
FEEDBACK OF CHANNEL STATE INFORMATION FOR MIMO AND SUBBAND SCHEDULING
IN A WIRELESS COMMUNICATION SYSTEM [0001]The present application
claims priority to provisional U.S. Application Serial No.
60/786,445, entitled "A CHANNEL STATE FEEDBACK FOR DOWNLINK
MIMO-OFDMA SUB-BAND SCHEDULING," filed March-27, 2006, assigned to
the assignee hereof and incorporated herein by reference. SACKGROUND'
I.Field 100021The present disclosure relates- generally to
communication, and more specifically to techniques for sending
channel state information. IL Background [9003]In a wireless
communication system, a base station may utilize multiple (T),
transmit-antennas for data transmission to a -terminal equipped with
multiple (R) receive -antennas. The multiple transmit and .receive
antennas forma multiple-input multiple-output (IMMO) channel that may
be used to increaSe throughput and/or improve reliability. For
example, the base station may transmit-up to T data streams
,simultaneously from the T transmit antennas to improve-throughput.
Alternatively, the basestation may' transnlit a single data stream
from all T transmit antennas-to improve-reception by the:terminal.
100041Good performance may be achieved by transmitting one or more
data Streams via- the NUM channel in a Manner such. that the-highest
overall throughput can be achieved for the data. transmission. To
facilitate thiS, the terminal may estimate the MIMO channel response
d.send channel state information to the base station. The channel
state information may -indicate how many-data-streams to-transmit,
how to -transmit the-data streams, anda channel quality-indicator
(eq.) for each data stream. The COI for each data stream may indieate
-a received signal-to-noise-ratio (SNR) for that datastream and may
be used to select an appropriate rate for the data stream. The
channel_state information may improve performance of data.
transmission to the  terminal, However, the terminal may consuine a
large amount of radio resources to send the channel state information
to the base station, 00051There is therefore a need in the art for
techniques. to efficiently send channel state information in a
wireless communication system. SUMMARY. 



[00061Teehniques for efficiently sending channel state information in
a wireless communication system are described herein. In an aspect,
differential encoding may be Used to teduce the amount of channel
state information to send. Differential encoding refers to conveying
differences between values instead of actual values. The differential
encoding may be performed on CQI values across space, across
frequency, across space and 'frequency, across space, frequency and
time, or across some other combination of dimensions. (0007lIn one
deSign, spatial state informationmay be detertnined for Multiple
spatial channels on Multiple subbands. The spatial channels may
correspond to different antennas, different precoding vectors, etc.
The spatial state information may indicate a specific set of
antennas, a specific set of precoding vectors, etc., to use for data
transmission. CQI values may be obtained. for the multiple spatial
channels on the multiple subbands. The CQI values may he
differentially encoded across the-multiple spatial channels and the
multiple subbands to obtain differential CQUinfomiation, which may
comprise various differential CQI values, In another 'design, CQI
values, may be obtained for multiple spatial chamiels on multiple
Subbands in multiPle time intervals and may be: differentially
encoded across space, frequency and time. In any case, the
differential CQI information and the spatial state information may be
sent as feedback, I000181another aspect, different channel state
information may he sent in different operating modes with
heterogeneous reporting, in one design, CQI baron/ration may be
reported in accordance with a first reporting mode while in a first
Operating mode; e.g., a scheduled mode. CQI inforniation may be
reported in accordance with a second reporting mode while in a second
operating mode, e.g., an unscheduled mode. The CQI information may be
generated in different manners and/or sent at different rates for
different reporting modes, [0009]Various aspects and features of the
disclosure are described in further detail below.  BRIEF DESCRIPTION
OF THE DRAWINGS [0010]FIG. 1 shows a block diagram of a base station
and a terminal. [00.111FIG. 2 shows CQI values for M spatial channels
on N subbands. [00121FIG, 3A shows differential CQI encoding across
spane. 100131FIG. SB shows differential CQI encoding across
frequency, [0014]FIG. 3C shows differential CQI encoding across space
and frequency. [00151FIG. 3D shows differential CQI encoding across
space, frequency and time. [0016]FIG. 4A shows differential CQI
encoding across space per subband. [00171FIG. 4B shows differential
CQI encoding across space and frequency. [0018]FIG. 4C shows
differential CQI encoding across space, frequency and time. 



[0019]FIG. 5 illustrates heterogeneous CQI reporting. [0020]FIGS., 6
and? show a process and an apparatus, respectively, for repotting
channel state information with differential encoding across space and
frequency. [0021]FIGS: Sand 9 show a proceSs and an apparatus,
respectively, for reporting channel state information with
differential encoding across space, frequency and time. 100221FIGS.
10 and 11 show a process.and an apparatus, respectively, for
heterogeneous reporting of channel state information. DETAILED
DESCRIPTION 00231The techniques described bereinffer sending.channel
state information may be used for variousconummieation.systems that
supportIVIEVIO transmissionand utilize any forth of Frequency
Division MultipleIiiiig(DM): For example, the techniques May be used
kr systems that utilize Orthogonal FDM. (CFDM), Single-Carrier FDM
(SCFDM), etc. OF.DM and SC-FDIVI partition the system bandwidth
into.multiple (K) orthogonal suborners, which.are also referred to as
tones, bins, etc. Each subearricr may be. modulated with data. In
general,. modulation.symbels are: sent in the frequency domain with
ORIThel and in the time domain with SC4DM. [00241The techniques May
alsd be used to Send channel stateinformation on the. downlink Or
uplink. The downlink (or forward link) referSto the communication
link from a base station to a terminal, and the uplink (or reverse
link) refers to the communication link from the terminal to the base
station. For clarity, the techniques arc described below for sending
Channel state information on the uplink,  4 [00251F164 1 shows. a
blocilf diagram ofe design of a base.statien.110.and terminal 150 in
a wireless commu.niCatiott system 100. Base Station 110 may also be
referred to as a Node B, an eVolVed Node B (eNede B),. an access
point, etc. Terminal 150 may also be referred to as a user
cquiprnent(UB), a mobile station, an access terminal, a subscriber
unit,a station, etc. Terminal 150 may be a cellular phone; a:
personal digital assistant (FDA); a wireless communication device,
a.handlield device-, a wireless modem, a laptop computer; etc. Base
station 110 is equipped with multiple (T) antennas 134a through 134t.
Terminal 150 is .equipped with maniple (R) antenria's 152a through I
52r, Each transmit antenna. and each receive antenna may be_ a
physical antenna, or an antenna array, 100261Atbase station 110, a
transmit 0-1X) data processor .120 may receive traffic data from a
data. source 112, process (e.g., Runt, encode, interleave; and symbol
map) the traffic-data in accordancewith a-packet format, and generate
data-Symbols. AS used herein, a data symbol IS a symbol for: data, a
pilot sytnbol is a symbol for pilot; and 'a symbol is typically a
complex value. The data symbols and.piltit symbols may be modblation
symbols from a modulation :scheme such asPSIC or QAM_ Pilafs dant
ttlat is known a priori by both:the base station and ternainal, A.
packet format may indicate a data. rate; a coding scheme or
code.rate, a- modulation scheme, a packet size; andJor other
parameters,. A packet:format may also be referred to as a
inodulationand coding Scheme, a rate, etc. TX data processor 120 may
demultiplex-the data symbols into.M streams, where in .general 1
S.1vI ST The M data symbol streams. may be sent simultaneously via a
MIMOchannel and may also be referred to as-data streams, spatial'
streams; traffic streams, etc. 100271A TX IsliMO processor 130 may
perform transmitter spatial processing on the data and pilot symbols
based om direct IVIIMOmapping,,prebeding, etc, . A. data. :symbol may
be sent from one antenna for direct MIMO mapping or frommultiple



WO 2007/112371PCT/US2007/064962 [00281At terminal 150, R antennas
152a through 152r receive the T downlink signals, and eacb antenna
152 proVides a received signal to a respectiVe deroodulator
(D.E.M01)) 154. &eh demodulator 154 processes (e.g., filters,
amplifies, downconverts, and digitizes) its received signal to obtain
samples and may further perform demodulation (e.g., for OFDM, SC-FDM,
.etc.) on the samples to obtain received symbols. Each demodulator
154 may provide received data sythhols to a receive (LX) AMMO
proCessor 160 and provide received pilot symbols to a channel
processor 194. Channel processor 194 ma Y estimate the response of
the MIMO channel from base station 110 to terminal:150 based on the
received pilot symbols and provide channel estimates to RX MIMO
processor 160. RX MIMO processor 160 may perform MIMQ detection on
the received data symbols with the channel estimates and provide data
symbol estimates, An ItX data processor 170 May process (*e.g.,
deintedeaVe and decode) the data symbol 'estimates and provide
decoded data to a data sink 172. [00291Terminal 150 niay evaluate the
channel conditions and send channel state information to base station
110. The channel state information may be processed (e.g., encoded,
interleaved, and $ymbol inapped),by a TX signaling processor 1$0,
spatially processed by a TX M1MQ processor 182, and Maher processed
by modulators 154a through 154r to-generate R uplink signals, which
are transmitted via antennas 152a through 152t. [00301At base station
1103 the R uplink signals are received by antennas 134a through 134t,
processed by demodulators 132a through 132t; spatially processed by
an RX .MIMO processor 136, and further processed. (e.g..,
deinterleaved and decoded) by an RX signaling processor 13$ to
recover the channel state information sent by terminal 15b.
Controller/processor 140 may control data transmiSsion to terminal
150 based on thethannel state information received front the
terminal. [00311Controllers/processorS 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 teurdnal 150, respectively, A scheduler .144 may select
terminal 150 and/or other terminals for data transmission on the
downlink based on. the channel state information received from all of
the terminals. 00321S spatial chum:els may be available for-downlink
transmission frond base station 110 to terminal 150, where S min fr,
R). The S spatial channels may be formed in various manners. For
direct MIMO mapping, S data streams may be sent from S transmit
antennas, one data stream per transmit antenna. The S spatial
channels  6 may then correspond to the S transmit antennas used -for
data transmission, For precoding, S data streams- may be multiplied
with a preceding matrixso that each data: stream may be-sent from all
T transmit antennas. The S spatial channels may then correspond to S
"virtual" antennas observed by the S data streams and formed with the
preceding matrik. In general, M data streams may be sent on M spatial
channels, one data stream per spatial channel, where 1. The'M Spatial
channels may be selected from among the S available spatial channels
based on one-or more criteria such as overall throughput. 



[0033]For simplicity, the following description assunzes that each
data stream is sent on on'espatial channel, width may correspond to
an actual antenna or a virtual. antenna dependinurm whether direct
NUM() Mapping or preceding is uSed. The terrnS "data strains'
"Spatial channels"; and "antennas" may lair 'used inteithangeably. M
packets:Or codcWords may be sent simultaneously On the N1 data
streams. 100341Terminal 1-SO may recover the M data streams using
SWIMS MIMO detection techniques such as--linear minimum moan square
error (MME, zero-forcing (ZF), successive.interferenee cancellation
(SIC), etc., all of which are known in the. art. -SIC entails
recovering:One data stream at. atirne, eStithating:the interference
dire to each recovered data Streath, arid eanetling the interference
prier tb reeevering the next data Stream. SIC may improVe the
re:delved S.NRS of data Streanisthat are iecovered later.
[0035]System 100 may support subband scheduling to improve
performance. The system bandwidth may be partitioned into. multiple
(N) subbancls. Each subband may cover Q consecutive subcarriers among
the.K total subcarriers, where Q K / N or some other value. Terminal
150 may achieve different Wks for:different subbands due to frequency
selectivefading in a multipath channel. With subband scheduling;
tetnainal ISO May be assigned subicartiets in a subband With good SNR
instead of a subband with'poor SNR. Data may be'sent at a higher rate
on therhsaigned can-its in the subband with good SNR. [0036]Terminal
150 may send channel state information to support subband scheduling
and MEMO transmission by base station 110. The channel state
information may comprise:  Spatial state information used for MIMO
transmission, and o CQI information used for subband scheduling, rate
selection, etc.  7 [00371The spatialstate,information may comprise
various types of information. In one design, the spatial state
information for agiven subband may indicate a set of M transmit
antennas to. use for ciata transmission on that subband. Terminal 150
may estimate thc MIMO channel: response, evaluate differentpossible
sets of transmit antennas based on the MIMQ channel estimate, and
dotes-Min e the setof transmit antennas With the best performance
(e.g., the higheSt overall throughput). The spatial state information
may then indicate this set of transmit. antennas, [00381In another
design, the Spatial state information for a given subband may
indicate a set of M virtual antennas (or equivalently, a set of M
preceding vectors) to use for transmission on that subband. Terminal
150 may evaluate data performance with different possib le preceding
matrices and/Or different combinations of columns of the:precoding
matrices. The spatial state information may then indicate a set of M
preceding vectors with the best performance, e.g., a specific
precoding Matrix as well as M specific columns of this preceding
matrix, [00391In general, Mc apMial state information may indicate
the number of data  tn.ams to transmit,(Which may be related to the
rank of the.MIMO channel), a set of antennas touse for transmission,
a set of preceding vectors to use for transmission, other
information, or any combination thereof The spatial state information
May be provided for one et more subbands, 



[00401The CQI information may convey SNRS ofequivalent inforination
for different spatial channela and/or different sabbands. Different
SNRs may be achieved for different subbands due to frequency
selectivity of themireless channel. Different SNRs may also be
achieved for different spatial channels if base station 110 uses
direct MIMO mapping for data transmission, if terminal 150 performa
suteessiVe interference earicellatioti for data reception, .etc.
Different SNRs may thus be achieVed for different spatial channels on
different subbands. The SNR fa given spatial 'channel on a given
subband may be used to select an appropriate packet format, which may
indicate,a code rate, a modulation scheme, a data rate, etc.., to use
ler data:sent via that spatial channel on that subhead. In general,
the CQI information may convey SN.Rsand/or other. information
indicative of received. signalre, ,ve-qualityone or more spatial
channels and/or one or more subbands. [00411FIG, 2 shows CQI values
for M spatial channels on N subbands. A CQI value X"", may be
obtained for each spatial channel 112 on each stibband n. The number
of CQI. values may then be proportional to the product of the number
of spatial channels  8 and the number of subbands, or M  N CQI
values. These CQ1 values may be used for subband scheduling to select
a suitable subbanct for data transmission. These CQI values may also
be used to detelinine an appropriate packet format for each spatial
channel an each subband. However, sending all M. N COI values to base
station 110 May consumc a significant amount of uplink resources.
[00421In au aspect, differential encoding may be used to reduce the
arimunt of channel state information to send. Differential encoding
refers to conveying differences-between values instead of actual
values. If the variation in the values is small relative to the
actual values, then the differences may be conveyed using fewer bits
tham the actual values. Differential encoding may provide good
performance while reducing signaling overhead. Differential encoding
may be perforrned on CQI values acroas spacc, acrosa frectimnoy,
across space and frecluency, aeroas space, frequency and tithe, of
across some other combination of-dimensions. [0043]Table 1 lists
Afferent information that may be sent for CQIinformation. A full CQ1
value may also be referred to as a :CQI value, a pivot CQI value,.an
actual CQI value, etc. A differential CQI value may convey:the
difference between two ftill,CQI values(cg.,, Y or AX) or the
difference between two differential CQI values (eig., A)', AAX or
Atai) In general, differential CQI infonuation may comprise any
information inclicatiVc of differences iniell and/or differential CQI
values, e.g., AX, AY, AAA', and/or MY in Table 1. Table 1 Symbol
Description  Full CQI value (e.g., an SNR value) for a spatial
channel on a: subband.  



Derence in CQT values thr two spatial channela on lc same subband. AX
Difference in CQI values for a given spatial channel on two subbands.
AY Difference in Y values for two subbands, MK Difference in AX
values for two im. intervals. MY Difference in AY values for two time
intervals.  100441For differential encoding across space, one spatial
channel may be a designated spatial channel, and the rambling spatial
channels may be non-designated spatial channels. A full CQI value may
be provided for the designated spatial channel,  9 and a differential
CQ1 value May be provided for each non-designated spatial channel or
for all non-designated spatial channels. For differential encoding
across frequency, one subband may be a designated subband, and the
remaining subbands may be non -designated subbarids. A full CQ1 value
may be provided for the designated subband, and a differential CQI
value may be provided for each: non-designated subband. For
differential encoding across time; one time interval may be a
designated:time interval, and one or more other time intervals may be
non-deSignated time intervals, A full CQ1 value May be provided for
the d'esignat'ed time interval, and a differential CQ1 value may be
provided for each nori-deSignated tithe interval. A designated
Subband may also be referred to as a primary subband, a preferred
subband, a reference subband, etc. A designated spatial. ehannel and
a designated time inteml may also bereferred:to by other terms.
[004S1FIG. 3A shows a design of .differential CQI encoding across
space for two spatial Channels On one subband In thiS example, a CQI
value of X, iS obtained for desipated spatial channel a, and a CQ1
value of.Xii is obtained for non-designated spatial Channel h.
Terminal 150 (or a transmitter) may derive and send the following CQI
information: X=XandEq (I) y 



100461Base station 110 (or a receives) may receive X and Y from
terminal 150 and may derive the original CQ1 values, as follows: X"
=X ,andEq (2) X.67=X+Y 100471The CQ1 values derived byliase 'station
110 may not exactly metallic CQI values obtained by terminal 150 due
to quantization of X. ead E For simplicity; much of the following
description assumes no quantization error. [00481FIG. 3B shoWs. a
deign of differential CQI encoding across frequency for one spatial
channel on two subheads. In this example, a CQI value of YI is.
obtained for the spatial Channel an designated subband 1, and a .01
value of i.s obtained for the  10 same spatial channel on
non-designated subband 2. Terminal 150 may derive and send the
following COI information: X = X,and Eq (3)    [00491Ba,w station 110
may receive Xand AX from te.nninal 150 and may derive the original
COI values, as follows: Xi =X andEq (4) 



X2 = X 4 V I00501Differential CQI encoding across frequency may be
used if a single data stream iS sent on a single spatial channel. in
this case, a differential CQ1 value may not be needed for another
spatial channel. 10051]FIG. 3C shows a design of differential CQ1
encoding across space and frequency for two spatial channels on two
subbands. In this example, a CQ1 value of Xi, is obtained for
designated Spatial channel a and a CQI valueofXu, is obtained for
non-designated spatial Channel b on designated subband I, CQI values
of 4k2', and X2b arc obtained for spatial channels a and b,
respectively, on non-designated subband 2. Terminal 150 may derive
the following CQI information: Xli, ,E4(5) Y =Aft - X," AX = X,, -
rk, , and y Y,= (X2b, Y, where Y1 and Y2 are differential CQI values
for spatial channel b on subbands 1 and 2, respectively, Terminal 150
may send X and Y as CQI information for subband 1 and may send AX and
AY as CQI information for subband 2, [0052]Base station 110 may
receive X, Y, AXand AYfrom ten nil 150 and may derive the original
CQI values, as follows:  11 = X ,Eq (6) X = X  Y X2" = X 4- AX , and
X22= X + AX +Y AY . 



[00531In the design shown in equation (5), differential encoding is
performed across Space first and then across frequency. Differential
encoding may allio he performed across frequency first a,nd then
across space. [00541FTC. 3D shcrwsa design of differential CQI
encoding across spatial, frequency, and dine for two spatial channels
on two subbands in two time intervals. In time interval 1, CQI values
of Xthand XL, are obtained for spatial channels4i and b on designated
subband 1, and CQ1 values of and X26 are obtained for spatial
Channels a and b on noikdesignated subband 2. In timeintenral 2, opt
values of 4" and 46 are Obtained for spatial channels a and b on
subband I, and .CQI values of .4" and Xa'i, are obtained for spatial
channels a and b on subband 2. Temiinal 150 may derive CQI
information for time interval 1 as shown in equation set (5).
100551Terminal 150 may derive CQ1 information for time interval 2, as
follows:  Eq (7)  AY' = yr- = (4, - Xfs)-(.X, - XL) , ); and Art St.
MY = AY; -AY T.; (Y; y) (Y2 -"Y;) 'Thrs =(AI- )- (XL XL) -(X,b -
.212.) (Xu, - XL) where AX is the differencein CQLvalues for spatial
channel?) on subband I in two time intervals, 



AY' is the difference in Y values, for spatial channel b on subband 1
in two time intervals,  12 A.AXis the difference in AX values for
spatial channel a in two time intervals, and AAY is the difference in
AY values for spatial channel 17 in two time intervals. [00561For
time interval I, terminal 150 may Send Xand Y as CQI information for
subband 1 and may send &Vaud A Yas CQI information for subband 2. For
time interval 2, terminal 150 may send AX` and AY as CQI information
for subband I and may send AAXand AA Y aS CQI information for subhand
2. [00$71Base station 1 10 may receive X, Y, AX and A Yfrom terminal
150 in time interval 1 and may reeeive; AAP', AY', AAX and ii\LAYIn
time interval 2. Base station 110 may derive the original CQI values
for time interval 1 as shown in equation set (6). Base station 110
may derive the original CQ1 values for time interval 2 as fellows:.
Eq (8) =AX AAA-  and AX + AAX + AY + AA Y = + Y Air -I- AY 1110581In
the design shown ih equation (7), differential micedinaiS performed
acrbss space firSt, then across frequency, and then act:asst.-line.
Differential encoding may also be performed across frequency first,
then across space, and then across time 1.00591 For simplicity, FIGS.
3A through 3D show differential encoding for two spatial channels,
two subbands, and two time intervals, Differential encoding may be
extended to any number of spatial channels, any number of subbands,
and any number or time intervals. [0060]Differential encoding across
space for more than tWo spatial channels may be performed in various
manners. Inane design, the CQI Values for the spatial channels are
assumed to be linearly related by a common Yvalue. Thus, if
designated spatial channel a has a CQI value of 21; then spatial
channel b has a CQ1 value ofX-tY, spatial channel c has a clQI value
ofX423 spatiaiehannel d has a CQI value ofX+3Y, etc. A single Y value
maybe sent for all non-designated spatial channels. In anrither
design, a separate Y Value:may be computed for each non-designated
spatial channel relative to the designated Spatial channel Or an
adjacent spatial channel. For example, if spatial channelsa, b, c and
d have CQI values of Z Xi" X. and Act, respectively, then Y values
13 for spatial channels b, c and d may be computed as n. X11 -.X<.
Ira= Xa - Xi?, and YuXfr, respectively. TheYc and Yd values may be
sent for spatial channels b, 



c and 6/, respectively. In yet another design, a separate rvaluc may
be computed for each non-cieSignatedspatial channel. A single index
May then be sent to convey the values for allnon-designated spatial
chatutels, Different combinations. of Y values may bedefined and
stored in a look-up table, The sinale index may indicate a specific
combination of V values in the look-up table that most closely
matches the sot of computed Y values. The Y values for multiple
non-designated spatial channels may also be conveyed in other
manners, For simplicity, much of the following description assumes
one non-designated spatial channel. [00611In general, any number of
bits may beused for each piece of infbahation included in the channel
staM infortnation. The.following notation is used in the description
below: Nx neater of bits for a full CQI value X, Ny - number of
bitstbr a differential CQI value Y, Nw - number of bits for both
differential CQI values AX and Al', Nz - number of bits for spatial
state information, and Ns - number of bits to indicate a designated
subband, which is N.logz: Ni.. [0021The number of bits to use for a
given piece of lamination may be selected based on a tradeoff between
the amount of detail or resolution for the information versus
signaling overhead. In one example. desta, Nx = 5, My = 3, N w = 4 ,
N. 2 fin- :2-layer MIMO with Mt 2 , and Nz =4 for 4-layer MIMO with M
= 4. Other values may also be used for Nx, Nv, Nw, and Nz.
[00031Various reporting schemes may be used to send channel state
information in an efficient manner. Some reporting schemes are
described below, [00641FIG. 4A shows a first reporting scheme that
uses differential CQI encoding across space and independent encoding
for each of theN subheads. In this scheme, a full CQI value X", a
differeMial CQI value Y," and spatial state information may be sent
for each of the N subbands, A CQI repoit for all N subheads may
include  N -(N, Nx My ) bits. The ftill COI value and the
differential CQI value Y" for each subhead n may be deleittiaed as
shown in equation set (1).  14 



100651A second reporting scheme uses differential CQI encoding across
space and independent encoding for a subset of the N subbands. This
subset may include sUbbands and may be identified by an.Nybit
.subband set index, where.i and NL >1. For example, if themare eight
subbands and upt& three consecutive stibbands may be reported, then
Ni may be equal to,ftve.. In this:scheme, a full CQI. value gn, a.
differential COI value YTh and spatial state information may be.sent
for each Of the L :subbands. A CQI repcirt for the L Subbands tiny
include II, (Ni Nx +NO + NL kits. 100661CQI information May also' be
sent for different Subsets of subbarids in different time intervals.
For ekample; the N Subheads Maybe Cycledthrough, and CQI information
for one stibband may be sent with NzNy bits in. each time interval.
CQI in:for/nation for More than one:subband may also be sent iP each
time interval. [00671A third reporting scheme:uses differential CQI
encoding across :space, independent encoding for the:N subbands, and
common spatial Ste information leir all N sabbtands, For each
subband,a set:ef spatial channels (04., a ser.of antennas or a set.
of precoding vectors) thatprovidesthe..best performance (e.g" the
highestoverall throughput) for thatsubhand May be determined. The
besCspanal Channel se from among N spatial channel sets for the N
subbands May be Selected and used as a common spatial channel set for
all N spatialchannels. Alternatively, a spatial channel set that
provides the: hest pertbmiance averaged over alt N subbands: may be
selected as the. common spatial channel:set. Full and differential
CQLwaluesmay be derived, based on the common spatial channel set.. A
CQI"report for all N subbands may include Nx N (N -I-Ny) bitS. The
common .spatial, state information may also comprise other
information instead of or in addition to the common spatial channel.
set In another design, spatial State liffortnation May be reported
for a. particular unit (e.g" each subband), and CQI information may
be averaged and reported for a lamer wilt (e.g., multiple spatial
state reporting units). The CQI reporting unit may thus be larger
than thespatial state reportingunit, e.g., infrequency,
100681FIGAB:shows. a fourth reporting scheme, Which uses:differential
CQI encoding across space and frequency.. hi this scheme, a full CQI.
value Xt, a differential CQI value 1...", and spatial State
information maybe provided for designated subband and may be sent
with Nt+.(Nx + Ny) bits, The: designated subband may be a
predetermined subbandsuhband 1), the subband withAlie best
performance, etc. If the designated subband is not fixed, then 1'.4.
bits may be sent to indicate which subband.  15 is the designated
subband. Differential MI values AX and AY may be derived for each
non7designated subband based on the common spatial state information
(e.g., a common spatial channel set) and sentfor that subband. A CQ1
report for all N subbands may include+ (Nx N) (N. 1) NW. + NS bits.
[00691In one design, differential CQ1 encoding across frequency is
achieved by taking differenees between adjacent subbands. In this
design, differential CQ1 information fora non-designited subband /I
may include differential CQI values 



AX" X"and AY"- Y between subbands nand n-.1 or differential CQI.
values AX, = X" XAY" =betweerisubbands n and n+1. [0070]A CQ1 report
may include different pieces of information in various formats. The N
subband indices may be arranged in a monotonic manner so that
stibband 1 occupica the lowest frequency range and subband N occupies
the highest frequency range in the system band width,as shown in
P10.2. If sabband is the designated subband, then the first NS bits
may convey the designated subband index e, the next blz bits may
convey spatial state information for subbing' 6, and the next
(1\1:0-Ny) bits may convoy the full CQI value Xt and the differential
CQI value Ye.for sub bandt. The next Nw bits may convey differential
CQ1 information (e.g., &lc; and A.4,1) between subbands e and 1+1
across space and freqUency, The next Nw bits may convey differential.
CQ1 information between subbandsand E4-2 and so on, and Nw bits may
Convey differential CQI information berween subbands N-I and N. Then,
the next Nw bits may convey differential CQ1 information beieeia
subbands t and e.-1, the next Nw bits may convey differential CQJ
information between subbands 1-4 and 1-2, and so: on, and the last Nw
bits may convey differential CQI information between subbands 2 and
1. [00711The first three columns of Table 2 show a design of
differenfial CQI information for differential encoding between
adjacent subbands. In this design, the differential CQI information
for each non-designated subhand n includes N. 4 bits and jointly
provides 0)a differential CQI value AX,, between subbaud /2 and an
adjacent subband for the designated spatial channel and (ii) a
differential CQ1 value Al`s, for the non-designated spatial channel.
The CQI value breach spatial channel on each subhead may be
determined as shown in equation sets (5) and (6).  16 Table 2
Differential between adjacent subbands 



Differential from designated subband  Index AX" AY, Index AX" AY,: 0
0 -')   ...:7 1 -2 1 1 ..2 -7 



2 -1   0  3 0 -2 4 1 -I 4 +1 -2  



+2 1 5    -2 0 ' 6   7 -I 0 7 -1   0 



0  P - i   0 9 -3  10 +2 0 10 -2 0  11 -2 



+1 11 -1  12 4 +1 12 0  13 0  13  +1 14 +1 +I 



14  +1 15   15 -I +1  100721In another design, differential 'CQI
eneoding across frequency is achievedby taking differences with
tespecttothe designated sUbband. Inthisdesign, differential CQI
information for a non-designated subband n.may include differential
CQI values      X".and AY, Y, - Y between designated subband f and
non-designated subband 17. 100731If stibband e is the designated
subband,. then the first. Ns bits may convey the designated subband
index ,e, the next Na bits may convey spatial state information for
subband I!, and the next(l\l+Ny.) bits may convey the .full CO1 value
X; and the differential CQI value Y..$ for subband 5. The next Nw
bits.may convey differential CQI information (e.g.. AXe". and Alc.";
) between subbands. and 1-1. across space and. frequency. The next Nw
bits may convey differential CQI informOon.betwepn subbands  and
.e+2, and so on, and Nw bitsmay convey differential CQI information
between subbanda e and N. Then, the next Nw. bits may COuvey
differential CQI  17 



information between subbands land 4!--1, the next Nw bits May convey
differential CQ1 information between subbands and e-:2, and SLY on,
and the last Nw bits may convey differential CQI information between
subbands /2 and 1. [0074]The last three catmints of Table 2 show a
design of differential CQI information for differential encoding with
respect to the. designated subband. In this design, the differential
CQI information for each non-designated subband it includes = 4. bits
and jointly provides1i) a differential CQI value AX" between subbands
e and n for the designated spatial channel and (ii) a differential
CQI value AYthe non-designated spatial channel. If the designated
subband has the best ',effort:name and is used. as a reference for
the unit-designated subbands, then the differential CQ1 value AX" for
each non-designated subband should:be a non-positive value. The CQI
value for each spatial channel on each subband may be determined as
shown in equation sets (5) and (6). [0075]Table 3 shows another
design of the differential CQI information for differential encoding
with respect to the designated subband for N w =3 bits. Table 3 Ind&
AX" Alc 0 ..2.   
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-1-1  [00761Tables 1 to 3 show some exainples of joint encoding for
differential CQI values AX" and AY, . Other joint encoding designs
may also be used. [00771A CQI report may eonvey CQI ink:Intuition for
all N subbands., e.g., as shown in FIG. 48. A CQI report may also
convey COI information for a subset of the N subbands. M one design,
a COI report for Ca even date interval may include a full CQ1 value
Xe, a differential CQI value Y., and spatial state information for
the  18 designated subband e and may be sent with Ns + Na (bf Ny)
bits. A COI report for an odd time interval May inblude differential
COI values AK arid AY for each non-designated subband and may be sent
with (N 0  N, bits. If there are many subbands, Men the COI
information for the nonmicsignated subbands may be sent in multiple
time intervals. The CQI information for the designated arid
non-designated subheads may also be sent in other manners. NM]FIG, 4C
shows a fifth reporting schette, which uses differential COI encbding
aeross space, frequency and time, Differential encoding may be
pm-fanned across time (e,g, across consecutive reporting intervals)
if the wireless channel varies slowly. In this scheme, A COI report
contaihing space4equency CQI information may be sent every?? time
intervals,, Where P-I, The space-frequency COI information may
comprise CQI informati on. generated for one or more. spatial
channels on one or More. subbands based on any of the schemes
described:Above. For example, the space-frequency COI intimation may
Comprise Nz (N, 4- N)+ (N I)  N" +.Ns bits for COI information
generated for two spatial channels on N subbands based on the fourth
scheme described above. The space-frequency COI information may be
sent in one, time interval or possibly multipk time intervals, as
discussed above. One or more COI reports containing. temporal
differential COI information may be sent in time intervals between
those With space-frequenby CQI information. The temporal differential
.CQI information in each COI report may be generated with respect to
COI information for a previous COI report. The temporal differential
COI information may comprise AXand AY for the designated subband and
&VaudLAY fer dadb non-designated subband being reported. The AX, AY,
AeiKand AA/7 values may be derived as described above for FIG. 3D. A
change in the designated subband may be made every.P time intervals.
[00791The first through fifth reporting schemes 'described above
assume that multiple spatial channels are available. If a single
spatial channel is used, then differential encoding may be performed
across frequency, and differential COI value may be omitted. &values
may be sent with fewerbits since only difference across frequency
(and not across space) 'is conveyed. Differential 'encoding may also
be performed across frequency and tune. TheAX and AArvalues may be
sent with fewer bits if differential encoding across space is not
performed. f0Q80JIn general, the COI information and thespatial state
information may be reported at the same tale or different rates. The
spatial state information may be  reported at one rate, and the CQI
information maybe reported at a second rate, which may be slower or
faster than the first rate. 



[001]Channel state information may be generated and reported based on
a configuration, whibh may be selected for terminal 150 and may be
changed in a: semi-static manner via Signaling. 113 one desigp,
channel state information may be obtained for the designated stibband
and repOrted. In another design, channel state inforthation May be
averaged over all subbands (e.g., based on a channel capacity
function), and the average channel state information. may be
reported. If the average channel state information is reported, then
differential CQ1 information may be obtained with respect to the
average CQ1 information, Furthermore, there is no need to convey the
designated subband. 100821The spatial state inforrnation may
bedependeht oh preference ofterminal 150. In one design, the
criterion used to select a 'set of spatial channels (or a set of
antennas) may be based on the:average channel characteristics of all
subbands. hi another design, the en-lotion may be based on the
channel aarapteristics of the designated subband. 00831In one design,
terminal 150 may =name channel state- infommtion based on a selected
reporting scheme and report channel state lamination on a continual
basis in each:reporting interVal. This design ny be uSed, e.g., when
terminal 150 has a serviee duration covering one or few report
intervals. 100841In another design, terminal. 150 may generate and/or
report channel state information in different manners during
Me:service duration. This design may be used, e.g., when the service
duration is much longer than the reporting interval.150 May transmit
multiple packets 'during the SerVice duration and may select a
suitable packet forthat and a suitable set of -spatial channela for
each packet transmission. A packet transmission may span one or
multiple reporting intervals. A desipated subband may be selected for
each packet transmission and may change from packet transmission to
packet transmission. The subband selection may persist for each
packet transmission. In this case, theindex of the designated subhead
may be omitted in CQI reports sent during the packet transmission.
100851Terminal 150 may operate inane Of several Operating modeS, such
as a scheduled mode and an unscheduled mode, at any given moment. In
the scheduled mode, terminal 150 May be :scheduled for transmission
on the downlink and may have a persistent subband allocation that is
known by both the terminal and the base station. In  the scheduled
mode, it may be clesirable.to accurately report average channel
state. information for thealloeated subband(s) rather than
inaccurately report channel smte intbrination for all of the
stibbands. In the unscheduled mode, terminal 150 may not be scheduled
for transmission on the downlink and may not haven persistent subband
allocation. In the unscheduled mode; it may be desirable
tomportehanneTstate information for as many subbands 'as possible"
Terminal 150 may itranSition between the scheduled.artd..unscheduled
modes depending on whether theterminal is solieduled for
transmission. For. example; terminal. 150 may operate in the
scheduled mode daring ht.. service duration and may operate in the
unscheduled mode outside of its service duration. 100861In another
aspect, a heterogeneous reporting scheme is used, and terminal .150
may sendidi fferent, channel state information depending on itS
Operating Made. In the scheduled mode; terminal 150 maygenerate:a
full CQI value...17mM a differential CQI valtie.Y on the-basis of the
overall or average Channel charaeteristics.of the allocated
subband(s). Terminal 1.50 may convey the full CQI value, the



generate CQI information based onithe fifthrepotting scheme in Fla 4C
or some other scheme. Terminal 150 may reportichannelstate
information at lower rate or less frequently in order to. reduce
signaling. overhead. R10881FIG. 5 illustrates the heterogeneous
repordng -scheme. Terminal 150 may operate.in the scheduled -mo.de
between times Ti and T2., 'During this time period, terminal 150 may
determine channel state information (e.g., average CQ1) for only the
selected subband(s) and may report channel state information more
frequently; e.g., at a rate of once every Tito seconds Terminal 150
may operate in the unscheduled mode betweentimes T2 and T3. During
this time period, "terminal.] 50 may determine channel state
information for all N subbands (e.g., CQI for eachsubband) and may
report  channel state information less frequently, eg., at a rate of
once every Tii,p2 seconds, Where Tcro, > Z01- [0089]'MG. 0 shows a
deSign ora process 00 for reporting (Manuel state information with
differential encoding across. space.and frequency. Spatial state.
information may be determined for multiple spatial channels on
multiple subbands (block.612). The multiple spatialchaithels.inay.
cottespond tO. Multiple antennas seleeted from ainong. a plurality.of
antennas available.for transmission. The spatial state. information
may then convey the sclocted.arnennas The DIM-00e spatial channels
may also correspond to multipleprecoding vectorsselected from among a
plurality or precoding vectors available for :transmission. The
spatial state information may then -conveythe selected precoding
vectors. The spatial state informatiemmay convey multiple spatial
thannelS 'for each subhead, for-each:set of .subbantkot for all
subbands. [00901CQI values May be Obtained for the multiplespatial
channels, on the multiple subbands (block 614)" The CQI values may.
correspond to SNR estimates or sonic other measure Of received signal
:quality, The CQI values may be differentially encoded across the
multiple spatial channels and the multiple sttbbands to obtain
differential (.01 information (block 616). The.differential OQI
information may comprise any .ofthe inforinatien shown in Table I
(cig:, AX, 1SY1 MX, and AAY) and/of sortie other information. The
differential -COI inforthation and the.spatial state information may
be sent as feedback (Nod 618). 100911For block 614, the CIQI values
may be difibrentiallycncoded across the  multiple spatial Channels
and the multiple :slit:Mantis with respect marefetence OQI value.
This reference CQI..value may be a: COI value for atiesignatedspatial
channel on  designated stibband, an average C.Qt value for all
spatial channels On the designated subband, an average CQ1 value for
all spatial channels and all SUbbands, eie. The reference MI value
may be sent with the differential CQI infOrmation. [00921The
differential encoding in: block 614 may be performed in various.
manners. The CQIvalues may be diffcrentiallyencoded across the
multiplespatial channels first and then across the.. multiple
subbands, Alternatively, the agvalnes may be differentially needed
across the multiple stibband"s first and then across themultiple
spatial channels. [.0093]The multiple spatial channels may comprisea
designated spatial channel and at leastonenort-designated spatial
channel. Themultiple subbands may comprise a designated subband...and
at leastone non-designated stibband. At least one differential  WO
2007/112371PCT/US2007/064962 CQ1 valueYn) may be determined for the
at least Onc:non-desicnated spatial channel on each subbarld based on
CQI. values for the spatial channels on thatsubband. For each



Channel on that non-designated subbandand at least one differential
CQI value (e.g.,     or 11,,,,) for the at least: one non-designated
spatial channel on either the designated subband or an adjacent
subband may .also be determined. For each non-designated subband, the
differential CQI value (e.g., AX,,) for the designated spatial
channel and the at least one differential CQI value (c.g" AN for the
at least one non-designated spatial channel may be mapped to an
index, which may be sent as 'the, differential CQI information for
that non-designated subhead. [00941FIG. I shOws a design Of an
apparatus 700 flar reporting channel state information with
differential encoding across space and frequency. Apparatus 700
includes meanstor determining spatial state informatimi for multiple
spatial channels on multiple subbands (module 712), means for
obtaining CQI values for the multiple spatial channels on the
Multiple subbands (module 714), means for differentially encoding the
CQJ values across the multiple spatial channels and the multiple
subbands to obtain differential CQI information (module 716), and
means for sending the differential CQI information and the spatial
state information as feedback (module 718). M odules. 712 to 718 may
comprise processors, eleetronies.devices, hardware devices,
electronics components, logical circuits, memorieS,.eic., ally
combindtiOn thereof 00951FIG. 8 'shows a:design eta 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 (block
81.2). CQI values may be obtained for the multiple spatial channels
an the multiple subbands in multiple tithe intervals (block 81k). The
CQI values may be differentially encoded across the multiple spatial
channels,. the multiple subbands, and the multiple time intervals to
obtain differential CQI infOimation (block 816). The differential CQI
information and the spatial state information may be sent as feedback
(block 818).  WO 2007/112371PCT/US2007/064962 10096]For block 816,
the CQI values may be differentially encoded across the multiple
spatial channels and the 'multiple subbands in each time. interval to
obtain differential COI values (e.g., Y, AX, =TAY) for that time
interVal. The CQI values may be differentially encoded across the
multiple spatial channels first and then across the multiple
subbands. The multiple time intervals may comprise a designated time
interval and at least one non-designated time interval. For each
nomdesignateti time interval, differences (e.g., AAX and AAY) between
the differential CQ1 values for that lion- deSigiated dine interval
and the differential CQ/ values for a preceding-time interval may be
determined. [0097]For bloat 818, the differential CQI values (e.g.,
), AX, AY, etc.) for the designated time interval may be sent
as:differential CQ1inthunation for the designated time interval, The
differences in differential CQI Values (e.g., MX; AAY, etc.)
determined for each non-designated time interval may bosom
differential CQT information for that non-designated time interval.
[0098]FIG. :9 shows a design of an apparatua 900 fcir reporting
channel state information with differential encoding across space"
frequency and time. Apparatus 900 includes means for determining
spatial state information for multiple spatial channels on multiple
subbands (module 912), means for obtaining CQI values for the
multiple spatial chatinels on the multiplesubbands in multiple time
intervals (module 914)7 means for differentially encoding the CQ1



comprise processors., electronics devices, hardware devices,
electronics components, logical circuits, memories, etc., or any
combination theregf. [00991FIG. 10 shows R design of a process 1000
for heterogeneous reporting of channel state inforMation. CQI
information may be reported in accordance with a first reporting mode
While in a first operating Mode, e.g., a schodukd Mode (block 1012).
CQI informatien may be reported' in accordance with a.seco.nd
reporting mode whilein a second operating rnode,.e:g;, a unscheduled
mode (block 1014). The CQI.infothrntion may be sent at a first rate
in the first reporting mode and may be sent at a second rate in the
second reporting mode. The second ratdmay be slower than the first
rate.  [0.01001 For the first reporting modc,'CQI values may be
obtainedfor 'multiple, spatial channels on At least one subband
selected front among multiple sabbands available for transmission.
The CQI'values may be differentially encoded across the multiPle
spatial Channels and the at least one.selected stib:band to obtain
the CQI information for the first reporting mode. The C.QI values may
be averaged across theseleeted subband(s), and the average CQI values
for the multiple spatial 'channels may be differentially encoded.
1.001011 Fantle second reporting.mode, CQI.values..maybc.obtained for
multiple spatial channels on multiple subbabds'available for
transmission. The CQI values may be differentially eneoded.acrciss.
the multiple 'spatial channels and the multiple subbands to obtain
the CQI information for the second reporting mode, 1001021 FIG. it
shows a design of an apparatus. 1100 for heterogeneous reporting of
channel statoinformation. Apparatus IWO includes:means:for reporting
CQ1 information in accordance with a firstreporting mode whilein a
firstoperating mode.e.g., a scheduled mode (module 1112), and means
for reporting CQI information in accordance with a second
repOrtingmode while: in a Second :operating mode, e,g." a.
uriselieduled Mode (nodule 1114). Module's 1.112 and 1:114May'coriSe
processorS, *conics devices, hardware devices, electronics
components, ogical circuits, memories, et;, or any combination
thereof [061031 An OFDMA system may-be able teachieve substantial
gainthrough subband scheduling, 'However, the number of ,aubbands in
the systentmay notbe Space,frequency differential CQ.1. encoding
(e.g," the fourth reporting sehethe in FIG. 4B) or
space-frequencY-tithe differential CQtencorling.(e.g., the fifth
reporting scheme in FIG. 4C) may be able to reduce feedbUek overhead
in MhMO-OFDMA operation. The data streams may be sent withspatial
diversity, e.g.,nsing antenna permutation, prceoding,ett. Thespatial
diversity may result in'smaller SNR variations between adjacent
subbands than for a. Single-input .singlegnstput (SIS) transmission,
ma smaller SNR variation may make two-dimensional differential
encoding. acroasSpace and frequency more effective. 1001041 The
techniques described herein May be finplernented by various. means_
For example, these techniques may be implemented in hardware,
firmware; software, or a combination thereof For a hardware
implementation, the processing units used to' perform the techniques
may be implemented within one or more application specific integrated
circuits fAS1Cs), digital signal processors (DSPs)., digital signal
processing devices (DSPDs), programmable logic devices (PLDs).,
field.programmable gate arrays  25 (FPOAs), processors, controllers,
initro-coranallers, microprocessors, electronic devices, other
eleetronie units.designed to perform the functions described herein,



26 CLAIMS 1.Arrapparzitus comprising:       a processor torifigured
to obtain channel quality indicator (C.01) values for multiple
spatial channels on. multiple Subbands, to.differentiallyencode the
CQI values, across the mill tiple spatial channels and the Multiple:
subbandS to obtain differential CQL infOrtilatioh, and to Si:m-4 the
differential CQI information as feedback; and. a memory coupled to
the processor. 2..Ti e. apparatus of claim 1,-Wherein. the:processor
is configured to differentially encodethe CQI values across
themultiple spatial channel-sand the multiple subbandi With
respect.to' a reference OQI value,. and to send the reference CQI
vain& With the differential CQiinforrilation. 3,The apparatus of
claim 2, wherein the reference CO1 value is a CQI value for a
designated spatial channel on a designated ,subband. 4.The apparatus
of' el aim 2, -wherein the reference CQI value is an average CQI
value for tilt multiple spatial channek and the multiple subbauds.
The apparatus of claim 2, wherein the reference CQl value is an
average CQI value for the multiple spatial channels on 4:designated
subband.       6. The apparatus of claim 2, wherein the reference CQI
value is an average CQI value for a designated spatial channel on the
multiple subbands.       7. The apparatus of claim 1, wherein the
processor is configured to differentially encode the CQ1 values
across the multiple spatial channels first and to differentially
encode the CQI values across the multiple subbands next.       8. The
apparatus of claim 1,,.whereinthe processor is configured to
differentially encode the CQI. values across theitultiple subbanda
first and to differentially encode the CQI values across the multiple
spatial channels next.  /7       9. The apparatus of claim I, wherein
the multiple spatial channels comprise a designated spatial channel
and at least one non-designated spatial channel, Wherein me multiple
subbands comprise a designated subband and at least one
non-designated subband, and wherein the processor is configured to
send differential CQI information for each non-designated subband.
10. The apparatus of claim 9, wherein the processor is configured to
determine at least one differential CQI value for the at least one
non-designated spatial channel on each subband based on COI values
for the multiple spatial channels on the subband. 



ii.The apparatus 'of *int 10,.'Wherein for each non-designated
subband The processor is configured to determine..difference between
a CQI value for the designated spatial channel on the non-designated
stibband and. a CQI value for the designated.. 'spatial cbann.el on
the 'designated subband" .and.todeterroine differenet between at
least ona differential CQI. value for the:at least one
lion-desitatecl spatial channel on the nOrt-designated subbanrfand
'at leaSt One differential CQI Value for the at leastente non
designated' spatial channel On the designated subband,        12. The
apparatus of claim 10, wherein for each non-designated subband the
processor is configured to detemiine difference between ..a CQI value
for the designated spatial channel on the non-designated subband and
a CQI value for the designated spatial channel on an adjacent
subband, and to determine difference between at least one
differential CQI value for the at least one non-designated spatial
channel on the non-designated stabband and m least ono differential
CQ1 value for the at least one non-designated spatial channel on the
adjacent subband.        13. The.apparatus.of claim 9, Wherein for
each non-designated subband the. processor is configured to .obtain
differential CQI value far the designated .spatial channel, to obtain
at leaStone differential. CQI Value for the at:least one
non-designated snatial 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 indexas differential CQI. information for the
non-designated subband..  og       14. The apparatus of claim
i1wherein the processor is configured to determine spatial state
information for at least one of the multiple subbands and to send the
spatial state information as feedback:       15. The apparatus of
claim 14, wherein the multiple spatial channels correspond to
multiple antennas selebted from among a plurality of antennas
available for transmission, and:wherein the spatial state information
'convey the selected antennas.       16. The apparatus of claim 14,
wherein thettultiPle. spatial channels. Correspond to EMI tiple
preceding vectors selected from ainong .a plurality of pre.coding
vebtOrs available for transmisSion,.and wherein the spatialitate
information convey the selected preeoding vectors.       17. A method
comprising:       obtaining channel qualityindicaten(CQI) values for
multiple spatial channels:en multiple subbands:.       differentially
encedingthe CQI Values actosS:the multiple patial channel and the
multiple stibbaridS to obtain differential CQI information; and
sending the differential COI informationas feedback,       18. The
.method of claim 17, wherein the differentially encoding the COI
valUes"comprises differentially encoding the CQI values mess
the'iinultiplespatialehannels first, and differentially enceding the
CQI values across the multiple subbalids next. 



19. The method:of claim 17, wherein the.multiple spatial channels
comprise a.designated.spatial channel and at least onmon-designated
spatialchaimel, wherein, the multiple subbands"compriSe a designated
subband and at least one non-designated subband, and wherein
differentia-10X inforthation IS Sent for Oath non-designated:
subband.  29       20. The method of claim 19, wherein the
differentially encoding the CQI values eomprises, for each
Dorl-designated subband, obtaining a diffemmial CO value for the
designated spatial channel,       obtaining at least one differential
CQI value for the at least one non-designated spatial channel, arid
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 Man index.       21. An apparatus
comprising:       means for obtaining channel 'quality indicator
(CQ1) values for multiple spatial channels on multiple subbands;
means fordifferentially encoding the CQI values across the multiple
spatial channels and the multiple subhands ro obtain differential CQI
infonnation; ea.(' means for sending the differential COinformation
as feedback,       22. The apparatus of 'claim 21,..whemin the means
for differentially encoding the CQI values comprises       Means for
diffeientially encoding the 'COI values across themaltiple spatial
channels first, and meansfor differ,entklly encoding theCQI values
across themultiple subbands next:       23. The apparatus ofclahn
2.1, wherein -Me Multiple spatial. channels tontpriSe a designated
'spatial charimiland.arleast one non-designated spatial Channel,
wherein the multiple subbands comprise a designated subband and at
leas; one non-designated subband,. and wherein the means for
differentially encoding the .CQI values comprises; for each
non-designated subband,    :meansfotobtaining a di,fferentialCQl
Valuelor the.designated spatial dimmed, Means for obtairthiLeat least
One differential CQI Valbe for the at least one non-designated
spatial, channel, and       means for mapping the differential CQI
value for the designated spatial channel and the at least one
differential CQI valuefor the at least one non-designated spatial
channel to an index.  WO 2007/112371PCT1US2007/064962 



24. A processor-readable medium including instructions stored
thereon, comprising:       a first:instruction set for 'obtaining
channel quality indicator (CQ.1) values for multiple spatial channels
on muhiple subbands;       a second instmction Set for differentially
encoding the CQE values across the multiple spatial channels and the
multiple subbands to obtain differential CQI information; and a third
instruction set for sending he.differential CQI information as
feedback.       25. The process() eadable medium of claim 24, wherein
the secorid instruction set con-lariat:a       a fourth instruction
set for differentially encoding the CQI values across the multiple
spatial channels first, and       a fifth instruction set for
differentially encoding the CQ1 values across the multiple subbands
next.       26. The processor-readable medium of claim 24, wherein
the multiple spatial channels cornprise a deSianated spatial channel
and at least on non-designated spatial channel, wherein thc multiple
subbands comprise a designated subband and at least one
non-designated subhand, and wherein the second instruction set
comprises       a fourth instruction set for obtaining a differential
CQJ value for the designated spatial channel on each non-designated
subband,       a fifth instruction set for Obtaining, at least One
difibrential CQI Value 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 spatial
channel and the at least one differential CQI wine for the at least
one non-designated spatial channel on each non-designated subband to
an index.       27. An apparatus comprising: a prateSsor configured
to obtain channel quality indicator -(CQ1) values far multiple
spatial channels, to differentially encode the CQ1 values across the
multiple spatial channels to obtain differential CQ1 information, and
to send thedifferential.CQI inthnnation as feedback; and  31 a memory
coupled to the processor.       28. The apparatus of claim 27,
wherein the processor is configured to obtain the CQI values for the
multiple spatial channels on a subband selected from among a
plurality of subbands available for transmission.        29. The
apparatus of claim 27, wherein the processor is configured to obtain
the CQI values for the multiple spatial channels by averaging over
multiple subbands available for transmission. 



30. The apparatus of claim 27, wherein the processor is configured to
obtain CQI values For the multiple spatial channels in multiple time
intervals, and to differentially encode the CQI values across the
multiple spatial channels and the multiple time intervals to obtain
differential CQI information for each time interval.       31. An
apparatus comprising:       a processor configured to obtain channel
quality indicator (CQI) values for multiple spatial channels on
multiple subbands in multiple time intervals, to differentially
encode the CQI values across the multiple spatial channels, the
multiple subbands, and the multiple time intervals to obtain
differential CQ1 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 CQ1 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 to differentially encode the CQ1 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  32 each non-designated time interval the processor is
configured to determine differences between the differential CQ1
values for the non-designated time interval and the differential CQ1
values for a preceding time interval.       35. The apparatus of
claim 34, wherein the processor is configured to send the
differential CQ1 values for the designated time interval as
differential CQI information for the designated time interval, and to
send the differences in differential CQ1 values for each
non-designated time interval as differential CQI information for the
non-designated time interval.       36. A method comprising:
obtaining channel quality indicator (CQI) values for multiple spatial
channels on multiple subbands in multiple time intervals;
differentially encoding the CQ1 values across the multiple spatial
channels, the multiple subbands, and the multiple time intervals to
obtain differential CQI information; and sending the differential CQI
information as feedback.       37. The method of claim 36, wherein
the multiple time intervals comprise a designated time interval and
at least one non-designated time interval, and 



wherein the differentially encoding the CQI values comprises
differentially 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 CQI 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.
33       39. An apparatus comprising:       a processor configured to
report channel quality indicator (CQI) information in accordance with
a first reporting mode while in a first operating mode, and to report
CQ1 information in accordance with a second reporting mode while in a
second operating mode, wherein for the first reporting mode the
processor is configured to obtain CQI values for multiple spatial
channels on at least one subband selected from among multiple
subbands available for transmission, and to differentially encode the
CQ1 values across the multiple spatial channels on the at least one
selected subband to obtain the CQI information for the first
reporting mode; and a memory coupled to the processor.       40. The
apparatus of claim 39, wherein for the first reporting mode the
processor is also configured to average CQ1 values for each spatial
channel across the at least one selected subband to obtain an average
CQI value for the spatial channel, and to differentially encode
average CQI values across the multiple spatial channels to obtain the
CQI information for the first reporting mode.        41. The
apparatus of claim 39, wherein for the second reporting mode the
processor is configured to obtain CQI values for multiple spatial
channels on multiple subbands available for transmission, and to
differentially encode the CQI values across the multiple spatial
channels and the multiple subbands to obtain the CQI information for
the second reporting mode. 49.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 scheduled for
transmission and to transition to the second operating mode when not
scheduled for transmission. 



44. A method comprising:  34       reporting channel quality
indicator (CQI) information in accordance with a first reporting mode
while in a first operating mode comprising a) obtaining CQ1 values
for multiple spatial channels on at least one subband selected from
among multiple subbands available for transmission, and b)
differentially encoding the CQ1 values across the multiple spatial
channels on the at least one selected subband to obtain the CQI
information for the first 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. 


