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UPLINK CHANNEL ESTIMATION
USING A SIGNALING CHANNEL

{0001} The present application claims priority to provisional LLS, Apphication Serial
No. ©00/784,583, entitled “A METHOD OF UPLINK MIMO  CHANNEL
ESTIMATION THROUGH BROADBAND REQUEST CHANNEL TRANSMITTED
OVER MULTIPLE ANTENNAS" filed March 20, 2006, assigned to the assignee

hercof and incorporated herein by reference.

BACKGROUND
1. Field
{0002} The present disclosure relates generally to communication, and more

spectiically to techniques for performing channel estimation.

1I.  Background

{0003} A wireless multiple-access svstem may include Node Bs (or base stations)
that communicate with user equipments (UEs). Each UE mav communicate with one or
more Node Bs via transmissions on the downdink and uplink. The downlink (or forward
link} refers to the communication link from the Node Bs to the UEs, and the uplink (or
reverse hnk} refers to the communication link from the UEs to the Node Bs.

{0004]  The system may support multiple-input  multiple-ontput  (MIMO)
transmission on the downlink and/or uplink. On the uplink, one or more UEs may send
transnussions from multiple (T} transmit antennas 1o multiple {R) receive antennas al a
Node B. A MIMO channel formed by the T transmit antennas and R receive antennas
may be decomposed into C spatial channels, where Cimm{T, R} Improved
performance (e.g., higher throughput and/or greater reliability) may be achieved by
exploiting the spatial channpels formed by the multiple transmit and receive antennas.
j0005] Any number of UEs may desire to transmit data on the uplink to a Node B at
any given moment. Good performance may be achieved by selecting one or more
“compatible”™ UEs whose transnussions will interference with one another as ittle as

possible at the Node B, Compatibility may be determined by (1) estimating the channel
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response from each transmif antenna of each UE desining to transmit data on the uplink
to each receive antenna at the Node B and (i) selecting a set of transmit antennas with
channel responses that are most orthogonal to one another. The channel response for
each transmit antenna may be estimated based on a pilot sent from that transmit
antenna.  Pach UL desiring to transmit data on the aplink may be allocated radio
resources to transmit pilot from each antenna at that UE. However, a large amount of
uplink resources may be consumed for uplink pilots used for channel estimation 1o
select compatible UEs for MIMO transmission on the uplink.

{0006} There 15 therefore a need in the art for techniques to efficiently estimate

uplink channel responses for UEs without consuming excessive uplink resources.

SUMMARY

{00071 Technigues  for efficiently deriving uplink channel estimates  without
consuming much additional uplink resources are described herein. In an aspect, a UE
may send a request for uplink resources on a request channel (REQCH) whenever the
UE desires to transmit data on the uplink. The UE may send the REQCH from multiple
antennas either simultaneously or in a time-switched manner, ¢ g, from one antenna in
each time interval. The UE may also send the REQCUH on a set of subcarriers that may
be distributed across one or more subbads or possibly eatire system bandwidth. The
UE may send REQCH data on data subearriers and pilot on pilot subcarriers.

j0008} A Node B may receive the request sent on the REQCH by the UE and may
estimate the complex channel gains for the pilot subcartiers based on received pitot
symbols. The Node B may coherently demoduatate received data symbols from the data
subcarriers based on the channel gain estimates. The Node B may also estimate the
complex channel gains for the data subcarriers based on demodulated data symbols,
which should be veliable since the UE may be scheduled for uplink transmission only if
the request from the UE can be correctly decoded by the Node B. The Node B may
then derive a channel estimate for each antenna al the UE based on the channel gan
estimates for the pilot and data subcarriers used for the REQCH. The Node B may use
the channel estimates for the multiple antennas at the UE for various purposes such as
selection of UEs for uplink MIMO transmission, subband scheduling, rate selection, etc.
{0009} Various aspects and features of the disclosure are described in further detail

below,
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BRIEF DESCRIPTION OF THE DRAWINGS
{0010} FIG. 1 shows a wireless conumunication svsten.,
{0011} FIGS. 2A 10 20 show subcarrier structures for LFDM, IFDM, and EFDM.
{0012} FIGS. 3A and 38 show two data and pilot structures.
j0013} FIG. 4 shows aplink transnusston of signaling and data via two antennas.
[0014} FIGS. 3A to 5C show three data and pilot pattemns for the REQCH.
{0015]  FIGS 6 and 7 show a process and an apparatus, respectively, for a UE.
{0016} FIGS. 8 and 9 show a process and an apparatus, respectively, for a Node B.
j0017] FIG. 10 shows a block diagram of a Node B and two UEs.
j0018} FIG. 11 shows a block diagram of a transmit {TX) data and signaling processor.
{0019} FIG. 12 shows a block diagram of a receive (RX) spatial processor and an

RX data and signaling processor.

DETAITLED DESCRIPTION

{0020} FIG. 1 shows a wireless communication system 100 with multiple Node Bs
110 and multiple UEs 120, A Node B is generally a fixed station that communicates
with the UEs and may also be referred 1o as an evolved Node B (eNode B), a base
station, an access poiat, ete. bach Node B 110 provides communication coverage for a
particular geographic area and supports communication for the UEs located within the
coverage area. The term “cell” can refer to a Node B andfor s coverage area
depending on the context in which the term is used. A system controller 130 may
couple to Node Bs 110 and provide coordination and control for these Node Bs. System
controller 130 may be a single network entity or a collection of network entities, e.., an
Access Gateway (AGW), a Radio Network Controlier (RNC), ete.

j0021] UEs 120 may be dispersed throughout the system, and each UE may be
statiovary or mobile. A UE may also be reterred to as a mobile station, a mobile
equipment, a terminal, an access terminal, a subscriber unit, a station, etc. A UE may be
a cellular phone, a personal digital assistant (PDA), a wireless commumcation device, a
handheld device, a wireless modem, a laptop computer, etc.

j0022]  The technigues described herein may be used for various wireless

communication systems such as Code Division Multiple Access (CDMA) systems,
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Time Division Multiple Access (TDMA) systems, Frequency Division Multiple Access
(FDMA) systems, Orthogonal FDMA (OFDMA) systems, Single-Carrier FDMA (8C-
FDMA) systems, ete. A CDMA gystem may implement a radio technology such as
Universal Terrestrial Radio Access (UTRA), Evolved UTRA {(B-UTRA), ¢cdma2000,
ete. UTRA includes Wideband CDMA (W-CDMA) and Time Division~-Synchronous
CDOMA (TD-SCDMA)}.  ¢dma2000 covers 1S-2000, 1S-95 and IS-836 standards. A
TDMA system may implement a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA system may implement a radio technology such
as Long Term Lvolation (LTE) (which 1s part of E-UTRA), 1EEE 80220, IEEE 802,16,
Flash-OF DM®, etc. UTRA, E-UTRA, GSM and LTE are described in documents from
an organization named “3rd Generation Partnership Project” (3GPP).  cdma2000 is
described m docurments from an organization pnamed “3rd Generation Partnership
Project 27 (3GPP2). These various radio technologies and standards are known in the
art. For clarity, certain agpects of the techniques are descnibed below for LTE, and
3GPP terminotogy is used in much of the description below.

{0023} LTE utilizes orthogonal frequency division multiplexing (OFDM) on the
downlink and single-casrier frequency division multiplexing (SC-FDM) on the uplink.
OFDM and SC-FDM pamition the system bandwidth into multiple (K} orthogonal
subcarriers, which are also comumonly referred to as tones, bing, etc. Each subcarrier
may be modulated with data. In general, modulation symbols are sent on subcarniers in
the frequency domain with OFDM and in the time domain with SC-FDM. SC-FDM
includes (1) localized FDM (LFDM ) which transmits data on contiguous subcarriers, (it)
interleaved FDM (IFDM) which transmits data on subcarriers that are distributed across
the system bandwidth, (111) enbanced FDM (EFDM) which transmits data on multiple
groups of contiguous subcarriers, and (iv}) other variants of SC-FDM.

{0024} FIG. 2A shows a subcarmer structure 210 for LEDM. The overall system
bandwidth of BW MHz is partitioned into multiple (K) orthogonal subcarriers that are
given indices of 1 through K, where K may be any integer value. The spacing between
adjacent subcarriers is BW/K MHz A subset of the K total subcarriers may be usable
for transmission. The remaining subcarriers, which are typically located at the two band
edges, may serve as guard subcarniers to allow the system to meet spectral mask
requurements.  For simplicity, the following description assumes that all K total

subcarriers are usable for wansmission,  For subcartier structure 210, the K total
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subcarriers are arranged into § nouw-overlapping sets, with each set containing N
contiguous subcarriers, where S»>1, N>»land K=S-N.

{0025} FIG. 2B shows a subcarrier structore 220 for IFDM. For subcarrier structure
220, the K total subcarriers are arranged into S non-overlapping sets, with each set
containing N subcarriers that are uniformly distributed across the K total subcarriers,
where K =35-N. Consecutive subcarriers in each set are spaced apart by S subcarmers,
{0026} FIG. 2C shows a subcarner structure 230 for EFDM.  For subcarnier

o sets, with each

o

structure 230, the K total subcarriers are arranged Into S non-overlappin,
sel containing G groups of subcarriers that are distaibuted across the K total subcarniers.
For each set, the G groups are spaced apart by §V subcarriers, and each group
contains V consecutive subcarriers, where N=G-V.

[0027} In general, a subcarrier structure may include any number of nop-
overlapping subcarrier sets. Each subcarrier set may contain any number of subcarriers
and any one of the K total subcarrters. The subcarrier sefs may contain the same or
different numbers of subcarriers. For each set, the subcarriers in the set may be adjacent
to one another as shown in FIG. 2A, gniformly distributed across the system bandwidth
as shown i FIG. 2B, arranged i multiple groups that may be distributed across the
system bandwidth as shown in FIG. 2C, or arranged 1 other manners. Each subcarrier
set may be assigned to one or more UEs. The subcarrier structures in FIGS. 2A to 2C
may also be used for OFDM,

{0028} The K total subcarriers may also be divided into multiple subbands, Fach
subband may incltude Q consecutive subcarriers, where (Q may be anv integer value. In
one design, Q is an integer multiple of N, and each subband includes multiple sets of
consecutive subcarriers. A subband may also correspond to a particular bandwidih, e.g
one MHz of bandwidth.

0029} FI1G. 3A shows a design of a data and pilot structure 310 that may be used
for OFDM and SC-FDM.  In this design, a time frequency block covers a set of L
subcarriers inn a slot of M symbol periods, A slot way alse be referred to as a
transnussion tme mterval (TTI), ete. The L subcarriers may be adjacent to one another
for LFDM, distributed across the K total subcarriers for IFDM, or distnibuted in groups
for EFDM. In the example shown w FIG, 3A, the time frequency block covers L= 20
subcarriers in M =8 symbol periods, with six symbol periods being used for data and

two symbol periods being used for pilot. In general, the M symbol periods may have
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equal or different durations. In the design shown i FIG. 3A, data is sent iy a Jong
symbol period, and pilot is seat in 2 short symbol period that is half the duration of a
long symbol period. In this design, there are L subcarriers in each long svmbol period
but only L/2 subcarriers in each short symbol period. A subcarrier used to send data 1s
referred to as a data subcarrier, and a subcarmier used to send pilot is referred to as a
pilot subcarnier.

{0030} As shown in FIG. 3A, different antennas may be assigned different pilot
subcartiers.  Pilots may be transmitted simoltaneously from these antennas using
frequency division multiplexing (FDM).

10031} FIG. 3B shows a design of a data and pilot structure 320 that may also be
used for OFDM and SC-FDM. In this design, a time frequency block covers a set of L.
subcarriers in a stot of M symbol pertods of equal duration. In the example shown
FIG. 38, the time {requency block covers L =12 subcarmers in M =7 symbol periods,
with six symbol periods being used for data and one symbol period being used for pilot.
Pilots may be transmitted simultancousty from one or more antennas on the same pilot
subcarners using code division multiplexing (CDM). For example, different antennas
may be assigned different orthogonal sequences, e.g., different Chu sequences.

{0032} FIGS. 3A and 3B show two examples of partiioning time frequency
resources into blocks, Other structures may also be used to send data and pilot. The
transmission timeline may also be partitioned nto subframes.  Each subframe may
wciude a predetermined number of slots, e.g., two slots. The transmission timeline may
also be partitioned into other time units.

j0033} A Node B may support single-user MIMO (SU-MIMO} and/or mudti-user
MIMO (MU-MIMO). On the aplink, SU-MIMO refers to MIMO transmission from a
single UE on a given time frequency block., MU-MIMOQ refers to MIMO transmission
from multiple UEs on the same time frequency block, MU-MIMO is also referred to as
Spatial Diviston Multiple Access (SDMA).  SU-MIMO may be used for some time
frequency blocks, and MU-MIMO may be used for other time frequency blocks. The
Node B may also support space-time transmit diversity (STTD), space-frequency
transmit diversity (SFTD), and/or other transmission schemes. These various transmit
diversity schemes may be considered as special modes of MIMQ.

{0034} A given time frequency block may be assigned to one or more UEs. A

single UE may send multiple data symbols on a given data subcarrier via multiple
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transmitt antennas at the UE. Multipte UEs may also send multiple data symbols on the
same data subcarrier via different transmit antennas at these UEs.

[0035]  FIG. 3A shows an example assignment of data and pilot subcarriers in one
time frequency block to two UEs for MU-MIMO. 1In this example, the two UEs mayv
share the L data subcarriers in each long symbol period. Each UE may be assigned half
of the pilot subcarriers in each short symbol period. The L./4 pilot subcarriers assigned
to each UE in one short symbaol period may be distributed across the time frequency
black, as shown in FIG. 3A, EHach UE may be assigned the same pilot subcarriers {(as
shown in FIG. 3A) or different pilot subcarriers (not shown in FIG. 3A} in the two short
symbol periods. The time frequency block may also be assigned to a single UE with
two transmit antennas for SU-MIMO. In this case, each antenna may be assigned half
of the pilot subcartiers in cach short symbol period,

{0036} In general, a time freguency block may be assigned to any number of Uls
for MU-MIMO or to a single UE with anv number of transmit antennas for SU-MIMO.
For MU-MIMO, different UEs may share the same data subcarriers but may be assigned
different pilot subcarriers (e.g., as shown in FIG. 3A) or may share the same pilot
subcarriers {e.g., as shown in FIG. 3B). For SU-MIMO, different transnut antennas at a
single UE may share the same data subcarners but may be assigned different pilot
subcartiers (e.g, as shown in FIG. 3A) or may share the same pilot subcarmers {e.g.. as
shown in FIG. 3B). For both SU-MIMO and MU-MIMO, the Node B may derive a
channel estimate for each UE antenna across frequency and possibly time based on the
pilot subcarriers assigned to that UE antenna. For sumplicity, much of the description
below assumes UEs with two antennas.

10037} FIG. 4 shows a design of an uplink transmission scheme 400 for a UE with
two transnut antennas 1 and 2. Transmit antenna | may be designated as a primary
antenna, and transmit antenna 2 may be designated as a secondary antenna.  In this
design, the UE may periodically estimate the downlink channel guality for the Node B,
determine channel quality indicator {CQI) for the downlink, and send the CQI on a CQI
channel (CQICH) to the Node B. For example, the UE may send a C{Y report every 20
subframes.

[0038] The UE may also send a request for uplink resources on a request channel
(REQCH) 10 the Node B whenever the UE desires to transmit data on the uphnk. In

general, a request channel may be any channel used to send request for resources for
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transmission. The request may include any information such as the number of antennas
at the UE, data queue size for the UE, the amount of resources being requested, ete.
The Node B may receive the request from the UE, assign uplink resources {e.g., one or
more time frequency blocks) to the UE, and send a grant of the assigned uplink
resources on a shared downlink control channel (SDCCH) to the UE. The UL may then
transmit data on the assigned uplink resources.

{0039} In one design, the UE may transmit the CQICH penodically via the primary
antenna. The Node B may perform power control of the link for the prunary antenna
based on the CQICH and may adjust the transmit power of the primary anlenna to a
desired level, e.g., 10 achieve a target received signal-to-noise ratio (SNR). The Node B
may also use the CQlIs received on the CQICH to select suitable data rates for downlink
transmission to the UE.

j0040] The UE may transmit the REQCH via one or more antennas in various
manners. The UE may fransmit the REQCH from muitiple antennas simultaneously,
e.g., as shown in FIG. 4. The UE may also transmit the REQCH from multiple antennag
m a time-switched manner, e.g., from one antenna in one time mterval, then from
another antenna in another time interval, etc., as also shown in FIG. 4. In general, a
time interval may correspond to a svimbol period, a slot, a subframe, ete. The UE mav
also transmit the REQCH from multiple antennas in other manners, e.g., from the
primary antenna more often than the secondary antenna. The UE may transmit the
REQCH on a particular subband, few subbands, or across the entive system bandwidth.
The transmission on the REQUH may provide the Node B with a delta power spectral
density {PSD) between the REQCH and the CQICH. The REQUH and COICH may be
transmitted in the same time intervals {e.g., as shown in FIG. 4) and/on in different time
intervals (not shown in FIG. 4). For example, the CQICH may be transmitted at regular
intervals whereas the REQCH may be transmitted whenever the UE desires 1o send data
on the uplink.

{0041} A UE may bave a single power amphifier (PA) that may be coupled to one of
multiple antennas at the UE. This single-PA UE may be able to transmit from only one
antenna at any given moment. A UE may also have multiple PAs for multiple antennas,
e.g., one PA per amtenna. This multi-PA UE may be able to transmit from multiple

antennas at the same time.
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{0042} FIG. A shows a design of a data and pilot pattern S10 for transmitting the
REQCH from multiple antennas in g time-switched manner by a UE with a single PA or
rultiple PAx. Pattern 510 i3 based on the data and pilot subcarriers described in FIG.
3A. The UE may transmit the REQCH on a set of data and pilot subcarriers. These
data and pilot subcarriers may be distributed across the system bandwidth (or the K {otal
estimate the channel response across the entire systemy bandwidth.  Alternatively, the
data and pilot subcarriers may be distributed across a portion of the system bandwidth,
e.g., one or few subbands.

{0043} In the design shown 1o FIG. 5A, the UL may transmit REQCH data on data
subcarsiers from antenna 1 in symbol period 1, REQCH pilot on pilot subcarriers from
antenna 1 in symbol period 2, REQCH pilot on pilot subcartiers from antenna 2 in
symbol period 7, and REQCH data on data subcarriers from antenna 2 in symbol period
8. The UE may thus transmit etther REQCH data or pilot from a single antenna in any
given symbol period,

[0044} FIG. SB shows a design of a data and pilot pattern 520 for transmitting the
REQCH from multiple antennas simultaneousty by a UE with multiple PAs. Pattern
520 15 also based on the data and ptlot subearriers described i FIG. 3A. The UE may
transmit the REQCH on a set of data and pilot subcarriers that may be distributed across
all or part of the system bandwidth. This set of data and pilot subcarriers may be
divided into two subsets. The first subset may contain half of the data and pilot
subcarners 1n the set, and the second subset may contain the other half’ of the data and
pilot subcarriers 1 the set. In the design shown in FIG. 5B, the UE may transmit
REQCH data and pilot on the first subset of subcarriers from antenna 1 and on the
second subset of subcarriers from antenna 2 in symbol periods 1 and 2. The UE may
transmit REQCH data and pilot on the first subset of subcarriers from antenna 1 and on
the second subset of subhearriers from antenna 2 in symbol periods 7 and 8. The UE
may transmit either REQCH data or pilot from both antennas in any given symbol
period.

[0045]  FI1G. 3C shows a design of a data and pilot pattern 530 for transmitting the
REQCH from multiple antennas simultaneously by a UE with multiple PAs.  Pattern
530 s based on the data and pilot subcarriers described 1w FIG. 3B, The UE may

transnut the REQCH on one or more time frequency blocks in one or more slots. For
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example, the UE may transmit the REQCH on two time frequency blocks i two slots of
a subframe, with the two time frequency blocks being located in different parts of the
system bandwidth. In general, the UE may transmit the REQCH on any number of time
frequency blocks, which may hop across frequency in any manner.  In cach time
frequency block, the UE may transmit REQCH pilot on the pilot subcarriers and may
transmit REQCH data on two data subcarriers on both sides of each pilot subcarrier.
j0046} FIGS. 5A 1o 5C show three example data and pilot patterns for transmitting
the REQCH from two antennas. The REQCH may also be transmitted in other
manners, based on other data and pilot patterns, and/or from different numbers of
antennas. Furthermore, only data may be sent on the REQCH, or both data and pilot
may be sent on the REQCH.

{0047} In general, the number of data subearriers to use for the REQCH may be
dependent on the amount of information in a request sent on the REQCH. The pilot
subcarriers may be used fo provide a reference, which may be used for coherent
demodulation of the data subcarriers. The data and pilot subcarriers may be arranged in
clusters, with each cluster including one or more data subcarners and one or more pilot
subcarriers. In the designs shown in FIGS. 5A to 5C, each cluster includes two data
subcarniers and one pilot subcarrier. REQCH data and pilot may be sent from the same
transmit antenna in each cluster. A channel gain estimate may be derived trom the pilot
subcarrier in each cluster and used for coherent demodulation of the data subcarniers in
that cluster.

{0048} A UE may transmif the REQCH on time frequency resources that may be
shared with other ULs, eg., in simiar manner as a random access channel. The
REQCH transmission from the UE may then collide with REQCH transmissions from
other UFEs. The UE may select different time frequency resources for different REQUH
transmissions in order to avoid perpetual collisions with other UEs. The system may
also allocate a suffictent amount of shared resources for the REQCH m order to achieve
an acceptable rate of collisions for the REQCH transmissions.

j0049] A UE may be assigned dedicated time frequency resources for transmitting
the REQCH and may then be able to avoid collisions with other UEs. The UE may send
a designated codeword on the CQICH to indicate that the UE desives to transmit the
REQCH. The Node B may then assign dedicated resources to the UE upon receiving

thas codeword on the CQICH from the UE. Different Uls may be assigned different
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time frequency resources for transmutting the REQCH. Each UE may transmit its
request on its assigned time frequency resources whenever that UE desires to transmit
data on the uplink.  Any number of UEs may transmit requests on the REQUHs at any
given moment,

{0050} The Node B may receive the REQUH from each UE and may estimate the
complex channel gains of the pilot subcarriers for that UE based on the received pilot
symbots. The Node B may then coberently demodulate the data subcarners for each UE
based on the channel gain estimates derived from the pilot subcarriers for that UE. The
Node B may also estimate the complex channel gains of the data subcamiers for each
UL based on the demodulated data symbols. Since a UE may be scheduled for uplink
transmission only i the request from the UE can be correctly decoded by the Nade B,
the decoded request from the UE may be used to reconstruct the data symbols sent by
the UE for the request. The reconstructed data symbols would be reliable and mav be
used as additional pilot symbols for channel estumation. The Node B may derive a
channel estimate for each antenna at each UE based on the channel gain estimates for
the pilot and data subcarriers used for the REQCH by that UE. A MIMO channel
estimate for each UE may comprise channel estimates for all antennas at that UE.

{0051} The Node B may use the REQCH for one or more of the following:

» UF selection tor SU-MIMO and MU-MIMO - select a single UE for SU-MIMO
operation or multiple UEs for MU-MIMO operation on the same time frequency
resources, e.g., a time frequency block,

+ Subband scheduling — select a subband for a UE,

+ Rate selection — select one or more rates for each scheduled U, and

» Power contrel and reference power level adjustment — adjust transmit power of

each UE.

j0052]  The REQCH may be used for UE selection for MIMO transmission. The
MIMO channel response for each UE may be estimated based on the REQCH sent by
that UE. The MIMO channel estimates for different UEs may be evalnated to select
compatible UEs for MIMO transmission on the uplink. For example, two UEs may be
selected for MU-MIMO operation on a given tume frequency block as follows
Ditferent pairs of antennas for difterent UEs may be identitied. The channel estimates

for each antenna pair may be evaluated to determine the rank and the achievable data
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rates for the MIMO channel formed with that antenna pair. The rank and data rates may
be dependent on the amount of orthogonality between the channel estimates for the pair
of antennas. The patr of antennas with channel estimates that are most orthogonal may
be selected, and the UEs with these antennas may be scheduled for uplink transmission
on the same time frequency block. The MIMO channel estimates for the Uls may also
be used for antenna selection for SUWMIMO and for transmit diversity schemes in
addition to MUMIMO.  In general, a given UE may be scheduled for uplink
transmisston on only the primary antenna, or only the secondary antenna, or both
antennas, A given time frequency block may also be assigned to a single UE for SU-
MIMO if this single UE can achieve better performance than all antenna pairs evaluated
for MU-MIMO.

{0053} The REQCH may be used for subband scheduling. Wideband channel
estimates may be derived for each UE if the data and pilot subcarriers used for the
REQCH are distributed across the system bandwidth, The wideband channel estimates
for each UE may be used for subband scheduling to select a suttable subband for that
UL, The channel estimates for a given UL may vary widely across the system
bandwidth due to frequency selective fading, which may result from multipath in the
wireless enviromment. The UE may be scheduled for uplink transmission on a subband
with high channel gains and/or high received SNR.

{0054} The REQUCH may be used for rate selection. The Node B may estimate the
recetved SNR of each antenna at each UFE scheduled for uplink transmission. The SNR
may be estimated based on recetved pilot symbols from the REQCH, received data
symbols from the REQCH, and/or received pilot symbols and received data symbols
from other uplink transmissions. The Node B may select a data rate for each antenna at
each scheduled UK based on the SNR estimate.

[0055} The REQCH mav also be used for power control and reference power level
adjustment. The transmit power of the CQICH may be adjusted via power control 1o
achieve a target SNR. The REQCH may be sent with a fixed power relationship to the
CQICH. The SNR of the REQCH mav then be controlied via the power control for the
CQICH and the fixed power relationship between the REQCH and CQICH.

{0056} The techniques descnbed herein sllow for denvation of uplink channel
estumnates for the UEs without consuming much {if any) additional resowrces. The UEs

may send requests on the REQUH if and when these UEs desire to transmit data on the
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uplink. Resources for the REQCH are thus consumed only when needed. Furthermore,
the UEs may send the REQCH from multiple antennas if MIMO operation is supported
and desired by the UEs. The transmissions on the REQCH may be conveniently used as
reterence signals to derive channel estimates for the UEs. Since the REQCH is sent by
the Uls 1 any case for uplink scheduling, hittle or no additonal uplink overhead 15
ncurred to “sound” the uplink MIMO channel and derive the channel estimates for
these UEs. The use of the REQCH for sounding may be much move efficient than
assigning dedicated resources to each UE for transmutting a broadband pilot. The
REQCH may be used as a broadband piiot whenever a UE desires to transmut data on

g MIMO.

Rl

the uplink usin
j0037 FIG. 6 shows a design of a process 600 performed by a UE. A set of
subcarriers to use for a signaling channel may be determined (block 612). The set of
subcarriers may be distributed across the system bandwidth or across multiple subbands
to support wideband channel estimation. A message may be sent on the signaling
channel on the set of subcarriers and from multiple antennas at the UE (block 614). The
signaling channel may be a REQUH, and the message may be a request for uplink
resources. The message may be sent from the multiple antennas either simultanecusly
or in a ime-~-switched manner, from one anfenna in each fme interval,

j0058]  The set of subcarsiers for the signaling channel may include multiple data
subcarriers and multiple pilot subcarriers. Message data may be sent on the multiple
data subcarriers, e, in a first symbol pertod. Pilot may be sent on the multiple pilot
subcarriers, e.g., in a second symbol period next 1o the first symbeol period. The second
symbol period may have the same or shorter duration than the first symbol pertod. Pilot
may be sent on the pilot subcarriers and from the multiple antennas using FDM {e.g., as
shown in FIGS. SA and SB) or using CDM {e.g ., as shown in FIG. 3C).

j0059]  The set of subcarriers for the signaling channel may be obtained in various
manners.  In one design, the set of subcarriers may comprise mudtiple subsets of
subcartiers, one subset of subcarriers for gach of antenna, ¢ g, as shown in FIG. 5B
The message may be sent from the multiple antennas on the multiple subsets of
subcarniers in the same symbol period. The set of subearriers may also comprise
multiple clusters of subcarners, with each cluster mcluding at least one data subcarnier
and at {east one pilot subcarrier. Message data and pitot may be sent on each cluster of

subcarriers from one antenna. In another design, the set of subcarriers way belong n
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multiple time frequency blocks, which may be distributed across the system bandwidth,
e.g., as shown in FIG. 5C. The time frequency blocks may hop across the system
bandwidth in different time intervals or slots.

j0060} COI reports may be sent on a CQICH from a primary antenna among the
multiple antenanas (block 616). The transmit power of the CQICH may be adjusted via
power control. The transmit power of the REQCH may be set at a predetermined offset
from the transmit power of the CQICH.

{0061}  FIG. 7 shows a design of an apparatus 700 for a UE.  Apparatus 700
includes means for determining a set of subcarriers {0 use for a signaling channel, eg., a
REQCH (module 712), means for sending a message {e.g. a request for uplink
resources) on the signaling channel on the set of subcarniers and from multiple antennas
at the UE {(module 714), and means for sending CQI reports on a CQICH from a
primary antenna among the multiple antennas {module 716). Modules 712 to 716 may
comprise processors, electronics devices, hardware devices, electronics components,
logical circuits, memories, efe., or any combination thereof.

j0062} FIG. 8 shows a design of a process 800 performed by a Node B, A message
may be received on a signaling channel sent on a set of subcarriers and from multiple
antennas at a UE {block 812). The signaling channel may be a REQCH, and the
message may be a request for uplink resources. Channel estimates for the multiple
antennas at the UE may be derived based on the received message, e.g., based on pilot
symbols and/or data symbols recetved for the message (block 814}

{00631  The set of subcarmers for the signaling channel may comprise multiple data
subcarriers and mudtiple pilot subcarriers. Coherent demodulation of the message may
be performed by (i) deriving a first channel estimate based on received pilot symbols
from the pilot subcarriers and (i1} demodulating the received data symbols from the data
subcarriers based on the first channel estimate. Data svmbols for the received message
may be reconstructed. A second channel estimate may then be derived based on the
reconstructed data symbols and the received data symbols, The channel estimates for
the multiple antennas at the UE mayv be derived based on the first and second channel
estimates obtained from the received pilot symbols and the received data symbols,
respectively.

{0064  For subband scheduling, a subband may be selected for the UE from among

multiple available subbands based on the channel estimates for the UL (block 816).
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Time frequency resources in the selected subband may be assigned to the UE for uplink
transmission.  SNR may also be estimated based on the received message. At least one
rate for uplink transmission may be selected based on the estimated SNR.

j0065]  For MIMO scheduling, channel estimates for g plurality of antennas at a
plurality of Ulls may be dertved, e.g., based on messages received from these UEs
(block 818). A single UE or multiple UEs may be selected from among the plurality of
ULs for simultaneous transmission on shared time frequency resources based on the
channel estimates for these UEs (block 820). A single UE may be selected for
IranSmIsSIon via one or more antennas, ¢.g., using antenna selection. Multiple Ubs may
be selected for simultaneous transmission via different antennas at these UEs. The
result of block 820 may be multiple antennas at multiple UEs, multiple antennas at one
UE, only one antenna at one UE, etc. The best selection may be dependent on the
MIMO channels for all antennas at all UEs. It is thus possible that one antenna at one
UE may provide the best link throughput for given time frequency resources at a given
time 1nstant.  The MIMO scheduling may also be performed for transmit diversity
schemes. In this case, the channel estimates for both antennas at the Uls may be used
for UE selection,

{0066} FIG. 9 shows a design of an apparatus 900 for a Node B.  Apparatus 900
includes means for receiving a message {e.g., a request for uplink resources) on a
signaling channel (e.g, a REQCH) seat on a set of subcarriers and from multiple
antennas at a UE (module 912}, means for deriving channel estimates for the multiple
antennas at the UE based on the recetved message, e.g., based on pilot symbols andfor
data symbols received for the message (module 914), means tor selecting a subband for
the UE from among multiple subbands based on the channel estimates for the UE
{module 916), means for deriving channel estimates for a plurality of antennas at a
plurality of UEs, e.g., based on messages received from these UEs (module 918), and
means for selecting a single UE or multiple UEs from among the plurality of Uks for
stmultancous transmission on shared time frequency resources based on the channel
estimates for these UEs {module 920). Modules 912 to 920 may comprise processors,
electronics  devices, hardware devices, electronics components, logical circuits,
memories, efc., or any combination thereof.

{0067} FIG. 10 shows a block diagram of a design of one Node B 110 and two UEs

120x and 120y in system 100, In FIG. 10, UE 120x is equipped with a single antenna
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H32x, UE 120y is equipped with multiple (T) antennas 1032a through 1032¢, and node
B 110 is equipped with multiple (R) antennas 1052a through 1052r. Each antenna may
be a physical antenna or an antenna array.  For simplicity, FIG. 10 shows oaly
processing units for data and signaling transmission on the uplink and signaling
transmisston on the downlink.

{0068 At each UE 120, a transmut (TX) data and signaling processor 1020 may
recetve traffic data from a data source 1012, process {e.g., format, encode, interleave,
and symbol map) the traffic data, and generate data symbols for traffic. Processor 1020
may also receive signaling data (eg, for the REQCH and CQICH) from a
controller/processor 1040, process the signaling data, and generate data symbols for
signaling. Processor 1020 may also generate and multiplex pifot symbols with the data
symbols.  As used herein, a data symbol is a symbol for traffic or signaling, a pilot
symbol is a symbol for pilot, and a symbol is typically a complex value. The data
symbols and pilot symbols may be modulation symbols from a modulation scheme such
as PSK or QAM. Pilot is data that is known a priori by both the UEs and Node B.
0069} At UE 120y, a TX MIMO processor 1022y may perform transmitter spatial
processing (e.g., direct MIMO mapping, precoding, etc.) on the data and pilot symbols.
A data symbol may be sent from one atenna for direct MIMO mapping or from
multiple antennas for precoding. Processor 1022y may provide T output symbol
streams to T modulators (MODs} 1030a through 10301, At UE 120x, processor 1020x
may provide a single output symbol stream to modulator 1030x. Fach modulator 1030
may perform modulation (e g, for SC-FDM, OFDM, eic.) on the output symbols to
obtain output chips. Each modulator 1030 may further process {e.g., convert to analog,
filter, amplify, and upconvert) its output chips and generate an uplink signal. At UE
120x, a single uplink signal from modulator 1030x may be transmitted from antenna
1032x. At UE 120v, T uplink signals from modulators 1030a through 1030t may be
transmilted from T antennas 1032a through 10324, respectively.

{0070} At Node B 110, R antennas 1052a through 1032r receive the uplink signals
from UBEs 120x and 120y and possibly other UEs. FEach antenna 1052 provides a
recetved signal to a respective demodulator (DEMOD) 1054, Each demodulator 1054
may process {e.g, filter, amplhify, downconvert, and digitize) its received signal to
obtain samples. Each demodulator 1054 may also perform demodulation (e.g., for SC-

FDM, OFDM, efc.) on the samples to obtain recetved symbeols. A recetve (RX) spatial
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processor 1060 may estimate the channel responses for difTerent {U/Es based on received
pilot symbols, perform MIMO/SIMO detection on received data symbols, and provide
data symbol estimates. An RX data and signaling processor 1070 may process {(e.g.,
symbol demap, deinterleave, and decode) the data symbol estimates, provide decoded
traffic data to a data sink 1072, and provide decoded signaling data to a
controller/processor 1080

{0071} Node B 110 may send wraffic data and signaling data (e.g., grants of uplink
resources, power control commands for the CQICH, etc.) to the UEs. The signaling
data may be processed by a TX signaling processor 1074 and further processed by
modulators 1054a through 1034y to generate R downlink signals, which may be sent via
R antennas 1052a through 1052r. At each UE 120, the downlink signals from Node B
110 may be received by one or more antennas 1032, processed by one or more
demodudators 1030, and further processed by an RX signaling processor 1034 to recover
the signaling data sent by Node B 110,

j0072} Controllers/processors 1040x, 1040y, and 1080 may control the operation of
various processing units at Ubs 120x and 120y and Node B 110, respectively.
Memories 1042x, 1042y, and 1082 may store data and program codes for UEs 120x and
120y and Node B 110, respectively. A scheduler 1084 mav schedule UEs for
transmiission based on requests received from the UEs, channel estimates derived for the
UEs, ete.

{0073} FI1G. 11 shows a block diagram of a design of TX data and signaling
processor 1020y at multi-antenna UE 120y in FIG. 100 Within processor 1020y, a TX
data processor 1110 may process traffic data and provide data symbols for traftic data.
A TX CQICH processor 1112 may process CQI reports and provide data symbols for
the CQICH. A TX REQCH processor 1114 may process request messages and provide
data symbols for the REQCH. A pilot processor 1116 may process pilot data and
provide pilot symbols for traffic {e.g., as shown in FIG. 3A or 3B) and pilot symbols for
the REQCH {e.g., a8 shown in FIGS. SA, 5B or 5C).

{0074} A syrbol-to-subcarrier mapper 1120 may receive the data and pilot symbols
from processors 1110 through 1116 and may map these symbols to the proper
subcarniers on the proper antennas in the proper symbol periods. Mapper 1120 may
map data symbols to data subcarriers, map pilot symbols to pilot subcarriers, provide

the mapped data symbols to the proper antennals) in each data symbol period, and
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provide the mapped pilot symbotls to the proper antenna(s) in each pilot symbol period.
For example, mapper 1120 may map data and pilot symbols for the REQCH as shown
in FIG. SA, 5B or 53C. Mapper 1120 may provide one or more streams of mapped
symbols in each symbol period, e.g., depending on the number of available PAs. For
exampie, mapper 1120 may provide (i) one mapped svmbol stream to different antennas
i different symbol periods if one PA is available or (it) multiple mapped symbaol
streams to multiple antennas if multipte PAs are available.

{0075}  FIG. 12 shows a block diagram of a design of RX spatial processor 1060
and RX data and signaling processor 1070 at Node B 110 m FIG. 10, Within RX spatial
processor 1060, received symbols from R demodulators 1054a through 1034y may be
provided to R symbol-to-subcarrier demappers 1210a through 1210r, respectively. Each
demapper 1210 may provide received pilot symbols from pilot subcarriers to a pilot-
based channel estimator 1212 and provide received data symbols from data subcarriers
to a MIMO/SIMO detector 1220, Channel estimator 1212 may derive channel gain
estimates for the pilot subcarriers based on the recetved pilot symbols. The pilot
subcartiers for the REQCH may be as shown in FIG. 5A, SB or SC. The pilot
subcarriers for traffic data may be as shown in FIG. 3A or 3B, MIMO/SIMO detector
1220 mayv perform detection on the received data symbols with the channel gain
estunates and provides data symbol estimates. For the REQCH, MIMO/SIMO detector
1220 may perform detection on the received data symbols in cach cluster of subcarriers
with a channel gain estunate for that cluster. For traffic data, MIMO/SIMO detector
1220 may perform MIMO/SIMO detection on the received data symbols from alf R
receive antennas based on minimum mean square error (MMSE}) MMSE with
successive interference cancellation (SIC), zero-forcing, or some other techniques.
j0076]  Within RX data and signaling processor 1070, an RX REQCH processor
1240 may demodulate and decode the data svmbol estimates for the REQCH and
provide decoded request messages to scheduler 1084, Processor 1240 way also
reconstruct data symbols for the REQCH based on the decoded request messages and
provides the recoustructed data symbols 1o a data-based channel estimator 1222 An
RX data processor 1242 may demodulate and decode the data symbol estimates for
traffic and provide decoded traffic data to data sink 1072,

{0077 Channel estimator 1222 may derive channel gain estimates for the data

subcartiers based on the reconstructed data symbols and the recerved data symbols. The
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data subcarriers for the REQCH may be as shown in FIG 34, 5B or 5C. A final
channel estimator 1230 may receive the channel gain estimates for the pilot and data
subcartiers from channel estimators 1212 and 1222 and may derive a channel estimate
for each antenna at cach UE transmitting on the REQCH. For ecach UE antenna,
channel estimator 1230 may derive a channel 1mpulse response estimate for that Ul
antenna based on the channel gain estimates for the pilot and/or data subcarniers, filter
and/or threshold the channel taps of the channel impulse response estimate, and denve
final channel gain estimates for the UE antenna for all or a subset of the K total
subcarriers. Channel estimator 1230 may also dertve the final channel gain estimates
for each UE antenna for all or a subset of the K total subcarriers in other manners, e.g.,
by filtering or interpolating the channel gain estimates for the pilot and data subcarriers.
{0078} A notse and interference estimator 1232 may estimate noise and interference
for each UE antenna based on the received pilot symbols from channel estimator 1212
and/or the received data symbols and the reconstructed data symbols tfrom channel
estimator 1222, A rate selector 1234 may select a rate for each UE antenna based on the
channel estirnates and the noise and interference estimates.

j0079} Scheduler 1084 may receive the decoded request messages for the UEs and
the channel estimates and rates for the antennas at these UEs. Scheduler 1084 may
select UEs for SU-MIMO and/or MU-MIMO based on their channel estimates and
rates.  Scheduler 1084 may also perform subband scheduling based on the channel
estimates and rates. Scheduler 1084 may provide a hist of UEs scheduled for uplink
transmission in each scheduling interval, the uplink resources {e.g.. time frequency
blocks) assigned to the scheduled URs, and the rates to use for uplink transmission by
the scheduled UEs.

{0080} The techniques described berein may be implemented by various means.
For example, these techniques may be implemented i hardware, firmware, software, or
a combination thereof. For a hardware implementation, the processing units used 1o
perform the techniques may be implemented within one or more application specific
integrated civcuits {ASICs), digital signal processors (DSPs), digital signal processing
devices (DSPDs), programmable logic devices (PLDs), field programmable gate arrays
{(FPGAs), processors, controllers, mvcro-controllers, mucroprocessors,  electronic
devices, other electronic units destgned to perform the functions described herein, a

computer, or a combination thereof,
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{0081}  For a firmware and/or software implementation, the techniques may be
impiemented with modules (e.g., procedures, functions, ete.) that perform the functions
described herein. The firmware and/or software instructions may be stored in a memory
{c.g.. memory 1042x, 1042y or 1082 in FIG, 10) and executed by a processor {(e.g..
processor 1040x, 1040y or 1080). The memory may be implemented within the
processor or external to the processor. The firmware and/or software instructions may
also be stored m other processor-readable medium such as random access memory
{(RAM), read-only memory (ROM), non~-volatile random access memory (NVRAM),
programmable read-only memory (PROM), clectrically erasable PROM (EEPROM),
FLASH memorv, compact disc {CD), magnetic or optical data storage device, etc.

[0082]  The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing from the spinit or scope of
the disclosure. Thus, the disclosure is not intended to be limited to the examples
described herem but 15 1o be accorded the widest scope consistent with the principles

and novel features disclosed herein.

{3083} WHAT IS CLAIMED IS
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CLAIMS

i. An apparatus comprising:

a processor configured to determine a set of subcarriers to use for a signaling
channel and to send a message on the signaling channel on the set of subcarriers and
from multiple antennas; and

a memory coupled 1o the processor.

2. The apparatus of claim 1, wherein the signaling channel is a request
channel (REQCH) and the message is g request for uplink resources.

3. The apparatus of claim 2, wherein the processor is configured to send
channel quality indicator (CQI) reports on a CQI channe]l (CQICH) from a primary

antenna among the multiple antennas.

4. The apparatus of claim 3, wherein the processor is configured to adjust
transmil power of the CQICH wia power control and 1o set fransmit power of the

REQUCH at a predetermined offset from the transmit power of the CQICH.

5. The apparatus of claim 1, wherein the processor is configured to send the
message from the multiple antennas in multiple time intervals, from one antenna in each

time mnterval.

6. The apparatus of claim 1, wherein the processor 1s configured to send the

message from the multiple antennas simultaneously in a time interval.

7. The apparatus of claim 1, wherein the set of subcarriers comprises
multiple data subcarriers and multiple pilot subcarriers, and wherein the processor is
configured to send message data on the multiple data subcarriers and to send pilot on

the mudtiple pilot subcarriers.

8 The apparatus of claim 7, wherein the processor is configured to send the

message data on the multiple data subcarriers in a first symbol period and to send the
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pilot on the multiple pilot subcarriers in a second symbol period next to the first symbol

period.

9, The apparatus of claim 7, wherein the processor ts configured to sead the
pilot on the multiple pilot subcarrters and from the multiple antennas using frequency

division multiplexing (FDM).

10, The apparatus of clatm 7, wherein the processor is configured to send the
pilot on the multple pilot subcarners and from the multiple antennas using code

division multiplexing (CDM).

1. The apparatus of claim 1, wherein the set of subcarriers comprises
multiple subsets of subcarriers, one subset of subcarriers for each of the multiple
antennas, and wherein the processor s configured to send the message from the multiple

artennas on the multiple subsets of subcarriers in a symbol pertod.

12, The apparatus of claim 1, wherein the set of subcarriers comprises
multiple clusters of subcartiers, each cluster comprising at least one data subcarmer and
at least one pilot subcarrier, and wherein the processor is configured to send message

data and pilot on each cluster of subcarriers from one of the multiple antennas.

13, The apparatus of claim 1, wherein the set of subcarniers is distnibuted

across system bandwidth.

14, The apparatus of claim 1, wherein the set of subcartiers belongs in at

least two time frequency blocks distributed across system bandwidth.

1S, The apparatus of claim 14, wherein the least two time frequency blocks

hop across the system bandwidth in ditferent time intervals.

16, A method comprising:

determining a set of subcarriers to use for a signaling channel; and
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sending a message on the signaling channel on the set of subcarriers and from

multiple antennas.

17 The method of claim 16, wherein the set of subcarriers comprises
multiple data subcarriers and mudtiple pilot subcarriers, and wherein the sending the
message on the signaling channel comprises

sending message data on the multiple data subearriers, and

sending pilot on the multiple pilot subcarriers.

i8. The method of claim 17, wherein the sending the pilot comprises
sending the pilot on the multiple pilot subcarriers and from the multiple antennas

ustng code diviston multiplexing (CDM).

19, An apparatus comprising:
means for determining a set of subcarniers to use for a signaling channel; and
means for sending a message on the signaling channel on the set of subcarriers

and from multiple antennas.

20, The appavatus of claun 19, wherein the set of subcarriers comprises
multiple data subcarriers and multiple pilot subcarsiers, and wherein the means for
sending the message on the signaling channel comprises

means for sending message data on the multiple data subcarriers, and

means for sending pilot on the multiple pilot subcarners.

21, The apparatus of claim 20, wherein the means for sending the pilot
comprises means for sending the pilot on the multiple pilot subcarriers and from the

multiple antennas using code division multiplexing (CDM),

22, A processor-readable medium including instructions stored thereon,
comprising:
a first instruction set for determining a set of subcarriers to use for a signaling

channel; and
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a second instruction set for sending a message on the signaling channel on the

set of subcarriers and from multiple antennas.

23 An apparatus comprising:

a processor configured to receive a message on a signaling channel sent on a set
of subcarriers and from wmultiple antennas at a user equipment (UE), and to derive
chamnel estimates for the multiple antennas at the UE based on the received message;
and

a memory coupled to the processor,

24, The apparatus of claim 23, wherein the signaling channel is a request

channel (REQUH) and the message is a request for uplink resources.

25, The apparatus of claun 23, wherein the set of subcarriers comprises
multiple data subcarriers and multiple pilot subcarriers, and wherein the processor i
configured to recetve pilot symbols on the muliiple piot subearniers, to dertve a first
channel estimate based on the received pilot symbols, 1o receive data symbols on the
multiple data subcarriers, and to demodulate the recetved data symbols based on the

first channel estimate.

26, The apparatus of claim 25, wherein the processor is configured to
reconstruct data symbols for the recetved message, to derive a second channel estimate
based on the reconstructed data symbols and the received data symbols, and to derive
the channel estimates for the multiple antennas at the UE based on the first and second
channel estimates.

27.  The apparatus of claim 23, wherein the processor 1s configured to derive
chamnel estimates for a plurality of antennas at a plurality of UEs and to select at least
two UEs from among the plurality of UEs for simultaneous transmission on shared time
frequency resources based on the channel estimates for the plurality of antennas at the

plurality of UEks.
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28 The apparatus of claim 23, wherein the processor is configured to select
a subband for the UE from among multiple subbands based on the channel estimates for
the multiple antennas at the UE, and {0 assign time frequency resources in the selected

subband to the UE for data transmission on aplink.

29, The apparatus of claim 23, wherein the processor is configured to
estimate signal-to-notse ratio {(SNR) based on the received message and the channel
estimates, and to select at teast one rate for uplink transmission by the UE based on the

estimated SNR.

30, A method comprising:

receiving a message on a signaling channel sent on a set of subcarriers and from
multiple antennas at a user equipment {UEY; and

deriving channel estimates for the multiple antennas at the UE based on the

recetved message.

31, The method of claim 30, further comprising:

receiving pilot symbols on pilot subcarriers in the set of subcarriers,
deriving a first channel estimate based on the received pilot symbols;
receiving data symbols on data subcarsiers in the set of subcarriers; and

demodulating the received data symbols based on the first channel estimate.

32. The method of claim 31, wherein the deriving the channel estimates for
the multiple antennas at the UE comprises

deriving a second chanvel estimate based on the received data symbols and
reconstructed data symbols for the received message, and

deriving the channel estimates for the multiple antennas at the UE based on the

first and second channel estimates,

33, The method of claim 30, further comprising:

deriving channel estimates for a plurality of antennas at a phurality of UEs; and
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selecting at least two UEs from among the plurality of UEs for simultaneous
transmission on shared time frequency resources based on the channel estimates for the

plurality of antennas at the plurality of UEs.

34, The method of claim 30, further comprising:

selecting a subband for the UE from among multiple subbands based on the
channel estimates for the multiple antennas at the UE; and

assigning time frequency resources in the selected subband to the UE for data

transmission on uplink.

35, The method of claim 30, further comprising:
estimating signal-to~-noise ratio (SNR) based on the received message; and

selecting at least one rate for uplink transmission by the UE based on the

estimated SNR.

36, Anapparatus conprising:

means for receiving a message on a signaling channel sent on a set of subcarriers
and from multiple antennas at a user equipment (UE), and

means for deriving channel estimates for the multiple antennas at the UE based
on the recetved message.

37 The apparatus of claim 36, further comprising:

means for dertving channel estimates for a plurality of antennas at a plurality of
UEs; and

means for selecting at least two UEs from among the plurality of UEs for
stmultaneous transnission on shared time frequency resources based on the channel

estimates for the plarality of antennas at the plurality of UEs,

38, The apparatus of clatm 36, further comprising:

means for selecting a subband for the UE from among multiple subbands based
on the channel estimates for the multiple antennas at the UE; and

means for assigning time frequency resources in the selected subband to the UE

for data transmission on uplink.
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39, A processor-readable medium including instructions stored thereon,
comprising:

a first instruction set for receiving a message on a signaling channel sent on a set
of subcarriers and from multiple antennas at a user equipment (UE); and

a second instruction set for deriving channel estimates for the multiple antennas

at the UL based on the recetved messase,

fory
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