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WD 20081039805PCT/ US2007/ 079465 METHOD AND APPARATUS OF SYSTEM SCHEDULER
BACKGROUND OF THE | NVENTI ON [ 0001] Next generation cellular networks (e.g.,
Long Term Evolution (LTE) cellular systens) nay provide higher data rate
conpar ed t WQAP8BPR0Sand prior wi rel ess technol ogi es. | RCOUSEWN7/470468Chi eve
the higher data rate, different nmultiple input nultiple output (MM
technol ogi es may be used. In general, M MO schenes may be characterized by

different features. K Wmﬂ%m’- i i i (e.qg.

Al amputi space tine brﬁg‘c codes, spaceﬂﬂswﬁémmms, and etc.)
and M MO using nmultiplexing schenes. [0002] Diversity schenes |[imt the
over all channel variations in conpare to single input single output (SISO

channel and effect the sj }9”1“9' Tﬁﬂ\@h’ﬂﬁ Lnk, thus inproves the

quality of service (@S)Sﬁ%?ﬁlbrgl Vi u(zf I nks. I?I‘I%I tipl exing schenes the

network sc ?%ﬁér r ' Time \

Frequency Wgﬁé’g our%(fabs%_cg%@Efﬁﬁ%vgorrF%Gégﬁ’%H?g@?%&é}tﬁﬁe@?@/&?ﬁ%{ai ver and/ or

transm t t eFys{aRss) maYloyoVﬁbé!mhbodaﬁn{;pQﬂmphwﬁqlms‘remranﬂpribnwﬁcléssrenc\i’h o

cancel | ati r . S ,SYsSt ens ich m
syahﬁa%g?%g %8120 AbnibIlIhd REA 1pIe MRl y

. r\ﬁg{a 'ratL rhif‘férérﬁ lme
operating accor se diversFty schenmes, a user may suffer

| ar ger var madtipbmeitput (IO techmplogidsseayrtatusel. (IBR)era MdINMO scizgpied magr i ati on of

an interfegence.. Thu . er Link eqr aded. . BRL EF DESCRI PTI ON
OF THE DRA %@%ﬁeﬁ‘ﬁ y‘}fﬂ%re‘gg%‘f@r&?' ‘%Péf?‘&?nﬁ%é‘gﬁfﬁ g SIVEIY $NFRAt i on i s
parti cul ar (eyg. pdirmiutichpausttinartdocki cotiesngiabytimb ablBTuibE cbdvs, MdrRed)uding portion

of the spe 'wati on. .Tlhe. i nyention, however, both as to organi zation and
met hod of % AT B GErR &Rt h obj ects, features and advant ages

‘thereof, nEPONEBivelsy soheraEsSliO the Dyer B ALERLCrfaforishie cdrpar O sitglcd et ai | ed

description when read with the acc ani ed_draw ngs in which: [0004] FIG 1
is a schen@P¥Smelq Qugpyt QI%QMI@F“%{ aﬂgﬁz’%cé% SEBHIR A LESNGD perlinketilaiccor di ng to

exenpl ary rippedi E@@hﬁlﬁt?%f&e?ﬁc@(%%?@fin&i%ﬂtlhﬂﬁ?In[nQQ%ﬁ]:xi_Eé $Gherfied S 2 .
schematic tinme synbol/trequency slots diagramof a nul tl\gl exi ng schene in

OFDM accor'@if Rg™orx sshedules asieas yseayip sbarprabstaptially e sempdime\Brequerc006] FI G 3
'S a_SChenaliGedoltes aMTROHECRRWARGKaed B Rodl @3ha0 Rlhsfid Il PLEXI NG schene

in SC-FDVA according to another exenplary en I ment o ention; and
[ 0007] FI Cheamp-fameing teghriqusis agbwinterfsednps eancellatiosnppsssicn a the refaier.ess

comuni caty yelg | { I s of the present

i nventi onm%%%gﬁﬁ%g\%ﬁb %&gﬁﬁ%?@@t@%t&%ﬁ%?gggn%p 1% ‘illuszfﬁd clarity
of i |1 ust rlakingay, sutferdamert erigtiansin signal kendisegeticeSNRA dee teatpideadsisari | y been
drawn to s : X I di.nensi ons_of, sone of the el enents may be
exagger at eogalrlgt%‘fe%né:gt ?ﬁg‘?’ﬁ%r&ée eﬁ%‘ﬁf%‘@ﬁ?ﬁﬁ%ﬂf’?t y. Further, where

consi dered appropriate, reference nunerals nay be repeated anong the
figures to indicate correspondi ng or anal ogous el enents. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The subject matter regarded as the invention is particularly pointed out and
distinctly claimed in the concluding portion of the specification. The invention,

. however, both as to organization and method of operation, together with objects,
features and advantages thereof, may best be understood by reference to the following
detailed description when read with the accompanied drawings in which:

[0004] FIG. 1 is a schematic illustration of a wireless communication system
according to exemplary embodiments of the present invention;
[0005] FIG. 2 is a schematic time symbol/frequency slots diagram of a multiplexing

scheme in OFDM according to an exemplary embodiment of the invention;
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[0009] In the follow ng detail ed description, numerous specific details are
set forth in order to provide a thorough understanding of the invention.
However it will be understood by those of ordinary skill in the art that

t he presenWQ &35 n nay be practiced wi thout these sBEEUSLQ7/6/8465I | s. | n
ot her Stances, well-known nethods, procedures, conponents, and circuits
have not been described in detail so as not to obscure the present

i nvention. I ' Lt i which follow,
are pr esent[é@%'r;r%kf}'?r)i % s%%&tg ‘8@‘?‘? ? 3}?"%@%&’%&%@‘? id%%?aé{oéfgasﬂéﬁﬁ%fe T0hs of

oper at i ons schengdn SCHRM Acccdriling toyandibgt ¢xeimpirg erabalimerttlof the dnventiquiit er nenory.
These al gora'}l hm ¢ descriptions and representations nmay be the techni ques
used by those skilled in the data processing and signal processing arts to
convey t he [600G% FHIC ¢ and 5 tiediagransrielpfid to ihasstratk i wietksd conirei@kbn [ 0011]

Unl ess specifical st ated ot herw.s a arent. fromthe foll ow ng

di scussi on§Y®% P creé‘(?‘foé‘ftﬁﬁ%lmtet‘i‘&’to%{r?ﬁngs@g CEREEHERRf i cat i on

di scussi on$0008] itivdil bg appeédidredStatToBSmp i a8 slafig: of ilhENRUAL £l8ents

"cal cul atigl?," Sdeterm rf%neg or th Iikg\h_,é refer tq the action and/or
processes OVQ“BgIWpt%ﬁ“é‘?S ¥ %Hfﬁ?fqaﬁg’t?% M tyseale fior sramplesther oni ¢
conputing diwinEiens dfidaine GBIMk PldAE nk) Bk CkaghbaRtg talitNdabler dif&ES0E €d as
physi cal, such as electronic, quantities within the conputing systems

regi sters SWHWoFurbstoVheas considgred eprappripte, seferense iameraly apy keseprated as physi cal
quanti ti es;mbidth filhi8s HAABLHE EfreSpORHRY 0P afTRIPRL Q8medt€01 Sters or other such
i nformati on storage, transm ssion or display devices. In addition, the
gderm"plurality” may be used throughout the specification to describe two
or nore conponents, devices, elenents, paraneters and the |ike. For
exanple, "plurality of nobile stations" describes two or nore nobile
stations. [0012] |t PETANEDLRESCRIPTION OF BHE INVENFIONAt i nvention nmay be
used in a tlogr%ety of .appli.cations.. Although the present invention is not
linmited i nl%R ]slnrﬁé“srlﬁg‘&‘ﬁ“gldﬁé‘l‘?f]i deggription. smetous pascHiSstas wepedeth Mer ei n nay
be used i No/ABINY pARRRAhSES idEBnASng 6ANS MivEAtRhS FRWA(Q: waIGei vers of a
radio system Transmtters and/or receivers intended to be included within
t he scope Wdetstped by dwepef qrdipampskidlin theyartibatithraresgatdnvepgionapy b§  exanpl e onl y,
W Ehin a Whaleswihaf fesedpRank SR Hn bk Ml undollQreliiholy dhchaggrmuni cat i on
system digital communication system analog conmunication system

transm t t eprocedursh,|compenentsdanst ciceitsteme net rendaseriticid dndetaibtoempot tdE cel | ul ar

conmuni cat ;ﬁg&,@ + iR olitan wirel ess | ocal area communi cati on
MARPARG ¥2 PRt i fentict

systens ( [ 0013] Types of cellular radiotel ephone
comuni cat[i08H)]Spsiegortions efitlle detsitediesoniptidm, whidhfokbwnpes mésehted impeement

i 1 pl o Aol iRttt sgiriedfhons s bbiohRon sl Bt inesh TRt oy

Cener al Pastigoats viRehili ©cdnepuidr cenioER RYjese sigdréthaleietdridbomxdndnded data rate for

/gl obal evol ution .(EDGE nd the |ik 0014]. Turning first to FIG 1, a
“wirel ess CTSPFﬁi?HmEél‘ﬁn&aﬁ)@E‘f SIS }‘Sr?ﬁé’é(&‘&?ﬁ?iél\]&@ %r&%"rfgﬁ’npr‘é%?%ﬁﬂﬂ agfly

enmbodi mentsignbl frbeesiiny SBith @dnvie§ tHe RANMancAb theH orid 1 e EQRBl@{n thb &t pr esent
invention is not I|i lé‘gg in this respect, wireless comunication system nmay

limt, .

i ncl ude at[Oﬁ?]el&%{ﬁ%ﬁﬁ’e dlystatgd Gherpiss) as ppprrey fromghs fadlowingt i ons 120 and 140,
i f desi r ediischidnbliifis 860 maﬁmaagwﬁefme spdcificafor MYGOGARRi1iNR, 120 and M5
140 may have a simlar structure. Thus, only the structure and operation of
one MS (e.tgyms sngh 2pprocegsing,” Heorpradiag.” bedculating &t “determipiog T 61 thadiker ding to this
exenpl ary .geabadi ' ' S duli BRYmhfc! ude an

i nfonnati (gn (1 ﬂ_l%%?ﬂg%ﬁérdé@b?%dfggggﬁ%%ﬁpﬁ%?ln( u?ﬁ%ﬁ%glén enc%der 136 and
ant ennas EB7tremiel congoitingy/mevice) thatapanipighte ded/ar transfosmidete eeprésdtedasd ant ennas 148

and 149. it he ool i r | CINEQ) source 142, a
rodul at or PPRED) “Ha5ee s ollE bl iy e ML b RO SRHRET e
schedul er nichidriznohteothemaasinildlyaemtestitéd as pySlddlGjuariitich aithiin thdre scope of the
present invention is not Iinitedtin tﬁhs rqugct .types of antennas that
may be us HTRITYE SEHEDITIREHISS: SFEIYEE oL PAT SHL PIRIRATITNPHE: 9. . antennas 115,
117, 137, 139, 148 and 149) may inclgde an internal antenna, a dipole
antenna, an omni-directional antenna; a nonopol e antenna, an end fed
antenna, a circularly polarized antenna, a mcro-strip antenna, a diversity
antenna and the [ike [0017] According to enbodi nents of the present

i nvention, Space Division Miltiple Access (SDVA) schene may be provided to
enable plurality of users, for exanple M5 120 and 140, to share the
substantially the same Ti ne-Frequency resources, if desired. According to
t he SDVA schene, schedul er 112 of BS 110 is able to select at |east one of
the users (e.g., M5 120) suitable for nultiplexing. Furthernore, schedul er

A A~ o - o
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[ 0021] The wirel ess conmunication systemof claiml1, wherein at |east one
of the first and second nobile stations includes an antenna and the
transm ssion of the space tine codes is done using the antenna. [ 0022]

Al t hough t MO 208%(38806f t he present invention is not |i nPCEYSIA7TAMIS respect,
in sone enbodi nents of the invention, information source may include an
application operated by a processor, if desired. For exanple, the

appl i cat i Or&aﬂ%mge&b&%s%hg%%%ce. 5 Féé?{l 0 ngﬁ#ﬁ{a&@{%ﬂw aber 134 may

nodul ate th or exanple ogonal Frequency
Di vi si on Millhrbugﬂoeb(mng)e(:ﬁm tsdéwn&iambi“morammodemg dbvca, Semglte Carrier -

136 mmy endBREEOE N SREGREDY SPalibinaS i TlnS et iy o two

synbol s thaﬁoreimsb@mﬁtmdsfor Al anoti encodi ng by space tine encodi ng schene
and/ or by ncy, encqQdi nq schene, if desired.,6 Encoder 146 of M5
190y ot L BE S RO, teh he Bt ST B B YRAEd f or

Al anot i enapylichigonsi hlﬁ@.@mrﬂ%resehﬂﬁﬁéﬁhoﬂﬁ%fﬁhﬁﬁ@iﬁl(ﬁu§ c€ ¥R Bcalsy

enbodi nent s (gf t he |&vent|§ M5 120 rr(g transmt nodul at ed synbol s whi ch
may be den8b&igehniques disclosedherinfpay bespdin many FPRATaee s ETErS 130,

respect i vebyd/odreceiRiLiTaaadid dyatcdi ATrhdsmifdrs ﬁﬁf&k&ewéfstlﬁt@ﬁ&dwze may transmt
via a channel 160, which may be denoted as to antenna 115 of base

station 118chded Wthmélllf'aﬁ‘iﬂléq of tlgppresgp léYPnﬁﬂ%/mBIé b@l@'ﬁ’@ﬂ@b basva@ #f, to antenna

117 of basgy.s4 Jﬂé v&ﬂh% éﬂ&i@&nacalé%aﬂmoﬁkr( Rﬂ@ algd synbol's, which
nay be denote via a channel” 164, ch” may be denot ed as

Qi 2, to apeERARiCaDg smem)a@fahmmwanmssam enalogtommmiaticatiossystett ch ray be
denot ed asy, &%Egﬁt 8%; 40 may transmt
nodul at ed sy er§9 |C%EE'5}[e %%gongg%@gﬁcﬁoﬁ% ]L]El%chlf@%é X2=[ X2 XI'], via

ant ennas 1dSnmwcation ﬁyﬁ@@@@ﬂpﬁ&@,%dﬁs&b&dmxﬁaﬁﬁma@ﬂ@ﬁeﬂ BS 110.

Ant enna 14§my r nodul at ed synbol s via a channel 168, which may be
denoted as"ht. ‘%ﬁ)ta%ggﬂra%ﬁna 115 of base station 110, via channel 170, which
may be denfi0éd] Bypehyf cetidammiieteiephdrk fominubizadorsdyaitmantedded to Bewiina 149 may
transmt anduI ate

nbol s via a chan 7 ich be denoted as /4, 2,
to antenna ﬁ‘?pSf’F@gé’éesgitﬁve%Wn ‘gqaf’raﬁl{?ﬁéhﬂgfm ,ted\r}\;’ir%/"x € be denoted as
h2,2, to aommmalsﬂohMﬂﬁplbmeesstwommnmbba[@ﬁ&ﬁifoAMdbﬁblgh the scope of the
present invention s t mted to this resp BS 1 may receive a
summmat i on W‘H’%"W(‘?ﬁ\’le erﬁg’aféfé H‘B @bﬁéﬁe’é e@ﬁ%@%%d t hr ough t he
channel m&#@hs@&wmei%dbdtevmtaﬁmﬁ -anfl thelike. hf axl +12b2X2 +gl + g

01,272 r2j =-15,0C2 +15,2X1 - /2 + g .1,2Z +n/ 0025] BS 110 may

per f or m MebOPHHI Tueaipg rstiorRiOnl ﬁgﬂ@%}@ﬁcw@wpﬁw&m%é méaalséanamennas 115

and 117, foli ayed ryéhl?d&iﬁﬂédtoffﬂ@%ﬂr@hﬁlﬁ&%%eﬂlﬂﬁ 4 ¢ $c0 lﬂtth@' exed users
(e.g., M5 120, 140 as shown in Equation 2. Nrx r =ri 12| 22 J=1 Nrx
present invention is not limited in this respect, wireless commumcatlon system may

include at least one base station (BS) 110 and mobile stations 120 and 140, if desired.
In this exemplary embodiment of the invention, MS 120 and MS 140 may have a
similar structure. Thus, only the structure and operation of one MS (e.g., MS 120)
will be described in detail.

[0015] According to this exemplary embodiment of the invention, transmitter 130
may include an information (INFO) source 132, a modulator (MOD) 134, an encoder
136 and antennas 137 and 139. MS 140 may include a transmitter 141 and antennas
148 and 149. Transmitter 141 may include an information (INFO) source 142, a
modulator (MOD) 144 and an encoder 146. Base Station 110 may include a
scheduler 112 and antennas 115 and 117,




=E[15,2 Nrx r = i=1 Nrx =[grj,2 j=1r -ltur2] . r, +gb2r21 -tad Equation 2.
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[0016] Although the scope of the present invention is not limited in this respect, types
of antennas that may be used with embodiments of the present invention (e.g.,
antennas 115, 117, 137, 139, 148 and 149) may include an internal antenna, a dipole
antenna, an omni-directional antenna, a monopole antenna, an end fed antenna, a
circularly polarized antenna, a micro-strip antenna, a diversity antenna and the like.
[0017] According to embodiments of the present invention, Space Division Multiple
Access (SDMA) scheme may be provided to enable plurality of users, for example
MS 120 and 140, to share the substantially the same Time-Frequency resources, if
desired. According to the SDMA scheme, scheduler 112 of BS 110 is able to sclect at
least one of the users (e.g., MS 120) suitable for muitiplexing. Furthermore,
scheduler 112 may assign Time-Frequency resources and power control for the one or
more selected user.

[0018] According to other embodiment of the present invention, mobile stations 120
and 140 may transmit space time block codes for example, Alamouti space time block
codes, according to a predetermined diversity scheme on substantially the same Time-
Frequency resources and scheduler 112 may schedule the transmission of
substantially the same Time-Frequency resources by both MS 120 and 140, if desired.
[0019] According to some exemplary embodiments of the present invention, the
transmitter is able to transmit at least two chains of data symbols to provide transmit
diversity. For example, the data of the selected user may be encoded by Alamouti
space time block code, if desired. The Alamouti space time block code may be
preformed over at least two transmit antennas of the at least one selected user (e.g., a
mobile station). The at least two Alamouti space time block code instances may be
performed in coupled data symbols in time and/or sub-carriers in frequency.

[0020] For example, the transmission of the Alamouti space time codes by antennas
137 and 139 of MS 120 may be done at approximately the same time., Antenna 137
may transmit the Alamouti space time codes at a first frequency and antenna 139 may
transmit the Alamouti space time codes at a second frequency.

[0021] The wireless communication system of claim 1, wherein at least one of the
first and second mobile stations includes an antenna and the transmission of the space

time codes is done using the antenna.




Wher e, Xj, X2 may be the 2 synbols of User' (e.g., M 120) designated
for Al anouti encoding; Z1, Z2 may be the 2 synbols of User2 (e.g., M
140) designated for Al anouti encodi ng; and r2i are the received

si gnal s at WMO808/43p80ant enna at the base, at the 1sl andPeu@sionzeasses of the
Al amouti encodi ng. [0026] Furthernore, BS 110 decode the received signals
according to Equation 3 which depicts the BS 110 receiver netric for

decodi M5 120 and Ms

decod 10 2 308 Bl AR e B AP HRET S b e, 120, 21

+hj ag j aj +)Sm&&1ﬁ1'()d!dnaentgoij' thg: invbpting, unf@m)aﬁﬁl] souﬂ:&ina? indudX am ApplicatichAl X hth n,)
thh =1 1=1J=1J=1 2 MNrc, .

2 R AP by y rdeBson) B pbitugtiplel e abdficheign hy gerpigte gt - M) S|

1=1 pi .t =1bis fdf xransmission. Modulator 134 may modulate the data bits, for example,
according to Orthogonal Frequency Division Multiplexing (OFDM) scheme and/or
according to a Single Carrier — Frequency Division Multiple Access (SC-FDMA)
scheme or the like. Encoder 136 may encode modulated symbols, for example Z; and
Z, which may be two symbols that designated for Alamoti encoding by space time
encoding scheme and/or by space frequency encoding scheme, if desired. Encoder
146 of MS 140 may encode X; and X; which may be two symbols that designated for
Alamoti encoding, if desired.

[0023] According to some exemplary embodiments of the invention, MS 120 may
transmit modulated symbols which may be denoted as Z'=/Z;-Z, ] and Z’={Z, Z;]
via antennas 137 and 139, respectively, to antennas 115 and 117 of BS 110. Antenna
137 may transmit via a channel 160, which may be denoted as g; ; to antenna 115 of
base station 110 and via channel 162, which may be denoted as g, ;, to antenna 117 of
base station 110. Antenna 139 may transmit modulated symbols, which may be
denoted as Z°={Z, Z,], via a channel 164, which may be denoted as gi.2, to antenna
115 of base station 110 and via channe! 166, which may be denoted as g, to antenna
117 of base station 110. MS 140 may transmit modulated symbols, which may be
denoted as X’ =fX;-X. ;] and X° =fX> X;], via antennas 148 and 149, respectively, 1o
antennas 115 and 117 of BS 110. Antenna 148 may transmit modulated symbols via a
channel 168, which may be denoted as 4, ;, to antenna 115 of base station 110, via
channel 170, which may be denoted as 4, to antenna 117 of base station 110.
Antenna 149 may transmit modulated symbols via a channel 172, which may be
denoted as 4, ;, to antenna 115 of base station 110 via channel 174, which may be
denoted as %, to antenna 117 of base station 110.

[0024] Although the scope of the present invention is not limited to this respect, BS
110 may receive a summation of the multiplexed MS 120 and MS 130 signals (passed

through the channel media) as depicted in Equation 1.
—h 2K R X, g7 +g122 +nl
hj.IXZ +hj,2X1 gj,izz +gj,221 +n,’

] Equation 1.
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22 =1,Eigijr,1 Z21+ E[gi,2 n," - g Jan/ hthg ja kml - g fah j, 2).

) X1+Tht hhja. kid/ + g phi/ )X2.1 il J.1j11=1J=1 Equation 3. [0027]
Equation 4 depicts a representation of vectors of Equation 3. a =tghi,ir
1121 e=PEYy200§j03980F 1 2 P=EZ g. h- -g . 2 Nrx[( ,2ah JPCTHS2YORSHS Equati on
5 depicts the netric of equation 3, as a linear system for which a
solution could be obtained in various known in the art ways.

[0025] BS 110 may perform Maximal Ratio Combining over the signals received by
antennas 115 and 117, followed by 'Alamouti' decoding scheme for the 2 multiplexed
users {e.g., MS 120, 140), as shown in Equation 2.

M. Nex .
XI=Z[h r1+hj,2r2]
i
X2=ZI:[;2”'1 ]
) Nrex
Z[gﬂ’i"'g,zrz]
.y . :
Z,= [812"1 3,-1"2]
= Equation 2.

L

Where,

X1, Xz may be the 2 symbols of User, (e.g., MS 120) designated for Alamouti
encoding;

Z,, Z; may be the 2 symbols of User; (e.g., MS 140) designated for Alamouti
encoding; and

rlj, 1, are the received signals at the jtlJ antenna at the base, at the 1% and 2™
instances of the Alamouti encoding.
[0026] Furthermore, BS 110 decode the received signals according to Equation 3
which depicts the BS 110 receiver metric for decoding a subset of 2 symbols of 2
multipiexed users (e.g., MS 120 and MS 140) at each Alamouti block code interval.

i;’:ifih rllzX] Nm[ nl +hy 2”2 ]+Z[(h“g” 2g12 )Z] Z[(hilgﬂ - 12g11 )Z]

i=1 j=i
z

Xz':z%ih "EIX]“I‘Z;,@’;z”l 1"2 ] JZ[U’,z g_;l - Jlg,z )Z] Z[(h,z g;z +h“g” )Z]

i=1 j=1

Nrx
Z = Hg,,;fil Z] Z[gll n’ +£; 2”21 ]+Z[(gj,l hj,l +gj,2hj,2 )Xl] Z[(gﬂ _,2 g,z i1 )X]
=1 1 =1

Pl rl Ia i
Nix Nrx i . Nez -
2]*‘2{%.: n' —gn ]+Z[(3j,z Ry =gk )X1]+Z[(hj,2 k)’ + gty )XZ]
= = j=1

j=

~

Zy= : [g M| Z

=1 J=

Equation 3.




aofl"Kiri\ 0a-7* fisp80 \--p* e 0 8J\ Z2) Equation 5. [0029]
According to sone exenplary enbodi nents of the present invention, one of

t he possi bl e solutions nay be obtained according to |inear M ni num Mean
Squar ed Er MW} 2008/03%98) as depicted in Equation 5: W= (RCEHSINZOMWEr e, Wis
the Iinear MVBE and I1?"" is the noise covariance matrix as depicted in
Equation 6 below. O her enbodi nents of the invention, nay involve
successive interference cancellation techniques or Zero-Forcing criteria,
if desired. WD 20081039805PCTM520071079465 = 121,11 h2,1" hil,2h22 L |
172,22 -1210027]) Egefiondulepizts b répreptntdtigofdectors of Equation 3.

“= ifjlhj,f"lﬂ

1]
i
_ 1

y= iN [ h,1 g,z hi.&;, H
&= Zzlm[[gﬂh,z 8.0 H

(AR

2
gj frl‘ } Equation 4.

[0028] Equation 5 depicts the metric of equation 3, as a linecar system, for which a

solution could be obtained in various known in the art ways.

X, a 0 8 yYX)\ (%
A}z - 0 a-y' fF X, 4 i,
Zt ¢ p 6 0|2 Hy
Z,) \-p & 0 & \Z, ) \i4
4 Equation 5.

[0029] According to some exemplary embodiments of the present invention, one of
the possible solutions may be obtained according to linear Minimum Mean Squared
Error (LMMSE) as depicted in Equation 5: W = (R,,+AA4 )’ A where, W is the linear
MMSE and R, is the noise covariance matrix as depicted in Equation 6 below. Other
embodiments of the invention, may involve successive interference cancellation

techniques or Zero-Forcing criteria, if desired.




_0g1, 2192, 21- gLl g2,1' h2,1' k,2h2,2 hl,2' h2,21-h2,1'" *NO gl, 11 g2, 1
gl,2 92,2 91,2 g2,2 | gtj g2 Equation 6.

WO 2008/439805 PCT/US2007/079465
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81821 82 £ 818" &2 82 ’

828~ 811" &' 828281 &' Equation 6.
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[0030] Tuming to FIG. 2, a schematic time symbol/frequency slots diagram 200 of a
multiplexing scheme in OFDM according to an exemplary embodiment of the
mvention is shown. Although the scope of the present invention is not limited in this
respect, in a presence of multi-path channel, a base station (e.g., BS 110} may direct a
mobile station having a single antenna to transmit data symbols according to the
Alamouti space time block codes in distinct sub-carriers 210 and 220. For example,
the mobile station may transmit the first symbol at frequency 210 and the second
symbol at frequency 220. According to some embodiments of the invention,
frequencies 210 and 220 may be orthogonal frequencies and the mobile station may
transmit the Alamouti time space code by using an orthogonal frequency-division
multiplexing transmission scheme, if desired.

[0031] Turning to FIG. 3, a schematic time symbol/frequency slots diagram 300 of a
multiplexing scheme in a Single Carrier - Frequency Division Multiple Access (SC-
FDMA) according to an exemplary embodiment of the invention is shown. Although
the scope of the present invention is not limited in this respect, in a presence of multi-
path channel, a base station (e.g., BS 110) may direct a mobile station having a single
antenna to transmit data symbols according to the Alamouti space time block codes in
distinct and separated in time sub-carriers 310 and 320. For example, the
transmission of the Alamouti space time codes using the antenna is done by
transmitting a first symbol on sub-carrier frequency 310 and a second symbol at sub-
carrier frequency 320.

[0032] Turning to FIGs. 4 and 5 schematic diagrams of performance of the wireless
communication system according to some exemplary embodiments of the invention is
shown. Although the scope of the present invention is not limited in this respect,
FIGs 4 and 5 illustrate the potential simulated gains of the multiplexing scheme
according to some embodiments of the invention, over diversity scheme and SDMA
scheme, in both MMSE solution and Successive Interference Cancellation (SIC)

technologies.




[0030] Turning to FIG 2, a schematic tine synbol/frequency slots diagram
200 of a multiplexing schenme in OFDM accordi ng to an exenpl ary enbodi nent
of the invention is shown. Although the scope of the present invention is
not |initedvQORPI98ISr espect, in a presence of nulti-patPRTAIFENABII65a base
station (e.g., BS 110) may direct a nobile station having a single antenna
to transmt data synbols according to the Al anouti space tinme bl ock codes
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separ at ed ithese pifiedsigphecat: 1tjis therefors, g undegstoathatdhe,sim tc #&nsni ssi on
of the Al anpufded $Paner 41l Heh ARHFRatibhs BSH &1 ﬁ%e@@sﬁmﬁta@the%ss@msfr ansm tting
a first synbol on sub-cattier frequency 310 and a second synbol at

,sub- carri erthdinggptiemcy 320. [0032] Turning to FIGs. 4 and 5 schematic
‘dlagrans of performance of the wireless comunication system according to
sonme exenpl ary enbodi ments of the invention is shown. Al though the scope of
the present inventionis not limted in this respect, FIG 4 and 5
illustrate the potential sinulated gains of the multiplexing schene
according to sone enbodi nents of the invention, over diversity schenme and
SDVA schene, in both MMSE sol uti on and Successive Interference Cancellation
(SIC technol ogies. [0033] For exanple, FIG 4 shows two rates of two

mul tiplex user in MMSE and SIC and FIG 5 shows the overall systemrates as
the sumof the rates of the two nultiplexed users. Both diagrans (e.g.,
FIGs. 4 and 5) show that the present invention may obtain the diversity
gains for individual links and nmay benefit the |large system capacity due to
the user multiplexing. The results showmn in FIG 4 and 5 are for

uncorrel ated single path channels. [0034] Wile certain features of the

i nvention have been illustrated and descri bed herein, many nodifications,
substitutions, changes, and equivalents will now occur to those skilled in
the art. It is, therefore, to be understood that the appended clains are
intended to cover all such nodifications and changes as fall within the
Adrue spirit of the invention. Wat is clained is: 1. A nobile station
‘conflgured to operate on a Long Term Evolution (LTE) cellular system
conprising: an antenna; and a transmtter operably coupled to said
antenna, to transmt space time bl ock codes according to a Single Carrier -
Frequency Division Miultiple Access (SC-FDVA) nodul ati on schene to a base
station of said LTE cellular system wherein the transmtter transmts data
synbol s according to the Alanouti space time bl ock codes by assigning each
data synbol to a different sub carrier frequency and on substantially the
sanme Ti me- Frequency resources which are used by another nobile station,
wherein the transm ssion of the space tinme codes is done using the antenna,




wherein the transm ssion of the space tine codes using the antenna is done
by transmtting a first symbol at a first frequency and a second synbol at
a second frequency, and wherein the first frequency includes a first
sub-carrier frequency and the second frequency includes a second
sub- carrler fre uency 2. The nobile station of claim1, wherein the space
ti me bl ockWE idp¥i ses Al anputi space tine bl ock codes. 3. The nobile
station of cIa|n11 conprising at least two antennas. 4. The nobile station
of claim3, wherein the transnission of the space tinme codes using the at
| east two lant erhawbilsstatameoafigiaed toraperafer @opibongyTend Byofutios (L EEXhiar and a
second fr%ﬂggﬂg mﬁﬁm& second ant enna.
an antenna; and
a transmitter operably coupled to said antenna, to transmit space time
block codes according to a Single Carrier — Frequency Division Multiple Access
(SC-FDMA) modulation scheme to a base station of said LTE cellular system,
wherein the transmitter transmits data symbols according to the Alamouti space
time block codes by assigning each data symbol to a different sub carrier
frequency and on substantially the same Time-Frequency resources which are
used by another mobile station, wherein the transmission of the space time codes
is done using the antenna,
wherein the transmission of the space time codes using the antenna is
done by transmitting a first symbol at a first frequency and a second symbol at a
second frequency, and wherein the first frequency includes a first sub-carrier

frequency and the second frequency includes a second sub-carrier frequency.

2. The mobile station of claim 1, wherein the space time block codes comprises

Alamouti space time block codes.
3. The mobile station of claim 1, comprising at least two antennas.
4, The mobile station of claim 3, wherein the transmission of the space time codes

using the at least two antennas is done at a first frequency at a first antenna and a

second frequency at a second antenna.
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