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

BACKGROUND

Field
[1on1] The preacnt invention rclatca generally to data communication, and morc
specifically o a novel and improved method and apparatus for processing data for

transmussion in a wireless communication system using selective channel inversion.

Background

j1002] A multi-channel communication system is oflen deployed to provide
increased lransmission eapacity for various types of communication such as voice, data,
and so on. Such a multi-channel system may be a maultipie-inpat muliple-output
(MIMO} communication system, an orthegonal frequency division modulation (GFDM}
systemn, 1 MIMO system that utilizes OFDM., or some other type of system. A MIMO
system. employs multiple transmit antennas and multiple receive antennas to exploit
spatial diversity to support a number of spatial subchannels, each of which may be used
1o transmic data. An QFDM system effectively partitions the operating frequency band
into o number of frequency subchannels (or frequency bins)., each of which is associated
with a respective subcarrier on which data may be modulated. A multi-channel
cormmunication systern thus supports a number of “transmission™ channels, each ef
which may corresponé {0 & spatial subchammel in & MIMO system, a frequency
subchannel in an OFDM sysien, or a spalial subchannel of 2 [requency subchume! in a
MIMO system that utilizes OFDM.

[1003] The tansmission chammels of a multi-channel commurication system
typically expericnce different link conditions (e.g., due to different fading and mukipath
cffects) and may achieve different signal-to-noisc-plus-interference 1atios (SNRs).
Consequently, the inmsmission capacities (Le., the information bit raies} thal may be
supported by the transmission channels for a particular level of performance may be

different from channel to channel. Moreover, the link conditions typically vary over
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timie. As a result, the bit rates supported by the transmission channels also vary with
time.

[1004)] The different transmission capacities of the transmission channels plus the
lime-variant nature of these capacities make it challenging to provide an effective
coding and modulation scheme capable of processing data prior to transmigsion on the
channels. Moreover, for practical considerations, the coding and modulation scheme
should be simple w implement and wilize at both the wransmitter ad receiver syslems.
[100%)] There iz thercfore a nced in the art for teclmiques to cffectively and
cfficicntly precess data for tranemission on multiple transmission chanels with

difterent capacities.

SUMMARY

{10061 Aspects of the invention provide technigues to process data for transmission
over muliiple transmission chanrels selecred from ameng all available ransmission
chanmels.  The availuble tusmission chanoels {e.g., the spatial subchannels and
frequency subchannels in a MIMO system that utilizes OFTM]) are segregated into one
or more groups, with each group ncluding any number of transmission channels. In an
aspecl, the Jala processing includes coding and modulsfing data for each group based
on a common coding and modulation scheme selected for that group o provide
modulation symbols and weighting the modulation symbols for cach sefected
transmission channel bused on a weight assigned to the channel. The weighling
effectively “inverts™ the selected transidssion channels In each group such that these
channcls achicve approximately similar reccived signal-to-noise-plus-interference ratios
(SXRs).

[1007] In onz embodiment, which is referred to as seleclive chuannel inversion
(SCT), vnly “goed” transmigsion chammels in each proup having SKRs (or power gaing)
at or above a particular (SNR or power gain} threshold are selected for nse for data
trangnussion, and “bad” transmission channels are not vscd. With selective channel
inversion, the to1al available wransmit power for each group is distributed (unevenly)
across the good tansmssion channels, and inmproved efficiency and performance are
achicved. In anether embodiment, all available transmissien chanmels in each group are
selected for use and the channel inversion is performed for all available channels in the

group.
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[1008]  Fach group of irausmissivn channels may be associated with {1) 4 respective
(SNR or pawer gain) threshnld used to select transmission channels for use for data
transmission and (2) a respective coding and modulation scheme used to code and
modulate the data for the group. For a MIMO system that vtilizes OFDM, each group
may corespontl (v a respective trunsmil sntenna, and the iransmission channels in each
group may be the (reguency subchannsls for the comesponding Lansmil intenna.

[I0%]  The chapoel inversion techoyucs simplily the codingfmodulation st a
transmitter system and the decoding/demodulation at a receiver system. Morcover, the
sefective channel inversion kechnigue may alse provide improved performance due to
the combined benelits of {1) using only the Ny best transinission channels in each group
sclccted from amouog all available transmission chanacls in the group and (2) matching
the received SNR of cach selected fransmission channcl to the SN requited by the
coding and medulation scheme used for the group in which the channel belongs.

L) The inveaton furher provides methods, systems, and apparatus  (hat
implement varions aspects, embodiments, and features of the invention, as described in

forther detail below.

BRIEF DESCRIPTION OF THE DRAWINGS
[1011} The featurcs, nature, and advantages of the prescat invention will become
mure #pparent from the detailed description set forth below when taken in conjunction
wilh the drawings in which like wmference <haraclers identily cormespondingly
throughont and wherein:
[§012] FIG. 1 iz a diagram of a wmultiple-input mohiple-outpur (MTVO}
communication system that may be designed and operated to implement various aspects
and embadiments of the invention;
[1013] FIG. 2A is a flow diagram of a process to determine the amonnt of ransmit
power to be allocated wo each selected transmission chamiel based on selective channel
inversion, in accordance with an emboediment of the invention;
[1014]  FIG. 2E is a flow diagram of a process to determine a threshold ¢z uscd to
select transmission channels for data transnussion, in accordance with an embodiment
of the invention;
[1M5]  FIG. 3 is a diagram of a MIMC communication systemn capable of

implementing varivus sspects and embodiments of the invention;
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[1016] FICGS. 4A through 4D aie block diagrams of four MIMO wransmitter systems
capablz of processing data in accordance with four specific emhodiments of the
invention;

[1017]  TIG. 5 is a block diagrams of a MIMO receiver syslem capable of receiving
dala in accordance with an embodiment of the invention;

[10138] TIGS, 64 aixd 6B are block diagrams of an embodiment of a chanael
MDMOWdata processor and an interference canceller, respectively, within the MIMG
receiver sysiern shown in FIG. 5: und

[10191  FIG. 7 is a block diagram of & MIMGC receiver system capable of receiving

- data in accordance with another embediment of the invention.

DETAILED DESCRIFTION

(10201 Varjous aspects, embodiments, and features ef the invention may be applied
to any multi-channe] communication system in which multiple transmission channcls
arc available for data transmission. Such multi-channel communication systens include
multiple-input  multiple-output  (MIMO) systems, orthogonal frequency division
modulation (CGFDM) systems, MIMO systems that utilize OFDM. and others. The
rmulti-channel eommunication systems may also implement code division multiple
acecss (CDMA), time division multiple access (TDMA), frequency division multiple
avcess (FDMA), or some olher uliple access wchniques,  Mulliple access
conmunieation syslems can support conenrtent communication with a number of
ermingls {i.e., uscig).

[1021] FIG. 1 is a dingram of a multiple-input multiple-cutput  (MIMO}
communication system 100 that may be designed and operated to implement various
aspects and cmbodiments of the invention, MIMO system 100 employs muliiple (Ny)
transmit antcnnas and multiple {Np) rcceive antennas for data fransmission.  MIME
system LOG is effectively fonned for a multiple access communication system having a
bose station (BX) 104 that concurmently communicates with o number of terminals (T)
106. In this case, base station 104 employs multiple antennas and represents the
multiple-input (M) for uplink transmissions and the multipls-ontput (MO} for downlink
transmissions. The downlink (i.e.. forward link) refers to transmissions from the base
station to the terminals, and the uplink (i.e., reverse lnk) refers to transmissions from

the terminals to the basc station.
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[1022] A MIMO systern employs multiple (Ny) transmit antennas and multiple (Ng)
receive antennas tor data transmission. A MIMO channe! formed by the Ny tranzmit
and Ny teceive untenngs may be decomposed into Ne independent channels, with Ne S
min {Nr, Kg}. Each of the Ne independent channels is also referred w as a spatial
subchannel of the MIMO channel and comresponds w a dimensivn. In one comunon
MIMO system implementation, the Ny wransmil anteonas are located ar and associafed
wilth & single rinsmilter system, and the N receive antennas are similarly located at
and assoziaed with a gingle reeciver system. A MIMO systern may also be effecdvely
formed for a multiple sccess commumicalion systern having 2 base station thal
concurrently comumunicutes with a number of terminals. Tn this case, the base station is
equipped with a number of antcnnas and cach tgeminal may be cquipped with onc or
mare antennas.

11023] An OFDM system elfectively pariitions the operaling frequency band oo a

numbez of (Ng) frequency subchannels (e, frequency bing or subbands), At each time

slol, a medulation symbol may be transinitted nn each of the Ng frequency subchannels. .

Each time slot corresponds to 2 particular time interval that may be dependent on the
bandwidth of the frequency subchannel.

[1024] A mwiti-channel communication sysiem may be operated fo transmit data via
a numher of transmission channels. For a MIMO system not utilizing OFDM, there is
typically only onc frequency subchannel and each spatial subchunnel may be relemed o
a8 u lramsmission chanmel.  For u MIMQ systern ulilizing OFDM, each spaiial
subchannel of gach frequency subcharmel may be referved to as a transmission channel.
And for an OFDM system net utilizing MIMO. there is only onc spatial subchannel for
cach frequency subchannel sl each frequency subchannel may be referred lo as a
ransmission channel.

[1025] The transmission channels in a mulli-channe]l ecommunization  systam
typically ex perience different link conditions (e.g., due to different fading and multipath
effects) and may achieve different signal-to-noise-plus-interference ratios (SNRs).
Consequently. the capacity of the transmission channels may be different from channel
lo channel. This capacity may be quantified by the information bit rate (i.e., the number
of information bits per modulation symbol) that may be transmitted on 4 transnlission

channel for a particular level of performance (c.g., a particulur bit error rate (BER) or
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packet error rate (PERY). Since the link conditions typically vary with time. the
supported information bit rates for the transmission channels also vary with time.

[10246) To more fully utilize the capacity of the transmission chanrels, channel slate
information (CSI) descriptive of the link conditions may be determined (typically at the
recciver system) and provided to the transmitier system, ‘The transmitter system may
then process (e.g., encode, modulate, and weight) data such that the transminted

informaticn bit rate for each transmigsion channel matches the transmission capacity of

‘the channel. CS] may he eategorized as either “full C8I” or “partial CS1”. Full Cs1

includes sufficient characterization (e.g., the amplitude and phase) across the entire
systern bandwicth for the propagation path berween each transinit-receive anteuna paic
ina X;xN; MIMO matrix (i.e.. the characlerization for each trunsmission channel).
Partial C51 muy include, for example, the SNRs of the transmission channels.

[1027]  Vaxious techniques may be used to process data prior tn transmission over
multiple transmission channels. In one technique, data for each {ransmission channel
may be coded and modulated based on a particular coding and medalation scheme
sclected for that chumnel based on the channel’s CSL. By coding and modulating
sepurately for each transmission channel, the coding and maodulation may be optimized
for ihe SNR achieved hy each channcl. In one impleinentation of such a technigue, a

[ixed hasc code is uscd te encode data, and the coded bits for cach transmissien channcl

- arc then punctured (i.c., selectively deleled) 1o obtain o code rale supported by thal

. In this implementation, the medulation scherpe for each pransmission channe]
is also selected based on the chammel’s code rate and SNR_ This coding and modulation
scheme ig described in further detail in U.5. Patent Application Sedal No, 09/776,073,
entitled “CODING SCHEME FOR A WIRELESS COMMUNICATION SYSTEM,”
filed Febmagy I, 2001, assigned to the assignee of the present application and
incotporated  herein by reference.  For this technique. substantial implementation
camplexity ls typically asseciated with having a different code rare and modulation
scheme for each transmission channel.

[1028] In accordance with an aspect of the invention, techniques are provided to (1)
process data for all selected wansmission channels based on a common coding and
moctulation scheme to provide medulation symbala, and (2) weight the modulation
symbols for cach selected transmission chunnel based on the chumnel’s CST. The

weighting effectively “inverts” the selected ransmission channels such thai, in general,
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the SNRs ave approximately similar at the receivet system for all sclected transmission
channels. In one embodiment, which is referred to us selecive chanel inversion (SCI),
only “good” lansmussion channels baving SNRs (or power gains) at or above a
particular SNR (or power gain) threshold wre selecied Jor vse for data ransmission, and
“had” transmission channels are not nsed. With seiective channel inversion, the total
availakle transmit power is distributed across the good transmission channels, and
improved efficiency and performance are achieved. In another embodiment. all
available transmission channels are selected for use and the channel inversion is
performed for all transmission channcls.

1029 Tn you another embodiment, the available twanstnission channels are
segregated inte groups and the selective channel inversion Is applied independently o
sach group of chunmels. For exaople, the frequency subchaniels of each transmit
antena mmay be grouped together, and the sclective channcl inversion may be applied

independently for cach of the transmit antennas.  This segegation pramits the

.optimization to be achicved on a per group {c.g., per ransmit anlenna) basis.

[10307 These: chanrel inversiun techniques may be wlvantageously used when Tull
or partial €51 Is available at the transmitter. These techniques ameliorate most of the
complexity associated with the channel-specific ceding and modulation technique
described above, while still achieving high performance. Moreover, the selective
channel inversion technique inay also provide improved performance over the channel-
specific cading apd modolation technique doe to the combined benefits of {17 using
oaly the Ng best transmission channels from among the available transimission channels
and (2} matching the received SNR of each selected transmission channel 1o the SNR
required for the selected ¢oding and modulatien seheme.

[1031] For o MIMO system utilizing CFDM and having full CSI available, the
transmitter system may have knewledge of the complex-valued gain of the transmission
path between each transmit-receive snlenna pair of sach frequency subchunnel., This
information may be used lv render the MUIMO channel orhegonal so that each
eigenmode (i.e.. spatial subchannel) may be used for an independent data siream.

[1032] For 2 MIMC system utilizing OFDM and having partial CSI available. the
transmitier may have limited knowladge of the transmission channels. Independent dala
streams ey be transmitled on comesponding transmissivn channels over the available

transimit antermas, #nd lhe receiver system may use a padicular linear (spatial) or non-
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linear (space-time) processing techmique (i.e., egualization) to separae out the data
streams. The equalization provides an independent data stream corresponding to cach
transmission channel {(e.g., each transmit antenna andfor each irequency subchannel),
and cach of these data streams has an associaled SNR.

[1033] Tf the set of SNRs fur the transmission charmels is available w the transmitier
system, this informativn muy be used to select the proper coding and modnlation
scheme und to distribute the (otal available transimt power for each group {there may be
only one graup), . Tn an emhediment, the available transmission chanrels in each group
are ranked in order of decreasing received SNR, and the otal available transmit power
is allocated to and used for the Ny best transmissivn channels in the growp. In an
embodiment, transmission channels having received SNRs that fall helow a patticular
SNR threshold are not selected for use. The SNR thresheld may be selected to optimize
throughput or some other criteria, The total avajlable transinit power for each group is
distributed across all transmission channels in the group selected for use such that the
transmitted data strcams have approximately sindilar received SNRs at the receiver
sysicm. Similar processing may be performed if the chummel gains are available at-the
transmittcr system. In an embudbnent, 2 common coding scheme (e.g., a parhicular
‘Lurbo code of a penicular code rale) and a common wmodulaton scheme (e.g., a
parlicular PSK or QAM constellation) are used for all selected transmission chiannels in

aach groups.

Transmiission Channel Inversion

[1034] If a simple {commeom} ceding and modulation scheme can be used at the
transmitter system, then a single (e.g., convolutional or Turbo) coder and code rule may
be used to encode data for all transmission channels selected for data transrussion. and
the resultant coded bits may be mapped to modulation symbols using a single {e.g., PSK
or QANM) modulation scherne. The resultant modulation symbols are then all drawn
from the same “alphabet” of possible modulation symbols und encoded with the same
code und code rate. This would then simplify the dala processing at both the transmittcr
and receiver.

[1035] However, [he Iransmission channels it a multi-channel communication
systeimn typically experience difforent link conditions and achieve different SNRs, In

this case, if the same amount of transmil power is used for each selected transmission
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channel, then the transmitted modulation symbols will be received at differcnt SNRs
depending on the specific channels on which the modulation symhbols are transmniticd.
The result may be a large variation in symbel error probability over the set of selected
transmmission channcls, and an associated loss in bundwidlh eiliciency.

[1036] Tn accordance with an aspecl of the invention, u pewer contrul mechanism is
used to sct or adjust the transmit power level for cach (ransmission shannel selected lor
data transmission to achivve a particular SNR at the receiver system. By achieving
similar received SNRs for all selccted wransmission channels, a single coding and
modulation scheme may be vsed for all selected mansmission channels, which can
groatly reduce the complexity of the coding/modulation process at the iransmifter
syslem and the complementary demodulation/decoding proccas at the receiver systom.
The power control may be achigved by “inverling” the selected transmission channels
ad properly distributing the total available transmit power across all selected channels,
as described in further detail below.

[1037] If the same amount of transmit power is tsed for all available ransmissien
channels in 2 MIMQ system utilizing OFDM, then the received power lor a pudicular

channel may be cxpressed as:
FGn = P By{1)
o NT NF ’

where
F.(j.k) is the received power for transmission channel (7,4 (i.c., the j-th
spatial subchanne! of the &-th frequeney subchanncl),
Py is the total transmit power available at the ransmitler,
Nris the number af transmil snfennus,
Nris the number of frequency subchannels, auil
H(j.E) is the complex-valued “effective’” channel gain from the transmitter to
the receiver for tranamission channel {,k) .
For simplicity, the channel gain H(j,k} includes the effects of the processing at the
transmitter and receiver. Also for simplicity, it is assumned that the nuimber of spatial
subchannels is equal o the number of transmit antennas and Nr-Np represents the rotal

number of available iransmission channels. If iz same smount of power is transmitted
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for each avatlable transmission channel, the totul received power F, ., for all
available transmission channcls may be expressed es:
b p .
RN ) SRt B9 2

At NNy

[1038] Equation (1) shows thal the receive power for each Itansmission channel is
dependent an the power gain of that channel, ie., |H(j,k)|: . To achieve equal received
power across all available transmission channcls, the modulatien symbols for cach
chanmel can be weighled al the mansmitter by a weight of W(j,&), which can be

expressed as:
WU =S Eq{3)

where ¢ is a factor choscn such that the received powers for all transmission channcis
are approximatcly equal at the receiver. As shown in equation (3), the weight for cach
transmission channpel is inversely proportional te that channel's gain. The weighted

transmil power for transmission channel {f, k) can then be expressed as:

ne,

B(jkiy=—t—
W |Gk

Eq (4

where b is a “normalization”™ factor nsed to distribute the tatal transmit power among the

available transmission channels. This normalization factor b can be expressed as:

1

S
IR DN

J=1 k=t

Eq(S)

where ¢* = p. As shown in equation (5), the normalization factor & is computed vs the
s of the reciprocal power gaing for all available transmission chimnels.

[1039] The weighting of the modulation symbuols for each lransmission channel by
W(j.k) eflecuvely “inverts” the (nmsmission chammel. Tiis channel inversion results
in lhe amnunt of tansmil power for each transinission channel being inversely

proporiional o the channel’s power gain, as shown in equatéen (4), which then provides
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a padticular received power at the receiver, The tetel available wansmit power is thus
effectively distributed {unevenly) 1o all available wansmission channels based on their
chaonel gains such that all ransmission ¢hannels have approximaiely equal reecived

power, which may be expressed as:
Bljk)=bh, . Eq ()

I the nuise vadance is the same across all transmission channels, then the equal
reecived power allows the modulation gymbols for all channels Lo be generated based on
a single common coding amd modulation scheme, which then greally simplify the
coding and decoding processes.

10407 If all available tranamission chammels we used for deta transmission
regardicss of their channel gains, then the poor Iransmission channels are allocaled more
of the total transmit power. In fact, lo achieve similur received power for all
transmmission channels, the poorer a trapsmission channe) gets the more transmit power
needs to be allocated to this channel. When one or more wansniission chanmels become
excessively poor. the amount of wansmit power needed for these channels would
deprive (or starve) the good channels of power, which may then dramatically decrease

the oversll system throughpur,

Selective Channel Inversion Baved on Channel Guing

[1041] In un aspect. the chunnel inversion 1is apphed selectively, and only
transmission channels whose received power is at or above a particular threshold, &,
relative 1o the total recelved power arc sclected for data transmission. Transmission
channcls whose received power falls below this threshold are erased (i.e., not vsed), Lor
each selected transmisslon channel, the modulation symbols are weghted ar the
transmitrer such that al] selected transmission channels are received at approximately
similar power level. The threshold can be selected to maximize throughput or based on
some other criterin. The selective channel inversion scheme preserves must ul the
simplicity inherent in using a common coding and modulation scheme [or alt
transmission channels while also provides high performance normally associated with
mdividizl coding per trznsmission channel.

[1042] Tnitially, the average powor gain, Lg., is compated for all avatlable

transmission channels and cun be expressed as:
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IS

L, =2 Eq {7
- NN, q {7

[1043] The modulation symbels for each selected transmission chaznnel can he

weighted at the transmitier by a weight of W (&), which can be expressed as:

W{j.k) :‘_Im .

Ey (%)

The weight for each selected transmission chunnel is inversely proportional o that
chaonel’s gain and is determined such that «l selected trapsmission channels ure
recetved av approximately cqual power, The weighted transmit pewer for cach

transmission channcl can then he expressed as:
BE,
B k) -4 |HG,

4 . otherwise

AHGE zeL,,
. Bq (%)

where e is the threshold and & is u normalization factor used to distribute the total
transmit power among the selected transmisszion channele. As shown in equation (9), a

transmission channel is selected for vse if its power pain is greater than or equal to a

power gain threshold (i.e., IH ( j,k}l z ¢l 1. The nonmalization {actor B is computed

‘uve

based ou only lbe selected transmission channels and can be expressed as:

- 1
S — Eg (10
Z H{RE)|™ )

[ ey,
[1044] Fyuations (7} through (10) effectively distribute the total transmit power to
the selected transmission channels based on their power gains such that all selected

transmission charmels have approximately equal received power, which may be

expressed as:
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o |ER L HGE 2 at,
Pk = ‘ Eq (1)

0 , atherwise

Selective Channel Tnversion Rased on Channel SNRs

[1045] Tn mapy comnunication systcms, the known quantities at the receiver
system are the reasived SNRs for the transmission channels rather than the channel
gains (i.e., the path losses}. In such syetems, the selective channel invergion technigue
can be readily modified 10 operate based on the reeeived SNRs inetead of the chamnel
gains.

[106] If equal transmmit power is used for all wvadlable transmission chaunels and
the noise variance, ¢*, is constant for all channels, then the recaived SNR. ¥(j.k), for
transmission channel (j, %) can be cxpressed as:

PUK R

PRy = L Hg (1)

o NN,

The avernge rcceived SNR, p,., for each avajlable transmission channel may be

cxpressed ast

I L 2
A T— L — B,
e ii\ ) Eq(13)

which also assumes equal Lemsmat power over the available transmission channels. The

received SNR, .., for all available transmission channals may be expressed as:

yoo=dy o T NZT§|HU,M|Z- radh
ool =23 e FENN S

The wtal received SNR, 7., is based on the total fransmit power being equally
distributed across all availablke transmission channels.
[1047] A normalization factor, £, used to distribute the total wansmit power amumy,

the selected transmission channcls can be expressed as:
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Y S — Eq (15}
DGR
FLIS TRy,

As shown in equation (15), the normalization tacior £ is computed based on, und by the
sum of the reciprocal of, the SNRs of all selected transmission channels.

|5048]  ‘T'o achieve similar received SNR for all selected wransmission channels, the
modulation symbols for each selected iransmission channel (j,k) may be weighted by
a weighl that is related to that channel’s SNR, which may be expressed as:

Wk = Eq (16)

i
N
where ©* = . The weighted transmit power for each transmission channel may then
be expressed as.

B ihyzar,
PG =1¥0E . B (17)

0 . otherwise

As shown in cgbation (17), only transmission channels for which the received SNR is
greater than or equal 1 an SNR thyeshold (ee., ¥(7,&)= oy ) arc selected for use.

[1049] If the total wansmit power 15 distribuled across all selected transmission
channels such that the received SNE, is approxinately simitar for ail sclected channels,

then the resulting received SNR for each transmission channcl may be expressed as:

e mzar. N
F Y= Fon - Eq (18)

0 , otherwise

By substituting ¥,,, from equation (13} and ¥, , from cquation (14) into equation (18),
the following is obtained:

3 FANN, Lz ar,,
FU=g ’ .

, otherwise
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Channel Inversion for Sepregated Gronps of Transmissinn Channels
[1050§ In the above description, the charmel inversion is upplicd (o all available

wansmoission chammels or selectively 1o a subset of the available transmission channels
(which are selected based on a pariicular threshold). This then allows a common coding
and modnlation scheme to be vsed for all transmission channels to be used for data
ransmission.

[1051] The sclective channel inversion may also be applied individually and
independently o groups of transmission channels.  In this case, the available
(ramsinission  channels in the conununicalion system are initially segregated into a
number of groups. Any numbcer of groups may be fermed, and each group may include
any number ol channels (i.e., there need not be equal number of ¢hannels in sach
uroupl.

[1052] A pareular ameant of transni i powet 13 also available for each group based
on various aystem constraints and considerations.  For a full chaanel inversion
technique, the availahlke transmit power for each group is allocated to all transmissien
channels in the group such that the received signal quality for these channels is
approximately equal (i.e., similar received SNRs). And for a selective channel
inversion technique, all or a subset of the available transmission chanmels in cach group
are selected for use, e.g., based on a particular threshold deiermined for the group. The
available transmil power lor each group is then allocated to the selected transimission
channels in the group such that thc received signal guality for the channels is
approximately cqual.

[1053] Vauious additional Hexibilities are aiterded by processing data sepatately lor
cuch group of transmission charvels.  Fur example, he full or selective chanoel
inversion may be jodependantly applicd to each group of channels.  Also, for thosc
groups for which salective channcl inversion is applied, one threshald may be nsed for
all groups, each group may be assigned a scparate threshold, or somc groups may share
the same thresheld while other groups may be assigned separate thresholds. A different
coding and medulation scheme may also be used for each group, which may be selected
based on the received SNR achicved by the transmission channels in the group.

[1054] For a MIMO system that utlizes OFDM, the MIMO construct creates
multiple (Mg} tansmission channels in the spatial demain and the OFDM constuct

creates multiple (Ng) transmassion chinnels in the freguency domain, The total number
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of lrausmission channels available 10 send data s then W = Ns - Ng. The N (ransmission
channels may then be segregated into p number of proups in varions ways.

[1055] In one embodiment, the transmission chaonels are segregated on a per
transmit antenna basis. If the number of spatial subchannels is equal to the number of
transmit antennas {i.c., Ny = Ng), then the full or selective channel inversion toay be
applied independently to each of the N transmit antennas. In un embediment, selective
channel inversion. is used for each group, and the Ny groups comesponding to the Ny
ransmit anenngs may be assocated with Ny respective thresholds, one threshold for
cach group or transmit antenna. The selactive channe] version then deterinines the
subget of transmission chanmels (or frequency subchanmels) associated with cach
ramemit antenna havipg adequaie received SNRs, which can be achieved by comparing
the received SNR for each frequency subchannel to the threshold for the transmit
antenna. The tetal transmit power available for each transmii{ antenna is then allecated
io the selected frequency subchamnels for the transmit antenna such that the received
SNHRs for these frequency subchannels are approximately similar.

[1056] Tn another cmbodiinent, the available transmission channels are segregated
on a per frequency subchaanel basis. Tn this embodiment, the full nr selective channel
inversion may be applied independently to each of the Ng frequency subchannels. T
selective charmel inversion is vsed, then the spalial subchannels in each group may be
selected for use for data tramsmission based on the threshold for the group
corresponding to that trequency subchennel.

10871 The segregation of the available transmission channels into groups permits
oplimizatiyn w be achieved on a per group basis (e, per wansmit antnnz oI per
frequency subichannel}, which then allows a apecific coding and modulation scheme ta
be used for all selected transmission chaanels in each group. For example, one or more
trunsinit antemas may be assigned 1o each scheduled tenninal for Jdata transnission.
The transmission channels assncinted with the assigned transmit antennas may be
placed in a groap, and the selective chimnel inversion may be perfoumed on this group
of transmission channels such that a single coding and modulation scheme may be used
for the data transmission to thiz terminal.

[1058] If equal transmit power is used for all available ansmission channels in
group j and the noise varfance, o, is constant for all channels, then the reecived SNR,

¥4k}, for tramsmission channel k in gronp j can he expressed as:

JP 2004-531976 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 |

(65)

WO 02/103926 PLT/US02/18%01
17
P k) P z
L o LA LUEE Eq (19
7= cer‘I (k) q(19)
where

P, (k) is the reccived power for transmission channel & in group j,

£, , is the wigl available lransmit power for group f,

H (k) is eftective channel gain fromn the transmitter to the receiver for
transmission channel & in group f, and

N, is the number of ransmission channels in group j, Group j may comespond
lo a specitic transmit antennaj, in which case N; = Ny.

The average received SXNR, ¥, for each available transmission channel in group ;

g

may be cxpressed as:
B e
Yy = a7 2[R Eq (20)
T ) U R a

Equation (20} assames equal transmit power over the N available transmission
channels in group j. The received SNR, ¥, ,, for all available tranemission channels

in goup f may thei be capressed as:

My -
Yoy —BL T, il [ Eq(21)
-3 YoaNa
where
| . .
Ly =g 2 lH 0] - Eq (22)
1 k=

The total received SMR, y,,. ;. lor group f is based on the tolal transmit power, F, .
for group j being equally distributed across all availuble transmission channgls in the
group.

116591 A normalization factar, B, nsed to distribuie the total transmit power F,

among the selected wansmission chamnels in group j can be expressed ast
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Bi=—=— Eq (23)
i ZYJ N
LI ELT A

As shown in eguation 23), the normalization factor ﬁj is computed bascd on the SNRs
of all selected wansmission ¢hunnels in group j, with the chamnels being selected based
on the tuesheld, &,7,.. ,» detennined for the group.

[1060] To achicve simitar received SNR for all selected transmission channels in
the group, the modulalion symbols for cach sclected transmiasion ehannel may be

waighted by # weighl that is rclaicd to that channcl's SNR, which may be expressed as:

<

Jra

where Ef = f;. The weighted ransmit pewer for each wansmission channel may (hen

W, (ky=

Eq (24)

e expressed as:

B,
Pl ) arzag,

LG ¥ & . Eq (25)
0 . otherwrse

As shown in equation (25), only tramsmission channels for which the received SNR is
greater Ihan or equal to the SNR threshald (e, 7, (k) = ey, ;) are sclected for use.
11061] If the total wungmit power is distributed across all selected transmission
channels in the group such that the received SNR is approximately similar for all
sclected channels, then the resulting received SNR for each transmission charmel may
be expressed as:
B ¥ty
_""’--_zﬂ,N LR zay...
Flk =1 Yous e ot Eq (26)

0 , ulherwise

[1062]  The process described above may be repeated for each group of transmission

channels. Bach gronp may be 2ssociated with a diffecent threshald. .., ;» detived 1o

provide the desire performance for that group. The ability to allocate twansmit power on
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a per group {e.g., por transamit antenna) basis can provide enhanced flexibility and may
further improve performance.

[1063] FIG. 2A is 2 flow diagram «f a process 200 to determine the amount of
transimnit power 1o be allocated to each selected transmission channel based on seleclive
chunnel inversion, in geccordance with an embodiment of the invention. Process 200
assumes Lhat all avaslable transmission chaonels are cnnsiderlcd {i.e., one group of
transimission channels for the communication system). Process 200 may be used if the
charnel gains H(j. k), the teceived SNRs ¢{j,k), or sume vther characterisiics are
available for the tansmission channels. Lor clarily, provess 200 is described below for
the case in which the channel gains are available, and the ease in which the reccived
SNRs are available ig shown within brackets.

[1064] Initially, the channel gaing H{Jj.&) [or the received SNRs p(j.k}] of all
availoble Lransmission channels ave vetrievedl, al step 212, A power gain threshold,
OL .. [or ax SNR threshold, 2] used to select mansmission channels for data
transmission iz also determined, at step 214. The threshold may be computed as
described in further detail below.

[1065] Each avsilable transmission channcl is then evalualed for possible use. A
(nat yel'evaluated) available tansmission channel 1s identified for evalualion, au 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 cqual to the
power gain  threshold  (ie., |H(j,k):2 2ol .} [or the SNR threshold (ie.,
¥j k) =2 ay,, 1. at siep 218, If the identified transivission channe] satisfies the criteria,
then it is selected for usc, at step 220. Otherwise, if the trunsmission chunnel dees not
satisly the crileria, it is discanded and not used for dala transmission.

[1066) A deierminalion is then made whether or not all available transmission
charmels have been svalualed, at siep 222, 1f nor, the process retusns to step 216 und
another available transmission channel is identificd for evaluation. Otherwise, the
process proceeds 10 step 224,

[HO67)] At step 224, a normalization factor B [or Al used to distribate the total
transmit puwer among the selected tansmission channels is detenmined based on the
channel gains [or the received SNRs] of 1he selected channcls, at step 22k This can be

achieved as shown in eyuation (10} |or eyualion {13)[. A weight Wi,k is next
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computed for each selected transmission chummel, at step 236, based on rthe
normalization factor and that chammel’s gain [or SNR]. The weight can be computed as
shawn in eguadon (8} [or equation (16)]. The sweighled transmit power for each
selected transmission channel would then be as shown in equation (%) [ur equalion
(173). The process then terminaies.

[10685] In the above description, the total available tramsmit power for each group is
allocaled (unevenly) Lo the selecied tanstnission channels in the group based o iheir
respective weights such that the received SNRs for these channela are approximately
similar. . (There may be only ons group of transmission channels.} In some other
embodispents, the otal svailable (ransmit power may be allocaled equally amengst the
selected transmission channels, in which case the weights for the sclected transmission
channels are equal. This may be implemented, for example, if the common coding and
modulation scheme for a group is selected based on the average SNR for the selected
transmission channels in the group. The desired level of performance may be achieved,
for cxample, by interlcaving the data across all scleeted tramsmission channels in the

group or via some other processing scheime.

Threshold Selection

[106Y] The threshold, &, used to select iransmission channels for wse for data
ransmission may be set based on various eriteria, In onc embodiment, the threshold is
sti to optimize throughput. )

[1070] Initialiy, & vector of selpoints (e, Z =[z,,2,,..., :'Nzl) wnd a vector of cale
rates fie., R=[r.r, .. rNA]) are delined. The code rales include the ellects of the
coding and modulation scheme and are representative of the number of information bits
per modulation symbol, Cuch veclor includes Ny elements cormespending o the number
of available code rates, which may be those available for use in the system.
Altcrnatively, Ny setpoints may be defined based on the opcrating points supporied by
the sysicm. Each setpoini corresponds 1o a particular received SNR needed o uchieve a
particular level of performence. The sctpoint is typically dependent on the ransmission
bit rate (i.e., the number of information bits per modulation symbel), which is further
dependent on the cede rute md the medulation scheme used for the data tranemission.

As poted above, a common modulation scheme is nsed for il selected transmission
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channels. In this case, the wansmission bit rate «nd thus the setpoint js directly rclated
Lo the cude rale.

[1071] Each code rate 7y, whete 1 < n £ My, is associated with & respective setpuint
Zn, Which i3 the minimum received SNR required 1o opsrate at that code rate for the
required leve! of petformance. The required setpoint z; may be determined based on
computer simuiation, mathematical derivation, andfor empirical measurement, as 1
known in the ant. “The elements in the iwo veclors R and Z may also be ordered such
that {z; > 72 > ... > Zag Yand [ > > Thg 1. with £; being the largest setpoint and
#1 being the highest supported code rawe.

[107%]  The channel gains for all available transmission channcls are uscd to

compute power gains, which are then ranked and placed in a list H(}) in order of
decreasing power gains, where | < 4 < NyNg, such that H(L) = max HH(_{,R)F}, .
and H(N,N, 3= min {2 (L0}
[1073] A sequencc 5(M of possible normalization factors js alse dcfined as
foltows:

1
i o
iy

1

B =- LEAENN, L Eqy £27)

Each giement of the sequerice b)) may be used as a normalization factor if the A best
transraission channels are selected for use.

(10747 For each code ratc r, {(where ! & = N.), the largest value of A, A i

o *
determincd such that the received SNR for each of the A best ransmission channels is
greater than or equal 1o the setpoint g, associated with the code rate ».. Lhis condition

may be expressed as:

T2z, Eq (28)

where ¢ is the received noise power in 2 single transmission channel. The largest

value of A A, can bt identified by cvaluating cach possible value of A starting with

mymix 3

1 and terminating when equation (28) is no longer valid.  For each value of A, the
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gchisvable SNR for the 2 best wansmission channels may be determoined as shown by
the left argument of equation (28). ‘Lhis wchievable SNR is (hep compared againsi Ihe
SNR, &, required for that code rate 7,

[1075]  Lhus, for each code rate ry, cach valuc of A (for b = 1,2, .., A . bis

evaluated to determine whether the received SINR for each of the A best transmission
channels can achieve the associated setpoint 7., if the total transmit power is (unzvenly)
distributed across all A channels. The lovgest value of & A, . that satishes this
condition s the greatest number of wansmissian channels that may be selected for code
rate r,, while achieving the required setpoint z,.
[1076] The threshold, &, , assaciated with code rate r,, way then be expressed as:

H )

o, =l Fyq (29
f L. q (29)

The thieshold «, optimizes the throughput for code rate r,,, which requires the setpoint
Zo. Simee a common code rate is used for all selected transmission channeis, the
masivnn achievable throughpar, T,, can be computed as the throughput for each
channel {which is ) imes the number of selecled channels, A, ... The maxizmum

achievable throughput T, for scrpeint z, can then be expressed as:
7=t Eq 30)

where the unit for 7}, is in information bits per modulation symbeol.

[1077] The optimuim throughput for the yector of setpoints can then be given by

T, =max (T} . Eq (31}

o

As the code rate increuses, more information bits may be transmitied per modulation
symbol. However, lhe required SNR also increases, which requires more transmit
power for each selected transmission channel for a given noise vartance o, Since the
total transmmii power is limited, fewer transnussion channels may be able w achieve the
higher required SXR. Thus, the maximum achievable throughput for each code rate in
the vector R may be computed, and the specific code rate thar provides the highest

throughput may be deemed as the oplimum code rate for the specific channel conditions
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being evaluated. The optimum threshold, o, is then equal to the threshold «,
carresponding to the specific code rate r, that results in Top.

[1078] In the above description, the oplirnum threshold @, is determined bused on
the chanmel gains for all iransmission channels. I the received SNRs are available
instead of the charmel gains, then the received SNRs may be ranked and placed in g list
PR i ouder of decreasing SNRs, where 1 = A = NyNp, such that the first element in
the list ()~ max{y(j.4)}, .... and the last element in the list

y(N, N ) =min {3(j.k)]. A sequence () may then he determined as:

Aoy ——— . Tq (32)

pRION

=l

[1079] For each code rate r, (where | € n £ Ny, the largest value of A, A is

v *
determined such that the received SNR for each of the 2 selected transmission channels
is greater than or cqual to the associated setpoint z,. This condition may he expresser

a8
PN N 2z, . Ey (3%

Once the largest value of A A

sy » 15 detemmuined for code rale 7., the thresheld .

associated with this eode rate may be determined as:

Iiq (34)

The optimum threshold, ¢y, 2ad the optitaurn throughput, T, may also be determined
as described above.

[1080] For the above description, the threshald is sclected to optimize throughput
for the available transmission channeis. The threshold may also be selected to optimize
other performance crileria or metrics, and this is within the scope of the invention.
[1081] FIG. 2B is 2 flow diagram of a process 240 ro determine a threshold & used
to sclect transmussion chammels for data transmission, in accordance with an
erabodiment of the invention. Proccss 240 may be used It the chanmel gains, received

SMRs, or some other characteristics ate available for the transmission chanoels, For
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clarity, process 240 is described below for the cage in which the channel gains are
available, and the case in which the received SNRs are available s shown within
hackets.

[1082] Initially, & vecter of scipoints (Z = [z, 2., ... 2, ]} is defined and a vector of
code ales (R =[n,%, ... er]) that supports the associated setpoints is detenminad, at

step 250. The channel zains H(j,k) [or the received SNRs y(4,%)) for all available
transmission channels are retrieved aad ranked [rom the besl to the worst, at step 252.
The scquence l-)'(k) for A{M)1 of possible normalization factors js thea determined
bused on the channel gains ws shown in equation (27) [or based on the received SNRs as
shown in equation (32)], at step 254.

[tog3] Bach available code rate is then evaluated via a loop. In the first step of the
loop, a (ot vet evaluated) code rate », is identified for evaluation, at step 256. For the
first pass through the loop, the idemified code rate can be the first code ratc ry in the

veclor R. For the idontified code rafe ry, the Jargest value of A A, is detcrmined

such that the teceived SR for sach of the ) best transmission chaunels is greater than
or equal to the setpoint z, associated with the code rate », being evaluated, at step 255.
This can be performed by computing and satisfying the condition shown in equation
(28) [or equation (33)]. The threshold g, associated with setpoint z, is then determined

based on the channel gain [or the received SNR] of channel 2,

onec 85 3hOWN in equation
(29 [on cquation (34)], at step 260. The maximum achicvable thronghput, T, for
setpoint &, can also be determincd s shown in cquation (30}, at step 262

[1084] A determination is then made whether or not all Nz code rales have been
evaluated, at step 264. If not, the process telumns o step 256 and another code rate is
identified for cvaluation. Otherwise, the optimum throughput, Ty, and the optimnm
thresholdl, &, may be determined as shown in eguation {31), at step 266. The process
then terminates.

[1085) In the above descriplion, oue threshold is detetmined for all available
wapsimssion chaunels in e coomunication svstem sipce the selective channel
inversion is parformed on all channels. Tn embodiments wherein the trausmission
channels are segregated into a number of nronps, one threshold may be determined and
used for each group. The threshold for each group may be set bused on various criteria,

such as o optimize the throughput for the transmission channels included in the group.
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|1086]  To deterinine the threshold for each group, the derivations deseribed above

may also be tsed, Flowever, the list B, (4 [or ¥, (4] for cach group only includes the
power gains [or received SNRs| for the transmission chanuels included in the group.
Alsg, the sequence f;j Ay [or A0 7 would includs the possible nomalization factors

defined hased an the channel gains [or received SNRe] of the transmission channels in

the group. The threshold &, associated with éade raic r, for group j may then be

expressed as:

(A e
L7 TR SN B 35

Lo Vave.q

The optirum threshold ¢, . for group j is equal to the threshold a'”,' corresponding o

oy TOT group ;.

the specific code rate r, that le;SL\ltS in the optimal Ithrc-ughput 1
[1087]  Each group of tansmission channcls may be associated with a respective
tireshold. Altemnatively, a number of groups muy share the sume threshold. This may
be desirable, for example, if the same coding and modulation scheme is 1o be used for a
number of wunsmil wnteamas and the available transmit power may be shared between
these lomsmit antennas.

TI088] In the above description, the threshold is derived bused on (unequal)
distribution of the total availuble transmit power amongst the selecled transmission
channels (o achieve similar received SWNRs for these channels. Tn some other
embodirments, the itreshold may be derived based on somme other cenditions andfor
metries. For cxample, the threshold may be derived based on equal allocation of the
tofal available transmit power amongst the seleoted transmission chaonels (.., equal
weights for the selected transmission channcla). In this case, the threshold may be
selected to maximize the throughput achicved based on this cqual transmit power
allocation. As another example, the threshold may simiply be a particular (fixed} larget
SNR.

Multi-Channel Commupication System
710891 FIG. 3 is a diagram of a MIMO cumununicution system 300 capabie of
implementing various aspects and cmbodiments of the invention. System 300 includes

a firsl system 310 (e.g., base station 104 in FIG. 1) in comuoupication with a second
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systemn 350 (e.g., termimal 108). Systeyn 300 may be operated o gmpluy a combination
of aptenma, frequency, and temporal diversily to increase spectral elficiency, improve
performancg‘ and enhance flexibility.

110901 At systom 310, a data souree 312 provides data (i.e., information bits) to a
tramsmit (TX) data processor 314, which (1) encodes ibe dala in accordance with a
particular encoding scheme, (2} interleaves (i.e., reorders) the encoded data based on a
particular interfeaving scheme, (3) mups the miereaved bits into modujation symbnls
for one or move transmission channels selected for use for data transmission, and (4)
weights the mndulation symbols for each selected transmisston channel. The encoding
increases the reliability of the data transmission. The interleaving provides time
diversiry for the coded bits, permits the data to be transmiticd based on an average SNR
for the sglecred transmission channcls, combats fading, and further removes correlation
between coded bits used 1o form each modulation symbol. The interleaving .may further
provide [requency diversity if the coded bits 4re transmitted over multiple frequency
subchannels. The weighting effectively controls the wansmit power for each selected
transinission channel to achieve 4 desired SNR at the receiver system. In an aspect, the
coding, symbol mapping, and weighting may be perlorined based on conlrol signols
provided by a controller 334,

[1091] A TX channel processor 320 meceives and demulbipleses the weighted
modulation symbols from TX data processar 314 and provides a stresm of weighted
modutation symbels for sach sclocted transmission channcl, one weighted modulation
symbal per time slot. TX chanmel processor 326 may further precondition lhe weighted
modulation syimnbiols for the selected transmission channels if full CSTis available.
[1092] If OFDM is not cmployed, TX channcl processor 320 provides a stream of
weighted modufation symbels for each antenna used for data rransmission. And if
OIDM is emnployed, TX chanmel processor 320 provides a stream of weighted
raodulation symbol vectors for each antenna used for data rransmission. And if full-CSI
processing is performed, TX channel processor 320 provides a suearn of preconditioned
modulation symbels or preconditioned modulation symbel vectors for each antenna
used for data tranamission. Each stream is then recejved and modulated by a respective
modulator (MOD) 322 and (ransmitted via an associated antenna 324.

11093] At receiver systern 350, a number of reccive antennas 352 rcccive the

transmitled signals and provide the reccived signals to respective demodulators
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(DEMON) 354, Bach demnodulator 334 performs processing complemenlary o that
performed ai modalator 322, The modulation symbols from all demodulators 354 are
provided to a receive (RX) channcl/data processor 356 and processed to rocover the
transmitted data streams. RX chammel/data processor 356 performs processing
complementary W Whal performed by TX daty processor 314 and TX channel processor
320 and provides decoded dafa 1 a data sink 360, The procsssing by eceiver syslem

350 is deserdbed in further derail bilow.

MIVIO Transmitter Systems

[1094] FIG. 4A is a block diagram of a MEMO transmitter system 310a, which i
capable of processing data in accordance with an cmbodiment of the invention.
Tramsmitter system 310a is onc cmbodiment of the transmitter portion of systom 310 in
FIG. 3. System 310a includes {1) o TX dala processor 314a thal receives and processes
information bits to provide weighted modulation symbols and (2} a TX chunnel
processor 3:20a that demultplexes the modulation symbnls far the selected transmission
chaunels.

[1095] In ihe embodiment shown in FIG. 4A, TX data processor 314a includes an
encoder 412, a channel iaterleaver 414, @ puncturer 416, & symbol mapping element
418, and 2 symbol weighting clemenr. 420, Bncodsr 412 reccives the agpregaie
information bits to be transmitted und encodes the received bits in aceordance with a
purticulur encoding scheme «» provide coded bits. Channel intarleaver 414 interleaves
1he coded bits hased on a particular inter’eaving scherve to provide diversily, Punclurer
416 puncturcs (i.e., deletes) zera or more of the interlcaved coded bits io provide the
desired numbcer ot coded bits, Symbel mapping clement 418 maps the unpunctured bits
inlo modutation symbuls for Ihe selected (ransmission chammels. And symbol weighting
element 420 weighs the modulation svmbols for each selected trausmission channe! 10
provide weighted madulation symbols. The weight used for each selected transimission
channel may be determined based on that channesl’s achieved SNR. as described above.
[1096] Pilot data (e.g., data of known pattern} may also be encoded and multiplexed
with the processed information bits. The processed pilot data may be transmitted {c.g.,
in a tme division multiplexed (TDM) manner} in & subset or all of the sclested

transmission channels, or in a subsci or 2ll of the available transmission channels. The
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pilot data may be used gt the receiver to perform chanmel esiimution, as described
below.

[1097)  As shown in FIG. 1A, the data encoding, interleaving, and puncturing may
be achieved based on onc or more cading control signals, which identity the specific
coding, intericaving, and puncturing schemes 1o be used. The symbel mapping muy be
achicved based on & modulation contrel signal that identifies the specific modulation
scheme 1o be vsed. And the symbol weighting may he achieved based m weights
pruvisled fur the sekected tansmissinn channels.

[1093] In one eoding and modulation scheme, the coding is achieved by using a
fixcd base code and adjusting the puncturing to achieve the desired code rate, as
supported by the SR of the selected transmission channels. The hasc code may he a
‘Turbo code, a convolutional code, a concatenated code, or some other code. The base
code may also be of a particular rate {e.g., a4 rate 1/J code)l. For this scheme, the
puncturing may be performed alter the channel inierleaving Lo achieve the desired code
rate for the selecied transmission channels,

[109%]  Symbol mapping clement 416 can be designed to group sets of unpunetured
bits to form non-binary symbels, and to map each non-binary symbol nio a poinl in o
signal constellation comesponding to the modulation scheme selected for wse for the
selected transmission channels, The modulation scheme may he QPSK, M-PSK, M-
QAM, or some other scheme. Hach mapped signal point corresponds to a modulation
symbol.

(1104 ‘The encoding, interleaving, puncturing, and symbal mupping al transmiller
systemn 310 can be perfermed based on numerous scheanes. One specific scheme is
described in the aforementioned T.S. Patent Application Serial No. 0%/776,075.

[1161] ‘The number of information bits that may be transmitted for each modulaticn
symbol for a purticulur level of performance (z.g., one percent packet error rate or PER)
is Jependent oo the moeived SNR. Thus, the coding, and modulation scheme for the
selected transmisston chanpels may he determined based on the characteristics of the
channels (e.g., the chanpel gains, received SNRs, or some other information). The
channel interleaving may also be adjusted hased on the coding control signal.

T1102] Table | lists various combinations of coding rate and modulation scheme
that may be used for 2 number of received SNR ranges. The supported bit rate for cach

transmission chamel may be achieved using any ome of a number of possible
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cambinations of coding raic and moedulation scheme. For example, one information bit
per modulation symbol may he achicved using (1) a coding ratc of /2 and QPSK
maodulation, {2} a coding rate of 1/3 and 8-PSK medulation, (3} a coding rate of 1/4 and
16-QAM. or some other combination of coding rate and modulation scheme. In ‘lable
1, QPSK, 16-QAM, and 04-QAM are used for the listed SNR 1anges. Other modulalion
schemes such as B-PSK, 32.QAM, 128<)AM, and s0 on, may also be vsed and ate

within the scope of the invention.

“Table 1

Received SNR | # ol [nfurmation Modulution # vl Coded Loding
Range Bits/Symbo} Symbo! Bits/Symbol Rate
1544 1 QPSK 2 12
44-64 15 QPSK 2 kIS
| a—gas 2 160AM 4 12
| sas_10a | 23 T 160AM g 575,
|04 s | s | T leqam | 4 i
23405 | 33 T eaae | 6| 72
14151555 | 4 64-QAN 6 3
15.55-17.35 4.5 64-QAM 3 34
> 17,35 5 64-QAM 5 )

[1103] The weighted modulation symbols from TX data processor 314z are
provided t TX channel processer 320u, which is one embodiment of TX channel
processor 320 dn FIG. 30 Within ‘TX. chanuel processor 320z, a demultiplexer 424
receives and demuitiplexcs the weighted modulatian symbal into a oumber of
modulation symbol sircams, onc stream for cach transmission channel sclected to
trapsmit the modulation symbols. Each modulation symbol stream is provided to a
respective modulator 322, [FOFDM is employed, the weighted modulalion symbols al
euch time slot for &l selected [requency eubchannels of cuch tapsmit anfeuna are
combined into 3 werghted modulabion symbal vector, Each moduolater 322 converts the
weighted modulation symbols {for a system without OFDM) or the weighted
modulation symbo! vectors (for a system with QUDM) into an analeg signal, and further
amphifies, filters, guadrature modolates, and upconverts the signal to generate a

modulated sigisl suitable for transmission over the wireless link.
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[1104]  FIG. 4B is a block diagram of & MIVIO (rapsmilter system 310b, which is
capable of processing daty in accordance with another embodiment of the invendon.
Transmiller system 3100 is another exbodiment of the transmitter pertion of system
310 in FG. 3 and includes a TX data processor 314b and a TX channel proceasor 320b.

{1105] Tn the cmbodiment shown in FIG. 4B, TX data proccssor 314b includes
encoder 412, channe] interleaver 414, symbol mapping element 418, and symbol
weighting element 420. Encoder 412 receives and encodes the aggregate information
bits in accordance with 4 particular enceding scheme tu provide ended bits, The coding
may be achieved based on a particular code and code rate selected by controtler 334, as
identified by the coding control signals. Channcl interleaver 414 interleaves the coded
bits, and symbol mapping element 418 maps the interleaved bitg inte modulation
symbols Jor the selecled transiission channels. Symbol weighting element 420 weighs
the woedaiation symbals for each selected transmission channel based on a respective
weight to provide weighted modulation symbels.

[11045] In the embodiment shown in FIG, 4B, transmitter system 310b is capable of
preconditioning the weighted modulation symbols based on full CS1. Within TX

channel processor 320b, 2 channel MIMO proccssor 422 demultiplexcs the weighted

. modulation symbols intoe a number of {up to X)) weighted modulation symbol streams,

one stream for cach spatial subchannel {i.e., eigenmode) used 10 (rmsmit the modulation
symbols. Yor full-CSY processing, chunnel MIMO processor 422 preconditions 1he (up
to Np) weighted modulation symhols at each ime slot to generate Ny preconditioned

modulation symbols, as follows:

Mx s f A ey 1!
X [ - h,

- e || 2 Fy (36

M7 M o M||lwm 4563
T I LT Y A LR J b.\',

where b, by, .. B, me respectively the weighted modulation symbole for gpanal

subchammels 1, 2, ... Ng;
¢y are clements of an eigenvector matix E related to the transmission
characieristics from the transmit anlennag to the reeeive antennas; and

X, oy o ¥y, are the preconditioned modulation symbols, which can be

expressed as:
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Xo=bey thy b Ll .
Xy = hyey by e, v +b_\.c - and
Xy, =hag theg a o Fhe e, -

The cigenvector matrix E may be computed by the transmitter or i3 provided to the
transiitter by the receiver. The elements of the matrix IE are also taken inte account in
determining the cffective channel gains H{ f,&).

[1107} For full-CS8I precessing, sach preconditioned modulation symbal, x, for a
particular transmit anfenna represents a linear combination of the weighted modulation
symbols for up to N spatial subchannels. Tor each tme slot, the (up to) Nt
preconditioned modulation symbols generated by chanmel -MIMO processor 422 are
demuliiplexed by demultiplexer 424 and provided to (up te) Nt modulators 322. Each
madularor 322 converts the preconditioned modulation symbols (for a system without
CFDM) or the preconditioned modulation symbol vectors (for a system with OFDM)
into u modulaied signal suitable lor transinissivn over the wireless link.

[1108] FIG. 4C is o block diagram of a MIMO transmitter system 310c, which
uiitizes OFDM and. is capable of processing data in accordance with yet another
embodiment of the invention. Transmitter system 310c is another embodiment of the
transmitter petion of system 310 in FIG. 3 and includes a TX dala processor 314c and a
TX channel provessor 320c¢. TX data provessor 314e may be operated to independendy
cade and modulate cach group of transmission channecle baged on a particular coding
and modulation scherne selected for the group. Lach group may comespond (o one
rransmit antenna and the wansmissivn channels in sach group may correspond tw the
frequency subchannels for the transmit antenna.

[1104M In the embodiment shown in FIG. 4C, TX data processer 3i4c includes a
number of spatial subchannel dutu processer 4104 through 4101, vne data processor 410
lor vach grovp of wansmissive channgls w be ndependently eoded and modulared.
Fach dots processar 410 includes encoder 412, chanuel anterleaver 414, symbol
mapping, element 418, aud symbol weighling element 420, These elements of data
processor 410 operate to encode the information bits for a group being processed by the
data processor, interleave the coded bits, map the interleaved bits to generated

modulation symbols, and weight the modulation symbols for each selected transmission
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channel within the group. As shown in FIG. 4C, the coding and modulation control and
the weights may be specifically provided for each group.

[1110]  ‘the weighted modulalion symbols [rom esch daia processor 410 are
provided to a respective combiner 434 within TX channel processur 320¢, which
combines the weighted modulation synibols for a patticular transmit antenna. Tf each
group includes the selected frequency subchannels for a particular transmit antenna,
then combiner 434 combines the weighted modulation symbols for the selected
frequency subchamnels to form a modulation symbol vector for cach trausmission
channel, which is then provided to a respective modulator 322. The processing by each
modulator 322 to generate 2 modulated signal is deseribed below.

11111] FIG. 4D is a block diagram oi' & MIMO transmiter system 310d, which also
utilizes OFDM and is capable of processing data in accerdimcs with yet another
embedinient of the invention.. In this embodiment, the transmission channcls for each
freqnency subchanne] may be independently pracessed. Within a TX data processor
3l4c, the information bits to be transmitted are demultiplexed by a demultiplexer 428
into a numper of {up 1o M) frequency subchannel duta streams, one stream for sach of
the frequency subchannels to be vsed for data transmission. Each frequency subchannel

data arream is provided to a respective frequency subchanncl data processor 430.

11127 Each data processor 430 processes data for o respective frequency-

subchannel ol the OFDM system. Lach data processor 430 may be implemented similoe
1o TX data processor 31da in FIG. 44, TX data processor 314b shown in FIG. 4B, or
with some other design. In one embodiment, data processor 430 demultiplexes the
frequency subchannel data stream into a nuinber of data substreams, one data substream
for each spatial subchannel selected for wse for the frequency subchannel, Each data
substream is then encoded, intereaved, symbel mapped, and weighted to gencrate
weighted modulation symbals for the data substeam. The coding and madulation for
cach frequency subchanncl data stream or cach data substream may be adjusted based
on the ceding and meduelation control signals and the weighting may be performed
based on the weights. Each data processor 430 thus provides up io Ne weighted
modulation symbol streams for up ta Ni: spatial subchanncls selected for use for the
frequency subchannel.

1113} For a MIMQ systern utilizing OFDM, the modulation symbols may be

trimsmitted on muliiple frequency subchanncls and from mmultiple tansmit antennas.
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Within a MIMO processor 3204, the up to Ng medulation symbol sweams from each
data processor 430 are provided to a respective subchannc] spatial processor 432, which
processes the received modulation symbols based on the channel control andfer the
available CS1. Each spatial processor 432 may simply implemem a demultiplexer (such
as that shown in FIG. 4A) if full-C8l processing is not performed, or may implement a
channel MIMO processor followed by a demultiplexer {such as that shown in FIC. 43)
if full-CST processing is performed. For a MIMO system utilizing OFDM, the full-CSI
processing (i.€., preconditioning) may bz performed on cach frequency subchannel.
[1114] Each subchannel spatial processor 432 demultipleses the up © Ne
modulmion syinbols for each time slot it up o Nt modulition symbuls for the
trangmit dptennas selected far use for that frequency subchannel. For each transmit
antcnna, a combiner 434 receives the modulation symbols for up to Ny frequency
subchannels selected lor use Jor lhal trunsmit antenna, combines the symbols Lor each
lime slot inlo & modalation symbel vector V, and provides the madulation symbol
vector to the next processing stage (i.c.,-a respective madulator 322).

[1115] MIMO processor 320d thus receives and processes the modulation symbols
to provide up to Ny medulation symbol vectors, Vi through Vi, one modulation symbol
vecter for esch iransmit antemna selected for use for data tavsmission. Each
modulation symbol vecter V covers a eingle tme slot, and each element of the
modulation symbol vector V is associated with a spoeific frequency sithchannel having
aunique subcarrier on which the modulation symbel is conveyed.

[1116] . FIG. 4D- also shows an embodiment of modulater 322 for OFDM. The
modulation symbol vectors V) through Vi, from MIMO processor 320c are provided to
modulators 322a through 322t, respectively. In the embodiment shown in FIG. 4D,
esch modulator 322 includes un inverse Fast Fourer Transform (W-EL) 44C, a eyclic
prefix generator 442, and an upeonverier 444,

[1117] TEFT 440 converts gech received modulation symbol vector into its time-
domain representation {whick is reforred to as an OFDM aymbol) using TFFT. TFFT
440 can be designed to perform the IFFT on any number of frequency subchannels (e.g.,
8, 16, 32, and s0 on). In an embodiment, for each modulation symbol vector converied
to un OFDM symbol, cyelic prefix geperator 442 repeats # portion «f the tme-<lomain
representation of the OFDM symbol to fenn a “transmission symbol” for a specific

transmit antenna. The cyclic prefix iasures that the transmission symbol retains its
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orthogonal properties in the presence of multipath delay spread, thereby improving
performance against deleterious path effects. The implemeniation of IFFT 440 and
eyelic prefix generator 442 is known in the art and not described in detail herein.

[1118]  The time-domain representations trom each cyclic prefix genarator 442 (i.o..
the transmission symbols for euch antenna) are then provessed {e.g., vonvered into an
analog signal, modulated. amplificd, and filtered) by upconverter 444 to generale a
modulated signal, which is then (ransmilled from 2 respeciive anlemma 324

[111%] OFDM modlulation is deseribed in further detail in 8 paper entitled
“Multicarrier Modulation far Data Transmission : An ldea Whose Time Has Come,” by
Jobm A.C. Bingham, LELL Communications Magazine, May 1990, which is
incorporated herein by reference.

[1120]  FIGS. 4A through 413 show four designs of 2 MIMUO) transmitter capable of
implementing various aspects and embodiments of the invention. The invention may
also be practiced in an OFDM system that does not ulilize. MIMO. In this case, the
evuilable iransmission channels correspond to the frequency subchannels of the GFDM
syslem. Numerous ather transmittcr designs arc also capable of implementing various
inventive techniques deseribed herein, and these designs are also within the scope ol the
invention.  Somc of thcsc transmitter- designs are descnbed in [urther detaal in the
following patent applications, which are all assigned w the assignee of the present

application and incorporated herein by reference:

« .5 Patent Application Serial No. 09/776,075, described above;

s US. Patent Applicalion Serial No. 09/532,492, entilled “HIGH EFFICTENCY,
HIGIT PERPORMANCE COMMUNICATIONS SYSTEM EMPLOYING
MULTI-CARRIER MODULATION,” filed March 22, 2000;

* U5, Patent Application Sexinl Nu, 09/826,481, “METHCOD AND APPARATUS
FOR UTOIZING CHANNEI STATE INFORMATION IN A WIRELESS
COMMUNICATION SYSTEM,” filed March 23, 2001; and

+= US. Patent Application Serial No. 00/854,235, entitled “METHOD AND
APPARATUS [OR FPROCESSING DATA N A MULTIPLE-INFUT
MULTEPLE-OUTPUT (MIMO) COMMUNICATION SYSTEM UTILIZING
CHANNEL STATE INFORMATION” filed May 11, 2001
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‘Lhese patent applications also describe MIMO processing and CS] processing in further
dedail.

[1321]  1n general, transmitter system 310 codes and modulates data for all selscted
transmission channela (or 21l selected wansmission charnels within each group) based a
particular cosmen coding and modwlation scheme. The modulation symbols are further
weighted by weights assigned to the selected transmission channels such that the desired
level of performance is achieved af the receiver. The techniques described herein we
applicable for multiple paraliel transmission channels supparted by MIMO, OFDM, or
any other commmication scheme (6.8, a CDMA acheme) eapable of supporting
multiple parallel transmission ehanmels,

[11221 TIG. 4C shows an embodiment wherein the data for each tramsmit anwnna

. may be coded and modulated separately based on a coding and modulation scheme

selected for that wansmit antenna.  Annlogously, FIG. 4D shows an embodiment
wherein the datn tor each frequency subchunnel may be coded and modulated separately
bused on @ coding and modulation scheme selected for that frequency subchannel. In
geperal,- all available transmission channels (c.g., all spatial subchannels of all

frequency subchannels) may he segregated inio any number of groups of any type, and

-each group may include any number of transmission chanmels. Ior example, each group

may include spatial subchannels, frequency subchannels, or subchannels in both

domaing.
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MIMO Receiver Svstems

[1123] 1S, 5 is a block diagram of a MIMQ recciver system 350a cupable of
receiving data in accordance with an embodiment of the invention. Receiver syslem
350a is onc specific embodiment of recetver system 350 in FIG. 3 and dnplements the
suceessive cancellation receiver provessing fechnique to rceeive and rccover the
transmitted signals. ‘Lhe lransmilled sigoals from (up to} Ny transmit antennas are
received by each of Mg santennas 352a through 3521 and routed to 2 respective
demedulator (PEMON} 354 (wihich is also referred to as a fronl-end processor).

[1124] Esach demodulator 354 conditions {e.g., fillers and amplifies) a respective
received signal, downconveris the conditioned signal o an intcrmediate frequency or

basebgnd, and digitizes the downeonverted signal to provide samples.  Dach

- demodulator 354 may further demadulate the samples with a received pilot to generate a

stream of received modulation symbols, which.is provided to an RX chamielidata
processor 356a.

[1125] If OFDM is cmployed for the data tansmission, each demodulator 354
further performs processing complementary W that performed by modulator 322 shown
in FIG. 4D In this cuse, each demodulater 354 includes an FRT processer {not shown)
that generates transformed representalions of the samples and provides a stream of
modulation symbol vectons. Bach vector includes up to My, medulation symbels for up
to N frequency subehannels selected for nse, and ane vector is provided for each time
slot. For a tronsmit processing scheme in which each frequency subchannel is
independently pracessed {2.g.. as shown in FIG. 413, the modulation symbol vector
stresuns from the FFT processars of 21l Ny demodulators sre provided to a demultiplexer
(nat shown in FIG. 3), which “channelizes” the modulation symbol vector steeam [rom
euch FFT processor inio up to Ny modulation symbol sweams comresponding to the
number of {requency subchannels used for the data transmission. The demultiplexer
then provides cach of up to N, modulation symbol streams to a respective RX
MIMO/data processor 336a.

[1126] For a MIMO system not utilizing OFDM, one RX MIMO/data processor
356n may be used 1o process the Ng mudulation symbul sireams from the Np received
antennas.  And for a MOMO sysiem ulilizing OFDM, onc RX MIMO/data processor
356a may Le used to process the set of Np modulation symbaol streams from the Ng,

received antonnas for each of up w Ni. frequency subchannels used for data
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transmission.  Aliematively, a single RX channel/dséa processor 336a may be used to
separately process the set of modulation symbol streams associated with each frequency
subchanmel.

[1127] - In the cmbadiment shown in FEG. 5, RX channsi/data processor 356a (which
is one embodiment of RX channel/data processor 336 in FIG. 3) includes a number of
successive {i.e., cascaded) receiver processing stages 510, one stage for each of the
transmitted data streams to be recovered by receiver system 3304 In one transmit
pracessing scheme, selective chamnel inversion is applicd to all available tranamission
channcls. In this caze, the selected transmission channels may be used 1o transmit one
or more data streams, each of which may be independently coded with the common
coding schieme. [o agother transmadt processing scheine, selective channel inversion is
applivd separately to gach transmit anteoma.  In this case, the eelecied transmission
channels for cach transmit antenna may be used to transmit one or more datu sloeams,
cach of which may be independently coded with the coding scheme selected far Lhat

transmit antenna. In general, il one duta siream is independently coded and transmitted

on esch sputal subchannel, thep the successive cancellation receiver processing

technique may be used ro rccover the transmitted data streams.  For clarity, RX
channel/data processor 356a is described for an embodiment wherein one data stream. is
independently coded and transmitted on each spatial subchannel of a given frequency
subchionnel] being processed data processor 356a.

[1128] Rach recciver processing stage 310 (except for the last stage 510n) includes a
channel MIMO/data processer 320 coupled 1o an interference cancelier 530, and the last
stage 510n includes only channel MIMO/data processor 520n. For the first receiver
processing stage $10a, channcl MIMO/data proceasor 520 receives and processes the
Ny modulation symbol streans from demodulutors 354a through 354r (o provide a
decoded data stream for the first (ransmissien channel (o the st lransinitted signal).
And for each of the second through lusl stages 510b theough S 10n, ehannel MIMO/data
processor 520 for that siage receives and processes the Ny mindified symbol streams
from the interference canceller 520 i the preceding stage to derive a decoded data
stream for the wamshnission channel being processed by that stape.  EBach channel
MIMO/data processor 520 further provides CS1 (e.g., the received SNR) far the

asvociated lransoussion channel.
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[1129] For the first reeciver processing stage 5i0a, interference canceller 530a
receives the Np modvolation svmbol stteams from all Np demodulators 354, And for
each of the second through second-to-lust stages, interference canceller 330 receives the
Ng modified symbol streums [rom the interference vimeeller in the preveding stage.
Euch interference canceller 530 also receives the decoded datz siream from channe)
MDAOYdala provessor 520 within the same stage, and pecfonns the processing (.5,
coding, interleaving, modulation, channel response, and so on} tn derve Ng
remodulated symbol streams that are estimates of the interference components of the
received modulation symbol streams due to this decoded data streum.  The remodulated
syimbol streams are then subtracted from the received modulation symbol streams o

derive Nr modified symbel streams that include all but the sobtracted (i.e.. canceled)

- mterference components. The My modified symbol streams are then provided to the

next stage.

[1130] - In FIG. 5, a controller 540 is shown coupled to RX channcl/data processor
356a and may be used to direet various steps in the successive cancellation reeciver
processing performed by processor 356a. .

[m131] FIG. 5 shows u receiver strocture thal may be used in o straight{orward
manney when each data stream is transmitted over a respective uwansnut antenna (ie.,
onc data sircam corresponding to cach transmitted signal). In this case, sach receiver
processing stage 510 may be operated to recover one of the transmitted signals targeted
for receiver system 350a and provide the decoded data stream comespunding to Lhe
recovered wansinitted signal.

11132]  For some other transmit processing schemes, a dara sweam mav be
wansmutred over muliple wonsmit antennas, frequency subchanmels, andfor lme
intervals to provide spatial, frequency, and tivae diversity, respeetively.  For these
schernes, the receiver processing initially derives a reecived modalation symhel stream
for the signal (ransmitted on sach transmit antenna of cach frequency subchannel.
Modulation symbols for multipie (ransmit antennas, frequency subchannels, and/or Lime
inlervale may then be combined in a complemeniary manner as lhe demultiplexing
performed st the transmittex system. The stream of combined modulation symbols js
then processed to provide the corresponding decoded data stream.

[1133] FIG, 6A is a block dingram of an embediment of channel MIDMCO/data

precsssor 520, which is one embodiinent of channe! MIMO/data processor 520 in FIG.
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5. In this embodiment, channel MIMO/data processor S20x includes a spatialfspace-
time processor 610, a CSI processor 612, a selecior 614, 2 demodulation element 618, a
de-mterleaver 618, and a decoder 620.

[1134] Spatialfspace-time processor 610 performs linear sparial processing on the
Nr received signais for a non-dispersive MIMO channel {i.e., with 11at fading) or space-
lime processing on the Ny received signals lor a dispersive MUIMOC channel (e, with
[rexquency selective fading). The spulial processing may be achieved using linear spatial
pracessing techniques such as a channel corrclation matrix inversion {COMI) technigue,
a minimum mcan square crror {(MMSE) fochnique, and others. These techniques may
be uscd to null out the undesired sipnals or to meximize the recelved SNR of each of the
cunstiluent signals in the presence of noise and interference from the other signals, The
space-time processing may be achieved using linear space-time processing techmaques
such as a MMSE Ypear equalizer (MMSE-LE), a decision feedback equalizer {DFE), a
maximure-likelihood sequence estimator (MLSE), and others. The CCMI, MMSE,
MMSE-LE, and DFE techniques are described in further detail in the aforementioned
U.8. Patent Application Scrial No. 09/834,235. The DFE and MLSE techniques are
ulso described in further detail by S.1L. Ariyuvistakul ef al. in a paper entitled “Optimom
Space-Time Processors with Dispersive Inferlerence: Unilied Analysis and Required
Filler Span.” TEEE Trans. on Communication, Vol. 7, WNo. 7, July 1999, and
incorporated herein hy reference.

[1135] CSI processor 612 determines the CS1 for each of the tranamission channels
used for dula transmission. For example, CSI processor 612 may esiimate a noise
covanance malna based en the recetved pilat signale and then compute the SNR of the
k-th transmission channcl used for the data stream to be deeoded. The SNR may he
estimated similar 10 conventional pilot assisted single and multi-carrier systems, as is
known in the art.  The SNR for all of the mansmission channels used for duta
transmission may comprise the CSI that is reported back to the transmitter systern. CSI
processor 612 may further provide to selector 614 a conirol signal that identifies the
particular daly stream to be recovered by this recciver processing stage.

11136] Selector 014 receives a number of symbol streams [rom spatial/space-tme
processor 610 and extracts the symbol siream conespunding to {he dats stream to be
decoded, as indicated by the conlrol signal from CSI processor 612, The extracted

stream of modulation symbols (s then provided to a demodulation clement 614,
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[1137] ¥or the embodiment shown in FIG. 6A in which the data stream for each
iransmission chunnel {s independently coded and modulated based vn the comumon
coding and modulation scheme, the recovered modulation symbols for the selccted
ransmission channel are demodulaied in accordance with a demodulation scheme (e.o.,
M-PSE, M-QAM) that is compleneptary to the common medualation scheme need for
the transmission chonoel. The demodulsizd data from demodulation clement 616 is
then de-interleaved by & de-interleaver 618 in a complementary manney to that
performed by channe! intetleaver 614, and the de-interleaved data is further decoded by
2 decader 620 in a vomplementary manner to that performed by encoder 612. For
example, 2 Turbo decodsr or 2 Viterbi decoder may be used for decoder 620 if "Lurbo or
convolutional coding, respectively, is performed at the transmitter system. The decoded
data stream from decoder 620 represcnis an cstimatc of the transmitted data stream
being recovered.

[1138] - FIG. 6B is a block diagram of an interference canceller 530x, which is one
cmbodiment of intorference canceller 530 in FIG. S, Wathin inlexfereace canceller
530x, the decoded data stream trom the chanoel MIMO/dat: procassor 320 within the
same stage is re-encoded, interleaved, and re-modulated by 2 channel data processor
624 to provide remodulated symbols, which are estimates of the modulation symbols at
the wansmitter system prior w0 the MIMO processing and channel distortion. Channel
data provessur 628 perlemms the same processing (e.g., encoding, interleaving, and
modulalion) as ibat performed at the transmitter system for the data stream. The

remodulated aymbols are then provided to a channel simulator 630, which processes the

symbols with the cstimatcd channcl response to provide an cstimate, i#, of the
interfercnce due the decoded data siream. The channel responsc estimaic may be
derived based on the pilot and/or data transmitted by the transmitier system and in
accordance with the techniques described in the aforementioned U5, Patemt Application
Scrial No. 09/834,235,

[1139] The Ng siements in the interference vector ik correspond te the component
of the meceived signal at each of the Np meceive antenmas due tw symobol stream
transenitted on the k-th (ransmil aotenze. Each element of the veetor represcats an
gstimated componens due (o (he decoded data stream in the corresponding received
madulation symbol stream, These components are interference to the remaining (not

yet detected) transmitted signals in the Ng received modetation symbol strcams (i.c., the
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veetor gk), and are subtracted (ie., cunceled) ftom the received signal vector rt by a
summer 632 to pravide a modifiad vector r** having the components fram the devoded

data stroam removed.  The modilied vector £ iy provided as the inpul veclor to the
next receiver processing stage, as shown in F1G. 5.

[1140] Various aspects of the successive cenceclistion recciver processing are
described in further detail in the aforementioned ULS. Patent Application Seriul No.
U9/834 235,

[1141] FIG. 7 is a block disgram of a MIMO receiver system 330h capable of
receiving Jutn in accordance with another embodiment of the invention.  The
transmitred signals fram (up to) Ny transmit antennas are received by each of Np
antennas 352a through 352r and routed to a respective demodulator 354, Euch
demodulator 354 conditions, processes, and digitives a respective received signal to
provide samples, which are provided to 8 RX MIMO/data processer 3560,

{1t42] Within RX MIMO/data processor 356b, the samples for each receive
antenna awe provided 1o a respective FITT processor 710, which generates wansformed
representations of the received samples and provides a respective stream of modulation
symbel vectors, The steeams of modulation symbol veeter from FET processors 710a
through Ti0r are then provided to 2 proeessor 720, Processor 720 chanmelizes the
seroin of modulation symbol vectors from euch ITT processor 710 fnlo a number of up
to N subchannel symbol strewms.  Processor 720 may further perform  spatial
processing or space-lime processing on the subchanuel symbol stecams to pravidc post-
processed modulation symbols.

{11431 For each data stream trapsmilted over multiple freyuency subchannels andfor
multiple spatial subchannels, processor 720 further combines the modulation aymbols
for all frequency and spatial subehinnels used for transmitting the data stream into one
post-procossed modulation symbol strenm, which is then provided to a data stream
processer 730, Each dutu stream processor 730 perlomis demodulation, de-inledleaving,
and deeoding complementury to thal performend on the data stream ai the transmitter unit
and provides a vespective Jecoded dala stresm.

[11441 Recoiver systems that employ the successive cancellation receiver
processing technique and those that do not employ the successive cancellation receiver
processing technique may be used to teceive, process, and tecover the transmitted data

streams. Some receiver systems cupable of processing signals reccived over multiple
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ransnxssion channels are described in the aforementioned U.S. Patent Application
Serial Nos, 0%776,075 and 09782648, und U8, Paient Application Seral XNo.
06/532,492,  entitled  “HIGH  EFFICIENCY, HIGHL  PERFORMANCE
COMMURICATIONS §YSTEM EMPLOY NG MULTI-CARRIER MCDULATION,”
filed March 30, 2000, assigned to the assignee of the present invention and incorporated

hercin by reference.

Obtaining CSI for the Transmitier Systein
[1145] For simpheity, varions aspects and embodiments of the invention have been
deseribed whersin the 31 comprises SNR. Ih general, the CSI may comprise any type
of information that is indicative of the chavacteristics of the communication link,
Various types of informarion may be provided as (81, some examples of which are
described below. '
[1146] In one embodiment, the CST éomprises SR, which is derived as the ratio of

the signal power over the noise plus interference power. The SNR is typically estimated

‘and provided for each transmission channel used for data transmission {e.g., cach

transmit data strcam), although an aggrogarc SNR may also be provided for a mumber of
tramsmission channels. The SNR cstimatc may be quanﬁzcd to a valuc having a
pariicular number of bits. In one embodiment. the SNR estimate is mapped to an SNR

e, e, using a look-up lable.

([1147] In another embodiment, the CS1 comprises power control formation for

each spatial subchannel of each frequency subchannel. The power control information
iy include & single bit for each transmnission chanmel to indicate a request for either
more power or less power, or it may include multiple bits to indicate the magnitude of
the change of power level requested. In this embodiment, the transmitter system may
make use of the power control information fed back from the Teceiver systems to
delenmine which transmission chammels to selecl, and what power 1o use foF sach
transmission chanmel,

[1148]  Tn yet another embodiment, the CSI comprises signal power and interference
plus noise power. These two components may he sepacately derived and previded for

ench transmission chamel used for data ransmission.
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[1149] In yet another embodiment, the CSI comprizes signal power, inlerference
pawer, and noise power. These three components may be defived and provided for each
transmission channel used for daia Uransmission.

11150]  In yet another embodiment. the CSI comprises signal-to-noise vatio plus a
Tist of mterference powers for cach obscrvable interference term.  This infermation may
be derived and provided for each transmission channel used for data transmission.
[1151]  In yet another embodiment, the CSI comprises signal components in 4 matrx
form (e.g.. N;»N_ complex entries for all transmit-receive antenna pairs) and the
neise ples interference components in matrix form (e.g., Ny XNy complex entries).
The trensmitier system may then propedly combine the signal components and the noise
plus interference components for the approln'iaic transmit-receive antenna pairs to
derive the quality for cach transmission channel used for data transmission (e.g., the
post-processed SNR for each transmitted data siream. as reccived at the recciver
SYStems).

[1152] In vet another embodiment, the CSY comprises a data rate indicator for cach
transmit data siream. The quality of a transmission channel to b used for data
transmission may be determined initally ¢e.g., based on the SNR estimated for the
transmission channel) and o data tale eomesponding 1o the determined channel quality
may then be identilied (e.g., based on a lock-up table). The identified data rate 13
indicative of the maximum data rate that may be transmitted on the transmission
channel for the required level of performance. The duln rate 15 then mapped w and
represented by a data rale indicator (DRI, which can be efficiently coded. For example,
if (up to) seven pussible data rates are supponted by the transmitter system for each
ansmil antenna, then a 3-bit value may be used to represent the DRI where, e.g., a zero
may indicate a data rate of zero (i.e., don’t use the transmit antsnna) and 1 through 7
may be used 10 indicate seven different data rates. In a typieal implementation, the
guality measturements (2.g., SNR estimates) are mapped dirzetly to the DRI bazed on,
ez, a look-up table.

[1153] In yet another embodiment, the CSI comprises an indication of the purticular
processing scheme to be used at the transmitter system for each transmit data sieam. In
thiz embodiment, the indicater may identify the particular ceding scheme and the
particular modulation scheme to be vsed for the wansmit dawa stecam sueh that the

desired level of perfermance is achigved.
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[1154] In vet another embodiment, the CS1 compriscs a differential indicator for a
parlicular measure of quality for a transmission channcl. Initially, the SNR. or DRI or
some oiher quality measurement for the transmission chanmel is determined aml
reported as a referance measurement value. ‘Thereatter, monitoring of the quality of the
fransmission channel continues, and lhe difference Dbetween the last reported
measurement and the currenl measvrement is determined. The difference may then be
quantized t0 one or more biis, and the guantized difference is mapped te and
represenied by the ditfcrential indicator, which is then reporied.  The differential
indicator may indicate to increase or decresse the lasi repored measurement by a
particular step size (OF W maipimin the last Teported measarement). For example, the
differenrial indicator may indicate that (1) the observed SNR far a particular
mansimission channel has increased or decreased by o particular step size, or {2) the data
vate should be adjusted by a particular arnount, or some other chamge,  The reference
measuremenl may be transmitted periodically to ensure that errors in the difforential
indicators and/or eroneous reception of these indicators do not accumulate.

11155] ] In yet anothcr embodiment, the €SI comprises the chaonel gain for sach
available transmission channel, as estimated at the receiver systom based on signals
transmitted by the transmitter syslem. )

[1158] Other [orms of CS1 may also be used and are within thz scope ol the
invention. Tn general, the CST includes sufficient information in whaiever fomm that
may be used to (1) select a set of trunsmission chunnels that will result in optimum or
near optimum thyoughput, (2) determine a weighting factor for cach sclected
Iramsmission chanuel that results in equal or vear cqual received SNRs, and (3) infer an
optimum or near optimunn code rate for the selected transmission chanmels.

[1157] The CSE may be dertved based on the signals transmitted from the
trmsmitier syslem and received at the recciver systems. In an embodiment, the C3I 1s
derived based on a pilor reference inclnded in the transmitted signals. Alternatively or
additionally, the CST may bz derived based on the data included in the trausmitted
signals.  Although data may he transmitted on only the selecled runsmission chaanels,
pilot dara may be ransmitted on unselected transmission channels i allow the receiver
systems lo estimate the channel characlerislics,

[1158] In wet another embodiment, the €SI comprises ane or more signals

transmitted from the receiver systems to the transmitter system. In some systems, &
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degree of correlation may exist between the uplink a2nd downlink (e.e. time division
duplexed (TDD) systems where the uplink and downlink shuie the same frequency band
in a hne division mulliplexed manner).  In these systems, the quatity of the upiink may
be estimuied (v 8 mquisite degree of aceuracy) based on the guality of the downlink,
and vice versa, which may he estimated based on signals (e.g., pilot signals) transmilled
from the receiver systems. The pilot signals would then represent a means for which the
transmitter system could estimate the CSI as ohserved at the receiver systems. For this
type of CSI, no reporting of channel characteristics is necessary.

[1159] The signal quality may be cstimated at the transmiticr systerm based on
various techniques. Some of these teehniques are described in the following patents,

which are assigned (o the assignee of the present upplicution and incorpurated herzin by

‘reference:

¢ 1S, Palent No. 5799003, entitted “SYSTEM AND METLIOD TOR
DETERNH)T[NG RECEIVED PILOT POWER AND PATH LOSS IN A
CDMA COMMUNICATION SYSTEM,” issued August 253, 1998,

e U8 Paent No. 5,903,554, entifled “MEVIIOD AND APPARATUS YOR
MEASURING TINK  QUALITY IN A SPREAD  SPHCTRUM
COMMUNICATION SYSTEM,” issued May 11, 1959,

s U8, Patent Nos, 5,056,109, mmd 5265119, both emiilled “METIIOD AND
APPARATUS FOR CONTROLLING TRANSMISSION POWER TN A CDMA
CELLULAR MOBILE TELEPHOMNE SYSTEM.” respectively issued Qctober
8, 1991 and November 234, 1993, und

e U.S. Patent No. 6,097,972, cntitled “METHOD AND APPARATUS FOR
PROCESSING POWER CONTROL SIGNALS IN COMA MOBILE
TELEPHONE SYSTEM,” issued August 1, 2000,

Methods for esimating 4 single ransmission channel based on a pilot signal or a data
trensmission rmay also be found in 2 number of papers available in the art. One such
chammel estimation method is deseribed by I Ling in a paper enfitled “Optimal
Reception, Performance Bound, and Cutoff-Rate Analysis of References-Assisted
Coberent CDMA  Comumuricalions  with  Applications,” IEEE Transactivn On

Communication, Oct. 14999,

JP 2004-531976 A 2004.10.14
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[F160] Varioas types of information for C51 and various C81 reporting mechanisms
are also described in T.S. Patent Application Serial No. 08/963,38G, entitled
“MEITIOD  AND  AFPARATUS TIOR IHIGII RATL PACKEDI DATA
TRANSMISSION,” filed November 3, 1997, assigned to the assignee of the present
application, and in “TIE/BIA/IS-356 cdma2000 THgh Rate Packet Data Air Inerlace
Specification”, hoth of which are incorporated herein by reference.

[1161) The CST may he reported back to the transmitter using wvarious €8T
{ransmission schemes. Por example, the C81 may be sent in {ull, ditferentially, or a
combinativn thereof. In one ernbodiment, CSI is reported periodically, and differeniial
updates are scnt based on the prior transmitted C81. In another embaoditment, the CSIis
sent only when therc is a chunge (e.g., if the change cxceeds a particular threshold),
which muy lower the effective tute of the [esdback chunnel. As an example, the SNRs
iy be sent back {e.g, differentally) only when they change. For an GFDM system
{with or without MTMC), correlation irn the frequency demain may be exploled m
permit seduetion in the amount of CST to be fed back. As an example for an QOFDM
systern, if the SNR correspending to a particular spatial subchanme! for M freqﬁency
subchamnels is the same, the SNR and the first and last frequency subchannels for which
this condition is true may be reported.  Other compression and feedback channel error
recovery technigues to reduce the amount of dara to he fed back for CST may also be
used and are within the scope of the invention.

[1162] Referring back to FIG. 3, (he C5T (e.g.. the received SNR) delermined by RX

" channel/data processor 356 is provided to a TX data processor 3G2, which processes the

C8I and provides processed data (o one or more modulators 3534, Modulatera 354
Turther condilion the precessed dala «nd lransmit the CSI back Lo ransmitter system 210
via a reverse channel,

11637 At systern 310, the transmitted feadback signal i3 received hy antermas 324,
demoedulated by demodulators 322, and provided to a RX data processer 332. RX data
processor 332 performs processing complementary to that perfermed by TX data
processor 362 and recovers the reported CS1, which is then provided to controller 334,
[1164]) Controller 334 uscs the reported CSI to perform a number of fanctions
including (1} selecting the set of Ny best available transmiszion channels for data
transmdssion, (2} determining the coding and modulation scheme te be used lor dutn

transmission on the selected transmission channels, und {3) determining the waights to
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be used for the selected transmission channels. Controller 334 may select the
transmission chamnels 10 achieve high throughput or based on some other performance
criteria or metries, and may further determine the threshold used 1o seleet the
iransmission channels, as described ahove.

[1165]  The charactoristics (.., charmel gains or reccived SNRs)y of the
transmission channcls available for data transmission may be detcrmined based on
various techniques as described above and provided to the transmitter systern. ‘The
transmitter system may then use the mformation fo select the set of N best transmission
channels, properly code and modulate the data. and further weight the modulation
symbois.

[1166] The wehniyues descnbed besein may be used for data transmission on the
downlink from a base station to oac or more ferminals, and may also be used for data
lmnsmi‘ssinn on the uplink from each of one or more terminals to a base station. For the
downlink, transmitter system 310 in FIGS. 3 and 4A through 4D may represent part of a
base: station and receiver system 350 in FIGS. 3, 5, and € may represcnt part of a
teaminal, -And for the uplink, transmitter system 310 in FIGS. 3 and 4A through 4D
may represent part of 2 tetminal and recciver system 3530 in FIGS. 3, 5, and 6 may
represent part of a base station.

[1167]  The elements of the transmitter and receiver systems may be implemented
with one or more digital signal processors (NSP), application specific integrated sivcurts
(ASICY, processors, microprocessors, comtrollers, microcontrollers, field programmable
pate arrays (FPGA), programmable logic devicss, other electronic units, ov uany
combination thereof. Some ol (he fonctions mnd processing described hergin may alse
be amplernented with software executed on a processor. Certain aspeets of the invention
may also he implemented with a combination of software and hardware. For example,
computulions e determine the threshold, &, and to select transmission channels may be
performed based on program codes execuled on a provessor (controller 334 i FIGL 3).
[1168] Headings are included herein for relerence and o aid 10 the Jacating, certain
sections. These heading are nol inlended 1o lmit the scope of the eoncepts described
therein under, and these concepts may have applicability in other scctions throughout
the entire specification.

[1169] The previous description of the disclosed embodiments is provided to cnable

any person skilled in the art to make or use the present invention. Various
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modifications to these embodiments will be readily appaient ta thosc skilled in the art,
and the generje principles dafined herein may be applied ta other embodiments withouat

departing fram the spirit or scope of the invention. Thus, the present invention is not
intended to be limited to the cmbodimacnts shown hercin but is to he accorded the widcest

scope consistent with the principles and novel features disclosed hersin.

[1170]  WHAT IS CLAIMED IS:
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CLAIMS
1. A method for processing dala [or [ransmvission over multipie

2 transmission chaonels in a multi-channel communication system, compnsing:
determining, characleristics of a ploality of transmission channels available for
4 dala lzapsmusson;
segregating the plurality of transmission channels inle one or more groups of
G transmission channels; and
tor each proup of transmission channels,
3 selecting nae ar more available transmission channels in the group based
on the determined characteristics and a threshold, and
10 coding wud modulating data for all selected transmission chunnels in the

group based on a particvlar coding and modulation scheme Lo provide

12 modulation symbols.
2. The method of ¢laim I, fuether camprising:
2 for cach group of tranarission channels

weighting modulation symbols for each selected ransmission channel in
4 the group based on a respective weight indicative of a transinit power level for
the selected transmission channe! and derived hased in part on the determined

6 characteristics of the sclected tranamission channcl.

3. The method of claim 1, wherein the multi-channel communication
2 system is an orthogona) frequency division maodulatien (OFDM) system, and whersin
the plurality of available tranamission channcls cartespond to a plurality of frequency

4 sobchannels.

EX The method of claim 1, wherein the multi-channel comrmunication
2 system is a wuliiple-input multiple-cutput (MIMO) comumpnication system, and
whercin the plurality of available transmission channels cowespond w0 @ plurality of

4 spatial subchannels of a MIMC channel.
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5. The mcihod of claim 4, wherein the MIMO cominunication system
utilizes OFDM, and wherein the plurality of available transmission channels corespond

to a plurality of spatial subchannels of a plurality of frequency subchannels.

6. The methed of clain: 5, wherein each group corresponds lo a respeclive
wansmit antenna, and wherein the plurafity of transmission chamels in sach group
correspond to a plurality of frequency subchannels for the eomespending transmit

antenna.

7. The method of claim |, wherein each group is associated with a
respective threshold used to select the available ransmission channels in the group for

UEE.

b The method of claim 1, wherein the data for cach group ds coded and

modulated with a respective coding and modulation seheme selected for the group

9, The method of clainy 2, wherein the weighs for the selected transmission
channels in each group are derived to distribute total transmit power avaitable for the
group ameng all selected transmission channels in the group to achieve similar received

signal quality.

10. The method of claim 9. wherein the 1cceived signal quality is cstimated

by a sigpal-le-noise-plus-interitTence mtio (SNR).

11 The methed of claim 1, wherein the determined charactensiics for the

available transmisgion channels are channel gains.

12, The method of cluim 11, wherein, for each group, transmission channels
having power gains greater than or equal Lo a paticular power gain threshold ure

sclectad, and whercin the power gains are determined based on the channel gaing.

JP 2004-531976 A 2004.10.14
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13, The method of claim 1, wherein the determined charscteristics for the

available tansmission channels are received signal-to-poise-plus-interference ratios

(SNRs).

14, The method of claim 13, whercin, for each group, transmission chauncls

having SNRs greater than or cqual to a particular SNR threshold arc selected.

15, The method of claim 2, wheremy the weight for each selected
transmission channel is further derived based on total transmit power available for the

aroup in which the transmission channel belongs,

16. The methed of claim 2, wherein the weight for each selected
transinission chunnel is further derived bused on & nommulization fucior, which is

determined basedl vn the chatacleristics of the selected transmission channels.

17.  The method of claim 1, wherein the thresheld for each group is selected

o provide high thraughput for the selected transmission channels in the group.

18.  The method of claim 1, wherein the threshold for each group is selected

to provide & highest possible throughput for the avatlable transmission channels in the

group.

15, The method of claim 1, wherein the threshold for sach group is derived

based on a particular target received SNR for all selected transmission channels in the

group.
20, The method of ¢laim 2. finthor comprising:
trangmiiting the weighted modulation symbels on the selected transmission
chanmels.

21, A method for processing duta for trapsmussion over  multiple

transmission changels io & multi-channel communication system, comprising:

JP 2004-531976 A 2004.10.14
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determining charactenisiios of a plurality of ranswission chamels available lor
daly Lransmission;

selecting one ar more available transnission channels hased on the deteninined
charactenstics and a metric;

coding data for al} selected transmission channels based on a particular coding
scheme to provide coded data; and

modulating the coded data for all selected iransmission channels based on a

particular modulation seheme to provide modulation synibols.

22 The melhod of claim 21, fudber comprising:
weighting madulation symbels for cach selected transmission channcl based on
a respective weight indicative of a transmit power level for the selected transmission

channel.

23. The method of claim 22, whetein the weights for the selecied

transmission channels arc cqual.

24.  ‘Ihe method of claim 22, wherein the weights [or the selecled

transinission channels are upequal.

25.  The methed of claim 22, wherein the weights [or the selected
transmission channels arc derived hased in part om the determined characteristics of the

aclected tranamission channel.

26. The method of claim 25, whewin the weighis for the selectad
trgnsmissions are [urther devived to distribute Lotal available transimit power amongst all
selected traneimission channels to achieve similar received quality for medulation

aymbols transmitted via the selected transmission channels.

27.  ‘The method of claim 21, wherem he metic relates to throughput and
wherein the one or more transmissian channels are selected hased on the throughput

achievabls for the seleeted transmission channels.

JP 2004-531976 A 2004.10.14
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23. A method for transmitting data over multiple ransmission chanpels in a
multi-channel communication system, comprising:

determining characteristics of each of a plurality of transmission channels
available lur use for data (ransmassiva;

segrepuling the plovalily of avuilable iransinission chimnels into one or more
groups;

cding and modulating data for selected ones of the available transimssion
channels in each group to provide modulation symbols;

weighting modulation symbols for each selected iransmission channel in euch
group based on a respective weight indicaiive of a transmit power level for the selected
transimission channel and derived based in part on the detormined characteristics of the
selected (runsmission channel; and

transmitting the weighted maedulation symbols on the selected transmission

channels.

29, The method of claim 28, wherein the multi-channel communication
system s a multiple-input multiplz-outpur (MIMO) that wtilizes orthogonal frequency
division modulation (QOFDM).

30.  The methed of claim 29, wherein each group corresponds (o & respective
transmil antenma, and whersin the plurality of transmission chunnels 0 each yroup
correspond to a plurality of frequency suhchannels for the comesponding transmit

anfcnng.

31. The method of claim 28, wherean the Jdata for the seiccted wansmission

channels in each group is coded based on a common coding scheme.

32, The method of claim 31, wherein the common coding scheme is selected

frenn amang a plurality of possible coding schemes.

33,  Thc method of claim 28, whercin the medulation svmbals for the
selected  (tansmission channels in each group are derived based on a common

modulation scheme.
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34, The method of claim 33, wherein the comsnon modulalion scheme s

selected [rom among a phurality of poasible modulatian sehemes,

35. The method of claum 28, wherein the data for the selected transmission
channels in each group is coded and modulated based on a common coding and

modulation scheme selected for the group.

36.  The method of claim 28, further comprising:
selecling ene or more of the availuble transmission chimmels in each grovp lor
use [or dute msmission based on the determined characrenisties of the bansmission

channels and a threshold.

37, The method of claim 36, wharein each group is associated with a

tespective threshold.

33. In a muiti-channel communication system, a methoed for determining 2
threshold used to select transmission channels for use for data transmission, comprising:

detining a set of code rates, wherein each code rate is selectable for coding data
prior to transmission;

defining a set of setpoints, wherein each seipoin! conmesponds o 4 respective
code tate and is indicative of a rarget signal-to-noise-plus-interference ratio (SNR)
required for a particular lgvel of performance at the corresponding codle rare;

detenmining a particulur sumber of transmission channcls supported by cuch
code rate and capable of achieving the setpoint comesponding t» the code rate;

delermining a perfonnance metric for cach code rate based in part on the number
uf supporied tranemigsion channels, and

deriving the threshold based on the performance metrics for the code rates 10 the
set, and wherein tiansmission channels are selected for use for data transmission based

un the threshaold.

30, The method of claim 38, wherein the number of transmission channeis

supported by each code rate is determined by distributing total available trunsnuit power
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among the supported wansmission channels such thar the seipoint corresponding 1o the

code rate is achieved for each supported tragsmissicn channel,

40, The method of claim 38, wherein the performance metrie for cach code

rate 13 an overall throughput achicvable by the supported transmission channela.

41, A trapsmitter anit in a multi-chaonel communication system, compiising:

a controller configured to receive channel state information {CS8I) indicative of
characteristics of a plurality of transmission channgls available for data transmission,
segragare the available wansmission channels into a plurality of groups, and select one
or more available transmission channels in each group for use for data transoussion
based on the channel characteristics and a threshold; and

a transmit dats processor coupled to the controfler and configured to receive,
code, and modulate data for each group based on a particular coding and modulation
scheme to provide medulatdon symbols, md (o weight modulation symbols {for each
selected transmission channel based on a respective weight, wherein each weighl is
indicative of a transmit power level for the corresponding aclected transmission channcl

and is derived based in part on the characteristics of the selected transmissien channel.

42+ The transmitter of claim 41, wherein the controller is further configurad
to select a particular coding and medulation scheme for each group based on the

characterisiics of the available trupsmission chamnels apd & provide one or mote vonteol

signals indicative of the coding and modulaticn schemes selected for the groups.
43, The transmilter of claim 41, wherein the controller is {uither configured
to determine a particular threshold for each group based on the characteristics ol the

available transmission charmels.

44, The trangmitter of claim 41, further comprising:

a fransmit channel processer coupled to the wansmit data processor amdd
configured 10 receive and demultiplex the weighted moduiation symbols for the selecied
transmission chamngls into 2 plurality of streams, one stream for each antenna used o

transmitted the modulation symbols.
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45, The transmitter of claim 41, wherein the TSI compnse signal-{o-noise-
plus-interference rativ {SNR) estimates [or Uk available transngission channels.

4f. The transmitter of claim 41, wherein the TSI comprise channel gain

estinates for the available transmission channels.
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