A METHOD AND APPARATUS FOR PRE- CODI NG FREQUENCY
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pre-codi ng techni que, nore particularly, pre-coding

for nmultiple input and multiple output (MM) system

that uses a frequency division duplexing (FDD).
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[0003] Generally, a wireless multiple-access communication system can
simultaneously support communication for multiple wireless terminals. Each terminal
communicatcs with onc or morc basc stations via transmissions on the forward and
reverse links. The forward link (or downlink) refers to the communication link from the
base stations to the terminals, and the reverse link (or uplink) refers to the
communication link from the terminals to the base stations. This communication link
may be established via a single-in-single-out, multiple-in-signal-out or a multiple-in-
multiple-out (MIMO) system.

[0004] A MIMO system employs multiple (Ny) transmit antennas and multiple (Nz)
receive antennas for data transmission. A MIMO channel formed by the Ny transmit

and Ny receive antennas may be decomposed into Ny independent channels, which are

also referred to as spatial channels, where Ny <min{N,, N,}. Each of the Ny

mndependent channels corresponds to a dimension. The MIMO system can provide

improved performance (e.g., higher throughput, greater reliability, best spectral



i mproved performance (e.g., higher throughput, greater

reliability, best spectralefficiency, etc.) if the
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transmt and receive antennas are utilized. [0005] A

M MO system supports a tinme division duplex (TDD) and

frequency division duplex (FDD) systens. In a TDD

system the forward and reverse |ink transm ssions are

on the sanme frequency region so that the reciprocity

principle allows the estimation of the forward |ink

channel fromthe reverse |ink channel. This enables
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and a matrix 1 ndex. The apparatus is further
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dgg]ggf Pop FHEING & HI value and a matrix index. The apparatus is further
configured to transmit the rank value and matrix index to another electronic device.
[0008] In an embodiment, an apparatus comprises plurality of electronic devices,
each having a logic, wherein the apparatus is configured use one or more electronic
devices to receive a message comprising a rank value and a matrix index. The apparatus
is further configured to determine if the received matrix may be used or discarded.
[0009] A more complete appreciation of all the advantages and scope of the
invention can be obtained from the accompanying drawings, the description and the

appended claims.



appended cl ai ms. BRI EF DESCRI PTI ON OF THE DRAW NGS

[0010] The features, nature, and advantages of the
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detailed description set forth bel ow when taken in

conjunction with the drawngs in which |ike reference

characters identify correspondingly throughout and

wherein: [0011] Fig. 1 illustrates a nultiple access

Wi rel ess comuni cati on system,according to one

enbodi nent; [0012] FIG 2 a g?ock di agram of a

comruni cation system [0013] FIG 3 illustrate a
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formard link 126 and receive Information from access
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link 120 and receive information from access terminal 116 over reverse link 118.

Access terminal 122 is in communication with antcnnas 106 and 108, where antennas
106 and 108 transmit information to access terminal 122 over forward link 126 and
receive information from access terminal 122 over reverse link 124. In a FDD system,
communication links 118, 120, 124 and 126 may use different carrier frequency for
communication. For example, forward link 120 may use a different carrier frequency
than that used by reverse link 118.

[0016] Each group of antennas and/or the area in which they are designed to
communicate is often referred to as a sector of the access point. In the embodiment,
antenna groups each are designed to communicate to access terminals in a sector , of the
areas covered by access point 100.

[0017] In communication over forward links 120 and 126, the transmitting antennas
of access point 100 utilize eigen-beamforming in order to improve the spectral

efficiency of forward links for the different access terminals 116 and 124, Also, an



areas covered by access point 100. [0017] In
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gnform ng weights to the synmbols of the data

I%%%%%ﬁgﬁu5|ng a pre-coding matrix. [0021] The coded
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using OFDM tcchniques.  The pilot data is typically a known data pattern that is

processed in a known manner and may be used at the receiver system to estimate the
channel response. The multiplexed pilot and coded data for each data stream is then
modulated (i.e., symbol mapped) based on a particular modulation scheme (e.g., BPSK,
QSPK, M-PSK, or M-QAM) selected for that data stream to provide modulation
symbols. The data rate, coding, and modulation for each data stream may be
determined by instructions performed by processor 230.

[0022] The modulation symbols for all data streams are then provided to a TX
MIMO processor 220, which may further process the modulation symbols (e.g., for
OFDM). TX MIMO processor 220 then provides Nz modulation symbol streams to Ny
transmitters (TMTR) 222a through 222t. In certain embodiments, TX MIMO processor
220 applies eigen-beamforming weights to the symbols of the data streams and to the

antenna from which the symbol is being transmitted. These eigen-beamforming weights



synbols. The data rate, coding, and nodul ation for
each data stream may be determ ned by instructions
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synbols for all data streans are then provided to a TX
M MO processor 220, which may further process the
nodul ation synbols (e.g., for OFDM. TX MIMO processor
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(discussed below). Processor 270 formulates a reverse link message comprising a

matrix index portion and a rank value portion. The reverse link message may comprise
various types of information regarding the communication link and/or the received data
stream. The reverse link message is then processed by a TX data processor 238, which
also receives traffic data for a number of data streams from a data source 236,
modulated by a modulator 280, conditioned by transmitters 254a through 254r, and
transmitted back to transmitter system 210.

[0027] At transmitter system 210, the modulated signals from receiver system 250
are received by antennas 224, conditioned by receivers 222, demodulated by a
demodulator 240, and processed by a RX data processor 242 to extract the reserve link

message transmitted by the receiver system 250. Processor 230 then determines which
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rhalf value to provide to the AP. This rank value is determined based on several factors,

for example channel estimation measurements, amount of interference or the geometry
of AT 116 (i.e. the number of antennas, arrangements of the antennas, etc.). At 304, a
matrix determining logic is executed by the processor 270 for determining a pre-coding
matrix. This matrix is determined base on, for example, the highest supportable spectral
efficiency. Both the rank value and precoding matrix may also be determined in
conjunction with each other. For example, processor cycles through all the possible
ranks and computes the possible spectral efficiency based a particular matrix associated
with each rank. Then processor selects the rank and matrix that provide the highest

spectral efficiency.
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at are required to determne the pre-coding matrix
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message processing logic f
the matrix index portion was not authentlcated then at block 406 the AP 100 selects an

appropriate pre-coding matrix. The AP 100 will either continue to use the current matrix
or select a new matrix if processor 230 determines that the current matrix was no longer
valid. The processor 230 may use some predetermined methods/thresholds stored in
memory 232 to select a matrix or randomly select a matrix from the memory 232.

[0033] However, if determined, at block 404, that a message comprising matrix
index and rank information was received and authenticated, then, at block 408, the
processor 230 executes extraction logic to extract the rank information and determines
the rank value. At block 410, the processor 230 executes the message extraction logic

for extracting the pre-coding matrix index bits. In an embodiment, after extracting,



processi ng a nessage received on the reverse |link

conprising a matrix index portion and a rank portion.
wabiog/omassage i s received periodically, thus tPEr/US2006/060286

pre-codi ng nessage processing logic is executed

periodically. At block 404, the processor 230

determnes if a proper matrix index and rank val ue

were received on the reverse |link. Depending on the

condition of environnent, the gessage cont ai ni ng

matri x i ndex and rank value may have been erased or it

did not properly reach the AP or it got corrupted.
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associ ated with derived matri x i ndex can be useg

intperated, sEpuissy AGS) Heitapsigad nreesspere SDSRe). migu%@@gmg processing
d K BB IDSPIS) BroSUu b1 & fSHiS devib& (PLDs), field programmable gate arrays

(FPGAs), processors, controllers, micro-controllers, microprocessors, other electronic

units designed to perform the functions described herein, or a combination thereof.

[0035] For a software implementation, the techniques described herein may be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored in memory units (e.g.,
memory 232 and 272 in FIG. 2) and executed by processors (e.g., controllers 230). The

memory unit may be implemented within the processor or external to the processor, in



AP 100 is provided with predetermned criteria for
determ ning the use of a particular matrix. Tn aspect,
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used or not based on current condition of each user.
At bl ock 414, if determ ned that the matri x associ at ed
with the received matrix index can not be used, then
the processor 230 executes alternate matrix sel ection
| ogi c for selecting another rix for
ei genbeanform ng. Gt herw se, at bl ock 416, the
processor 230 using the matrix associated wth
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stored in nenory units (e.g., nenory 232 and 272 in

FIG 2) and executed by processors (e.g., controllers

230). The nenory unit may be inplenented within the

processor or external to the processor, inwhich case

it can be comrunicatively coupled to the processor via

various neans as is known in the art. [0036] Headi ngs

are included herein for reference and to aid in

| ocating certain sections. These headi ngs arc not

intended to limt the scope of the concepts descri bed

therein under, and these concepts may have

applicability in other sections throughout the entire

specification. [0037] The previous description of the

di scl osed enbodi nents is provided to enabl e any person

skilled in the art to make or use the present

i nvention. Various nodifications



to these enbodinents will be readily apparent to those

skilled in the art, and the generic principles defined
whergiosiisny be applied to ot her enbodi nents w PEDUS2006/060286

departing fromthe spirit or scope of the invention.

Thus, the present invention is not intended to be

limted to the enbodi nents shown herein but is to be

accorded the w dest scope consistent with the

principles and novel features 5isc|osed her ei n. CLAI M5

WHAT IS CLAIMED I S: 1. An app& atus operable in a

W rel ess communi cati on system the apparatus

conprising: neans for determining a rank val ue; means

for determning a matri x i ndex; and neans for

transmtting said reverse |CnDAIVESSage conprising a

matri x index and said rank value. 2. The apparatus as

claimed in claim1, wherein said neans for determ ning

sai d vwank 1Vl ceAQMEBDIISeS nmeans for neasuring channe

estimates. 3. The apparatus as clainmed in claim1,

wherein said neans for determ ning said rank val ue

CONY | HParABANDelMe MpARUKRIeR MR mBficdidh ey §6BNCRe apparatus

4. The apparatus as clainmed in claim1, wherein said

meanscdraprigegier m ni ng said matri x i ndex conprises

”Ean3n£8£yﬁ§h9%mﬁﬁﬁﬁbQﬁhﬁﬁﬁhﬁ?d rank val ue. 5. The

apparatus as claimed in claim 1, wherein said neans

f or detasfondeigreming anatiixindagendconpri ses neans for

anal yzj OB RL L Utz 3 | 'R .

store efr&% Err)g?r%?y éﬁé( ‘?fﬂzei rg\f)eg%eggrtﬂlu@egssa%glcglﬁ%aﬁ%ﬁa %ﬁag}xrﬁndex and

1, wherei nsgdirahkmedms for deternmining said matrix

| ndex_conpri ses,_ne for _selecti.n i ghest.s tral. .

e iRy % %m%d;%na?%%ib 8@15?%% %%ﬁ. RO foF &feterpihing said rank

comuwilcatomaprisgshenns foacappag abarmet ostpmatss. ng:

e v 4 trix index: : . ‘
% e PSRBT PRI BESRHB IR g i 8L it said rank
sai d valiK coptiesanechns o10msmiuring amotiaxof idtkference.

4. The apparatus as claimed in claim 1, wherein said means for determining said matrix

index comprises means for using said determined rank value.

5. The apparatus as claimed in claim 1, wherein said means for determining said matrix
index comprises means for analyzing each matrix of a plurality of matrices
stored in memory.

6. The apparatus as claimed in claim 1, whercin said mcans for determining said matrix
index comprises means for selecting highest spectral efficiency.

7. An apparatus operable in a wireless communication system, the apparatus
comprising:
receiving a rank value and a matrix index;
extracting a matrix comprising beamforming weight values using said rank value

and satd matrix index; and
determining if said extracted matrix should be used.

8. The apparatus as claimed in claim 7, further comprising means for extracting said
matrix index using said received rank value.

9. The apparatus as claimed in claim 7, further comprising means for determining

number of bits to demodulate to determine said matrix index.



determining if said extracted matri x shoul d be used.

8. The apparatus as clained in claim7, further
w@owpisasyig nmeans for extracting said matrix i PCEKS2006/060286

usi ng said received rank value. 9. The apparatus as

claimed in claim7, further conprising neans for

determ ning nunber of bits to denodul ate to determ ne

said matri x index.10. The apparatus as clained in

claim9, wherein nmeans for deﬁ?rnining nunber of bits

to denodul ate conprises neans for anal yzing said rank

value. 11. A nethod of pre-coding in a wreless

0 ni catj on system. the t hod .conpri Si ng; .. .
ROTEY BeRfth B PR ip b1in TobRteif PR o R rspiripg agonber of bits
and ttoatestoidutatagoriprichs Maas 6 dnblikinpRashgak &angel i Si ng

tri [ d%x and sai d rank .value. 12. The nethod as
B afnmethod QTapR g e, & NIELESH CRITBRAICANoR WaEy the method
rank gomhprsiggnpri ses of neasuring channel estinates.

13. The nethod as clainmed in claim1l, wherein said
det er9RIFHPHEESi80F ¥#lkey al ue conprises of measuring

anoundet&nihMbarhaFRN6&x; idd The method as clainmed in
claim1l, wherein said determning said matrix index

conprirdsRiteRgidigyerss dinkmpiseer PARRIIYAL ganattiy, indereand said rank

met hod as gfjgémed in claim1l, wherein said

determ ning said matrix index conprises analyzing each

HatThexmsthod py gledined yin gfleimatlli edisreie gleid dptermyiving yaid rank value
T RL08 RS el diBhd Befth@let 11, wherein said

determning said nmatrix I ndex conprises of selecting

18i ghesmedipdces glaina¢d iinj deigy 111 wheTdie sait Howroining said rank value

pr e- ch)% ek Bt ﬂle&é&ﬁ'geaﬁou% HPH{E&?&&I&C%'.‘ system the

nmet ho onprising: receiving a rank value and a matrix

lidn Jéhe; methbd st ¢laigned matlnink 1do mhersn gidodatafrainimgngaid matrix index

wei ght val ues .usin id.rank val,ue and said matri X

indei?nlﬁgeﬁgl%%ﬁ?%ﬁ%%npgmgéﬁﬂkE%PFacted matri x shoul d

I5e Thsewethod as claimed in claim 11, wherein said determining said matrix index

comprises analyzing each matrix of a plurality of matrices stored in memory.

16. The method as claimed in claim 11, wherein said determining said matrix index
comprises of selecting highest spectral efficiency.

17. The method of pre-coding in a wireless communication system, the method
comprising:
rceeiving a rank valuc and a matrix index;
extracting a matrix comprising beamforming weight values using said rank value

and said matrix index; and

determining if said extracted matrix should be used.

18. The method as claimed in claim 17, further comprising extracting said matrix index
using said received rank value.

19. The method as claimed in claim 17, further comprising determining number of bits
to demodulate to determine said matrix index.

20. The method as claimed in claim 19, wherein determining number of bits to
demodulate comprises of analyzing said rank value.

21. In a wireless communication, an apparatus comprising:
a processor, said processor configured to determine a rank value; said processor

further configured to determine a matrix index; and said processor



18. The nmethod as clained in claim17, further
conprising extracting said matri x index using said

w0 e@eiosyass rank val ue. 19. The net hod as cl ai neRICT/IIS2006/060286
claim17, further conprising determ ning nunber of
bits to denodul ate to determne said matrix index. 20.
The nmethod as clainmed in claim19, wherein determning
nunber of bits to denodul ate conprises of anal yzing
said rank value. 21. In a wrel,ess comruni cation, an
apparatus conprising: a processor, said processor
configured to determ ne a rank val ue; said processor

further conpfi,gured.to deterni ne, a trix i,ndex; and . .
said pr ocesrf}%r(t)}?efr SRR g‘r"re%otﬁf i[‘%nL?Féla St @H]ie?’ SHE r}f[ﬁ( Ligsypee comprising a
reverse | i nlatriegglegendcaidrisk wgua. matri x 1 ndex and

| ai med in clai

[ rank val ue., 22.. The a rat us, as.
32, Theramardios 3 ot Bduit Pl Y RSO oA PERAPST fher conligured to
Meas UfraSilia A ince SitirBb € Srhohal 6418 ricksGrcdRASHI®@ @stimatcs arc uscd to
channa%:esxinates arc used to determ ne rank val ue.

23. THEUBBSrAK @Y clained in claim2l, wherein said

P3.OBRSSYar drbl 4Dk QLREd1 I hSRASIHIE@ pRIBRWYr fifher configured to
i nterference wherein said neasured channel estinates

ar e uB¥gsure ageuet of Haterigrance arhsseinoseid measyish ghapnel egfmates are

cl ai "pgbd B delednifedhnk \WaREEI N sai d processor further
configured to use said determ ned rank value to

Fbthemnmerates o plaopedin ¢laiex 21.28hervinesaip peacasies fagher configured to
cl ai Mhek Iy Gligidihed rantt\RIG B BRIFhiR Qe HBRYx Pfagkher

configured to analyze each matrix of a plurality of
FatThecappamtes adclpimereinoslyim 81 dwhercin sped pracgssprtipitiver configured to
i ndex . j g ' .
wher otz 08, BRAL B WnFRyE) 8L BRI Syt Slmop to determine
hi ghesaid spdax rredexef f i ci ency to deternine said nmatrix

j L i r el ess_.co njicati on, an a ratus ‘
2o b oS MR BB T b ST O RO R Bl gt o
r ecei sadeq highekt spattual efficiencynatdeiternmiimelend nmarixlindex.

qeessor %urther.confi ur ed L0 extrgcl a matrix
R AL SO U AT FRPgRYS Y FBETHBeNG sai d rank
val uea gndcesorg saft piocessotl @vnfigiredd Sai @cdiOCLSHBS value and a matrix
further Cori‘lﬁeg;u gaelg I}rgce%ggre rI'It]hgre cclagﬁgu?leg tc? )gc{rgcsctae%atrix comprising
beamforming weight values using said rank value and said matrix index;
and said processor further configured to determine if said extracted
matrix should bec uscd.
28. The apparatus as claimed in claim 27, said processor further configured to extract
said matrix index using said received rank value.
29. The apparatus as claimed in claim 27, said processor further configured to further to
determine number of bits to demodulate to determine said matrix index.
30. The apparatus as claimed in claim 29, said processor further configured to analyze
said rank value to determining number of bits to demodulate.
31. A machine-readable medium comprising instructions which, when executed by a
machine, cause the machine to perform operations including:
means for determining a rank value;
means for determining a matrix index; and
means for transmitting said reverse link message comprising a matrix index and

said rank value.



matri x should be used. 28. The apparatus as clained in
claim 27, said processor further configured to extract
W@ 200d/05m54 | X | ndex using said received rank vaPCEUSR96/060286

The apparatus as clainmed in claim27, said processor
further configured to further to determ ne nunber of

bits to denodul ate to determ ne said matrix index. 30.
The apparatus as clained in claim?29, said processor
further configured to analyze.said rank value to
determ ning nunber of bits to denodulate. 31. A
machi ne- readabl e nmedi um conpri sing i nstructions which,

executed b machi ne,. cause t he machj ne to. .
Gt RSP e FRAN I St PTGtk PTG means for
rank gékieiningeand nfadtix deicRridiniprizgs ancaBd Forxudimdexd derdmined rank
means for transmtting said reverse |ink nessage
conprY8P%g a matrix index and said rank val ue.32. The

IBCIiRrEgadabldebedbdiimods & dafiBel inclaldin, Jhercin said means for
wherein said neans for determning said _matrix i ndex

conpr feednigingniaiq gatiis inieXCOMPrises &sHh &Y Fuaheig pird matrix of a
33. JﬁﬁuﬂﬁyBfﬁﬁbiﬁﬁg@p&fmﬁﬁghgglOf as clainmed in claim

31, erein said neans for detérm ning said matrix

Phdée conprivsespershlss it ot Wigleyy | qograwEpation systews the apparatus
pl uralidyigho.matrices stored in menory. 34. An

apparatus operable in a wrel ess conmunication system

t he apseivamamsrapbiphiesindd masisdndéxig a rank val ue and a

mat ri X . 'jgﬁf L RGin3 YLk Y o .
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sai d mat ri and spddmatgnthddst @rdri ning i f said extracted

matri | be . Tk | pe-readabl e medi um
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Jtunbee whclon¢-seatlablde mediinat ¢ ctamped ses cianS4f ovherein means  for

anal yéétggnﬁ?ﬂgdn&rggé c}/fatl)‘iyset'o demodulate comprises means for analyzing said

rank value.



