 s 8 161 boves T Ghe et g el )

dl %B%ent[& by (bt §06 81109 m@t‘éf<:9§;§«,&€ %Hl%@?é!ﬁh $ @CﬂLsﬁi\éﬁ%.g

by t g differences between adj acent subbands.

t hil Njeshyd indies Pay BauTaEcICoR HasPoniraraen s ort sarbbﬂnd 1

n %c&}ﬁ&'ﬂ&ﬂ@& &@fr@dﬁ@%r}% A a%"‘%bbﬁgl\U%u]glzgtfl@ﬁ Sl ﬁéqu%

val ues AXn - Y,, bet weel subbands
n ramg imthe smumbﬁﬁerﬂemm ﬂlbw ®@1 Figal. ubgulm}(ncﬂ_a U Ch&lgngﬁzd,

Cdub\?tgad%;c?l tpfm‘y %«Cirna gy a&pﬁ%ﬁ?}g r*]m%]agéa%%ag +1%d x £, le]mff Ny

| NEQLIBLLARy E}n‘éﬁ&%ﬁnfe%eﬂﬁh Sor stitEndV, S,q@hx@@dumdi»&\s%m may
may be arranged in a nonotonic nmanner so that sub
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jes the hi hest nc angc inh the system
ook Rt MRS LS B e
desi.gn u band then the fi \ ma> convey
e B8 Sia bRl kol T e SRt SO0
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the next (N btts may convey th
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MWy bits may convey differential CQl information between subbands ¢~1 and /-2, and

seon, and the last Nw bits may cenvey differential CQI information between subbands
Zand 1.

fOO71] The {irst three columas of Table 2 show a design of differential CQL
information for differential encoding between adjacent subbands. In this design, the
differential CQI information for each non-designated subband 7 includes N, =4 bits
and jointly provides (3) a dilferential CQI value AX , between subband » and an
adjacent-subband for the designated spatial channel and (i1) a differential CQI value
AY, for the non-designated spatial channel. The CQI value for cach spatial channel on

each subband may be determined as shown in equation sets {33 and (5).
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CQI information ior a non-designated subband # may include differential CQL values

AX, =X, - X, and AY, =¥, - Y, between designated subband  and non-designated

subband 4.

[6073]

If suhband { is the designated subband, then the first Ng bits may convey the

designated subband index ¢, the next Ny bits may convey spatial state information for

subband £, and the next (Nx+Ny) bits may convey the full CQI value X, and the

differential CQI value ¥, for subband £. The next Ny bits may convey differential COI

information (e

£
=

AX,
2 41

and AY,,, ) between subbands 7 and #+1 across space and.

frequency. The next Ny bits may convey differential CQI information between

subbands £ and £+2, and:so on,

and Ny bitsmay convey differental CQI information

between subbands £ and N. Then, the next Ny bits may convey differeniial CQI




bet ween subbands | and N Then, the next bits may

convey differential CQinformation between subbands (
w@e@7A12871 t he next Nw bits nmay convey differ enPCHUSIO/064962

i nformati on between subbands and -2, and o on, &u

the last K bits may convey differential CQ

i nfopnal i on between subbands / gnd 1. [0074] The | ast

three colums of Table 2 show a design of differential
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suBBEAas £ tflf“MRF@fﬁ}ﬁt%"ﬂ“d%@’i@d sulpbarizeen YpRidgrenngl § Q4 value
S h@x*’ %&@%h%@@aiﬁﬁt uﬂbgm.nstho@@ %Qg 515}9;)(;&{\ Qb ef f@zrtt@l’awlalu».

Val ues JO&t and O her joint encodi ng designs
el &dcB epal e cised. on[e@@x?s?:ﬂbaﬁd GE) be epandindgd o€ aveyn Gfgdation scts
igjgr‘% on for ail N subbands, e.g., as shown in Fi G
4B report may al so convey CQ information for a
s uipsey of Tadbhe shbwubbaldiesigh o g rﬁieshgm:()lam@@amneﬁmr t

me interval i nclude a fuII val ue

A élfft,t‘ m@}lchg@%\t& t}é{ts;@d u’}\%ﬂ %élgrvtﬁd 8 n{éfﬁ‘;t o JSb[Hét e
|nfor mation for thel H designated s bband Cand may be
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time interval may include differential CQ values D a

d AY for each ilgrg,ggy g@t{ed subbapd and may be sent
with (N~ 1) N there are nany subjband”, then
the CQ infor rratl(bn for tiéhe non- debki gnat ed subbands
may be seat in multipleftynme -1
2 ] -1
4 -1 0
5 Q 0
6 -2 +1
7 -1 1
[8076] Tables | to 3 show some examples of joint encoding for differential CQI

valnes AX and AY,. Other joint encoding designs may alse be used.

[0077] A CQI report may convey CQI information for all N subbands, ¢.g., as
shown in F1G. 4B. A CQI report may alsoconvey CQU information for a subset of the
N subbands. Ly one design, a CQUrepornt for aneven dme interval may iclude a full

CQlvalue X, a differential COI value ¥, and spatial state information for the



intervals. The CQ information for the designated and
non- desi gnat ed subbands nay al so be sent in other
worenngr2s71 10078] FI G 4C shows a fifth reportiPQr/US2007/064962
schenme, which uses differential CQ encoding across
space, frequency and tine. Differential encoding nmay
be performed across tinme (e.g.,gacross consecutive
reporting intervals) if the wireless channel varies
slowy in this schenme, a CQ report containing

S pRsigndiddegbiand ¥ «hey tf vt 90+ pBYy- (e SEQY by ex ¥ QPreport
time intervals, where P>1 . The space- Fr equency CQ
i nibornaititiow mtayaicm’rypnqhaie d@@rcmmiﬂﬁb ImatucpnX gmh@Y #m eml:hfnon-
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paEa ARy R iy EORGGE QCSky N ndalove: SEBR bbands
examphecqt ﬁ%r&@%@&r tﬁgh@p&ﬂlw%d duBEaQ H@ﬁE}L QJELHF%M multiple tine
conprise N + Ng ) (N -1) N bits for CdQ

i nfePREt TBnC bwwraf-@a fpighe wnstﬁﬁaﬂdam@ma%ﬁ§u®ﬂnqﬁ| may

sum%qtgmlggﬁgr@n%ﬂ&gwe fourth schenme descri bed above.
The space- frequency i nformati on nay be sent i one
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| i@ g 9m 5cT|8ﬁc (QNPaERkt Db hBz8Pick Bleqldily LOT RdRLEG may
in each CQ report maybe generated with respect to Cd

i i GeRE By Bﬁm?eowaa Err“é\?’? rd- ¢y vnaecpévqumwrﬂfé\lﬂ@ﬁw«ﬁp may

di &B@hﬁ:ﬁf@ﬁhm@;&m g&@rdmﬁbﬂm r@amoﬁo,gmm SRAARL P or more
desj gnat ed. subband. and D A'and A for each

fo
no%bl&égﬁ ‘ﬁ'ﬁ‘%i't%idﬂ% abbatrdeBe dEFrirehdrtedior %w@ the spage-
Dt?m,naupeq\r@h&&ﬁﬁnma}b&n%m ved (&s .descs ibed. ﬁbwe Eﬁ’f for

Achange in the desighat ed subband rmay ‘be
ev@@lym}armmtm genprerdvial o shORTGEnive: dni M sﬂ)bizﬁs bm;gdn o ﬂlf:‘ lﬁhzrth

re C S crihed abo hat, nmul ti
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c hammxeimnsorqs&dgh mhmmcdur‘fefzame*mm A szmemidubm@ rmy obmore CQI

per.

T n%or!’q cmgaxg f’? m%nrab%%&ﬂl@f C éﬁl %mg&éne me M < qertmt 1%&1\,\@%“@ 8
b| h‘usvc&n ﬁroea il ypacth-Fdgerren Rl amurmsasozf rBguensyal @dfreinat COl
ac L %nbanog Ac r‘ea)ch E@éz%gn %ylgg(i gunen&‘g wuﬂtnagéctt ?e”(‘f&d J.lil.ﬁ}ginfr&a D for a
DXﬁlNl@il\ IDIQH mﬁhu &he mysmbedlﬁ‘ﬁmu ail\[‘(}hmﬁemuhmbnd\&mfpmc AX and
T R T A
Stiah@ rbied. MBel DN ANBYANDS AAY values may be derived as described above
for FIG. 3D. A change in the designated subband miay be made every P time intervals,
[0079] The first through fifth reporting schemes described above assume that
multiple spatial channels are available. fa single spatial channel is used, then
differential encoding may be performed across frequency, and ditferential COQI value ¥
may be omitted. AX values may be sent with fewer bits since only differcnee across
frequency (and not across space} is conveyed. Differential encoding may also be
performed across frequency and time. The AX and AAX values may be sent with fewer
bits if differential encoding across space is not performed.
{0080} ln general, the CQI information and the spatial state information may be

reported at the same raie or different rates. The spatial state. information may be



reported at the sane rtr.e or different rates. The
spatial state information ma> bereported at one rale,
W@ 7us7CQ i nformati on ma> be reported at a BEDUSN07/064962
rate, liich may be slower or faster than the first
rate. [008 | j Channel state information may b
generated and reported based onga configmation, which
may be selected for Term nal 150 and may be changed in
a seraitatic manner via signaling. In one design,
c hrapmiell astatae, iand Gr AR idmrmray: bey oht@icked: £ @romhae, which
desl analsd, subband.andsrepgrted In another design,
channel state rra be averaged over ail
suBEnds (el stabadethaton m"qc’bmneweé apbiepdipd basd bit on)
a e han te 1nf MRy b :
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r esmmr@dz,hrtvtaesrgﬂdhtff’f &r emvtdesikn, CQmelnfaor indrtho o mey bbebtamed
Ob Y I ere . A ] it i % I e \A g <
N
s ubbyaredy erp GO8REr a‘ﬂhehl@p@tw al b@t@@led q:inﬁrml prptéinrfumaipnhend the
d%&«%ﬂ?@&h&?w% fhSLENGE m?}f b S5 Rl gc Qetk Qc l%mﬂﬁé{'»g”
the criterion u ed to sel'ect a set or spatia anne
( onfoangwet iokpaint dhrakierampt Gl fbh@e@hcmnnfwl’oe oa‘»wp&g 8 respect
Chﬁn e @R R oh C Fubler BUPR d
desi g%k %a(r(grl}‘ter]%c?n rr%y b@rhasééﬁ gg%tpth sbﬂ%rﬁ@% hI %Eblémmd
ch?@bla@tierl stics of the designated subband, [0083] in
0 0 Si ke s %a% imtfﬂni(ﬂ‘égmw‘a 3@@13;55%& Spﬁnﬁz Jncz,ssiaﬁg siyeted]
in tion based o a sel ect e reporting scheme an
r eb@r in oisanngl. dschtegon wicd Fnagteriorecon spatigbeeimisgbr basdls
' nmﬁ:‘fﬁﬁ V\AF]@PQ{! ttas&ig}nltﬂé ﬁ’rcfliaé chhibS C]g&?&lteglgtl&%YMP:gle&%g In
term na a service duration covering
on?éw@i?f degicp.divopitinet ey éf: bawi] 0B phanpel ghsedrastiged thgn,
cg‘?p@bd&%%ﬁay generate and/or report channel state
ntormation in different manners during the service
dul®883l on Il]'qjﬁg@c\@é§p§n1}(%§l) e goedic changel staghigfermgen based on
Sei{%{, aQ‘%T\ %BI%BL chﬂulnus alﬂi"’!’&n‘l‘é ARGl wl"ﬁ@ o ]tnlgf?m (ﬁ‘lpdourﬂh ﬂlgl basis
i nterval terntnal may transmit nu P
durbhgpeHes sErsa C@lfd@ﬁma‘ftl e banedreed. %Pe“née‘rmt@ 5 iraablsféx iee
Pagkfbn LORRS 0@ & SHid Akkgrset of spatial channel s
for each packet transm ssion. A packet transmission
mel§0&dhan lorectnr depigos jephiaall &P sy Rengrathingfoy efrert chynnel state
deﬁﬁ)ﬁﬂﬁt@‘ﬁ% &EP:%OQMIH&&’ dxlx:}ﬁlﬁfd LRE&f 39511 eﬁﬁbdﬁﬁ@ﬁ kr%& be used,
tiapsm ssiop and may change from packet transm ssion
t o> Hatheathe erirgfGEPoR MuThiensublsas rsrirew eryzhglprminal 150

Pehs) Shish@ nuBBRbaR@EKE A the service duration and may select a suitabile
packet format and a suitable set of spatial channels for each packet tratsmission. A
packet transmission may span one'or mubliple reporting intervals. A designated
subband may be selected for cach packet transmission and may change from packet
transmission to packet transmission. The subband selection may persist for each packet
transnuission. In this case, the index of the designated subband roay be omitted in CQI
reports sent during the packet transimission..

[B085] Terminal 150 may operate in-one of several operating modes, such as a
scheduled mode and an unscheduled mode, at any given momient. I 'the scheduled
maode, termiinal 150 may be scheduled for transinission on the downlink and may have a

persistent subband allocation that is known by both the rerminal and the base station. In
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may operate in one of several operating nodes, such as
a schedul ed node and an unschedul ed node, at any given
monment, in the schedul ed node, serm nal 150 may be
schedul ed for transm ssion on the downlink and may
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generate CQI intformation based on thc fifth reporiing scheme in FIG. 4C or some other
scheme. Terminal 150 may report channel state information at lower rate or less
frequently in order to reduce signaling overhead.

[0088] FIG. 5 illustrates the heterogeneous reportinw scheme, Terminal 150 may
terminal 150 may determine channel state information (e g., average CQI) for only the
sclected subband(s) and may report channel state information more frequently, e.g., ata
rate of once every Toam seconds: Terminal 150 may operate in the unscheduled mode
between times Tz and T3, During this time period, terminal 150 may determine channel

state information for all N subbands (¢.g., CQI for ecach subband) and may report



generate CQ information based o the fifth reporting
schenme in FIG 4C or sone othej schene. Term nal 150
woreap7nesort channel state information at | ower PEHUS200T/064962
| ess frequently in ordei to reduce signaling overhead.
10088] HG 5 illustrates the heterogeneous reporting
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i nﬁl@ﬁqﬁé?ﬁnl;ﬁ@l;@ﬁ%ﬂim for all spatial channels and aﬂ <5ubb'mdq ulL, Th@
reference CQlvalue may be sent with the differential COL information.
(092} The differential encoding in block 614 may be performed in various
manners. The CQIvalues may be differentially cncoded across the muldtiple spatial
channels first and then across the multiple subbands. Alternatively, the CQI values may
be differentially encoded across the multiple subbands first and then across the multiple
spatial chamnels.
{0893] The multiple spatial channels may comprise a designated gpatial channel and
at least one non-designated spatial channel. The multiple subbands may comprisea

designated subbaud and 4t least one non-designated subband. At least one differential



sent as feedback (block 618), [0091] For bl ock 614,
the CQ values may be differentially encoded across
w0 b@7m1d3ti pl e spatial channels and the mul ti pl BCT/US2007/064962
subbands with respect to a reference CQ value. This
reference CQ value may be a CQ value for a
desi gnated spatial channel on a,designated subfaand,
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desi gnat ed subband, an average CQ value for all
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( edrg(.rcmﬁxcml mformation and the spatial state information as fecdback (mnfdule 718).

Modules 712 to 718 may comprise processors, clectronics devices, hardware deovices,
electrotiics components, logical circuits, memories, éte., 'or any combingtion thereof,
[6095] FI1G. 8 shows a design.of a process 800 for reporting channel state
information with differential encoding across space, frequency and time. Spatial state
information may be determined for multiple spatial channels on multiple subbands
{biock 812). COQI values may be oblained for the multple spatial channels on the
nmltiple subbands in multiple time intervals (block 814). The COI values may be
ditferentially encodéd scross the multiple spatial channels, the multipie subbands, and
the mutltiple thne intervals 1o obtain differential COI information (block 816). The
differential CQI information and the spatial state information may be sent as feedback

{block 814}
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to an index, which may be sent as the differential CQ
informati on for that non-desi gnated subband. [0094]
FIG 7 showss a design o f an agparatus 700 for
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[9099] FIG. 10 shows a design of a process 1000 for heterogeneous reporting of
chammel state information. CQIinformation may be reported in accordance with a first
reporting mode while in a first operating niode, ¢.g., a scheduled mode (block 1012).
CQI information may be reported it accordance 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 reporting mode and may be sewt at a second 1ate in

the second reporting mode.  The second rate may be slower than the first rate:
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preceding tinme interval nmay he determ ned. [0097 j For
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second reporting node while in a second oper ating

noldBl03k . ot OBDMRswHEd M de Adae chievtibiptia) e 'q'htérceej

I rkfu%m&dh@mﬂﬂaymem%e Mo Rinbd frkitthndsal S 'sﬂ{(,t*)bﬁajf" hd Bk small
re orting nodé and be sent at a second ate in

age%%awép‘&ﬁnpﬁg( gndinee o g B Rty gb@éiws}hcﬁé in FIG.
S' APYRE sﬁa&aﬂufuhﬁvfthﬂﬁlﬁ&@i{t%l if@ﬂé'n@@dmfi: Qlg. ey ffH ®&rting scheme

report i obt aj ned for

mip e ?%r’%‘q §baif? %ﬂle @H&Nﬂ*e e‘sdhéhk %‘Fﬂl‘é‘b@ M#e-Cdilihiya Rgeration.

s ehRGh@ bR Bt With bk esiwwhh ands,sadahlap! &nﬁ@anon
transm ssion The CQ values may be di fferential

et e ge£8y oide spayal Lm}“ﬁ*q}fﬁqmé' r%st}aap] sppalier SNR variations “Between

adjacent subbands than for a single-input single~output (SISOY transmission. The
smalier SNR variation may make two-dimensional differential edcoding across space
and frequency more effective.

{00164]  The techniques described herein may be implemented by various means. For
example, these techniques may beimplemented i hardware, firmware, software, ora
combination thereof. For a hardware inplementation. the processing units usad to:
perform the technigues may be implemented within one or more application specific
tntegrated circuils (ASICs), digital signal processors (DSPs), digital signal processing

devices (DSPDs), programumable logic devices (PLDs), ficld progranunable gate arrays



channel s and the at a t one selected subband to obtain
the CQinformation for the first reporting node. The
w@eo7asd3nes may be averaged across the sel ect eRICT/US2007/064962
subband(s), and the average CQ values for the
mul tiple spatial channels may be differentially
encoded. 1001Q1J For the secondsreporting node, CQ
val ues may be obtained for nmultiple spatial channels
on multiple subbands avail abl e for transm ssion. The
CQFPH AR ugodys: Bentigiifrf.arigrst-oaiiliprsencoee caterodertiphie
MyebicR! SinSRathdlic Ghannehsq ?tﬁ%ﬂ)gx? el %@@mamq n,k0
obtain the CQ 1nformation for the seconJ reporting
no@ePLER O1 Ot theregfiows a desi gn of an apparatus |
10[@01‘0@[ het 8RN NS %&l@x@ug irﬂﬁu&mﬁxﬁé%@&u}ﬂqﬁ Lmay be
informati on. Apparatus I 100 includes neans -
r dpienicngd ol Mol (Bt Poscdures deediota Aee i taqqfoamﬁl‘rwfgectmm
F RQHbE NG AR derWHkofard By {dible IRRGER fitly §2 Ared & Fmemory
a schedul ed node (nodule 1112), and neans for
r dpér PEAGIYACR 1 ol nieicstruicd bae eoreraride snbiopesior d 8odle
r §RQRd:) Ry H@@l@p aMun o8 WliffirBhe &%Eé&ﬂﬁ' 9PBR: A kmg, Pzael&sm The
n1g a unschedul ed node (nD 114).
a dﬂﬁﬁﬁﬁmﬁﬁy“ﬁ®wﬁmﬂﬁ@&%ﬁ%éés§%?@~ﬂ@*@bﬁﬁ%ﬁP@@“ﬁéV?%@@c
hapdM@k SucH aYia6&s aRhS G&Ieﬁﬁw @ANEQ [@&Bﬁ?%&qrcho@d(%i m‘m
circuits, ncno pes or any conbination thereof
[OG%@@T“%ﬁ“@FBNﬂWSV@WehWﬁﬁ?ﬁk%mé%ﬂﬁmﬁ@T%@HW&V@*“MV(pRO*ﬂ
Sulgt-RRtY @hsaBaiPROMIFRRPEOASUPDANG nRRRA bibdHg: quwgsv er,
the number of ubba d in the system may not be &
SpaES YT S Ut SR RrETERIES-41¢ CQ encoding (c, g , t he
f O[GMOQ]L I eRehidREs SEOSIRN bNMELGR104RI is Bfovided to enable ar‘y petson
requency-tinme differential encodi ng é
t h%ﬂlﬁcﬂ fftthc MBIIGRAEE RS disetinslopwe F) eions ppdifisgiione oght @stigsure
r egige réa@@}dxg%kmqa Biokd @agd hﬂhMM@n%@%w@i@ %ﬁﬁﬁ;ﬂ@iﬁuﬁk@

data streans e sent with spatial |verS|ty e.
usHerr Y @m&a‘*%? RN 0DS pitBRs g inediog th FRitiisys A

di MenisdidhreMBYud, 82 leitstlol,mc &8I ih@hded iRbVahk@lb BRI ALLneeN
%ﬁcent subbands than for a single-input

“é’“‘i)hﬁfﬁhf‘“‘(‘gl”@@?“f}i‘daﬁ§%V§§‘r"b§’f“"°ﬂ’i’é‘“§h‘hl"‘ll‘é‘r*KSKRC‘F“L“
vqmuagh@nmnaxd@agﬁdmwgmdlnen3|onal differentia
encodi ng across space and frequency nore effective.
100104] The techni ques descri bed herein may be
I pbATENtEEANYIS@LADUEDTRANS. For exanple, these
techni ques roay be inplenented in hardware, firmare,
software, or a conbination thereof. For a hardware
i mpl enentation, the processing units used to



performthe techniques may be inplenented within one
or nore application specific integrated circuits
W@ 28T 71 di gi tal signal processors (DSPs), diRECT/EE2007/064962

signal processing devices (DSPDs), progiam noble |ogic

ices (PLDs), field programmabl e gate arrays(FPGAs),

processors, controllers, mcro-gontrollers,

m cr opr ocessors, el ectroni c devices, other electronic

units designed to performthe functions descri bed

h<@Layv@ conputer, or a conbination thereof. fOd OF

For a firmvare and/ or software inplenentation, the

techni ques may be inplenmented with nodules (e.qg.,

procedyr es, af WRGLERRSmp&lfe:) that performthe

functions described herein The firmware and/ or

sof t waf @ Iepspicqeigeulse palynshangelsaldy indicatorEm Dy yalpes fy |

m%fmﬁMc 49l NafikBon %%itﬂjﬁdsu%ﬁﬁyt&q pf}éﬂtaallP E%§§§19 QI values
processor 190). The nenory { npl enent ed

(e .

W ﬂtcfﬂsh‘hf Reltiplcoeess H}an’&ﬁi‘* ‘é‘i@t”érfﬁlgmlf b pals Eﬁ‘&’:@% digerentiH& QL
F i (WL R0 AREAOL S OF UWRES hTS NG 208 o TRYavakL; qm;b e

stored in other processor-readable medi um such

r andonPAEEESEC BRI N RAMFSO r ead- onl y nemory ( RO\/p

non vol atil e random access nenDry (NVRAM ,

progrannable read onl 5 eIectrlcaIIy
er asabFe PREM m@imm 1%%@%%@1@5@1}‘%&%@

( Q@fu@fﬁﬁﬂ%ﬂc@d@ﬂl : 0Pt L AR 26RLanSHAkAY S HBNIHEShcs@hE the
[OOlCB ] The description of the disclosure i provided

t gPEHRBFEbARY “HErSBiFt BId FRERcs AL Hdeapnd tp erndlicaelbrentret
t he@ivasl RsdiGenMAC HOMSrERE: | cations to the

di sclosure will be readily apparent to those skilled
inthe art, and the generic principles defined herein

may be sappl TIRiphBaid flaimal Fakbie As WhlhQutQdapand 4 691
fromthe spint or scope of the. disclosure. Thus, the

i SLF SR ENER H3P L RIS § PSSEYFY HOPEY £ o t he
exanpl es descri bed herein but I to b accorded the

W dest scope consistent with the prlnC| | es and novel
featurés di S¥IBEBHUHYEHR 2 Y:ﬂ ‘E}?}‘ ﬂv\vtsz\ﬁrfcv@ (Al average

f S@LAYBokh Al 8PP 8Fak Lihz GRIRAE S RETBINLEELASOr
configured 1o obtain channel quality indicator (CQ)

values for nmultiple spatial channels on nultiple

subbands, | Dmmpf\ffaﬁﬁsemnm bywBR&RHR réBRn@Q Ml an average
acr ss. the mul IQB e spatial channels and the multiple

RHE g Bt 5@“?#‘@!‘@%{5@%“ detgreiRPd Rt i on, and

to send the differential CQ information as feedback;

and , . e . :
6, The apparatus of claim 2, wherem the reference CQI value s an average

CQI value for a designated spatial channel on the multiple subbands.

7. The apparatus of claim 1, wherein the processer is configured 1o
differentially encode the Q[ values across the multiple spatial channels fivst and to

differentially encode the C0QI values across the multiple subbands next.

8. Theapparatus of claim 1, wherein the processor is configured to
differentially éncode the CQLvalues across the multiple subbands first and to

differentially encode the CQI values across the multiple spatial channels nexi.



a menory coupled to the proce so 2 . The appai al us of

claim1l. wherein the processor is configured to
waledoffetsnti al |y encode t CQ val ues across t heP@TIUS10p7/¢64962

spatial channels and the nultiple subbands with

respect to a reference CQ value, and to send the

reference CQ value with the dlfj,t,ferenu al Cd

information. 3 . fhe apparatus “0f claim2, wherein the

reference CQ value is a CQ value fora designated

spati ab. ch aT\lftea‘ppmmsOfdes:hg naheedn sub]haxﬁ;de sphtidllBannels conprise

a rat us, of val ue
PR RSP 5 B 4 N T ol L BT el Mg e
anduitz;iﬂe su’ﬂhhltdx pbreprét b degidgied Subbaddrad aplpat adelsm albsiglagddm

Vaﬂuﬁ%n? 61}1& fg]éxew %P*%ﬁbéwgﬁgqf%ﬁ““-gh%ﬁﬁéF@E{?H‘@&g ferhaation
defst gniab@ddisighbahndbb#fad. The apparatus of claim 2,
wherein the reference CQ value is an average CQ

val ue for a designated spatial channel on the nultiple
subbands. ﬁ‘liuﬂpwappca‘rcaﬁrug wherah dienrdegssahie caifiguich e

e B R R e
amﬂammi @l datlesubixinid &hdcy o KED dautsiter WQmulialcupsibdrosds dibe
Bb Bl e subbands next. 8. The apparatus of claim 3,

wheréin the processor is configured to differentially
encode the CQ val ues acr oss the nul ti pI e subbands

faICI gtssépd t?hn] '1ﬂﬁlﬁar?ehrxse (ﬂic utﬂ’l'l 1 “elﬁgﬁih %Il gagﬁ s d@;xgmﬁ%g subband the
apmmabus caffigofed |ltmidu mmmg“feectmc bdrecamsl ﬁ@iplahiﬂiqsrahd caalbi@na ed

C h g!w} ne cl%ngt_q P Fha%gga gcsgﬂ%g'n g 91%% Q qtf,](ﬁ lx ;illub o r}m dt&ﬂ unattgh

one uon
rrwtpauapt lensdl bh dndssi gmwp w‘@emh dxd:las |clgmxamle«j< lﬁubmmdmmd atdbast

! eoaiégjﬁgp&tmq% I&d@eﬁ)r%p’?t d‘at%ll‘ilp n dlcﬂl 1% b{%}eﬂF ei nu,tl h‘n the

processor I's frere
[ nfoafdnagnamd bﬁmntéfaﬁh* Ren smBSﬁgnzataéﬁQs ub!balndthe 10easThe non-

ap{ﬁ?ﬂ*:@'&éﬁs&g%[al &!dﬂi;nbn the \é@?r n%iuﬁ sx‘ib@rgncp rocessor is

con ure ast one differential CQ
val ue for t he at Ieast one non-desi gnat ed spatl al

channel, ﬁfbcga:&#‘rﬁ%rlﬁ 038 8%e g h E%ﬁﬁaér&’g FQQL?% L08and the
mul ti pI e spa annel s on ,
appercsbus cmfhg@ttélumcl@mnwmiéfmmu bowcamadiQinehe deshghatgeded
S %BB%‘?&&H?&‘? on the non-designated subband and a CQI value for the designated
spaiial channel on an adjacent subband, and to determine difference betwoeen at least one
differential CQI value for the al l8astone non-desighated spatial channel on the non-
designated subband and at least one differential CQI value for the at least one non-

designated spatial chavmel on the adjacent subbaud.

13.  The apparatus of claim 9, wherein for each non-designated subband the
processot is configured to obtain a differential CQJ value for the designated spatial
channel, to obtain af least one differential CQI value for the at least one non-designated
spatial channel, to map the differential CQI value for the designated spatial channel and
the at least one differential CQI value for the at least one non-designated spatial channel
to an index, and to send the index as differential CQI information for the non-designated

subband.



processor is configured to determ ne difference
between a CQ for th designated spatial channel on the
waewrdesignat ed subband and a CQ val ue for i hBCT/US2007/064962
desi gnat ed spatial channel the designated subband. and
to determ ne difference between at | ea& one
differential CQ value for thesat |cast one non-
desi gnat ed spatial channel on | 1e non-desi ghat ed
subband and at |east one differential CQ value for
the at | east one nondesignated spatial channel on the
desi gnaj ed subban , ‘ claim
wher o v or TaeR R gl o 2 B S or Re RS s or
| Sle@ondie gmnacktakontd)aheemmmat dadt bar tﬁﬂlﬁfﬁﬂﬁﬁﬁ%\ﬁﬁ'ﬂﬂh@@ to send
v e atial channel on the
ng{rl]c mauaq Ma%t, H% ma$'8% 86(1%?{ a CQ val ue for the
deS|gnated spatlal channel on an adj acent subband, and
to dete ek
di fferen
no:mrekersmcgmammlsmxatmazl seletradhfieh amang mﬁumm}dﬁsmgm\at edilable
grb Lg r;‘z(ijfuasg}g %%z){% - e%%% C}l% rgeﬂé?lssat ftcg {1‘13’017115? c?ratlco:%xhv & 56#’(:18% SLIpnaas.
adjacent subband. 13. The apparatus of claim9,
wher ei p.for abband. i.h r.oce sor
is confi" gure 5%{;3 Qg{](gqgaﬂag%’a# 1‘ngei BE TS i 1p@p%1‘ wm%
t herrdesidnatdichspatodadz veham n&crmdtfmmbmawm patralkr_e asmremdmg

dl f Elgrae@n}u dgﬂtb fﬁamnﬂas‘l’(ﬁi fi[ﬁi wﬁcrxﬁn %t{: ggaﬁg%{tatt%o@%nnaﬁfm convey the

d|¢k6ﬁ@ﬂt¢@im®mwal ue for the designated spati al
channel and the at |east one differential CQ value

for the at |east one non-designated spatial channel to
an i ndéx, afndsttedsengisidge i ndex as differential CQ

i nfor N} e Aon-desi gnat ed nels o
appar gt%%%ﬁ[ohf (,g{nglg!%%idﬂ}:z ) gtféle ftrntﬁﬁ ﬁaguc% ?%!?@ngf‘ol& 5?duI annels on
confliigiaperdands;, det erm ne spati al st aI e information for

at lea f | t
e T g e TR O
oftheimitipde bdhbankidy ethmn digrarid tGlenéaszpﬁalbn akd chann eI S

cor 1 espanth kR MiLiR] CoPILARNAS SELARLEd rom among a
plurality &f ant ennas va| ['ab for transm ssion, and
wherein the spatial state information convey the

sel ected anpg @l:?‘od ojr'gla,rnTh? w%%% A &ﬁer%ﬁna?l$ %ﬁwiﬂﬁ’nc LQI
wherein the multiple spatial annel's cor esponﬁ
m}lﬂiuept@lpp%@»cedl ng vectors sel ected from anong a

? lr ;Lglmldgéf “gEaERIQ%MHQHL ¢ ﬁp Res atg’g@ﬂaclammq[g e}tdilﬂ[ channels first,

espa|

{ﬂ; gﬁe%laggm At CT}'? FT‘ET Hlmext% tthr muﬁ{pﬁa, sﬁ)atiai channels

i rfdr mati on convey the

differentially encoding the CQl values across the-multiple subbands next.

19, The method-of claim 17, wherem the multiple spatial channels comprise
a designated spatial channel and at feast one non-designated spatial channel, wherein the
miultiple subbands comprise a designated subband and at least one non-designated
subband, and wherein differential CQI information is sent for ¢ach non-designated
subband,



sel ected preceding vectors. 17. A nethod conpri sing:

obt ai ni ng channel quality indicator (CQ) values for
worehoriip3el spati al channels on nultipl e subbandBGT/US2007/064962

differentially encoding the CQ values across the

mul tiple spatial channels and the nmultiple subbands to

obtain differential CQ infor ma,g}l on; and sending the

differential CQ infornation as feedback 18 The

met hod of claim 17, wherein the differentially

encodi ng. th‘éh;ﬁ@thﬂd&dflﬂﬁﬁn tanpeictade difftfeatigntehalding the CQI

encodin K the multiple spatial
ch‘é‘ﬁﬁ%f%ﬂlph?&’ %ga‘hﬁéfm&flg?bfbéfmégﬁsog?‘] encodi ng the CQ
val ues chigimogs: chﬂft:eexmu] ﬁitl)pskamﬁmbhamsnmxd spi@sl cTdwecinet hod

of cl .ao{namm a ggsto (G dﬁcmu{i%{,ﬁ e for 191;& 1@!@.? (t%*!?:etlmn%mx%lm d
conprise a C anne an (0)

noapdtdiﬂeslhagmmamd spatl al channel V\,her ein the multi pI e
S Ubbanq%aaé?Lg% ]ﬁ dsfﬁl “ntxgﬁbsf,gig\n %ta ?or éhse E‘élng gecla\)g:jtf¢$ Lhannetef ;mq the at

one non at ed sub
CQbasnbratdifir ¢m1al ﬁ“QB\em: finbke aaaecalst anel nerdéssiggmad guoltial channel to.an
sub and Q 20 The nethod of claiml1l , whcremthe
di'ff¢rential | y encoding the CQ val ues conprises, for
each non-desi gnat ed subband obtaining a di fferential

CQ value for q%ﬂgmq%glln d spatial channel,
as

obt ai ni'ng at S 6he ferenti al CQ value for the
at | easteapiier wlmnmdz@eéwgnrQuwﬁE}Sip@itzé{ai (CShpmiel for amdliple spatial

ma n f tlal CQ for the designated spati al
chgg]ﬁm’gotn “a“"?ﬁq SU%%E‘ gast one diffeicntial CQ val ue

f or t hencats fbedftrcmingy nonding gsitgHarods zs:pat ihalmudtirdnpetial
L a s8R

Ob thgslpnri]’l Eg& 4 e n%zhr é"ﬁﬂ?lb@iﬁlﬁh rraa)%!:!uﬁ Ggg&qg&h lé%g ntc%%tﬂ%éd dt

mul t i pheasypat seadinu:hariﬁ%hm g Qmshibinpslnen s&ﬁbﬂ&vnds

22, The appatatus of claim 21, wherein the means for differentially encoding
the CQU values comprises

means for differentially encoding the CQI values across the multiple spatial
channels first, and

means for differentially encoding the CQI values across the multiple subbands

next.

23. The apparatus of claim 21, wherein the multiple spatial channels
comprise a designated spatial chanuel and at east one non-designated spatial channel,
wherein the multiple subbands comprise g designated subband and at least one non-
designated subband, and wherein the means for differentially encoding the CQI vahues
comptrises, for each non-designated subband,

means. for obtaining a differential CQI value for the designated spatial channel,

means for obtaining at least one differential CQI value for the at Jeast one non-
designated apatial channel, and

means for mapping the differential CQI value for the designated spatial channel
and the at least one differential CQI value for the at least one non-designated spatial

channel toan index.



means for differentially encoding the CQ val ues
across ibe nultiple spatial channels and the nmultiple
waeebamigi to obtain differential CQ i nfornatiPCT/USA7/064962
means for sending the differential CQ information as
feedback. 22. The apparatus of claim2 , wherein the
means for differentially encodigpg the CQ val ues
conprises neans for differentially encoding the CQ
val ues across the nmultiple spatial channels first, and
means for differentially encoding the CQ val ues
P R L L R R
compwiises:a desi gnated spatial channel and at | east one
Subban i Dg b es GBS bBaRa i 4 sl Tor
oneuindndesilghateld os ubbahdublands; wher ei n t he neans for
differentially. encodi JLhe OQ  val ues, ¢ ri.ses. for
each nancatt nEPEa L iR P B TR RS Jorgh e
dishileple mtaiial ch@Gels wad Ge nhabipletshiebadésh ghaneldfspati @i
chg&pﬂe_%%nne]ﬂns for obtaining at |east one differential
Od"‘vé‘ue’afor the at | east one nondesi gnated spati al
channeh jhigndstrednsetffor ssndippiba ditictvatidifJlenfermtadtiah aGQedback.
value for the designated spatial channel and the at
| east one differential CQ value for the at |east one
non- degf.gnatiedrgpati-ahddhammeln tician 2 ndexsi@ he s&ond
prigéﬁlgéﬁ%r@{c%%ﬂgglse medi um i ncl udi ng instructions
stored thereon, conprising: a first instruction set
f or obt&inibnguohannelforgiddeeittiplly agpdiag de QLR )esmtagethe
far oulti.ple ti-al .channel s on nultiple subbands. a
se%lg%!"%‘#ﬁ%}'ﬁlﬁ%{?‘?}%%ﬁéé{@f or differentially encoding the
CQ vakuéd imcioss stthe dftdcgitiplhecspdng gk CEOhannelasroantic
the . LRl e.subbands to obtain differential CQ
[ neu&%%t?bglﬁl%é%g athird instruction set for sending
the diffeie ptial CQ information as feedback, 25. The
g'eggﬁgfz&p' r SRR KRN RTdu ! & Mif%s, WRSGHEIR nffiSie spatial
channels comprise a designated spatial channcl and at least one non-designated spatial

channel, wherein the nltiple subbands comprise a designated subband and at least one
non-designated subband, and wherein the sccond instruction set comprises

a fourth instruction set for obtaining a differential CQI value for the designated
spatial channel on each non-designated subband,

a fifth instruction set for oblaining at least one differential CQJ vatue for the at
least one non-designated spatial channel on each non-designated subband, and

a sixth instruction set for mapping the differential CQI value for the designated
spatigl channel and the ai least ong differential CQI value forthe at least one non-

designated spatial channel on cach non-designated subband to.an tndex.
L fe

27, Anapparatis comprising:

a processor configured to obtain channel quality indicator (CQIY values for
multiple spatial channels, to differentially encode the CQI values across the muliiple
spatial channels to obtain differential CQI information, and to send the differential COQE

information ss feedback; and



instruction set conprises a fourth instruction set for

differentially encoding the CQ values across The
worioriip3el spati al channels tlrst, and a fifth PCT/US2007/064962

instruction set for differentially encoding the CQ

val ues across the multiple subband next. 16. The

processor -readabl e medi um of clyai m 24, wherein the

mul ti pl e spatial channels conprise a designated

spatial channel and at | east one non-desi gnated

spat i ak rehannelpledhehepmneddre mul ti pl e subbands

conpri se a designated subband and at | east one

non- desi gnat ed subband, and wherein the second

instr uct.i on’[‘isaeippnmnmf ichas 23, Woudt the pristsoct caofigeed of abrain

ggia] Q* ﬁglﬁ.b iy UL r%ulgfgl é}%lxa‘%@%m? ogggttzb%éné bcgﬁﬁmg %Ogl an%oxelga
fif mrh ltmsmbt:mds onilsdt iaftmnsoizﬂmnm ng at lea .t one
differential CQ value foi the at |east one
non- desi gnat ed spatial channel on each non-desi gnated
subbandp. anBheappartths dinstimacwiercis gt pfwwmr&pmnﬁgumm@ obtain
di [y ‘ U r & ate
Chtgnnéf{] gﬂ%xﬁhg& né%(l it S El?l o{}}]]télh Is ??gr% nga? u"d%aﬁ]ela subbmda
fcfvax“d“tbb-tarttrdnea'stimone nondesi gnat ed spati al channel on
each non-desi gnated subband to an index. 27 An
apparatus conprising a piocessoi configured to obtain
channeBOqualitappirads dataon 27 el dk pasessaris mulifinpd @ obtain
s i i C

o e RO B¢ Bl ER AT Aot RRE SRS, o1
d|$ﬁ@¢mnﬂyah0®ﬂﬁuﬁﬁf@ﬁmammnﬁfmamdmpbssmmUJmMEhandﬂh
di f f.er.ent.i. g
conpTRE R i o BB e A0 80 AR e AL BRI,
27, wherein the processor is configured to obtain the
CQ vakuyes t{ﬁ)g 16 LELRle spatial channels on a
subbapd sceeted from a ng‘ a plurality of subbands
aval | ablpeocesser confzgvsadite shiain chel qikay apparatsl) ofluslfai m

Lo RS GbR, a‘aﬂ@ ﬁ‘ﬁ%ﬁﬁfig% o8 yRQF 1' xQHJ e&résﬁ? h%%ﬁ‘ﬂiﬂiemﬁands
Cd val ues e spat hannel's b >
avie K}‘afgmr'ﬁglimﬁélﬂl (n@ﬂl itﬁﬂp1ﬁé109m§ an‘@sd ﬁvdlif@e@bllﬁel G@rinformation as
tr@&,@,glksgﬂdon 30. The appatatus of claim 27, wherein

he processor is configured to obtain
a memory coupled.to.the processor,

32, Theapparatus of claim 31, wherein the processor is configured 1o obiain
the CQI'values for the multiple subbands for a spatial channel selected from among a

plurality of spatial charnals avdilable for transmussion.

33 The apparatus.of claim 3 1, wherein the processor is configured to obtain
the CQI values for the nuluple subbands by averaging over multiple spatial channels

available for transmission,

34, The apparatus of clami 31, wherein the processor is configured to obtain
CQI values for the multiple subbands in multiple time intervals, and to differentially
eneode the CQL values across the multiple subbands and the nultiple time intervals 1o

obtain differential CQI information for each time interval,



CQ values for the nmultiple spatial channels in

multiple time intervals, and to differentially encode
W0 b@70Q37val ues across the nultiple spatial cheeFEE207/064962

and the nmultiple tinme intervals to obtain differenti al

CQ information for each tine interval 31. An

apparatus conprising: a processgor configured to obtain

channel quality indicator (CQ ) values for nultiple

subbands, to differentially encode the CQ val ues

across ihc multiple subbands to obtain differenti al

CQr informafion gmoj to.send the differential CQ

i nf or mati on A& PEEIFNER VBN a menory coupled to the
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v akubge fidferchig Ol Etihrplagorsusibaihds: by aver agi ng over

nul tiple spatial channels available foi transm ssion.
34. The appar AtUST Of ol aim3 1 wherein the processor

is configured to obtain CQ values for the nmultiple
subbands innultinle dinme.intervals, and to . . ..
ai 1o et | a1y et s P BB eeppgorea o
mulifférpluelisegbéantisCahdidek acrnaslid phiaplt spagial ahbrerikahdiheo
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i nterval 35, appar at us conprising;, a processor

comfivgured to obtain channel quality indicator (CQ)
values for nultiple spatial channels on nmultiple
subbands in nmultiple time intervals, to differentially
encode3f.he T@appeaiivred chon 85 svitchen imghdhi ipheinspat thaprocessor is

chapnel s, The. mlfinl ] ds.. | the nultiple tine
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and a nenory coupled to the processor. . The apparat us
of claim 35. wherein the processor is configured to

di f f er éht i alleyppmgedtd ctaim 6 whealindes mabipbggnd ihervals conprise
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each tine interval to obtain ditterent! al val ues

f orcht ye-depipmmted time interval the processor s configured to determine differences

e

between the diflerential CQI values for the non-designated time interval and the

differential CQI values for a preceding time interval,

39, The apparatus of claim 38, wherein the processor is configured to send
the differential CQI vahwes for the designated {ime interval as differential CQI
information tor the designated time interval, and 1o send the differences in differential
COQI vahies for cach non-designated time interval as differential CQI information for the

non-designated time interval,

40. A method comprising:
obtaining channel quality indicator (CQL) valuss for multipls spatial channels on

muitiple subbands in-multiple time intervals;



interval. 37. The apparatus of claim 35, wherein in

each tme interval the processor i configured to
walpdoffetsmnti al |y encode the CQ val ues across tPEI/US2007/064962

mul tiple spatial channels first and to differentially

encode the CQ values across the multiple subbands

next. 38. The apparatus of cl alqm 36, wherein the

multiple time intervals conpri$é a designated tine

interval and at | east one non-designated tine

i nter Va{ﬁ'erealﬁﬁli}maﬁﬁimhé 00! €86k anos-Regigplatetial dna®icls, the

I nt rvaI |s co ure et er m,

P B kAT R it Gk Pl Sy Gl E of

t hefonaniodesidgnated tinme interval and the differenti al

CQ values for.a % 39. Te
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configured to send the differential CQ val ues for t he

desi gn me i nt rvaI s . differential. o .
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informati on as feedback 41. The nethod of cl ai m 40,
wherein the nultiple tinme interval., conprise a

desi g ndt.ed Tlicrmc:tlimltcé chak 4 grdeain theasting e differential COI

nong a%l nate nc i nterval, and wherein the
e
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43. - An apparatus comprising:

a processor eonfigored to report chamel quality indicator (CQI information in
accordance with a {first reporting mode while in a first operating mode, and to repont
CQI information in accordance with a second reporting mode while in a second
gperating mode; and

aanemory coupled to the progessor.

44, The apparatus of claim 43, wherein for the first reporting mode the
processor iy configured to obtain CQI values for multiple spatial channels on at feast
one subband selected from among multipie subbands available for transmission, and to
differentially encode the CQI values across the multipie spatial channels on the at least

one selected subband to obtain the CQI information for the first reporting mode.



42. The nethod of claim4l, wherein the sending the

differential CQ information conprises sending the
waledo7armnt i al CQ val ues for the designated tiPEI/US2007/064962

interval as differential CQ information for the

designated linme interval, and sending the differences

in differential CQ val aes foi ,each non-desi gnhat ed

time interval as differentia]l information for th

non-designated time interval, 43. Ln apparatus
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45, A method comprising:

reporting channel quality indicator (CQI) information in accordance with # firs
reporiing mode while in a first operating mode; and

reporting CQI information in accordance with a second reporting mode while

a second operating mods.

§0. The methed of claim 49, wherein the reporting CQI information in
accordance with the fivst reporting mode comprises
ohtaining CQI valves for wultiple spatial channels on at least one subband

selected from among multiple subbands available [or tansmission, and



47 The apparatus of claim43. wherein the processor is
configured to send the CQ informationt a first rate
WO poovhesfi rst reporting node and to send the QEIT/US2007/064962
information at a second rate slower than the first
rate in the second reporting node. 48. The apparatus
of claim43, wherein the proceggor is configured to
transition to the first operating node when schedul ed
for transm ssion and to transition to the second
oper at diigravoaley antreimanipt CQt ety Iaed%sftlmmmlriﬁn smﬁtiglsjhmmels on
{c&? th?gﬁ QJIQI‘ b%hcp%tab%iﬁrp L Egg glé ; %{1]011 tm ﬁll“if rc%n:fm%
|e1:miut|ng d vvhlle i a first operating m)de, and
reporting CQ information in accordance with a second
reporting node while in a second operating node. 50.
The mefhod Bife rodtiaidmt 48im fheheicm thhepseppEOl mdprGion in
| NCORIALL Oy 1 BEERLAANGLMI NbhE, T TS TepOTLi NG
mode conprlseso valrues for mul tiple
spat i abbehagiél yaloes tat nlblelabt%p?@mbclsmwb?amdms@ eatbbghdir om
anpmn L. S ds avail able for transm ssion,
ag‘g%‘?ﬁb r%nﬂﬁli'ggl%@pg%godl ng the CQ val ues across the
mul ti pkddfespatliyarceimrthel @l wives haoatthd masple spgaisbbmetsedd
S uﬁppgl[l]f% P]R %ul%ﬂﬁd’%ltgoﬁtgﬁ ﬁ%%ﬁl{{?& F ltog Plg:fsqéu gl?ﬁ_ V\;‘]dncv% ode.
the reportlng CQ information in accordance with the.
second reporting node conprises obtaining CQ values
for multiple sparial channels on nultiple subbands
avai l able for transm ssion, and differentially
encodi ng the CQ values across the multiple spati al
channel s and the nmultiple subbands to obtain the CQ
information for the second reporting node.



