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METHOD AND APPARATUS FOR PROCESSING DATA
FOR TRANSMISSION IN A MULTI-CHANNEL
COMMUNICATION SYSTEM USING SELECTIVE
CHANNEL TRANSMISSION

BACKGROUND

Field

[1001] The preseot invention relates generally to data communication, and more
specifically to techmiques for processing data for transmission in a  wircless
communication system using selectve channel transmission and defined {e.g., uniform)

transmil power allacation.

Background

[10:2) A multi-channel communication system is often deployed to provide
increased transmission capacity for various types of comnumication such as veice, data,
md 3o on. Such a multi-channe! systern may be a multiple-input multipie-output
(MIMO) communication syslem, an erthogonal frequency division modulation (OFDM)
systern, a MIMO? systemn that utilizes OFDM, or some other type of system. A MIM(
systern employs multiple transmit antennas and multiple receive antennas to exploit
spatial diversity to support a number of spatial subchannels, each of which muy be used
to transmit data. An OFD2M system effechively partilions the operating [requency band
ity a number of frequency subchannels {or frequency bing), sach of which is associated
with a respective subcarrier on which data may be modulated. A multi-channel
communication system lhus supperts 4 number of “transmission™ channelz, each of
which may comrespond o a spaua) subcharmel in a MIMO sysiem, a {requency
subchannrel in an OFDM system, ar a spabal subchanne] of a frequency subchannel ina
MIMO systern that utilizes OFDM.

[1003] The transmission channels of a multi-channel communication system
Lypically experience different link conditions {(e.g.. due to different fading and multipath
effects) and may achieve differemt signal-to-noise-plus-interference ratios (SNRs).
Consequently, the transmission cupacities {i.e., the information bit rates} that may be

supporied by the transmission channels for a particular level of performance may he
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different from channel to channel. Moreover, the hink conditions typically vary over
tume. As a resull, the bil rates suppoured by the transrmssion channels alse vary with
nme

[1004] The different transmission capacities of the transmission channels plus the
time-variant nature of these capacities make it challenging to provide am effective
coding and medulation scheme capable of processing data prior 1o teansmission on the
channels. Marcover, for practical considerations, the coding and modulation scheme
should be stmple to implement and utifize at both the transmitter and receiver systems.
[1DG5] There is therefore a meed in the art for techniques to effectively and
efficiently process data for transmission on multiple iransmission charmels with

diffcrent capacitics te improve perfermance and reduce complexity.

SUMMARY

[1006] Aspects of the invention provids techniques lo select transmission channels
for use for data transmission and to process and transmil data over the selected
transmission channels. In certain emboduments, the ransmission channels available for
use may be segregated into one or more groups, with each greup including any number
of transmission channels. For a MIMO system thal ulilices OFDM, the available
transmission channels correspond to the spatial subchannels and frequency subchanngls,
each group may cotrespond 1o, for cxample, a respective iransmit antenna, and the
transmission channels in esch group may be the (requeocy subchannels for the
correspending transmit antenna.

[1nn7] Tn an aspect, which is referred to as selective channel transmission {SCT},
only “good” fransmission channeis in cach proup are selected for use for data
transmission, und “bad” transmission charmels are not used, The goud transmission
charmels may be defined as those having SNRs or prwer gains at or above a particular
SNR or power gain threshold. The total available transmit power for each group is then
distributed amongst the good transmission channels in accordance with a defined
allocation scheme. In an embediment, the defined allocation scheme uniformly
distributes the tetal avaitable transmit power amongst the good transmission channels.
Other allocation schemes may also be used.

[1008]  In another aspect. the sefective channel wansmission may be used in

conjunction with commen coding and modulation, which would then simplify the
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coding/modulation at a transmitter system and the complementary demodulation/
deeeding at a receiver system. Each group of transmissian chanocls may be associated
with 4 respective cuding and modulation scheme, and data [or euch group may be coded
and modulated based on the scheme selected for the group. Bach group may thus be
associated with (1} a respective (e.g., SNR or power gain) threshold used 1o select
transmission channels for use for data transmission and (2} a respective coding and
modulation scheme used to process data for the group.

[1009] The selective channc] transmission may provide improved performance due
10 the combined benefits of (1} using only the best rransmission channels in each group.
which are selected from among all available transmission channels in the group, (2)
allocating the total available rransmit power amongst only the selected transmission
channels, and (3) matching the data processing for the selected transmission channels to
the capacity achievable for these channels.

L1010} The mventien further provides methods, systems, and appavatus that
implement various aspects, embodiments, and features of the invention. as described in

lurther detail below.

BRIEF DESCRIPTION OF THE DRAWINGS
[1011} The features, nature, and advantages of the present invention will becone
more apparent from the detailed description set forth below when taken in conjunction
with the drawings in which like reference charscters ideniify correspondingly
throughout and whercin:
[1012]  FIG. 1 is a diagram of a multiple-mpul  multiple-output  (MIMO)
communication system that may he designed and operated tn implement varicus aspects
and embodiments of the invention;
[1013] FIG. 2A 1s a flow diapran: of a process to select rransmission channals and (o
allocate ransmit power using selective channel transmission, in accordance with gn
embadiraent of the invention;
15014] FIG. 2B 1s a tlow diagram of a process to derive # threshold e used to sclect
transimission channels for data transmission, in accordance with an embodiment of the
invention;
[1015] FIG. 3 is & diagram of a MIMO commumication system capable of

implementing various aspects and embodiments ef the invention;
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[1016] FIGS. 4A through 4D are block diagrams of four MIMO transmitter systems
capabie of processing datu in accordence with four specific embediments of the
invention;

[1017)  FIG. 5 is a block diagrams of a MTMO receiver system capable of receiving
data in accordance with an enthodiment of the invention;

[1018) F1GS. 6A and 6B are block diagrams of an embodiment of a channel
MIMO/data processor and an interference canceller, respeclively, within the MIMO
reoeiver systemn shown in FIG. 5 and

(1119 FIG. 7 is & block diagram of a MIMO receiver system capable of receiving

data in accordance with another embodiment of the invention.

DETAILED DESCRIPTION

[1020) Various aspects, embodiments. and features of the invention may be applied
to any multi-channel communication system in which muitiple transmission channels
are available for data transmission. Such multi-channel communication systems include
multiple-input  multiple-cutput (MIMO) systems, orthogonal frequency divisien
modulation (OFDM) systems, MIMO systems that utilize OFDM, and others. The
multi-channel commumication systems may alse implement code division muliple
access (CDMA), time division multiple access {TDMA). frequency division multiple
access {FOMA), or some other multiple access 1echniques, Mulliple access techniques
can be used to supporn concurrent communication with a number of terminals.

11021} FiG. 1 is a diagram of a multiple-inpu! multiple-oulput  (MIMO)
commumication system 100 thal may be designed and operated lo implement various
aspects and embodiments of the invention. MIMO sysiem 100 employs multiple (N}
transmit antennas and muliple {Ng} reccive antennus for data transmission. MIMGC
system 100 is effectively formed for a multiple aceess communication system having a
base station {83} 164 thal concurrently communicates with a number of terminals (13
106. In this case, base station 104 employs multiple antennas and represents the
multiple-input (M1} for uplink transmissions and the multiple-output (M) for downlink
transmissions. The downlink (i.e., lorward Link) refers w transmissions (rom the base
station to the terminals, and the uplink (i.e., reverse link} refers to transmissions from

the terminals to the base station.
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[1022] A MIMO system employs multiple (N) transmit antennas and moltiple (Ng)
receive antennas [or dala transidssion. A MIMO channel formed by the Nt transmil
and Ng receive antennas may be decomposed into Ne independent channels, with Ne £
min {Ny, Ng}. Each of the N independent channels is also referred te as a spatial
subchannel of the MIMO channel and corresponds to a dimension. In one cemmon
MIMO system implementation, the Np transmit antennas are located a1 and associated
with a single transmitter system, and the Ny receive antennas are similarly locared ar
and associated with a single receiver system. A MIMO system may also be effectively
formed for a multiple access communication syslem having a base station that
concurrently communicates with a number of terminais. In this case, the basc station is
equipped with a number of antennas and each terminal muy be equipped with one vr
MAre Aennas.

(1023) An QFDM sy=tem effectively pantitions the operating frequency band into a
number of {Ny) frequency subehannels (i.c., frequency bins or subbands). At each time
slot, a medulation symbaol may be transmitted on each of the Ne frequency subchunnels.
Eich time siet corresponds to a particolar sime interval that may be dependent on the
bandwidth of the frequency subchannel.

(1024) A multi-channe]l communication system may be operated io transmit data via
a number of trunsmission channels. For a MIMO system not utilizing OFDM, there is
Lypically only one frequency subchannel and cach spatial subchannel may be referred o
as a transmission channel. For a MIMO system utilizing CFDM, each spatial
subchannel of each frequency subchannel may be referred 1o as a ransmission channel,
And for an OFDM systen not utilizing MIMOG, there is only onc spatial subchannel for
cach frequency subchannel and cach frequency subchanmel may be referred 1o os a
trumsmisston channel.

[1025] The transmission channels in a multi-channel communication system
typically experience different link conditions (e.g,, due to different fading and mylripath
effects) and may achicve differemt signal-to-noisc-plus-interference ratios (SMRs).
Consequently, the capucily of the transimission channels may be ditferent from channel
10 channel. This capacity may be quanufied by the information bir rate (i.e., the number
of information bits per modulation symbol} that may be transmiited on a transmission

channel for o particular level of performance {e.g.. a particular bit error rate (BER) or
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packer error rate {PER)). Since the link conditions typically vary with time. the
supported information hit rates for the transmission channcls also vary with time.

(10261 To more fully utilize the capacity of the transmission charmels. channei state
information (CS1) descriptive of the link conditions may be determined (typically at the
recciver system) and provided to the transmitter systemi. The wransmitter system may
then process (c.g., encode, medulate, and weight) data such thac the transmitied
information bit rale for each transmission channel matches the transmission capacity of
the channel. CSI may be catcgorized as cither “full CSI” or “partial CSI”. Full CSI[
includes sufficient charactenization {c.g., the amplilude and phase) across Lhe entire
system bandwidth tor the propagation path between sach transmit-receive antenna pair
ina M, xN, MIMO matrix (i.c., thc characterization for cach transmission channcl).
Parlial CS! may include, for example, the SNRs of the transmussion channels.

[1027] Various techniques may be vsed 1o process data prior to transmission over
multiple transmission channels. In ene technique, data for each transmission channel
may be coded and modulaied based on a particular coding and modulativn scheme
selected for thal channel hased on the channel’s CS1. By coding and modulating
separalely [or each transmission channel, the cading and madulation may he aptimized
for the SNR achicved by each channel. In one implementation of such a technique, &
tixed base code is used to encode data, and the coded bits for sach trunsmission channel
are then punctored (ie., seleclively deleted) 1o obtain a code rate supportad by that
channel, In this implementation, the modulation scheme for cach transmission channel
is also selected based on the channel’s code rate and SNR. This coding and modulation
scheme is described in further detail in U.S. Patent Application Serial No. 09/776,075,
entitled "CODING SCHEME FOR A WIRELESS COMMUNICATION SYSTEM,”
filed February 1, 2001. assigned to the assignee of the present application and
incorporated herein by reference.  For this technique, substantial implementation
complexity is typically associated with having a differem code raie and modulation
scheme for cach transmission channel.

(10281 In accordance with an aspect of the invention, lechniques are provided to (1)
determine a set of ransmission channels 1o be used for a data tramsmassion, with ihe sel
including all or a subset of the transmission channcls available for use, (2) allocate the
total available transmit power to the selected transmission channels in a defined manner,

and (3} process data for 2l selected ransmission channels based on vne or mere coding
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and tmodulation schemes, which may be determined based in part on the particular
transmit power allocated Lo the selected trunsmission ¢chanoels. Using selective channel
transmission, only “goud” tunsmission chanmels having ansmission capacities (e.g.,
received SNRs or power pains) at or above a patticular (SNR or power gain) threshold
are selecred for use for data transmission, and “bad™ transmission channels are not used.
The total available transmit power is then allocaled amongst the good transmission
chinnels in a defined manner (¢.g., whiformly).

[1029] In another aspeet, the available transmission channels are scgregated into
aroups and the selective channel transmission is applied independently to each group of
channels. For example, the frequency subchannels of cach transmit antenna may be
grouped together, and the scicctive channel transmission may be zpplied independently
for each of the (ransmit antennas., This sepregation permits the oplimecation w be
achieved on a per group (&.g., per transmik antenna) basis.

[1030] The selective channel transmission techniques may be advantagcously used
when full or panig! C$1 is available at the transmitter. These techniques may be used
on conjunction with a commuon coding and modulation scheme, in which case much of
the complexaty associated with the channel-specific coding and modulation technique
deseribed above may be ameliorated, while sull achieving high performance. The
selective channel transmission techniques muy also provide improved performance over
the channel-specilic coding and modulation technigue due to the combined benefits of
(1) using enly the My, best iransmission channels selected from amengst the available
transmission channels and {2} approximately matching the coding and medulation to the
SNRs whieved for the selected transmission channels.

{1031]  For a MIMO system utilizing OFDM and having full CSI available, the
transmitter system may have knowledge of the complex-valued gain of the transmission
path between each transmit-receive antenna pair of each frequency subchannel. This
information may be used 1o render the MIMO channel orthogonal so that each
eigenmode (i.e., spatial subchannel) may be used for an independent data stream.

[1032] For a MIMO system wilizing OFDM and having partial CSI available, the
transmitter may huve limited knowledge of the transmission channels. Independent data
streams may be ransmitted on corresponding transmission channels over the available
transmit antennas, and the receiver system may use & particular linear (spatial) or non-

lincar (space-time) processing technique (ie.. equalization) to separale out the data
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streamns, The equaitzation provides a data stresm corresponding 1o each transmission
chunnel (2.g., each transmit antenna andfor each frequency subchannel), and each data
stream has an asscciated SNR.

[1033] 1f the set of SNRs for (he Iransmisston channels 1s available al the receiver
systern, lhis information may be nsed to distnbute the total available transmit power
amongst the selected transmission chanmels and to select the proper coding and
modulation scheme. In an embodiment, the available transmission channels in each
grougp are ranked in order of decreasing recerved SNR, and the total available transmit
power is allocated to and used for the Ny best transmission channels in the group. In an
embodiment, transmission channels having received SNRs thar fall below a particular
SNR threshold are not selected for use. The SNR threshold may be selected to optimize
throughput or some other criteria. The total available transmit power for each group is
allocated to the selected transmission channels in the group in a defined manner (e.g.,
uniformly) such that high performance may be achieved. Similar processing may be
performed if the chanacl gains (instcad of the SNRs) are available at the transmitter
system. [n an cmbodiment, a common coding scheme (e.g., a particular Turbo code of a
particular code rate) and a commen modulation schems (2., a purticular PSK or QAM

constellalivn) are used for all selected transmission channels in 2ach group.

Selective Channel Transmission

[1034] If 4 simple (common) coding and modulation scheme can be used at the
transmifter system for each group of transmission channels, then a2 single (e.g.,
convolutional or Tarho) coder and code rate may be used to encode data for all selected
transmission channels in the group, and the resultant coded bits may be mapped 10
modulation symbals vsig a single (e.g, PSK or (JAM) modulation scheme. The
resultant modulation symbols are then all drawn from the same “alphabet’” of possible
maodulatien symbols and encoded with the same code and code rate. This would then
simplify the data pracessing at both the transmitter and receiver.

[1035) However, the transmission channcls in 2 multi-channel communication
system typically cxperience differcnt link conditions and achieve differcnt SNRs. In
this case, if all available transmission channels are used for data transmission and the
same amount of transmit power is used for each selected rransmission chammel, then the

transratted modulation gymbols will be received at different SNRs depending on the
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specific channels on which the modulation symbols are transmitted. If all available
rransnussion channels are used, then the result may be a large variation in symbal crror
probability over the set of transmission channels, and an associated loss in bandwidth
efficiency.

[1036] In accordance with an aspect of the invention, techniques are provided to
selected 4 set of rransmission channels for used for data transmission and 10 allocate the
total available transmit power to the selecied lransmission channels in a defined manner
to achieve high performance while reducing implementation compicxity. In an
embodiment, a single coding and moedulation schemc is used for all selected
transmission chunnels in each group. This ceding and modulation scheme may be
selected based on the distribution of SNRs achicved at the seceiver system for the
selected rangmission channels. The use of a single coding and modulation scheme for
cach proup greatly reduces the complexity of the coding/modulation process al the
transmitter system and lhe complementary demodulation/decoding process at the
recei ver syslem.

[1037} 1f equal amount of transmit power is uscd for all available transmission
channels in a MIMO system utilizing OFDM, then the teceived power for a particular

channel may be expressed as:

P
PRy = e i
LBy = | Eq (1)
where
P, (j.k) is the received power for transmission chanmel (4, k) (ie, the j+h
spatial subehannel of the k-th frequency subehannel),

P

oo

i3 the total transmit power available at the transmitter,

Nris the number of wansmit antennas,
N is the number of frequency subchannels. and
H{j.k) is the complex-valued “affective™ channel gain from the transmiter o
the receiver for transmission chanmel {,k).
Equation {1) shows that the teceive power for each immamsssion channel is dependent
on the power gain of thal channel, e |H{j\k)[:‘ For simplicity, the channel gamn

H{j, k) includes the effects of the processing at the transmitter and receiver. Also for
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simplicity, it is assumed that the numhber of spatial subchannels is equal 1o the number
of uansmit amennas and Ny Np represents the roul number of available wransmission
channels.  If equal amount of power is transmitted for all available transmission

channels, then the total received power £

e _unat

for all channels may be expressed as:

ety op
=

Fou tant = IZL‘

FEIeR Y . Liq (2)
A=l -N1Nr-|

[1038] Tf equal transmit power iz used for ail available transmission channcls
regardless of their channel gams, then the poor ansmission channels would achieve
waorse received SNR. In fact, to achieve a particular received SNR, the poorer a
transmission channel gets the more ransmil power needs 1o be allocated o this channel.
When one or more transmission channels becorne excessively poor, the SKNR for these
channels may be such that reliable data transmission cannot be supported, which may
then dramatically deercase the overall system throughput if these channels are used.
119391 In an aspect, the available transmisston channels in each group are selected
for use based on their transmission capacities, and only channels whose capucities (e.g.,
ag derermined by the received power or SNRe} arc at or above a particular threshaold, e,
relative 10 the total capacity are selected for use. Conversely, transmission channels
whose capacities fall below this threshold are erased (i.e.. not used}. For the selected
ransmission channels, the total available transmit power is sflocaled amengst the
chamnels in @ define manner {e.g.. uniformly). The threshold can be selected ta
maximize throughput or based on some other criteria, as described below. A common
coding and modulation scheme may alse be used Tor all sefected transmission chennels
in each group to sunplify the processing.

(10401 It power gains are used 1o determine transnission capacitics and one group
includes ull available trunsmission channels in the system, then the average power gain,
Lave, 15 inilially compuled lor all available transmission chimnels and can be expressed

as?

Ny Ky "
22|
L= =l &=l : Eq (7
w NN, q(3)
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A threshold & may be derived (e.p., as described below) and used to compute a power
gain threshold, o7, . which can then be used Lo select transmission channels, The
power gain of each transmission channel is then compared against the power gain
threshold, and a ransmission channel is selecled for use if its power gain is greater than

or equal to the power gain threshoid (ie., Ff.'(j,n‘()r e, )
[1041] Tn an embodiment, the 1otal available transmit power is uilocated uniformly
amnongst the selecled transmission channels, and the transmit power for each selected
transmmission channcl can be expressed as:

u,rr.wu’_

P 2
CEE e,
B, (k) —-J N, P , Eq (1)

4] , otherwise

where Ny is the number of transmission channels selected lor use from amongst the
MNp-Np available transmussion channels.  If the total available transmut power is

chstributed unitormly amongst all No-Ne available transmission channcls, then the

transmit power allocated for ¢ach transmission channel would be However,

with selective channel transmussion and uniform poswer allocation, the iransmit power
allocated o each ransmission channel is increased by a faclur of & = MMy .
“u

[1042] In runy communicatuon sysiems, ihe known gquantinies i the receiver are the
received SNRs for the transmissien channels. Tn such systems, the seiective channel
transmission fechnique can be readily modified to operate based on the received SNRs
instead of the channel gains.

[1043]  If the total available transmil power is unifennly allocated o all available

transmission channels and the noise varance, &, is constant for all channels, then the

received SNR, y{j,k), for transmission channel (j k) can be expressed as:

B _ P

2
r{ik)y= ECLEY Ey (5)
o’ a%ﬁNJ = !
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The average received SNR, y,, , per available transmission channel may be expressed
as:

LA P
Fre = oo 0 —E E H{j.8) . Ey (6
Ve NN N S I| o83 iy (6)

N
&=

The total received SNR, 7, ., for all available transmission channels may be expressed

as:

E

it P i 3 ‘
- ELL R S 2L Z 2 P0Gk
Vet o ave O‘ZNTN l (k)

P kel

Lq (7)

The average and total received SMHs, ¥, and §,... in equations (6) and (7).
respeetively, arc based on the total wransmit power being cqually disteibuted seross all
availahle transmission channels.

[1044] A threshold ermay be derived and used Lo compute an SNR threshold, o,,,
which can be used to select transmission channels. The SNR of each transmission
channel may then be compared against the SNR threshold, and a ransmission channei
may be selected for use if its SNR is greater than or equal to the SNR threshold {i.c.,
¥(j.EY= oy, ). I Nu iransmission channels are selected from amongst the No-Ny
available lransmussion channels, then the total available transmit power may be
digtributed uniformly amongst the Ny, sclected transmmssion channgls as shown in
cquation (4},

[1045] As nued above, the selective channel wunsmission may be applied
individually and independently to groups of transmission channels. In ihis case, the
available transmiszion channels in the communication system arc initially segregated
into 2 number of groups. Any number of groups may be formed, and each group may
include any number of channels (i.e., there need not be equal number of channels in
each group).

[1046] A particular amount of transmit power is also available for cach group hased
on variwus Systemn comstrainls and  considerations.  For the selective channel
transmission technique, all or a subset of the available transmission channels in each

preup are selected for use, e.g., based on a particular threshold determtned for the
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group. The total available transmit pawer for each group is then allocated in a particular
defined manner to the sclected transmission channels in the group.

(1047] Vartous additional flexibilittes may be afforded by processing data
separately for each group of transmission channels. For example, the selective channel
transmission may be independently applied to each group of channels. Also, for those
groups for which selective charnel transmission is applied, one thresheid may be used
for all groups, each group may be assigned a separate threshold, or some groups miy
sharc the same threshold while other groups may be assigned scparate thresholds. Also,
the swne or different transmil power allocalion schemes may be used for those groups
for which selective channel transmission is applied. A different cading and madulation
scheme way also be used for each group, which may be selected based on the
transmission capacities {e.g., the achieved SNRs) of the selected transmission channels
in the gravp.

[1048) For a MIMO system that utilizes OFDM, the MIMO construct crcates
multiple (Ns} transmission channels in the spatial domain and the OFDM construct
creates multiple (Ng) transmission channels in the frequency domain. The total number
of transmission channels gvailable to send data is then N = Ng-Np. The IN transnussion
chunnels may then be segregated mlo a number of groups in varions ways.

[1049) In one embodiment, the transmission channcls are sepregated on a per
transmit antenna basts. 1f the number of spatial subchannels is equal to the number of
rransmit antennas (i.e., Mt = Ng), then the selective channel transmission may be applied
independently to each of the Ny transmit antennas. [n an embadiment, the Ny groups
corresponding to the Nt transmit antennas may be assoctuted with Np respective
threshelds, one threshold for each growp or ransmit untenna. The selective channel
transmissron then determines the subset of cransmiszion channels {pr frequency
subchannels) associated with each transmit antenna having adequate transmission
capacities {e.g., received SNRs). This ¢can be achieved, for example, by comparing the
received SNR for each frequency subchannel 1o the threshold for the transmit antenna.
The total transmit power available for cach transmit antenna is then allocated in a
defined manner (e.g., unifermly) to the selected frequency subchannels for the tranemit
antenni.

[1850) In another embodiment, the available ransmission channels are segregated

on a per frequency subchanmel basis. In this cmbodiment, the selective chanmel
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transmission may be applied independently to exch of the N frequency subchannels.
The spatial subchannels in ecach group may then be sclected for usc for data
transmission buscd on the threshaold [or the group.

[1051] The segregation ol the available ransmission channels into groupe permits
aptimization fo be achieved on a per group basis (e.g., per transmit antcnna or per
frequency subchannel}. A specific coding and modulation scheme may also be used for
all selected transmission channels in each group, which can simplify the processing at
both the transmitter and receiver systems. In an example application, one or more
transmit antennas may be assigned 1o each rerminal scheduled for data rransmission.
The transmission channels associated with the assigned (ransmit antennas for each
terminal may be placed in a group, the seleciive channel transmission may be performed
on each group of transmission channels, and a single coding und modulation scheme
may be used for the data transmission o each terminal.

(1052] If the total available transmut power for group j is uniformly distnbuted
ucross all available transmission chunnels in the group and Lhe poise vadance, o . is
constant for all channels, then the received SNE, ,VJ(L'), for transmissicn channel & in

group f can be cxpresscd as:

P P s :
yy(ky= Tt o ey gy Eq (8)
o N,
where

£, (k) is the received power for transmission channel & in group f,

P is the toral available teansmit power for group j,

i _rund g

H,Uc} is effective channel gain from the transmitter o the receiver for

transmission channel & in group j, and

N, is the number of transmission channels i group j. Group j may correspond

Lo a specific lransmil anterma f, in which case N, =N,

The average eceived SNR, y, per availuble transmission channel in group j may be

e g1

expressed as:
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Yo ﬁglﬁ,(k)z ‘ Eq

I
o'N,

The total received SNR, ., for all available wansmission channels in group § may

be ex pressed as:

P, roced 7 B vt ] L
R . Eg (10)
where the average power gain. L, . for group j may be expressed as:

[ 3 )
Lpes = Z‘Hl(k)‘ . Eq(11)
N, £
The average and total received SNRs, y,,,  and y,,, . lor group j is based on the total

transmit power, F,

e _tial

for group § being uniformly distributed across all available
transmission channels in the group.

[tns3) A threshold ¢z, rnay be derived for group j and used to compute an SNR
threshald, ¥, , . which can then be used to select transmission channels. The SNR
of each transmission channel in the gronp may be compared against the SNR (hreshoid,
and a transmission channe] may be selected for use if its SNK is greater than or equal to
the SNR thieshold (e, y (k)2 oy, ) 11 N, wansmission chanuels are selected
from amongst the N, available transmission channels in the group, then the total
available transmit power for the group may be distuibuted unifarmly amongst the Ny,

selected transmission ¢hannels, The transmit power for each selected transmission

channcl in group j may then be cxpressed as:
F e _totnl 4

rizay,,
P,ty=1 N, ’ B Eq(12)

0 . otherwise

As shown in equation (25}, only transmmssion channels for which the received SNR is

greater than or cqual 1o the SNR threshold (ie., 7, (k) 2 &7, ;) ave sclected for use.
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[1054] The process deseribed above may be repeated for each group of transmission
channels. Each group may be associated with a ditferent threshold, @y, ;, derived 10
provide the desire performance for that group. The ability to allecale transmit pewer on
a per group (e.g., per transmit antenna) basis can provide enhunced flexibility and may
further improve performance.

11055] FIG, 2A is a flow diagram of a process 200 1o select transmission channels
and 1o allocate transmit power nsing selective channct transmission, in accordance with
an embodiment of the invention. Process 200 assumes that all available wransmission
channels are cousidered (ie., one group of transmission chaniels for the conmunication
system). Process 200 may be used if the channel gains H{}, k). the received SNRs
¥(j.k). or some other characteristics are available for the transmission channels. For
clarity, process 200 is described below for the casc in which the channel gains are
available, and the casc in which the reccived SNRs arc available iz shown within
brackets.

[1056] Initially, the channel gains H{j,k) [or the received SNRs y{j,k}] ol all
available lransmission channels are remigved, at step 2120 A power gain threshold,
.. [Or an SNR threshold, oaw) used to select transmission channels for dats
transmmission is alse determined, at step 214, The threshold may be computed as
deseribed ia turther detail below.

[1057] Each available tensmission channel is then evaluated for possible use. A
{not yet evaluated) available transmission channel is identified for evaluation, at step
216. For the identified transmission channel, a determination is made whether or not
the power gain [or the received SNR) for the channel is greater than or equal 1o (he
power gain threshold (e, |[HGAY 2el.,) for the SNR threshold (ie,
y(iLkrzeyr,,) at step 218, I the identified transmission channel satisfies the
crilerion, then it is selected for use, at step 2’2().7 Otherwise, if the transmission channel
dnes not satisfy the criterion, then it is discarded and not used for data ansmission, at
step 222,

[1058] A determination 15 then made whether or not all avuilable transmission
hanugls have been evaluated, at step 224, Tf not, the process returns to step 216 and
another available transmission channel is idemtified for evaluation. DOtherwise, the

process proceeds to step 226.
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[1059] Al step 226, the otal available transmil power is allocated in a defined
nmanner 1o the selected transmission channels. In an embodiment, the total available
transimit power is allocated uniformly amongst the selected channels. @8 shown in
equation (4). In other embodiments, the total available ransmit power may be allocated
in & non-uniform manner using various other allocation schemes. The process then

terminates.

Threshold Selection

1061 The threshald used to select transmission channcis for data transmission may
be set bused on various criteria. In one embodiment, (he threshold s set to optimize
throughput. Several schemes to derive the threshold are described below.

[Lo&1] In & first threshold derivation scheme, the threshold is set based on the
channel gains and the theoretical transmission capacity of the selected trunsmission
channels, Initially, the channel gatng (or all available transmission channels are used to

compute power gains, which are then ranked and placed in a list G(A} in order of
decreasing power gains, where 1 < A < NNg, such that (1) = max (|H(j.k)‘z}. e

ang GON, N ) =min (|8 (5,6

[1062] For each A, where 1 £ A £ NNy, the theoretical throughput supperted by
the A besl transmission channels i then compuied. This can be achieved as follows,
First, the total available transmit power is (e.g., uniformly) allocated to the A best

transmission channels, and the transmit power for each of the 2 transmission chunnels

Fi ot

is then Mext, the received SWR achievable {ur each of the A tronsmission

L

channels is computed based on the transmit powce allocated to each

transmission channel and the channel™s power gaun. The received SNR, y, (4}, lor euch

of the & transmission channels can be computed as:

I
1A
-

k

'Pll vomrl
U O N Eq{13)

The theoretical throughput, T¢A), for the A best transmission channels can then be

computed as:
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T(M:ﬂ'img;(l*‘h(ﬁ) . Eq(14)
where A is real scale [actor to account fur the inelficiencies in the modulation and
coding schemes employed.

[1063]  The theoretical throughput, T(A), is computed for each value of each A.
where 1 < A < N{Np, and stored 1o an array. After all NgNg valuss of T(A) have been
computcd tor the NNF possible sets of selected transmission channels, then the array of
theoretical throughpul vilues is traversed and (he larpest value of T{3) is determined.

The value of 2, A, corresponding to the highest theoretical throughput. 7, (3), is

vt i
then the number of transmission channels that results in the maximum theoretical
throughput for these chanagl conditions and uniform teansmit power allocation.
[10564] Since the power gams for the available transmission channels are ranked in
decreasing orler in the list G{A), the theorelical throughput T} Lypicatly tnerenses as
more fransmission channels are selected for use nntil the optimal point is reached, after
which the thraughput T(A) decreases hecause more of the total availahle transmit power
is allocated to poorer transmission channels. Thus, instead of computing the theoretical
throughput 1{A) for all possible values of A, the throughput for each new value of A,
T(A), may be compared aganst the throughput for the previous value of A, T'{A=1}.
The computation may then be terminated if the peak theoughput value, T, (A, is
reached when T(A) < T{A-1).
[1065] “The threshold ¢rmay then be expressed as:

GiA

o=t Eq (15
i q (15}

ave

The threshold & optimizes the theoretical throughput for the given channel conditions.

[1066] In the above description, the overall throughput for a set of selected
transmission channels s derived based on the theoretical throughput achieved by each
of the transmissien chanmels. This method to derive the overall throughput may not
provide an acturale resull in certin seenanio {e.g.. i 4 dala stream is tansmitted on all
selected transmission channgls and one or more of the mansmigsion channels are

excessively poor and would corrupt the entire data transmission).
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[1067] In another method for deriving an overall throughput for 2 se1 of selected
tansmission channgls, the eulire ensemble of SNRs tor a sel of selected transmission
channcls is used to derive the overall throughput andfar the coding and modulation
schewme. The mapping between the ensemble of SNRs to the overall throughput and/or
the ¢oding and modulation scheme may be achieved based on statistical measure ments,
compuler simulations, and se on, and ray further be implemented, for example, with
onc or more tables. If a common coding and modulation scheme is used for all sclected
transmission channels, then the overall throughput is related to the particular coding and
modulation scheme sclected for use and the number of selecled transmission channels.
[1068] For cxample, the probability distribution of the entire ensemble of SNRs
may be determined as a [irst slep.  Given this SNR probability distribution, the
probability that the SNR falls below 4 given SNR threshold may le found by
examination of the SNR probability distribution. This can be denoted ag an “erasure™
prebability for the given SNR threshold. For each modulation and coding scheme
employed, & [unclion that describes the erasure probabililty as a function of the SNK
threshold may he developed via computer simulation or observation over a large
number of trials {i.e., a performance database}. Given the SNR probability distribution
and the performance database, the receiver system can select an approprigte modulation
and coding scheme 1o be used.

[10:69] In a second threshold derivation scheme, the threshold is set hased on the
average SNR achigvable for the selected transmission channels. This scheme assumes
that the data can be processed (eg, coded and interdeaved) such that it can be
reansmitted via al} selected transmission chawnels and received reliably, cven though
these channels may individually achieve different SNRs.

[(1070] Initially, a vector of setpoints (i.e., Z =]z, z,,..., Tae, |} and a corresponding

vector of code rates (e, R=[r,r,.. r,\.z]) ure defined. The code rutes include the

effects of the coding and modulation scheme and are representative of the information
bit rate (i.e., the number of information bits per modulatien symbol). Each vector
includes Nz elements comresponding to the number of available code rates, which may
be those available for nse in the system. Alternatively, the Nz setpoints may be defined
based on the operating poims supported by the system. Each setpoint corresponds to a
particular received SNR needed 10 achieve a pamicular level of performance, The

setpoint is typically dependent on the information bir rate, which is further dependent on
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the specific code rate and modulation scheme used for a data transmission. To simplify
the processiag at the transmitter and recciver. a common medulation scheme may be
used for all selected transmission channels. In this case, the information bit rate and the
selpoint are both directly related to the code rate.

[1071]  Each code rate r,, wherc | < n £ Nz, is associated with a respective setpoint
z,. Which (s the minimum received SNR required to operate at that code rate for the
required ltevel of performance. The required setpeint z, for code rats r, may be
delermined based on computer simulation, mathematical derivation, andfor empirical
measurement, as is known in the art. The clements in the two vectors & and Z may also
be ordered such that {2y > 22> ... > z, ) and {r > r1>..> r, }, with 2, being the
largest setpaint and ry being the highest supported code rate.

[1072] The channel gains for all available transmission channels are used 1o
compute power pains, which are then ranked and placed in the tist G2} os deseribed
above. A sequence I'(A) of averape achievable SNRs for NoNg passible sets of selected
transmission channels is then computed. For sach value of A, where 1 £ & < N:Ng, the
total avaslable ransmit power is allocated uniformly amongst the A best transmission

channels, and the averape SWR for the A transmission channels, Yo (&), can be

computed as:
B S
Foa W =555 Y Gk . Eq (16}
LRl

where o is the rcceived neise power in a single transmission channel. This SNR
value, y,, (A), represents Lhe average SNR ol the A best wansmission channels il the
teral available transmit power is uniformly allocated to all A channels. The average

SNR, ¥,, (A}, is then stored as the A-th element of the sequence T'(X) . The sequence
I'(A) ircludzes decreasingly lower values of v, (X} for larger values of X since the total
available transmit power is allocated to more Lransmission channels and the
ransmissinn channels arc progressively worse.

[1973] For each code rate r; (where 1 € n = Nz), the largest value of A, A is

gl
then determined such that the average SNR for the X best transmission channels is

greater than or equal Lo the setpoint g associated with the code rate r,. This can be
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achicved by traversing the sequence ['(A) and comparing each element of the sequence

{e.g., starting with the first element, or A = 1) against Lhe setpoint z,, as follows:
rzz, . Ey (17}

Thus, for each code rale r,. cach value of A (for A= 1,2, .. A .. ) is evaluated to

determine whether the average SNR for the & best lransmizsion channels can achicve
the associated setponl Z,, U the total inmsmit power 15 uniformly distnbuted actoss all

A chamnels. The largest value of A 2

., wn + that satisfies this condition is the greatest
number of transmission channels that may be sclected for code rate r, while achieving
the required setpoint z,.

[1074) The threshold @, associated with ende rate r, may then be expressed ag:

G ) Eq (18)
o = e
" Lm\'
The threshnld «, optimizes the throughput for code rate r,, which requires the setpoint
7. If a common code rate is used for all selected transmission channels, the maximum
achievable throughput T, for code rate r, can be computed as the throughput for each

channrel (which is r,} limes the number of sclected channels, A, - The maximum

achievable throughput 7, for code rate r,, can thus be expressad as:

7=t - Eq (1)
where the unit for 7}, 15 in information bits per modulation symbol.

[1075] The optimun throughput for the vector of code rates can then be given by:

1, =max {1} . Eq (20}

opt

As the code rate increases, more information bits may be transmitted per moduiation
symbol. Flowever, the required SNR also increases, which requires more transmit
power for the selected transmisgion channels for 2 given noise variance &’ Sineo the
total transimut power {5 Himited. the higher required SNR may be achieved by distibuting
the total available wansmot power over fewer transmission channels.  Thus, the

maximum achievable throughput for ecach code rate in the vector R may be computed,
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and the specific code ratg that provides the highest throughpul may be deemed as the
aptimum code rate for the specific channel conditions being evaluated. The optimum
tireshold g, is then equel to the threshold o corresponding Lo the specitic code rate r,
that resuls in the optimum throughput Ty

[1676] In the threshold derivation schemes described above, the optimum threshold
o, 18 determined based on the channcl gains for a!l gvailable timsmission channcls. If
the received SNRs are available instead of the channel gains, then the received SNRs
may be ranked and placed in 4 list #{A) in order of decreasing SNRs, where | < 2 £
NtNg, such that the first element in the list y(1) = ly(j, K0}, ..., and the last
clement in the list (N N, ) =min{y{;j.k)}. A sequence I'(A) of average achicvable
SNEs for NyNg possible sets of selected transmission channels may then be determined.

The average SNR for the A hest transmission channels, ¥, {A}, can be compuled as:

>rn

Py W= — Eq (L)

The average SNR, ¥,,, (), is then stored as the A-th clement of the sequence T(3) .

16771 For each code rate r, {(where 1 < n < Nz, the Jargest value of A, A, 15

o
then determined such that the average SNR for the A selested transmission channels is
greater than ov equal to he associated setpoint .. This condition may be expressed ag

shown in equation (17) above. Once the largest value of A A

, is determined for

code rale 5, the threshold @, associated with this code rule may be determined as;

g = Tae) Eo 22
Ve

where y,,. is the average SNR over all evaileble transmissien channels (ic.,
Yoo =T{N;Np) ). The opimum threshald ¢y and the optimum throughpot £ muy
alsa be determuned as described above.

[1074]) For the above description. the threshold (s selected 1o optimize throughput

for the available transmission channels and based on uniform distribution of the total

available wansmit power over the selected transmission channels. The threshold may
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also be selected to optimize other performance criteria or metrics, and this is within the
scope of the invention. Moreover, other transmit power distribulion schemes may also
be used and are within the scope of the invention.

[10779] FIG. 2B is a flow diagram of a process 240 to derive a threshold & used to
select ransmission channels for data transmission and which implemenzs the second
threshold derivation scheme described above. Process 240 may be used if the channel
gains, raceived SNRs, or some other characleristics are available for the transmission
channels. For clarity, process 240 is described below for the case in which the channel
pains are available, and the case in which the received SNRs are available 13 shown
within brackets.

[1080] Tnitially, a vector of sctpoints (Z:[z,,z:....,.zvl]) is defincd and a
corresponding vector of code rates (R =[r,r5, .. fwz” that supports the associated

sctpoints is determuned, al step 230, The channel gany H(j,4) [or the received SNRs
7(j.&3] for all available ransmission channels are reneved and ranked (rom the best o
the worsl, al step 252. A sequence T'(#) of average achicvahle SNRs for NyNg possible
sets of selected transmission channels is then compurted based on the channcl gains as
shown tn equatior (16} |or based on Ihe received SNKs as shown in equation {Z1}], at
step 254,

{1081] Each available cedce rate is then cvaluated via a loop. In the first step of the
loop, a (not yet evaluated) code rate r, is identified for evaluation, at step 256, Lor the
first pass through the loop, the identified code rate can be the first code rate ny in the

vector R, For the identified code rate #,, the larpest value of A A, is deterimingd

such that the average SNR for the A best transmission ¢hannels is greater than or 2qual
1o the selpoint z, assoeialed with the eode rate r, being evaluated, at step 258, This can

be performed by comparing each element of the sequence T(A) with the setpoint z, as
shown in eguation {17). The threshold @, asssociated with cote rate r, 35 then

detenmined based on the averape SNR for 2, iransmission channels, as shown in

equation (18), at step 260. The maximum achievable throughput, 7., for code rate r,
can also be determined as shown in equation (1Y), at step 262.

[1082] A determination is then made whether or not all Nz code rates have been
evaluated, at step 264. 1f not, the process retums to step 256 and another code rate 13

identified for evaluation. Otherwisg, the optimum throughput, Ty, and the optimum
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threshold, Gy, May be determined as shown in equation (20), ut swp 266, The process
then terminates,

{1083] in the threshold derivation schemes descobed above, one threshaold is
determined for all available Iansmission chanmels in the communication systein since
the selective chamel transmission is implemented on all chaniels. In embediments
whereby the (ransmission channcls are segregated into a number of groups, one
threshold may be derived and used for each group. The threshold for cach group may
be derived based on vatious crilenia, such as o aptimize the throughpm for the
transmussion channels included in the group,

[1084]  To determine the threshold for each group, the derivaions described above

may be used. However, the list G‘ {A} for each group includes only the power gains [or

received SNRs] for the transmission channels included in the group.  Also, a sequenee

[, (&) of average SNRs is defined bused on the channel gains for recerved SNRs] of the

transimssion channels in the group.

[1085] For the second threshold derivation scheme, the threshold @, associated

wilh code rate r, for group j may be expressed as:

G0} LA e
o, w——ur & =

. Lo ¥oves

Eq (23)

The optimum threshold o,

iy

for group j is equal to the threshold @;, corresponding to

the: specific code rate 7, that results in the optimal throughput 7,

it for group j.

[10346] As noted ahove each group of ansmission channels may be associated with
a respective threshold, Alematively, a number of groups may shirs the sume threshold.
This may be desirable, lor example, il the same coding and modulation scheme is 1o be
used for a number of transmit antennas and the available transmit power may be also
between these transmit antennas.

[1087]  In the schemes described above, the threshold ¢ is derived based on the
highest throughput achieved with uniform distribution of the total available transmit
power amongst the selecied transmission channgls, In some other schemes, the
threshold may be derived based on same ather conditions andfor metries.

[1088] In certain schemes, the threshold may be derived based on nen-umiform

distribution of the total available transmil power amongst the selecled transmission
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channcls. For examplc, & power allocation scheme may also be devised whereby mare
transmil power is allocated (0 better tramsmission channels, which may improve
throughput. As another example, a power allocation scheme may be devised whereby
mare transmit power is allocated 10 poorer transmission channels (to a limit), which
may improve performance if the poor channels limit perfonnance.

(1089] Various schemes may be devised whereby the tolal available ransinit power
may be ailocated non-umformly, for example, hased on the distribution of SNRs
achieved for the trimsmission chanmels and the available coding and modulation
schemes (1.e., the available code rates and modulation schemes). As a specific example,
the available transmission channeis may be ranked hased on their achieved SNKs and
partitioned into a number of sets. The transmission channels in the worse set may be
omilled (o use, a first percentage (i.2., 1 %) of the total available transmit power may
be allocated ta the tranamission channels in the second set. a second percentage (i.e., y
%) of the totel available transmit power may be allocated 1o the ransmission channels
in the third set, and so on, I some schemes, the threshold may be selected 10 maximize
the throughput achieved based on uncqual transmit power allocation,

[1090]  Tn another specific scheme, the threshold may simply be o particular (fixed)
tarpet SNR, und all rransmission channels having received SNRs greater than or equal w
the terget SINK is selected for use, wilh the recetved SNR being based on uniform
transmit power allocation amongst the best transmission channels.

[1091] Various other transmit power allocation schemes may also be implemented

and are within the scope of the invention.

Mull annel Commurication System

[1092) FIG. 3 is a dipgram of a MIMO communication system 300 capabie of
implementing various aspects and embadiments of the invenlion. Systemn 300 includes
a frst system 310 {e.g., base station 104 i FIG. 1) m commumcation with a second
systemn 350 (e.g., terminal 106). System 300 may be operated to employ a combination
of antenna, frequency, and lemporal diversily o increase spestral efficiency, improve
performanse, and enhance flexibitiry,

[1093] Al system 310, a dara souree 312 provides dara (i.z., information bits) o a
transmit (TX) data processor 314, which (1) encodes the data in accordance with a

particular coding scheme, (2) intcrleaves (1.e., reorders) the encoded data based on a

JP 2004-531980 A 2004.10.14



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(69)

WO UH0L702 PCTUS02/20379
26

particular nterleaving scheme, and (3) maps the interleaved bits into modulation
symbols for one or more transmission channels selected for use for data transmission.
The encoding increuses the reliability of the data tunymission.  The interleaving
pruvides time diversity [or the coded bits, periits the data to be transmitted based on an
average SMR for the selected transmission chamels, combats fading, and further
removes correlation between coded bits vsed te form each modulation symbel. The
interleaving may further provide frequency diversity if the coded birz are trangmitted
over multiple frequency subchannel:. Tn an aspect, the coding, interleaving, andfos
symbol mapping may be performed based on conirel signals provided by a comroller
334,

(1094) A TX channel processor 320 reccives and demultiplexcs the modulation
symbols from TX data processer 314 and provides a stream of moedulation symbuols for
each selecled transmission channel, ore medulabion symhbal per time slot. TX channel
processor 320 may further precondition the modulaton symbols for the sclccted
transmission channels if full C31 is available

[1093] It OFDM is not employed, TX chaunel processor 320 provides a stream of
madulation symbols for each antenna used for data vansmission.  And if OFDM s
gmployed, TX channel processor 320 provides a stream of medulation symbol vectors
far each antenna used for data transmissien. And if full-CSI processing is performed,
TX channel pracessur 320 provides a stream of preconditioned mndulalion symibuls or a
stream of preconditioned maodulation symbol vectors for cach antenna used for data
transmission, depending on whether or not OFDM is employed. Each stream is then
received and medulated by a espective medulator (MOD) 322 and transmitted via an
assaciated antenna 324,

(1096]) At recciver Rystem 350, 4 number of reccive antennas 352 receive the
transmitted  signals and provide the recsived signals to respsclive demodulators
(DEMODY 354, Tach demedulator 354 performs processing complementary 1o that
performed at modulator 322. The madulation symbels from all demodulators 354 arc
then provided 1o a receive (RX) channel/data processor 356 and further processed o
recover lhe lansmilled duta streams.  RX chunnelfdawa processor 356 perferms
processing complementary to that perfermed by TX data processor 314 and TX chaunel
processor 320 and provides decoded dara 1o a data sink 360. The processing by receiver

gystem 350 is described in further delail below.
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MIMO Transmitter Systemy
1097 FIG. 4A is a block diagram of a MIMO transmitter system 310a, which is
capeble of processing data in accordance with an embodiment of the invention.
Trunsmitter systerm 3104 is one embodiment of the transmitter portion of system 310 in
FIG. 3. and includes (1) a TX data processor 314a thar rcceives and processes
informatinn hits to provide modulation symbols and (2) a TX channel processor 320a
that demultiplexes the modulation symbols for the selected trunsmission channels.
[1098] In the embodiment shown in FIG. 4A, TX data processer 314a includes an
encoder 412, a channel interleaver 414, a puncturer 416, and & symbol mapping element
418. Encoder 412 receives Lhe aggregate information bils 10 be tansmilled and encodes
the received hits in accordance with a particular coding scheme to provide coded bits.
Channel intetleaver 414 interlcaves the coded bits based on a particular interleaving
scheme to provide diversity. In an embodimenl, the interieaving is performed such that
the transmited bils may be recovered based on the average SNR of rhe (runsmission
channels selected for use. Puncturer 416 punciures {i.e., deletes) zero or more of the
interleaved coded bits o provide the desired number of coded bits. And symbol
mapping element 418 maps the unpuncrured bits into modulation symbols for the
selected trunsmission chaonels.
[1099] Pilot data (e.g.. data of known partem such as a sequence of all zeros or all
ones) may also be multiplexed with the processed information bits, The pilot data may
be transmitted (e.g., in a time division multiplexed (TDM) manner) in a subset or all of
the selected rransmission channels, or in & subset or ali of the available transmission
channels. The pilot data may also be transmilied in a code division mulliplexed (CDM)
manner along with the coded data in all or a subset of the ransmission channels. The
pilot data may be used at the receiver to perform channel estimation and demodulation,
a8 described below.
[1100} As shown in FIG. 4A, the data encoding, interleaving, and puncturing may
be achieved based on one or more coding control signals, which idemily the specilic
coding, interleaving, and punctoring schemes to be used. The symbol mapping may he
achieved bascd on a modulation control signal that identifics the specific madulation

scheme to be used.
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[1101) In one coding and modulation scheme, the coding is achieved by using a
fixed base code and adjusting the punctwing te achieve the desired code rate, e, ag
supported by the average SKNR of the selected transmission channels. The base code
may be a Turbo code, a convolutional code, a concalenaled code, or some other code.
The base code may also be of a parlicular rate {2.g., o rate 173 code). For this scheme,
the puncturing may be perfermed after the channal interleaving w achieve the desiied
code rate,

[1102]) Symbol mapping element 416 can he designed o group sets of unpunclured
Lits Lo form non-binary symbols, and to map cach non-binary symbal into a point in a
signal constellation corresponding to the medulation scheme selected for use for the
selected transmission channels. The modulauon scheme may be QPSK, M-PSK. M-
QAM, or some other scheme. Each mapped signal point corresponds to a modualation
symbal.

11103] The enceding, interleaving, puncluring, and symbol mapping at ransminer
system 310a can be performed based on numerous schemes. One specific scheme is
described in the aferementioned ULS. Patent Application Serial MNo. 09/776,073.

[1104) The number of information bits that may be wransmitted for each modulation
symbol for a particular level ol performance (e.g., % PER) is dependent on the
received SWR. Thus, the coding and modulation scheme for the sclected transmission
channels may be detcrmincd based on the characteristics of the channcls (e.g., the
channel gains, received SNRs, or seme other informalion). The chunnel inlerleaving
may also be adjusted based vn the coding contrel signal.

{1105] Tahle | hsls vanous combinations of coding rate and modutation scheme
that may be used tor a number of received SNR ranges. The supported bit rate for each
transmission chanmel may be achieved using any onc of a number of pussible
combinations of coding rate and modulation scheme. For example, onc information bit
per mednlation symbol may be achieved by using (1) a coding rate of 142 and QPSK
modolation, (2) a coding rate of 1/3 and 8-PSK modulation, (3) a coding rate of 1/4 and
16-QGAM, or some eher combination of coding vale and modulation schesne. In Table
1, QPSK, 16-QAM, and 64-QAM are used for the listed SNR ranges. Other modulation
schemes such as 8-PSK, 32-QAM, 128-QAM. and so on, may also be used and are

within the scope of the invention.

Table 1
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Received SNR | # of Information Modulation #of Coded Coding

Range Bits/Symbol Hymbnl Bits/Symibol Rate
15-44 i LN K 2 112
44-464 1.5 QPSK 2 34
6.4-~-835 2 16-QAM 4 172
8.35-104 2.5 L6-QAM 4 58
10.4-123 3 L6-QAM 4 34

12.3-14.15 15 64-QAM G 7z |

.15 15,35 4 §-QAM 6 wm |
13.55-17.35 4.5 64-QAM 4 i
> 1735 5 64-QAM 6 5/6

[1106]  The modulation symbols from TX dara processor 31da are provided to TX
channel processor 320a, which is onc embodiment of TX channel processor 320 in FIG.
3. Within TX chunnel processor 320a. a demultiplexer 424 receives and demultiplexes
the modulation symbols inte 4 number of modulation symbol strearns, one stream for
each rransmission channel selecied for use. Each modulation symbl stream is then
provided 0 a respective modulator 322. It OFDM is empleyed, the maodulation
sviobols at each tme slou for all selected fiequency subchannels of each transmit
antenna are combined into a modulation symbol vector, Each modelator 322 converts
the modulation symbols {for a system withowt OFDM) or the modulation symbol
vectors (for a system wilth OFDM) inlo an analog signal, und further amplifies, filters,
guadrature modulates, and apconverts the signal to generale a modnled signal suitable
for transmission over the wircless link.

[1107] FIG. 4B is a block diagram of a MIMO Iransmitier system 310b, which is
capable of processing data in accordance with anolher embodiment of the invention.
Transmitter system 310h is another embodiment of the transmitter portion of system
310 in FIG. 3 and includes a TX data processor 314b coupled to a TX channel processor
320b.

[1108] In the embodiment shown in FIG. 4B, TX data processor 314b includes
encoder 412, channei interleaver 414, and symbol mapping elemen 418 Encoder 412
receives und encodes the apgregate information bils in accordance with a particular
coding scheme to provide coded bits. The coding may be achieved based on a particular

code and code mate selected by controller 334, as identified by the coding control
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signals. In this embodiment, puncturing andfor bit reperition (if any) is performed by
encoder 412, Channel imterleaver 414 interleaves the coxded bits, and symbol mapping
clement 418 maps the interlcaved bits imto modulaion symbols for the selected
transmission channels.

[1109] In the embodiment shown in FIG, 4B, transmitter system 310b is capable of
preconditioning the modutation symbols based en full CST. Within TX channel
processar 320b, a MIMOQ processor 422 demultiplexes the modulalion symbols into a
number of (up to N¢} modulation symbol streams, one stream for each spatial
subchannel (ie., cigenmode) used to transmit the modulation symbols. For full-CS8T
processing, MIMO processor 422 then preconditions the (up o Ne) modulation symbols

at each tme slot w generate Ny precondhitioned modulation symbols, as follows:

5] [ e e A emr-l M
| |

| fae fm €, b, .
- L Ea (24
M| M O MM 00
'IN;j Eupr Bupe A €, _: by,

where b, by, .. by, are respectively the modulation symbols for spatial subchannels 1,
2, .. N
¢, are elements of an eigenvector matrix E related to the transmission
characteristics from the transmit antennas to the receive antennas; and

X, X, .z ae the preconditioned modulation symbels, which can be

1=

cxpressed as:
L R TED R P AL T

xy=hea whye + L B ey, and

Fy, SO e Tt e b by ey

The eigenvector matrix E may be computed by the transmitier or is provided to the
wensmiller (e.g.. by the receiver).

[1110] For [ull-CST processing, euch preconditicned modulation symbal, e, [or 4
particular transmir antenna { represents a linear combination of the medulation symbols
for up 1o N¢ spatial subchannels. For cach time slot, the {up to) Ny preconditioned
medulaton symbols generated by MIMO processor 422 are demulliplexed by
demultiplexer 424 and provided a (up to) Ny modulators 322, Each moedutator 322
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converts the preconditioned modulaton symbols {for a sysiem without OFDM) or the
preconditioned modulation symboel vectars (for a system with OFDM) inte 2 modulated
signal suitable for transmission over the wireless link.

{1111] FIG. 4C is a block diagram of a MIMO rransmitter syster 310c, which
vilizes OFDM and is capable of processing data in accordance wilh yoi another
embadiment of the invention. Transmitter system 310¢ is another embodiment of the
trznsmitter portion of system 310 in FIG. 3 and includes o TX data processor 3l4c
coupled to a TX channe) processor 320c. TX data processor 314c may be operated to
independently code and modulate data for cach group of transmission channels based on
a particular coding and medulation scheme selecled for the group.  Each group may
correspond 1o one ransanil antgnna ond the transmission channels in gach group may
correspond o the frequency subchannels for the transmit antenna.

[1i12] In the embodiment shown in FIG. 4C, 'TX data processor 3i4c includes a
number of spatial subchannel data processor 41Ga through 410, one data processor 410G
for each group of transmission channels to be independently coded and modulated.
Fach data processor 410 includes encoder 412, channel interleaver 414, and symbol
mapping element 418, These elements of data processor 413 operate 1o encode the
information bits for a group being processed by the data processor, interleave the coded
bits, and map the mterleaved bits o generate modulation symbols,  As shown in FIG.
4C, the coding and modulation control may be individually provided for each group.
[1113]  The medulation symbols feom each data processor 410 ars provided to a
respective combiner 434 within TX channcl pracessor 320c. If cach group includes the
sclected frequency subchannels for a pamicular transmit antenna, then combiner 434
combines the modulaticn symbols for the selected frequency subchannels to forzn a
modulation symbol vector for cach time slot, which is then provided o a respective
modulator 322. The processing by each modulator 322 to generate a modulated signal
ig described below.

[1114] FIG. 4D 15 a block diagram of a MIMO transmiller system 310d, which also
utilizes OFDM and js cupable of processing dula in accordance with yet another
embodiment of the invention. In this embodiment, the transmission channels for each
frequency subchanncl may be independently processed.  Within a TX dala proccssor
3144, the infurmation bils (o be transmitted wre demultiplexcd by a Jemultipleaer 428

into a number of (up to Ng) frequency subehannel data streams, one stream for each of
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the fregquency subchanncls to be used for data transmission. Each frequency subchannet
data stream s provided to a respective frequency subchanncl data processor 430,
[1113] Each data processor 4300 processes data for a respecuve frequency
subchannel of the OFDM system. Each data processor 430 may be implemented samiiar
1o TX data processor 3144 shawn in FIG. 4A, TX data processor 314b shown in FIG.
4B, or with some other design. In one embodiment, data processer 430 demultiplexes
the frequency subchanmel data stream into a number of data substreams, ane data
substream for cach spatial subchannel sclected for use for the frequency subchannel.
Each data substream is then emceded. mierleaved, and symbol mapped w0 generule
modulation symbols for the data substream. The coding and modulation for each
requency subchannel data stream or each data substream may be adjusted based on the
cading and medulation control signals. Each data processur 430 thus provides up lo Ng
modulution symbol sireams [or up to Ng spatial subchannels selected for use for the
frequency subchannel.
[1116] For a MIMO system utilizing OFDM, the modulation symbols may be
transmitted on multiple frequency subchannels and from multiple transmit antennas,
Within a MIMC processer 320d, the up to M¢ modulation symbaol streams from cach
data processor 430 are provided to a respecrive spatisl processor 432, which processes
the received medulation symbols based on the channel control andfor the availabie CSI.
Ezch spatial processor 432 may simply implement a demuliiplexer (such as that shown
n FIG. 4A) if full-CSI processing is not performed, or may implement 2 MIMO
processor followed by a demultipiexer (such as that shown in FIG. 4B} if full-CSi
processing is performed. For a MIMO systern utilizing OFDM. the {ull-CS] processing
(i.e., preconditioning) may be performed for each frequency subchannel.
[1117] Each subchannel spatial processor 432 demultiplexes the up (o Ne
modulation symbols for each time siot inte up 10 Ny modulation symbels for the
transmil anlennas selected for use for thal frequency subchannel. For each transmit
antenna, a comhiner 434 receives thc modulation symbols for up to Np frequency
subchannels selected for use for that transmit antenna, combines the symbols for each
time slot into a modulation symbol vector V, and provides the modulation symbel
veetor to the next processing stage {i.e., a respective madulator 322).
[1118]  TX chamnel processor 320d thus receives and processes the modulation

symbols 10 provide up to Nt modulation symbol vectors, ¥, through Vi, one
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modulation symbol vector for each transmit antenna selocted for use for data
transmission. Bach modulation symbol vectar V cevers a single ume slot, and each
element of the modulation symbol vector V is associated with a specific frequency
subchannel having & unigue subcarrier on which the modulation symbol is conveyed.
[1119] FIG. 40 also shows an embodiment of modulator 322 tor OFDM. The
modulation symbal vectors V| through Vu, from TX channel processor 320d are
provided to modulutors 322u through 322t, respectively. Ln the emhodiment shawn in
FIG. 4D, each modulator 322 includes an inverse Fast Fourer Transform (1IFFT) 440, a
cyelic prefix generater 442, and an upconverter 444,
[1120] IFFT 440 cunverts each received modulation symbol vector into its time-
domiin tepresentation (which is referred to as an GFDM symbel) using IFFT.  [FFT
440 can be designed to perform the IFFT on any number of [requency subchunnels {e.g.,
8, 16,32, . Mgy In an embodiment, for each modulation symbol vectar converted to
an OFDM symbol, cyclic prefix generater 442 repeats a poition of the tine-domain
representation of the OFDM symbol to form a “transmission symbol™ for a specific
transntit antenna.  The cyclic prefix insures that the transmission symbel retains its
orthogonal propertics in the presence of multipath delay spread, thereby improving
performance against deleterious path offecte. The implementation of TFFT 440 and
cyclic prefix generator 442 ts known in the art and not described in detail herein.
[1121]1  The time-domain Tepresentaions from euch ¢yclic prefix generator 442 (ie.,
Lhe transmission symbols for sach antenna) are then processed fe.g.. convered into an
analog signal, modulated, amplified, and filtered) by upconverter 444 (o generaie a
modulated signal, which is then transmitted from a respeciive antenna 324.
11122] OFDM maduolation i described in further detail in a paper entitled
“Multicarricr Modulation for Data Transmussion © An Idea Whose Time Has Come.” by
John A.C. Bingham, 1EEE Communications Magazine, May 1990, which is
incorpurated herein by relerence.
[1123] FIGS. 4A through 4D show four designs of a MIMO transmitter capable of
implementing various aspects and embediments of the invention. The invention may
also be practiced in an OFDM system that dees not utilize MIMO. In (hiz case, the
available transmission channels correspond 1 the Mrequency subchannets of the OFDM
system:. In peneral, the wchniques described herein are applicable for multiple parallel

transnussion channels supporied by MIMO, OFDM, or any other communication
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scheme (e.g., a CDMA schemne) capuble of supporting multiple parallel transmission
channels.

[1124] Mumerous other transmitter designs are also capable of implemeniting
various inventive lechnigues described herein, and these designs are also within the
scope of the invention, Some of these transmitter designs are deseribed in further detail
in the [oliowing patent applications, which are ali assigned to the assignee of the present

application and incorporated herein by relerence:

s LS. Patent Application Senal No. 39/776,073, described abave,

* U8 Patent Application Sertal No, (97532 492, entitked “HIGH EFFICIENCY,
HIGH PERFORMANCE COMMUNICATIONS SYSTEM EMPLOYING
MUTTI-CARRIER MODULATION,” filed March 22, 2000;

s U.S Putent Application Serial No. 09/826,481, “METIIOD ANI} APPARATUS
TFOR UTILEZING CHANNEL. STATE INFORMATION TN A WIRFLESS
COMMUNICATION SYSTEM,” filed March 23, 20015

s .S, Patemt Applicaton Serial Ne. 09/854,235, entitled “METHOD AND
APPARATUS FOR PROCESSING DATA IN A MULTIPLE-INPUT
MULTIPLE-WTPUT (MIMO) COMMUNICATION SYSTEM UTILIZING
CHANNEL STATE INFORMATTION,” filed May 11, 2001:

« [1L.8 Palent Application Serial Nos. 09/860,274 and [Attemey Dockel No. 104-
45.1], bhoth entitled “METIIOD AND APPARATUS FOR PROCESSING
DATA FOR TRANSMISSION IN A MULTI-CHANNEL COMMUNICATION
SYSTEM USING SELECTIVE CHANNEL INVERSION,” filed May 17, 2001

and Junc 14, 2001, respectively.

These patent applications also describe MIMO processing and CSI processing in [urther
detail.

[1125]  TIG. 4C shows an embodiment wherein the data for each transmit anteana
may be ceded and modulated independently bascd on a coding and modulation scheme
sclected for thar transmit anenna.  Analogously. FIG. 4D shows an embodiment
wherein the data for each frequency subchannel may be coeded and modulated
independently based on a coding and modulation scheme selected for thal frequency
subchanncl. In general. all available transmission channels {e.g., all spatial subchannels

of all frequency subchannels) may be segregated into any number of groups, and each
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group may include any number and type of ransmission channels. For example, each
group may include spatial subchannels, Irequency subchannels, or subchannels in both

domains.

MIMO Receiver Systems
[1126]  FIG. 5 is a block diagram of a MIMO receiver system 3500 capable of
receiving data in accordance with an crabodiment of the invention. Recciver system
350z is one specific embodiment of receiver system 350 in FIG. 3 and implements a
successive cancellation teceiver processing techmique to receive and recover the
transmitted signals. The trunsmiteed signals from (up 10) Ny transmit antcnnas arc
received hy each of Ny antennas 352a through 352r and routed to a respective
demodulator (DEMOL} 354 (which is alse relermed 1o as a frunt end processor).
11271 EBach demodulator 354 condinions {e g, filters and amplifies) a respective
received signal, downconverts the conditioned signal 1o an inermediate frequency or
baseband, and digitizes the downconverted signpi 1o provide samples. Buch
demudulator 354 may luther demodulate the samples with a received pllot to generate a
strearn of received modulation symbols, which is provided to an RX channel/data
pracessor 336a.
{1128] 1f OFDM is cmployed for the data transmission, each demodulator 354
further performs provessing complementary to that performed by modulator 322 shown
in FIG. 4D. 1n this case, each demedutator 354 includes an FET processor (not shown)
that generates transformed representations of the samples and provides a stream of
modulution symbel veclors. Each vector includes up to Mr modulation symbols for up
to» N frequency subchannels seleeted for use, and ane veetor i3 provided for each time
slot.  For a tranamit processing scheme in which each frequency subchannel is
indepandently processed (e.g., as shown in FIG. 4D), the madulation symbel vector
streams from the FIT processors of all Mg demodulators are provided to & demultiplexer
(not shown in FIG. 5), which demultiplexes the modulation symbol veciar stream from
cach FFT processor into up 1o Ne modulation symbol streams corresponding (o the
number of frequency subchannels used for the data wansmission, The demuluplexer
then provides each of up to Np modulation symbol sireams 10 a respective RX
MIMO/data processor 356a.
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[1129] For a MIMO system not utilizing OFDM, one RX MIM(/dola processor
356a may be uscd Lo process the Mg modulalion symbol streams frem the Ng received
antennas,  And for @ MIMO system wiilizing OFDM, one RX MIMi/data processor
356a may be used 10 process the ser of Mg modulation symbol streams from the Nk
received antennas for each of up to Ne frequency subchannels used for data
transmission. Alternatively. a single RX vhannel/data processor 356a may be used 1o
separately process the set of modulation symbal streams associzted with each frequency
subchannel.

[1134%] In the embodiment showsn in F1G. 5, RX channel/data pracessor 156a (which
is one embodiment of RX channel/data processor 356 in FIG. 3) includes a numbcer of
successive (i.e., cascaded) receiver processing stages 510, one stage for each of the
transmitted data streams to be recovered by receiver system 35304, In one tansmit
prucessing  scheme, selective channel tanamission is applied to all available
transnyission channels. In this case, the selected transptission channels may be used to
transmit one or more data streams, each of which may be independently coded with the
commen ceding scheme, In another transmit processing scheme, sclective channel
transtdssion is applied independently to cach tansmit antcana.  In this case, the
selected rransmission channels for each transmit antenma may be used to transmit one or
more data sireams, each of which may be independently coded with the cuding scheme
selected [or that ransmit antenna.  If one data stream is independently coded and
transmittcd on cach spatial subchannel, then the succcssive canceliation receiver
precessing technique may be used 1o recover the transmilled dala streams.  For clarity,
BX chunnelfdata processor 356z is described for an embodirment wherein one data
stream 15 ndependently eoded and transmitted on each spatial subchannel of a miven
frequency subchannel being precessed by data processer 356a.

11131) Each receiver processing stage 510 (except for the last slage 510n) includes a
channel MIMO/data processor 520 coupled to an interference eanceller 530, and the Tast
stage 510n includes only channel MIMO/data processor 520n. For the first receiver
processing stage 510a, channel MIMO/data processor 5204 receives and processes (he
Ng medulation symbol streams from demodulatots 354 through 3540 10 provide a
decaded duta stren for the first transmission chammel {or the first transmitted signal}.
And for each of the second through lasi stages 510b through 510n, channel MIMO/data

processor 520 for that stage receives and processes the Ng modified symbol streams
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from the imerference canceller 520 in the preceding stage to derive a decoded data
stream for the transmission channel being processed by that stage. Each chanvet
MIMO/date prucessor 520 further provides CSI (e.g., the received SNR) for the
asgncrled timsmission channel.

[1132] For the first receiver processing stage 510a, interference canceller 530a
receives the Np modulation symba] streams from all Mg demodulators 254, And for
each of the second throngh second-tn-last stages, interference canceller 530 receives the
Ny modified symbol streams from the interference canceller in the preceding stage.
Each interference canceller 530 also rceeives the decoded data stream from channcl
MIMO/data precessor 520 within the same stage, and performs Lhe processing {(e.g.,
coding, intcrlcaving, symboel mapping, vhannel response, and 3o on) (o denve Ng
remodulated symbol streams that are estimates of the inteeference components in the
received modulation symbol atreams duc to this decoded data stream.  The remodulated
symbol streams are then subtracted from the received modulation symbol sireams 1o
derive Ng moditied symbol streamns that include all but ihe subimcied (e, canceled)
inlerlerence compenents. The Ng imodified symbol streams are then provided 1o the
nexl slage.

[1133] As shown in FIG. 5, controller 362 may couple to RX channel/data processor
350a and direct various steps in lhe successive cancellation receiver processing
performed by processor 3564,

[1134] FIG. 5 shows a receiver siructure that may be used in a straightforward
manner when each data stream is transmitted over a respective transmit antenna {i.c.,
one data stream corresponding to cach transmirted signal). In this case, each receiver
processing stage 510 may he operated to recover one ol Lhe Iransmitied signals largeted
for receiver system 3502 and provide the decoded data stream corvesponding to the
recovered transmitted signal.

[1135] For some other transmit proccssing schemes, a data stream may be
transmyited over muliple transmit antennas, frequency subchanmels, andfor Ume
intervals to provide spaial. frequency. und tme diversily, respectively. For these
schemes, the receiver processing initially derives a received modulation symbal siream
for the signal rransmitted on each transmit antcnna of cach frcquency subchannel.
Modulation symbols tor multiple transmit antennas, frequency subchunnels, undfor time

intervals may then be combined and/or multiplexed in a complementary manner as the
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demultiplexing performed al the wansmitter system.  The stream of combined
modulatiom symbols is then processed W provide the corresponding decoded duta
stream.

[1136] FIG. A is a block diagram of an embodiment of channel MIMO/data
processor 520x, whieh is one embodiment of channel MIMO/data processor 320 in FIG.
3. In this embodiment, channel MIMOYdata processor 520x includes {1} an RX channel
processor 620 that processes the (up (6) N received modulation symbol streams to
provide a recovered modulation symbol stream corresponding to the data stream heing
recavered and ¢2) an RX data processer 630 that decodes the recoversd modularion
symbol stream to provide the decede dawa sireamn. RX channel processor 620 includes a
spatialfspace-time processor 622, a selector 624, and a CSI processor 626, and RX dara
processor 630 includes a demodulation element 632, a de-interleaver 634, and a decoder
630.

[1137] In an emhodiment. spatial/space-time processor 622 petforms linear spatiat
processing en the Ny received signals {for a non-dispersive MIMQ channel with flat
fading) or space-lime processing on lhe Ng received signuls {for o dispersive MIMO
channel with frequency selective fading). Tha spatial processing may be achieved using
linear spatial processing techniques sush as a channel correlation matrix inversion
(CCMT) reehnique, a minimum mean zquare ciror (MMSE) technique, and others.
These techniquas may be used lo nult out the undesired signals andfor L muximize the
received SNR of each of the constiluent signals in the presence of noise and interference
from the other signals. The space-time proccasing may be achieved using space-time
processing, techniques such as an MMSE linear equalizer {MMSE-LE), a decision
feedback equalizer (DFE), a maximum-likelihood sequence cstimator (M1.8E), and
others. The COMI, MMSE, MMSE-LE, and DFE techniques are described in further
detail in the aforementioned U.S. Patemt Application Serial No, 09/854,235. The DFE
and MLSE techniques are also described in further detail by S.L. Ariyavistakul et al. in
a paper entiled “Optimum Space-Time Processors with Dispersive Interference:
Unified Analysis and Required Filter Span,” IEEE Trans. on Communicarion, Val. 7.
No. 7, July 1949, and incorporaled herein by reference.

[1138])  CSl processor 626 determines the C51 for each of the wransmission chennels
used for data transmission. For example, CSI processor 626 may cstimate a noise

covariance matrix based on the received pilot signals and then compute the SNR of the
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k-th transmission channel used for the data stream being decoded. The SNR may be
estnated snmilar to conventional pilar assisted sinzle and muln carner systiems, as is
known in the art. The SMRs for all of the selected transmission channels used for data
transmission may comprise the CS81that is reported back to the transmitter system. CSI
processor 626 may further provide to sclector 624 a control signal that identifics the
particilar data stream to be recovered by this recciver processing stage.

[1i39] Sclector 624 may receive a number of symbol streams rom spatial/space-
time processor 622 and would then extract some or all of the received modulation
symbols lo provide the recovered modulation symbol strccam corresponding to the data
strcam to be recovered. The symbol exiraction W derive Lhe recovered modulation
symbol stream may be perfermed based on a control signal from CS1 processor 626,
The extracted stream of modulation symbols is then provided to RX data processor 630.
[1i40] For an embodiment in which the data stream for each lransmiszion channel is
independently coded and modulated based on a common coding and modulation
scheme, the recovered modulation symbols for the selected transmission channel are
demodnlated in accordance with a demodulation scheme (e.g., M-PSK, M-QAM) that is
complementary 1o the common modulation scheme used for the transmission channel.
The demodulated data from demodulation element 632 is then de-interleaved by de-
tulerleaver 634 in a complementay manner ro that performed by the channel
interleaver, and the de-interleaved data is further decoded by decoder 636 in a
complementary manner 10 that performed by the encoder, lior example, a Turbo
decoder or a Viterbi decoder may be used for decoder 636 if Turbo or convolutional
coding, respectively, is performed at the transmitter sysiem. The decoded data stream
from decoder 636 represents an estimate of the transmitted data stream being recovered.
[(1141] FIG. GB is a block diagram of an interfcrence canceller 530x. which is one
embodiment of interfercnee canecller 530 in FIG. 5. Within interference cancelicr
330x, the decoded data stream from the channel MIMO/data processor 520 within the
same stage 15 re-encoded, interleaved, and re-modulated by & channel data processor
642 1o provide remodulated symbols, which are estimates of the modulaton symbols
the transmitter systen: prior to the MIMO processing and channel distortion.  Channel
data proccssor 642 pertorms the same processing (c.g., cncoding, mterlcaving, and
modulation} as that performed at the tansmiller systemn for the data stwam.  The

temodulated symhols are then provided to a channel simulator 644, which processes the
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symbols with the estinuted channel response fo provide an estimate, fk, af the
interference due the decoded data streamn.  The channel response estimate may be
detived bascd on the pilot and/or data transmitted by the transmitter system and, ¢.g.. in
accordance with the techniques described in the aforementioned U.5. Patent Application

Serial No. 09/854.235.

[1142] The Ng elements 10 the interference vector E‘ eorespond (o the component
of rhe received signal at the Ny teceive antennas due to the symbol sireum (ransmitted
on the k-th transmit antenna. Each element of the interference vector represents an
estimated component duc 16 the &-th decoded data stream in a corresponding received
modulation symbol stream. ‘These componenls are interference to the remaining (not
yet detected) data streams in the Np received modulation symbol streams (ie., the
vector [i }, and are subtracled (i.¢., canceled) [Tom Lhe received symbol vecior gi by a

summer 632 1o provide a madified symbol vector £ having the components from the

! is provided as the

k-th decoded data stream removed. The mndified symbol vector ™
input vecler 16 the next reeciver pracessing stage, as shown in FIG. 5.

[1143] Various aspecis of the successive cancellation receiver processing are
deseribed in further detail in Lhe aforementioned TES. Pateni Application Serizl MNo.
G9/854.235.

[1144] F1G. 7 is a block diagram of a MIMO receiver system 350b capable of
supporting OFDM and Teceiving data in accordimes with unother embodiment of the
invention. The transmutled signals from (up 0} Ny trangmu antennas are received by
each of Ny antennas 352a through 352r and souted to a respective demodulator 354.
Each demodulator 354 conditions, processes, and digitizes a respective received signal
to provide samples, which are provided 1o a RX MIMO/data processor 356b.

[1145]  Within RX MIMO/data processor 356b, the samples for cach reccive
anlenna arc provided to a respective FFT precessor 710, which generates transformed
representations of the received samples and provides a respective stream of modulation
symbol veclors, The Ng stresms of modulaion symbol vectors from FFT processors
710a thmuagh 710r arc then provided to a processor 720. Progessor 720 first
demultiplexes the stream of medulation symbol vectors from each FFT processor 710
into a number of (up to Ng) subchanmel symbol streams. Processor 720 may then

perform spatial processing or space-time processing on the Ny subchannel symbol
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streurns of each frequency subchannel to provide (up to) Ny streams of posl-processed
modnlation symbals.

[1146]  For each data stream (ransmitted over multiple [requency subchannels andfor
multiple spatial subchanngls, processor 720 funher recombines the post-processed
modulation symbols for all frequency and spatial subchannels used tor transmitting the
data stream into one recovered modulation symbol stream. which is then provided to a
datat stream processor 730, Each data stream pracessor 730 receives a patticular stream
of recovered medulation symbols, performis demodulation, de-interleaving. and
decoding complemenlary (o that performed an the stream ar the transminer unit, and
provides z respective decoded dara stream.

[1147] Receiver systems that employ the successive cancellation receiver
processing lechnigue and those that do not employ the successive cancellation receiver
processing technigue may he used 1o reecive, process. and recaver the transmitted data
streams.  Some receiver systems capable of processing signals received over multiple
transmission channels are described in the aforementioned U.S. Pawenl Application
Serial Mos. 09/532,492, 09/776,075, 09/826 481, 09/834,235 and 0%/860,274.

Ohtaining CS1 for the Transmitter System

[114%) Fhe sclective channel transmission may be implemenied in various manners,
and varous 1ypes ol CSI may be reported by a receiver sysiem (o a transmilter systent.
In ane implementation, the charactcristics of thc communication link arc determined at
the receiver system and used to select the transmission channels and their coding and
modulation schemel(s). The identity ol the selecled trunsmission channels and coding
and nmodulatian scheme(s} compnise the €8T that is sent back 1o the transmitter system
and used o process data for transmission.  In another implementation, the link
characteristics are determined w the receiver system and comprise the CS1 that is
provided to the transmitter system. The transmit system then uses the reported CSI to
select The transmission channels and coding and modulatien scheme(s).

[1149] The CS1that is reported by the receiver svstem to the transmitter syslem may
thus comprise any type of information that is indicative of {1} the cheructeristics of the
communicalion link, (2} the sclected transmission channels and their coding and

madulation scheme(s), or some other information or any combination thereef. Various

JP 2004-531980 A 2004.10.14



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(85)

WO 0301702 PCT/US02/20379

22

types und forms of information may be provided as C8I, some cxamples of which are
described below.

[1150]  In one embodiment, the CSI comprises an indication of all wansmission
channels thal have been selected for use and an indicanon of the coding and modulation
scheme(s) to be used.  In one specific implementation, a channel mask may be defined
o include a hit for each transmissien channel that may be selected tor use. Priorto a
data transmission. the available transmission channels may be evaluated and selected ar
the receiver system. The bit for each selected transmission charmel may then be
cnabled (c.g., set to logic high} and the bit for each unselected transmission channed
may be disabled (&g, set 1© logic low). In another implementation, the selected
Iransmission channels may be identitied by run-length coding or some other type of
coding. For an OFDM system (with ur without MIMO), currelation in the frequency
domain muy be exploited 1o permil reduction in the amount of data 1o be fed back for
the CSI. As an example, if M freguency subehannels for a panticular spatial subchannel
are selected for usc, then the following may be reported (1) the identities of the spatial
suhchannel and the first and last selected (requency subchannels, (2) the identities of the
spatial subchannel and the first selected frequency subchaancl and M, (3) a specific
code indicative of the identities of the sparial subchanncl and first selected frequency
subchanne]l and M, or (4} some other values, codes, OF Tnessapges.

[1151] In gnother embodiment, the CS1 comprises a data rate indicawor for each
independently processed (i.e., coded and modulated) data stream. The quality of a
group of one or more wansmission channels o be used for transmitiing an
independently processed data streum may be delermined initially (e.g, based vn the
estimated SNRs for the transmussion chammels i the group) and a data rate
corresponding to the determined channel quality may be identified (e.g.. based on a
look-up table). The idemified data zate is indicative of the maximum data rate that may
be iransmiuted lor the data stream for the required level of performance. The data rate
may be mapped to and repiesented by a data rate indicator (DRI), which can be
efficiently coded. In a typical implementation. the SNR estimaies are mapped directly
tar the DRI based on, e.g., a look-up table.

[1152] In yet another embodiment, the CST comprises an indication of the particular
processing scheme tn be used at the wansmitter systermn for cach group of selected

transmission channels or each independently processed data stream.
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[1133] In yet another embodiment, the CSI compriscs the SNR or channc) ggin
estimated for each selected transmission channel or cach independently processed data
stream. The SR or channel gzain estimate may be quantized to a value having any
number of bits.

[1154] In yet another cmbodiment, the TSI comprises power contrel information for
cach selected transmission channel, data stream, group or transmission channels, or any
other unit of transmission. The power conuol mformation may include a single bit for
euch trunsmission unil to indicate a request for either more power or less power. or it
may include multiple bits two indicute the magmitude of the chunge in power level
requested. A request for more transmit power would indicate that the received SNR for
the associuted transmission channel(s) has degraded, and a request for less transmit
power would indicate that the received SWR for the assecialed lransmission channel(s)
has improved. In one implementation, the transmitter syslem makes use of the power
control information received from the recciver system to Cstimate the SNR of the
assoviated transmission channel(s), determines which transmission channels to select,
and selects the appropriate coding and modulation scheme(s).

[1155]) ln yet ancther embodiment, the CSI comprises a differenuial indicator for a
particular measure of quality for 2 transmission channel a data stream, a group or
ransmission channcle, or some other unit of transmission. Initially, the SNR ar DRI or
some other quality mensurement for the rransmission unit is derermined and reported us
a reference measurement value.  Thereafter, monitoring of 1he quality of the
trangmission unit continues, and the difference between the last reported measurement
and the current measurement is determined. The difference may then be quantized and
mapped to a differential indicator, which is then reported. The differential imdicator
may indicatc an increase or decrease to the last reported nieasurement by a particular
step size {or 10 maintain the last reported measurement). The reference measurement
may be transmitted periodically (o ensure that errors in the differential indicators andfor
crroneous reception of these indicators do not accumulate.

[1156] Other 1ypes and forms of CST may also be used and are within the scope of
the invention. In gencral, the CSI includes sufficient information in whatever type and
form thal may be used to idenlify a set of selected (ransmssion channels wnd their
coding and modulation scheme(s). The processing o derive certain types and forms of

C8I (e.g., the channel mask, data rate indicator, differential indicator, and so on) based
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on estimates of the channel characteristics may be performed al the receiver system by a
ceniruiler 362 shown in BILG. 3.

[1157) The CSI may be derived based on the signals transmitted from the
transmitter systern and received at the receiver system. In an embodiment, the C81 is
derived based on & pilot reference included in the transmitted signals. Alicmatively or
additienally, the CST may be derived based on the data included in the transmitted
signalz. Although data may be transmitled on only the selected ransmission channels,
pilot data may be transmilted on unselected transmission channels 1o allow the receiver
system to estimate the channel characteristics.

[1158) In yet another embodiment, the C81 compnses one or more sigoals
transmitted from the receiver system to the transmitter system.  In some systems, a
degree of comelation may exist berween the uplink and downlink {e.g. time division
duplexed (TDD) systems where the uplink and downlink shere the same frequency band
in a time division multiplexed manner). In these systems, the gualily of the uplink may
be estimated {lu a requisile degree of accuracy) hascd on the quality of the downlink,
and vice versa, which may be estimated based on signals {e.g., pilot signals) transmitted
from the receiver svstem. The pilot signals would then represent 2 means by which the
transmitter syslem could estimate the CSI as observed at the receiver system. For this
Lype uf CSI, no reporting of channel characteristics s explicitly necessary. C5I for a
TDM> system is described in further detail in U.S Patent Application Serdal No.
[Attermey Docket Ne. PDOGOI41], entitled “MEIHOD ANT} APPARATUS FOR
TRANSMITTING DATA IN A TIME DIVISICN DUPLEXED (TDL?
COMMUNICATION SYSTEM,” filed June 22, 2001, assigned to the assignee ef the
present application and incorporated herein by reference.

[1159]  The signal qualily may be estimated at the transmitier system based on
varicus technigucs. Some of these tochmnigues arc deserided in the following patents,
which are assigned 10 the assignee of the present application and incorpurated herein by

reference:

= U3, Paent No. 5799005, eatitled “SYSTEM AND METHOD FOR
DETERMINTNG RECEIVED PILOT POWER AND PATH LOSS TN A
CDMA COMMUNICATION SYSTEM,” issued Augusl 25, 1998,

JP 2004-531980 A 2004.10.14
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« [1.5. Patent Ne. 5,903,354, entitled “METHGD AND APPARATUS FOR
MEASURING LINK QUALITY IN A SPREAD SPECTRUM
COMMUNICATION SYSTEM,” issued May 11. 1999:

s 1.5, Patent MNos. 5,036,109, and 5,265,119, both entitled “METHOD AND
APPARATUS FOR CONTROLLING TRANSMISSION POWER Iv A CDMA
CELLULAR MOQRILE TELEPHONE SYSTEM," respectively ssued Oclober
8, 1991 and November 23, 1993; and

* U.S. Paent No. 6097972, entitled "METIIOD AND APPARATUS FOR
PROCESSING POWER CONTROL SIGNALS IN CDMA MOBILE
TELEI'HONE 5YSTEM.” issucd August 1, 2000

Methods for estimating a single transmission channel based on a pilot signal and/or a
data transmission may also be found in @ number of papers availabie in the art. One
such channel esumation method 15 desenibed by F. Ling in a paper ennitled “Optimal
Receptien, Performance Bound, and Cutoif-Rate Analysis of References-Assisied
Cohcrent CDMA  Commumecations  with  Applications,” 1EEE  Transacton On
Communication, Oct. 1999, and incorporated hevein hy reference

[1160] Various types of information for CS1 and vanous CST reponting mechanisms
are also described in ULS. Patent Application Serial No. 08/963,386, cmitled
“METHOD AND  APPARATUS POR  HIGH RATE PACKET DATA
TRANSMISSION,” filed Kovember 3, 1997, assigned to the assignee of he present
application, and in “TIE/EIA/IS-850 cdma2000 High Rale Packet Data Air interface
Specification”, both of which are incorporated herein by reference.

[116%] The CSI may be reported from the receiver system 10 the ransmitter using
varions CST tranamission schemes.  For example, the €SI may be sent in full,
differentially, or a combination thereof. In one embodiment, CSI is reported
pediodically, and differential updates are sent based on the prior transmitted CS1. In
another embodiment, the CSI is sent only when there is a change (e.g., if the change
exceeds a particular threshold). which may lower the effective rate of the feedhack
channel.  As an example, the channel mask or SNRs may be sent back (e.g.,
differentially) only when they change. Other compression and feedback channel ermor
recovery techniques 1o reduce the amount of data to be fed back for CST may alse be

used and are within the scope of the invention.
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[1162]  Referring hack to FIG. 3, the lullfpartial CS1, which may comprse the
channel characleristics estimated by RX channel/data processor 356 and/or the
indication of the selected transmission channels and their coding and medulation
scheme(s) determined by controller 362, is provided 1o a TX data processer 364, which
processes the CS1 and provides processed data to onc or more modulators 354,
Modulaters 354 further condition the processed data and transmit the CS1 back to
rransimitter system 310 via a reverse chunnel.

{11631  Ausyslem 310, the trunsmitted feedback signal is received by antennas 324,
demodulated by demodulators 322, and provided to & RX data processor 332. RX data
processor 332 perlorms processing complementury to that performed by TX data
processor 364 and recovers the reponed C81, which is then provided to controlier 334,
[1164] Controller 334 uses the reported CSI to perform a number of functions
including (1) sclecting the set of best availuble transmission chunmels in each group for
data trangmission, and {2} determining the coding and modularion scheme 16 be used for
guch group of selected ransmission channels. Controller 334 may select transmission
chanmels to achieve high throughput er hascd on some other performance criteria or
metrics, and may further determine the threshokd used to select the transmission
channels, as described above.

[1165] The techniques described herein may be vsed for data ransmission on the
dewnlink from a base station o one or more terminals, und may also be used for data
transmission on Lhe uplink from each terminal 10 the base statien. For the downlink,
lrangmitter system 310 in FIGS. 3 and 4A through 4D may represent part of o base
siation and receiver system 330 in FIGS. 3, 5, and 7 may represent part of a terminal.
And lor the uplink, transmitler system 310 in FIGS. 3 and 4A through 4D may represent
part of a terminal and recciver system 350 in FIGS. 3, 5, and 7 may represent part of a
base station.

[1166] The clements of the trunsmitter und receiver systems may be implemenied
with onc or more digital sipnal processors (ISP}, application specific integrated circuils
(ASIC), processars, micraprocessors, controllers, miciocomrollers, field programmable
pgate arrays (FPGA), pragrammable logic dovices, other clectronic units, or any
combination thereof. Some of the functions and processing described hercin may also
be implemented with software execuled on 4 provessor. Certain aspects uf the invention

may also be implemented with a combiratiom of software and hardware. For example,

JP 2004-531980 A 2004.10.14
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computations to determine the lhreshold o and 1o select transmission channels may be
performed based on program codes executed on a processor {controler 334 or 362 in
FIG. 3}.

[1167] Headings are included hercin for reference and to atd in Jocating certain
sections, These headings are not intended to limit the scope of the concepts described
thercin under, and these conuepls may have applicability in other sections throughout
the entire specification.

[1168]  The previous description of the disclosed embediments is provided to enable
any person skilled iR the art to make or use the present invention.  Vartous
modifications te these embodiments will he readily appurent to those skilled in the an,
and the generic principles defined herein may be applied to other cmbodiments without
departing from the spirit or scope of the invention. Thus, the present invention is not
intended to be limited o the embodiments shown herein but is w be sceorded the widesi

scope comsisient with the principles and novel features disclosed hoerein.

[1169]  WHAT IS CLAIMED IS:

JP 2004-531980 A 2004.10.14
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CLAIMS
1. A method for processing data for transmission over muliiple

transmission channels in a multi-chaonel communication system, compnsing:
estimating characteristics of a plurality of wansmission channels available for
data transmission;
segregating the plurality of transmission channels inte one or mere groups of
transmission channels; and
for each group of transmissien channels,
selecting one ur more transmission channels for use for data transmission
based on the estimated channel characteristics,
allocating total transmit power available for the group amongst the one
or more selected trunsmission channels in accordance with a defined allocation
scheme,
coding and modulating data for the one or more selected transmission
channels, and
transmitting the coded and modulated data for each selected wansmission
channel based on the allocated transmit power.

2. The method of claim 1, wherein the total trunsmil pewer available for
each group is allocated approximately equally amongst the one or more selecred

transmission channcls in the zroup.

3. The method of claim 1, wherein the total transmit power available far
each group is allocated non-uniformly amongst the one or more selected transmission

channcls in the group.

4. The method of claim 3. wherein grealer amount of transmit power is

allocated 1o trangmission channels capable of achieving higher performance.

5 The method of claim 1, wherein the one or more tansmission channels
in each proup are selected based in parl on performanse achievable with the roral

transmit power allocated in accordance with the defined allocation scheme.

JP 2004-531980 A 2004.10.14
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fi. The method of claim 1, further comprising:

interleaving the data for each group in accordance with an interleaving scheme.

7 The method of claim 6, wherein the dala for each group is interleaved

across all selected transmission channels in the group.

& The meihod of claim 1. wherein the gne or more transmission chamnels

in each group are [urther selected based on a threshold.

Q. The methed of claim 8, wherein the threshold for each group is selected

to provide high throughput for the selected transnussion channels in the group.

10.  The methed of claim 8, wherein the threshold for each group 15 selected

to provide a highest possible throughput for the transmission channels available in the

group

11, The method of claim 8, wherein the threshold luor each group is a

particular target received signal-lo-noise-plus-interference ratio (SNR).

12.  The method of claim 1, whercin cach group is associuled with a

respective threshold used for selecting the one or more transmission channels.

13. The method of claim |, wherein the data for the one or more selectad
transmission channels in each group is coded and modulated based on a common coding

and modulation scheme.

14.  The method of claim 1, wherein the data for each group 15 coded and

rmndulated based on a respective coding and modulativn scheme selecied lor the group.

5. The method of claim 14, wherzin the coding and modularion scheme for
gach group is selected from among a plurality of possible coding and modulation

schemes.

JP 2004-531980 A 2004.10.14
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16. The method of claim 1. wherein the nuli-channel communication
system is an unhogonal frequency division modulation (OFDM) systen), and wherein
the plurality of transmission channels comespond to a plurality of frequency

snhchannels.

17, The methed of claim [, wherein the multi-channel communication
system ts a multiple-input multiple-cutput (MIMQ} communication system, and
wherein the plurality of transmission channeis correspond w0 a plurality of spatial
subchamnels of 2 MIMO channel.

18, The method of clam 17, wherein the MIMO commnication system
utilizes OFDM, and wherein the plurality of transmission channcls cosrespond ta a

plurality of spatial subchannels of a plurality of frequency subchannels.

L9 ‘The method of claim 18, wherein each group corresponds to a respective
transmit antenna and includes a plurality of transmission channels correspending to a

plurality of firequency subchannels.

0. The method nf claim |. wherein the estimated channei charaeteristics are

channel gains.

21 The method of claim 20, whetein, for each group, ransmission channels
having power gaing greater than or equal e a particular pewer gain Lhreshokd are

scloeted, and wherein the power gains are derived from the channel gains.

22 The method of claim 1, whergin the cstimated ehannel characteristics are

received signal-to-noise-plus-interference ratios (SNRs).

23, The method of claim 22, wherein, for each group, ransmission channels

having SNRs greater than or equal ta a particular SNR threshold are selected.

JP 2004-531980 A 2004.10.14
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24, A mcthad for controlling data transmission in & mulli-channel
COMMUNICATion SyStem, Comprising:

receiving a plurality of transmissions via a plurality of transmissien channels;

estimating characteristics of the plurality of rransmission channcls based on the
received ransmissions;

selecting one or more transimission channels fer use for duta transmission based
on Lthe estimaled channe!l characteristics and 2 nietric; and

sending channel state information (CSI) for the plurality of transmission
channels, and wherein lotal ransmit power available for the plurality of transnussion
chanpels is allkocaled amongst the one or more selected transmission channels in
accordance with a defined allocution scheme, and wherein data is transmitted over sach

selected transmission channel based on the allocated Lransmit power.

25. The methed of claim 24, wherein the defined allocation scheme
wniformly distribuztes the total transmil power amengst the one or more sglected

transmission channels.

26, The method of claim 24, wherein the €SI identifics the one or more

selected transmission Channels.

27.  The method of claim 26, wherein the CSI compriscs a channel mask o

identify the one or more selected transmission channels.

28, The method of claim 24, wherein the CSI identifies a particular cading

and modulatien scheme to be used for the one or more selected transmession chunnels,

29, The method of claim 24, wherein the CSI identifies a particular data rate

10 be used for the ane or more sclected transmission channels.

30. The method of claim 24, wherein the C8I comprises differential medicator

identifying chinges sinve previously sent CST.

JP 2004-531980 A 2004.10.14
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31, The method of claim 24, wherein the data transmined over the one or
more selected transmission channcls is coded and modulated in accordance with a

cammon coding and modulation scheme.

32 In a multi-channel communication system, a method for sclecting
transmission channels for use for data transmission, comprising:
defining a sel of code rates, wherein each code rate is selectable for coding data
prior to transmission;
defining a set of setpoints, wherein each setpoint corresponds lo a respeclive
code rate and 15 indicative of a target signal-to-noise-plusanrerference ratic (SNR)
required for a purticalar level of performance at the corresponding code rate;
for cach code rate,
identifying one or more transmission chammels lor possible use fur data
transrmission, wherzin the one or more identified transmissien channels achieve
the setpoint corcesponding to the code rate when total available transmit power
is distributed amongst the one or more identified transmission channels in
accordance with a delined allocation scheme, and
determining a performance metric for the eode rate based on the one or
moce wdentified teansmigeion channels and the allocated transmit power; and
selecting the idemtified transmission channels associamed with lhe code rate

having a highest performance metric for use for data transmission.

33. The method of claim 32, wherein the defined allocation scheme
uniformly distributes the total available transmut power amongst the identified

transmission channels.

34, The method of claim 32, wherein the performance metric for each code

rate is an overall throughpul achievable by the identified transmission channels.

35. A transmitter unit in 2 multi-channel communication system, comprising:
a cuntroller operative o recelve charnel stale information (CSI) for a pluralily of
transmission channels available for use for dara transmission, segregate the available

transmission channels into one or more groups, and sclect one or more available
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transmissien channels in each group for use for data transmission based on the reeeived
CSI; and

a transmit data progeszor coupled to the conmoller and operative to reccive,
code, and modulate data for cach group based on 4 particular coding and madulation
scheme to provide modulation symbels, distribute Lolal transmit power available for

euch group amongsl the one ur more selected transmission channeds in the group in

accordance with a defined allocation scheme, and rransmit the medulation symbols for

each selected transmission channel bused on the allocated ransmit power.

36. The transmitter of claim 35, wherein the defined allocation scheme
uniformly distributes the total available ransmit power for each group amongst the one

or mare selected ransinissien channels i the group.

37.  ‘Lhe transmitter of clmm 33, funher comprising:
a lranstit channel processor coupled 1o the transmit data processor and
operative to reeeive and demulriplex the modulation symboels inte one or more symbaol

streams, one symbol stream for each antenna used to transmit the modulation symbols,

38. The transmitler of claim 37, wherein the transmit channel processor is

[urther operative to precondition the modutation symbols based on the received CSIL

39. A receiver umlin 2 mulli-channgl commimication system, comprising:

a receive data processor operative to process a plurality of transmissions
received via a plorality of transmission channels and to estimate characteristics of the
plurility of transmission channels based on the processed transmissinos;

a controller coupled tu the receive data processar and operative to select, based
on the estimated channel charactenstics and a metric, onc or more transmission
channels for use for data transmission; and

A transmil daly processor coupled 10 the controller and operative to ransmit
charmel state informatien (CST) for the plurality of ransmission channels, and

wherein total transmit power available for the plurality of transmission chznnels

is allocated amongst the one or more selecled transmission channels in accordance with

JP 2004-531980 A 2004.10.14
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a defined allpcauon scheme, and wherein data 15 transmiticd to the receiver unil over

each selected transmission channcl based on the allocated transmit power.

40. The receiver of claim 39, wherein the defined allocation scheme
uniformly disliibutes the total available transmit power amongst the one or more

selecled lransmission channels.
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