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20 In one possible deployment of the system as used by Mobile WiMAX, the
carrier can have a bandwidih of either 3§ or 10 Mz, In either case, the frame duration
ts five nulliseconds, and is apportioned mto downlink and uplink subframes that are
separated by transmut-receive transition gaps (TTGs) and recerve~-transmit transition
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25  uphnk and downlink subframes are in tum divided imto subchannels, soch that a
subchannel comprises a particular pumber of OFDMA  subcarriers (frequency
resources) aver a “slot” comprising two or three OFDMA svmbol times {ime-domain
resources).  The exact structure of the uplink and downlink subchannels depends on
whether the time-frequency resources at issue are in a Partial-Use-of-Subcarriers

30 {PUSC) zone, a Full-Usage of Sabearriers (FUSC) zone, or an Adaptive Modulation
and Coding (AMUC) zone. The IEEE 802.16-2005 standard also specifies the allocation

of time-frequency elements tor pilot signals, again according to the zone tvpe.



Mobil e WMAX all ows users to effectively choose the best MEMO node on the
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by- & MIMO chanoel has rank P, then the supported rate of the transmission i3
highest when P streams are transmitted. Rank adaptation is used m various systems,
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25 WIMAX supports 3 2x2 Alanmouti space-time coding scheme, which represents
a single-stream MIMO transmission.  In addition, WiMAX supports a 2x2 spatial
multiplexing mode, which represenis a two-stream MIMO transmission.  Thus, the
dynamic switching as used in Mobile WiMAX can be viewed as emulating a form of
rank adaptation. With dynamic switching, different users in the same zone may be

30 using different MIMO transnussion schemes at any given time.



15 Al anmouti and spatial nultiplexing users. At a systemlevel, the zones
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the allocated downlink time-frequency resources according to a. second
processi ng node, wherein the second. processing node is |less sensitive than
the firstwprot#ssi’ag node to co-channel interfering sigRargBmensnis ted
according to a second MEMO transm ssion schene differing fromthe first
MEMO transm ssi on schene. The present invention may, of course, be
carried out in other ways than those specf%lcally set forth herein wthout
departing fromessential characteristics of the in ention” 'Upon reading
the follow ng description and viewing -the attached drawi ngs, the skilled
practitioner wll Insomgmdeletshatont idxpaeiseroided enixoadhamiksednguel Hissibrat | ve
and not restrictive, and that all changes Qoging W t Eﬁn t he meani.ng and
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Wi rel ess conmuni cation system Figure 2 ifltstrates t rame structure
for a W I MAX thy siceiver daBﬁ:cguate aB aitvdrued reabesy, ik asgbe 81O pe eaRidnmondRC
SwWi t ches inadovvnllﬁk su ustrateﬁthec an

I

el X i
AN R AR R TS S A TR I R Al G R

exenpl ary nobjdeerfigs Fupak .- Indeed, a 1&'_1%1199ﬁﬁ)i@lﬁ'sﬁ'ﬁ‘dﬁhﬁ&ﬁ?% t@Q&@kﬂﬁSﬁR@fégmu
exenpl ary processing Circuit according to sone embodi ments of
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zone, the availability of the advanced receiver process, along with its improved
10 performance, can be used as a factor in determining whether a space-time coding mode
or a spatial multiplexing mode is preferred.

An exemplary method according to some of the above technigues thas
comprises, for at least a first scheduling mstance, identifving a first group of mobile
ternunals corresponding to the first MIMO transmission scheme and a second group of

15 mobile terminals corresponding to the second MIMO transmission scheme, allocating
time-frequency resources i a first pre-determined time-frequency zone exclusively to
mobile terminals belonging to the first group, and allocating time-frequency resources
tn one or more additional pre-determined tune-frequency zones to one or more mobile
terminals belonging to the second group. This method may be implemented in a base

20 station of @ WiIMAX system, for example. Other embodiments of the present invention
thus include a wireless access point configared to carry out the preceding method, and
vartants thereof.

Embodiments of the present mvention further nclude methods for processing
received data transmitted by an access point according to a first MIMO transmission

25 scheme (such as an Alamouti~coding scheme), as well as mobile terminals configured
to cany out those methods.  An exemplary method comprises, for at least a first
scheduling mstance, determiming whether the mobile terminal has been allocated
downlink time-frequency resources in a restricted time-frequency zone that is exclusive
to downlink transmissions according to the fust MIMO transmission scheme,

30 processing signals received in the allocated dowanlink time-frequency resources
according to a first processing mode if the allocated downlink time-frequency resources

are in the restricted time-frequency zone and otherwise processing signals recetved in



Frame 9 is a process flow diagramillustrating an exenplary nethod for

25al l ocating time-frequency resources in a wireless system Figure 10
is a proceex0fl@7di agram il lustrati ng an exenpl ary net ROW/IBLNO/PF40L8S S M
resource allocation information in a nobile term nal, Figure Il is a
process flow diagramillustrating a net hod, for determ ning a MEMO node.
30ligum 12 is a block diagramillustrating~an exenplary base ga tion. -6-
DETAI LED DESCRI PTI ON Some enbodi nents of the present invention
pertain to the | EEE 802. 16 specification for Wreless Metropolitan Area
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techni ques qllﬁlgaﬁo\?\ﬁQQ%riﬁen ilePrebib i aiSe aRRh &@@la%(:&x%xrga&at% QJcoﬁ@e\i}!kEf@E
802, 16m pr oj ect, has the goals © exten I'ng the 2005 version o

| EEE 802. 16 sgmemlf%matscimmaahtfmldetrobte&hdmsnlt\mmfamdnhngmen sclahe. r at es, as

wel | as being conf_ mant to t vanced desi tio i ng
ot i nod 18 the s T B enb IeBom 8% ol duliy b NBE ory(f HG OHFT Sepp pran o

appreci ate t habeikbant %‘&hf(‘;hﬁuﬁﬁugeﬁﬁf}t’)tﬁeﬁ{pﬁﬁﬁﬁ' ﬁfﬂﬁ‘lr @»s@ﬁﬁal |dh‘¥h&@§ﬁsﬂi@> of the
application in these particular systens, and nay applied to other

Wi rel ess systiansitionhét 1@9ﬁecailmseéﬁyaﬁ@v%obwwpny@@ nttsub@ﬂpl @m}eﬂi | drawings, An
illustrative sch > of. a W MAX net.wor, k re 1.
ey ot S e BE RO Rl A RSHAO L kP FNER BofuB e Wby
gateway 15 k@, nothbshciBRNBREUs: bhahaseesenit Rliginl 20 teariid wad egangdbery
publ i c data networks such as the Internet. Several aspects of the

techni quédd desess dabe maeadsl driasaanpemdedicke sRbees! theiesss points 120
(which are interchangeably referred to as base stations herein) and nobile
termnals 110 (which are |Iikew se interchangeably referred to as nobile
stations her @3RJEF RBSCREEITON OEChigd DR WHE(GRays that the air interface is
configured. 20 As_noted, above, the | EEE 802. 16- 2005 speci fi cati on defines
frame structures fofurginHusagsamsHicPRRNeRY TEER) COMMAVRFERISHES™DI vi si on

Dupl ex (FDD) depl gy p@absele#dien OrBIaRRY k@Gt fodl RROUR sGuky ent

devel opnents of the“standard are generally focused on TDD systenms. In one
possi bl e @epl oyneritigef 3alliidbtsybt emofzheescad zber swachehavedayarkdwbtttieof 5

or 10 MHz. The fr d me a0 5 ned, i nto 25 downl i nk
and upl i nk subfrjim‘é"%ﬁat’“h‘ll‘é @egéﬁ“ﬁ‘t Hq’ﬁ’)}“ Eli% t"hﬁ“ﬁ%‘f&“ﬂ‘ég to allow for
swi t chi ng between gip @3Nk h bARRE KRSSh ViRusthfiCsl SRS pIAM ndtiVBemigaAne, the 10
MHz downlink signal "is divided into subchannel s conposed of 28 subcarriers

in frequency spanrfiiaged ShetaofdemilopbDumesympslysroithe CFDNASYIbe thiegB40

used subcarri er ta and pilots), as well as 184 guard
subcarfiers. qulggﬁp'lﬁst%gngﬁn{j% ‘hannel reserves 4 of 28 subcarriers for

pi | ot syrhol S_ Theriggant |i0ksF2SCariz QREmplary mapping of MIMO users to zones in a
WiMAX frame.

Figure 8 illustrates another exemplary mapping of MIMO users to zones in a
WIMAX frame.

Frame 9 is a process flow diagram illostrating an exemplary method for

256 allocating time-frequency resources in a wireless systen.

Figure 10 is a process flow diagram dlustrating an exemplary method for
processing resouvrce allocation information in a mobile termnal.

Figure 11 i3 a process flow diagram illustrating a method for determining a
MIMO mode.

30 Figure 12 1 a block diagram iflustrating an exemplary base station.



contai ns 30 subchanne Is, The uplink signal in a PUSC zone is

di vided into subchannels of 72 subcarriers, each subchannel spanning a sl ot
of 3 OFDWRO9miNsB44 | n each uplink subchannel, 24 of the&CTABYuWGIIS ers are
reserved for pilots. The uplink PLISC. . zone contains 35 subchannels, Each
transm ssion unit spans a single subchannel spanning 3 OFDVA synbol s.

Each subcarrier spans 10.938 kHz, inplyi nﬁ’”a synbol duration of 102, 86

m croseconds. This includes a guard tinme of I /8 of a useful synbol
duration. The 5- millisecond frane tinme then includes 48,61 synbols, of
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An exenplary TDD frane structure is illustrated in Fig. 2, including a
subfranme 210,80an cappriopkct, seibélr bavsho 2els alhektendpur thi A0 D erainn h dre I§ERMUZNIe

subframe 20 210 AIth h.t ormats vary

onother ¢ hey ParECtiodr I HnR B EPBSHT Ly et el RPBBE R b B o
in Figure 2, (kagbaideumhd MeT=-AsuhtERI®:iZhloh @gingsdafinkd 1@ dpr By e Offcoldseyed
by a DL- MAP, whi'ch contains downlink assignnents for nobile terninals. The

first DL 'Burdhoseotkilbad g thenet polivmprecings eﬂa‘éghw@mmﬁk degepibed detee 4 Bblur ed
downl i nk subf & denak}Muﬁlmﬁ':ﬂ Qll,{ge %QHR‘FKP E%r&% 408 ﬁaa'} Sbesatiﬂgmld to other wireless

systems, whether already developed or yet to be planned.
An illustrative schematic of a WIMAX network s given in Figure 1, which
depicts a number of access points 120, several mobile terminals 110, and a gateway

15 130, which connects the access points 120 to private andfor public data networks such
as the Internet. Several aspects of the techmques described herein are concentrated in
the access points 120 {which are interchangeably referred o as base stations herein)
and mobile terminals 110 (which are likewise interchangeably referred to as mobile
stations herein), and are reflected in the ways that the air interface is configured.

20 As noted above, the IEEE 802.16-2005 specification defines frame structures
for Time Division Duplex (TDI)) and Frequency Division Duplex (FDD) deplovments
of the OFDMA PHY laver, although current developments of the standard are generally
focused on TDD systems. In one possible deployment of a TDD system, the carrier can
have a bandwidth of § or 10 MHz. The frame doration is 5 ms and is apportioned into

25 downlink and uplink subframes that are separated by a TTG and RTG gap to allow for
switching between transmit and receive directions.  in a PUSC zone, the 10 MHz
downlink signal is divided 1nto subchannels composed of 28 subcarriers in frequency
spanning a slot of 2 OFDMA symbels. Each OFDMA symbol has 840 nsed subcarviers
{composed of data and pilos), as well as 184 guard subcarriers. Each downlink

30 subchannel reserves 4 of 2R subearriers for pilot syimbols. The downlink PUSC zone

conatains 30 subchannels.



The particul ar deploynent of |Ali, MA X used is generally irrelevant to the
i nventive techni ques disclosed herein. Those skilled in the art wll

appr eci atworhato3s4rese techni ques may be applied to a vaPCEUB2006/0e¢d oynent s
of WMAX, as well as to simlar systens. 30An OFDVA subfrane may include
mul tiple zones (such as MSC., FUSC, PUSC wi th all subchannels, optional
FUSC, AMC, 1 USCl, and USC2). Ti ne- frequeﬁcy resources are mapped to
subchannel s in different ways in each of these zone -8- types, The Parti al
Usage of Subcarriers (PUSC) zone uses a distributed pernutation of
subcarriers into sitechtinbelgmal as PeRezahd i diaded inbesibabosels ahzlsebidnéerband
Adaptive Mdul ati on, and, Coding (AMO) z made up of subchann
subcarriers toR&R sHrBanyj ab@mm«ltwiqﬂfﬂéquﬁﬁ@;/“amﬂwpt I‘%é?acér”@ ipedube tﬁeﬂ%ﬁds
A subchannel g BangcAMer? gRErdssrEQTBOBAM: Of THE HRAIR pRIRCBEAS B2 ARG
pil ot subcarriers sprea over 3 synbol s e carrier consisting of
864 used subcabclizendsartthcl 6@nguasidn smbopred emsﬂmsxﬁychmn@l epORDIS SYFHdA i s
divided inpto 48 subchannels. The subchannel definition is identical for the
downl i nk &nd “bB’Ibf‘ k directions in a band AMC zone, Other Zone definitions
are al so possi bl e,Ea%HClixh@%;&h%‘dﬁﬁaEXE DYe AU q{’ﬂﬁﬁ ;@}’%t b A Rradkéh oFONL. %6

Al t hough these zones are not a di scussed in detail 'herein, the inventive
t echni ques dn"svstios-fédxdhe? af mcém@»aapw&tabkewt o3 zr{me!su@f &aﬁanlwttgnpewﬂ The 5~ The

preanbl e and ¢ ntr A part y . PUSC, z

very downt i et e B clip PRb LR aReloRaoR R b S iyt e
structure is diliiusheateed s gl @nd gapiTTh) R T gowkh pRTsYbfhage
310 and uplink 15 subfranme 320. In . the downlink subframe 310, a preanble

312 is fdPl ovseiuy dlomUbe sysemeorshaichibatragd slovalink ane vk FaBsRRARISTIFECH)
and the DL- MARynThjs4PUSC zone may be fol l owed by one or nore additional
zones 316 of vafious types; the begi nning of each zone is indicated by
so-cal | ed zone swTiehiFH sthbd-ROIE gleeifRntion delitelehe Dle- MAPTade sexipluad fied
above, the prearrbl e and initial, PUSC zone nust appear. in ev(gifgg t20fr

t

whil e the use''dP SEFBSHAUESEVIgSHEE v BpERBRRIO be bdSpectively s ot beafemEt on
formats are deilngduh HasdRRlLE A MYmdbhesaubh aﬂﬁm}ésé %kfl%rnﬂ@énsth@rlﬁobi

sel ectively applied based on the signal processing capa bilities of the base
station &hd tsbmimmmdlthe @tzwt §tamn. aShav@hine alsirasiontih @indatbsito du‘:\mil!lﬂ«emnhspimk
depl oyed at EQ r adi Lo : gg tgese ransm ssi on fI ar.e, i ncl udeq
several mul tl"“ smawﬁﬁ*an FRY 4T hAs aEEM ech) v‘é‘ng KABRAY 54R Fhput
Ml ti-Qut put sMA M) smogles e General |y, nodul ation synbols are transforned

to generate the transmtted signal S, and the received S|gnal R may be
expressed as: R --An 2xpgplarin (i frame structure is ilfustrated in Fig. 2, mclading 8 DL

subframe 210, an uplink subframe 220, and a portion of another downlink subframe
20 210, Although the subchannel formats vary from one zone type to another, they are

generally numbered logically from top o bottom, as shown m Figure 2. Each dovwnlink

subframe 210 beging with a preamble, followed by a DL-MAP, which contains

downlink assignments for mobile terminals. The first DL burst following the DL-MAP

mchides an uplink map. In the pictured downlink subframe, only a single mandatory
25 zone is shown.

The particular deployment of WiMAX used is geverally urelevant to the
tnventive techngues disclosed herein. Those skilled in the art will appreciate that these
techniques may be applied to a variety of deployments of WiIMAX, as well as to similar
systems.

30 An OFDMA subframe may inclode maltiple zones (such as PUSC, FUSC,
PUSC with all subchannels, optional FUSC, AMC, TUSCH, and TUSC2).  Time-

frequency resources are mapped to subchannels in different ways in each of these zone



where His the propagati on channel response and n nodels received noise. In
a 30 M MO node, each of .these terns is a vector or matrix quantity, as
expl ai nedwpreormn3a47det ai | bel ow. - 9- In the case ®CTAP2L)/634198
multiplexing wwth a 2x2 antenna system the transmtted signal S of
Equation (1) includes two different synbols so and .51, In this case,
Equation (1) can be expanded as follows: "™ 5This equation is easily
extended to nore antennas. The channel response matrix 111 includes conpl ex
channel coefficients for each of the antenna-to-antenna propagation paths,
as shown in Rigur €@, Panke { 2agachSicatries (LETHMohe anisentiasibdk0 peroaunsiig of
signals that are received each of th cei ve, ant enng The synbol s
bei ng spat i al ¥ §CaLire P Oe%@ﬁly‘%?é?ﬁ Ispas §%‘ﬁ‘é§5’c FCrPEhrROVST e Fé‘&*oé%‘&‘}r {eaR ek,

or fromtwo Sepanats &Qﬂ@QmQL?QK& ) f‘(ﬁ\%hs %95:‘1@ Stﬂt%l%dfaﬁﬁgk g if‘?% cAiRASHhL

antenna,. These two f spatial .nultiplexing are c_a vertical
and hori zont adre @dpicag me“s@menawem/ Imther wroupeénomhhemdb MOsubobismnehyn beBand

general ly refg ed to. as spac e b g qu a0 @ codln ws H§;d in
2 2x2 spade- ULHG €9t g omEPSEba 4 e whemied ' ghallosbapTer aeader
fol I owi ng expiaHSi0oMhet 0O Vil &Qﬂul Edisting of 864 used subcarriers and 160 guard
sabcarriers i a single OFDMA symbol is divided into 48 subchannels. The subchannel
definition s wdentical for the downlink and uplink directions m a band AMC zone.
Other zone definitions are also possible, such as the Adaptive Antenna System (AAS)
10 zone.  Although these zones are not all discussed in detail herem, the mventive
technigues disclosed heren are applicable to zones of any type.

The preamble and control signals are part of a mandatory PUSC zone — thus
every downlink subframe begins with a PUSC zone.  Another exemplary frame
structure i3 Hustrated in Figure 3, which pietures a downlink subframe 310 and uplink

15 subframe 320, In the downlink subframe 310, a preamble 312 is followed by a PUSC
zone that includes a Frame Control Header {(FCH) and the DL-MAP. This PUSC zone
may be followed by one or more additional zones 316 of various types; the beginning
of each zone 15 indicated by so-called zone switch wtormation elements in the DL-
MAP. As explained above, the preamble and initial PUSC zone must appear in every

20 frame, while the use of subsequent zones is optional.

Several transnussion formats are defined for Mobile WiMAX: these
transmission formats are selectively applied based on the signal processing capabilities
of the base station and the mobile station, as well as on the number of antennas
deploved at each radio. Among these transmission formats are included several multi-

25  antenna configurations collectively known as Multi-Input Mult-Ouwtput (MIMO)
modes. Generally, modulation symbols are transformed to generate the transmitted
signal 8, and the received signal R may be expressed as:

R=HS+n . {H
where H is the propagation chanuel response and n models recerved notse. 1o a
30 MIMO mode, each of these terms 15 a vector or mattix quantity, as explainad in more

detail below.



1.011..../101 where, and si are the synbols transmtted over two OF. DM
synbol s, and where v denotes conpl ex conjugation. The Al anouti-coded signal
can be r enyoesani3sdd4as | i near di spersive code by separaBiogozues t he
real and imagi nary conponents of the 20signals thus: (A IP xk, 117 + B .0?
Yk:m(4) in =0 where M2 is the nunber of s{_)ynbol peri ods over which the

di spersive code operates, and .yk," jyk,nifni---- 1,2, are the synbols being
transmtted to user k over one subcarrier in two 01-DVA synbols using two
transmt antennas. This |leads to the 25received signal k,O0 '"kik(5) -10-
where the rel atiora the case of spatial multiplexing with & 2x2 antenna systems, the transmitted

signal § of Eguation (1) includes two different svinbols s and sy, In this case,
Equation {1} can be expanded as follows:
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5  This equation is easily extended to more antennas. The channel response matrix H
mcludes complex channel coefficients for each of the antenna-to-antenna propagation
paths, as shown 1 Figure 4, where each of the transmif antennas 410 trapsmits signals
that are received by each of the recetve antennas 420

The symbols being spatially multiplexed can be generated from a single coded
10 block or from two separate coded blocks, each coded block feeding one transmit
antenna. These two methods of spatial multiplexing are called vertical and horizontal
coding respectively.
Another MIMO mode may be generally referred to as space-time coding. When
Alamouti coding is used in a 2x2 space-time coding system, the received signal
15 satisfies the following expression:
oo
gy

. he oy .
e At

where sy and sy are the symbols transmitted over two OFDM svmbols, and where

ES . . o . .
s; denotes complex conjugation. The Alamouti-coded signal can be represented as a

linear dispersive code by separating out the real and mmaginary components of the
20 signals thus:

M1
S = Z (AmSe,m* Buwlem] ()

p=l)
where M=2 is the number of symbaol pentods over which the dispersive code operates,

and xg g+ Vg . @ = 12, are the symbols being transmitted to user k over one

subcarrier in two OFDMA symbols using two transmit antennas. This leads to the
25 received signal

K1 ., e
b e Greg +n s {5}



-91(1011k))

vec(93(u))

779l 1Tk ) 930 11k)] (6) and rvec(93(R)) vec(3(R)
..vec(3(n)) Xk .4,11 k' vk Yk | +1 0 B- =

WO 2011/033474 PCT/IB2010/054198

10

-10-

where the relations

TR(IQHL) 3(A®H) |

G -

e (€ (6)
(A EHE) RASHR) |

and

Pvee(R(RY) |
| vec(S(RY) |
| vee(Rin))

| vee(3(n})

. .

X [ A
Vi g

z) =

(7}
hold. The syvmbol @denotes the Kronecker product of two matrices and the
symbols Rand I denote the real and imaginary parts of a complex number
respectively. The matrix € is related to A and B as

C=lag agyg by - byl (&)

with

veol (A, )
Ry =
KO vee(I(A 1)

(9

¥y T
m L -
Cvec(3{B, 1

| vec(R(B,, :X?J
where the vec(.) operator rearranges the colamns of the matrix as a single vector.
The index & in Equation (4) represents the &-th user in a cellular system. If the
mdex 4=0 w Egoation (4) denotes the desired signal and all other &'s represemt

mterferers, then the recetved signal and mterference satisfies:



0-i-1 0 .=== +1 0 respectively. The matrix Cis related to A and B as
aoa.b0 ' LIMI vec(9?(Am)) 'ec(3(Am) vect:R(Bm) vec(3(Bl )) where the
vec() opeweatori/a3ganr anges the columms of the matrix as &RCIIIRY1E034e2% OF .
The index k in Equation (4) represents the k-th user in a cellular system
If the index kO in Equation (4) denotes tt‘];g desired signal and all other
k's represent interferers, then the recei'ved signal and interference
satisfies:

ry =Gz + 140

. . : (10
IﬂleG&zkﬂl 1

when all interferers also use space-time coding.
As noted earlier, Mobile WiMAX allows users 1o choose the best MIMO mode
on the downlink, 2.g., between Alamouti space-time coding and spatial multiplexing.
5  The mobile station sends a channel quality indicator (CQI) report with an estimate of
the SINR on the channel. In addition, the mobile station may indicate a MIMO mode to
use on the downlink in an associated fast feedback channel The base station assigns
bandwadth 1 the DL-MAP message using this information.
It is well known that the rank of the transmission channel plavs an important
10 role in the number of streams that the channel can support. For an MxN MIMO scheme
{M transmit antennas by N receive antennas), the rank can vary from 1 to the smaller of
M and N.  Attempting a transmission of more streams than the rank will cause a
degradation in performance; te. if a MxN MIMO chaonnel has rank P, then the
supported rate of the MXN MIMQO transmission is highest when P streams are
15 transmutted. Generally, channels with higher SINR are better able to support multi-
stream transmission. Rank adaptation is used in svstems soch as LTE as a capacity
enhancing measure.
It should be noted that the 2x2 Alamouti scheme represents a single stream
transmission, while the 2x2 SM mode represents a 2 stream transmussion.  Thas,
20 dvnamic switching as used in Mobile WiMAX is capable of emulating a form of rank
adaptation. Dvagnnic switching is expected to be used among users in the same zone,
although the specification does allow for the allocated bandwidth to be in a different
ZONL,
For both MIMO modes described, there are several receiver implementations
25  that are possible. One approach for processing recerved signals in a 252 MIMO system
is to use MMSE or the Interference Rejection Combining (IRC) receiver, which uses a
linear combination of the received svmbols from each antenna to estimate the

transmitied symbols s and 5. In the spatial multiplexing case, an estimate Spof a

transmitted symbol Sg ={so5]" is given by:



1+Ckzk (10) when all interferers also use space-tine coding. As
noted earlier, Mbile WMAX all ows users to choose the best NUM node on the
downl i nk,we.2g011/03pween Al anputi space-time codi ng and PPAMB2010/054198
multiplexing. 5 The nobile station sends a channel quality indicator (0)1)
report with an estimate of the SIN R on the channel. In addition, the
nobi l e station nmay indicate a M MO node t'0-use on the downlink in an

associ ated fast feedback channel, The base station assigns bandwi dth in the
DL- MAP nessage using this information. It is well known that the rank of

t he transm ssion chann Q'\&V%{ anﬂlir(peris nt 10 role in the nunk g of
streans that the channel can? sppot ¥ For' an MN I\/EI\/D schene (M transnmit

antennas by N.receiv froml to the smaller of
Mand N. Atter f‘i“ﬁ‘gndené?? atﬁ%ﬁf“%%]l’ 8?1‘?“1‘“1‘??3? é“-éf‘ﬂ%a‘r‘ré “Yi&n the rank will cause
a degradation in perforpancg;r.ie a-M«KN M MO channel has rank.,P. then
the supported rate of tHe™ c“I\f@\l V\N\Eﬁr fsri’ssi on is hi ghest V\henql‘r-f"%trearrs
are 15 transm t et.t abl e

o support - miPt (R T En e & on o rdddn TS B ThE haBean TS B
such as k\lISE ac%x"i‘mﬁﬁ ﬂ?h%’%"khtﬁﬂ»ﬁ'uﬁgex%aﬁ&fxﬁda It should be noted that

t he 2x2 anout | ene represent’s a single streamtransm ssion, while the
2x2 SM node represent @1{ @t %ﬂfﬁm ssion. Thus, 20 dynamg swi t chi ng
as used in Mbile W NMX<s gatﬂ ot enul ating a form of rank &daptati on.
Dynam c switching is expect,ed to be used anpng users in the sane zone,

al t hough t he wipeeithe chpon( Hbeeprasdnbwiifco romplex atdngesate drabsvdev (dt Hietrmiilifm in
a different zone. For both M M) nundes described, there are severa

receiver i rrplteWeh‘ﬁ‘ai popdnatns {h gencaple “Hes SPBIRE “*Cﬁ%’é’“&‘pﬁ?"éb@ﬁ ?I‘é?‘i‘br\d@é@sl ng

recei ved signalg z,'th e 2tetA MR FY LG e »%Qerh‘isi%u%%]i%“%x% Lo& r!o%?ﬁ'&%x £Lnece
Rej ecti on Conbi ni ng I\/C receiver, Wwhicli uses a i 'hear conbination of the
recei ved 19y ntib¢ swiseomveaTitcamhennd danoe@sbilyatbert weers umug a mixtwre of spatial
multiplexing and space~time codes terfere with each other, no assumptions can be
made about spatial or temporal correlation between antennas and svmbel periods
respectively.
In G. Klang and B. Ottersten, “Space-time interference rejection cancellation in
15 tansmit diversity,” in Proceedings, Wireless Personal Multimedia Commoun., vol. 2, pp
706-710, Dec. 2002, Klang and Otersen describe several formulations for the
mterference covariance for space-time coding, under the assumption that all users use
like transmission. Three receiver algorithms are considered. First is Maximal Ratio
Combining. Second s an Interference Rejection Combining (IRC) process, but where
20 the spatial correlation between the receive antennas is modeled using the knowledge
that the interfering users only use Alamonti transmission, and the specialized strocture
of the G matrices of the interferer in Equation (6) are exploited. In the discussion that
follows, this receiver process iz referred 0 as Alamouti-IRC. A third process, spatio-
ternporal IRC (STIRC), exploits spatial and temporal correlation fo force the
25  interference covariance into a specialized structure for the matrices & as i Equation
{6).
For the purposes of the discussion that follows, a receiver that uses the most
general formulation of Equation {13) will be referred to as the conventional IRC
receiver. In this receiver, no knowledge of spatial or temporal correlation properties is

30 assumed.



, transmtted synbols so and s . In the spatial nultiplexing case, an

estimate So of a transmtted synbol So [so sd is given by: -12- SoR 0 H
RO( 1 ) Guoresyssdidngly, the transmtted synbol s are esPCrABmAO/OSHIYSy T '
W Qi ro( 12) for Alanouti coding, where zo is defined in Equation

(7). The noise and interference 5covariance matrix Qis nost generally
defined as: +1(13) where the dagger ( t) represents the conplex conjugate
transpose tor Hermtian transpose) of a matrix in general, when nothing is
known about the specific mno
Spatially multiplexed signals, on the other hand, can be received using the IRC
receiver model formulated w Equation (113, Apart from the IRC receiver, vertically
encoded SM can also be received using maximum-likelibood detection (MLD), where
the destred signal 13 estimated as:

5 § = arg min||R - Hs|| : {14}
s

Alternatively, horizontally encoded spatially multiplexed signals can be recerved using
a Successive Interference Cancellation (SIC) vecefver - such a recetver 1§ capable of
achieving the open loop capacity of the channel. The SIC receiver estimates the
codeword having higher SINR, under the assumption that the second stream 1s colored

10 noise, and then subtracts the effect of that codeword from the received signal after re-
encoding from the recetved signal. The second stream may then be decoded from the
residual.

A comparison of the performance of the IRC receiver 1o the Alamouti-IRC and
the STIRC recetvers for processing Alamouti-encoded signals indicates that the STIRC

15 vields the highest SINR for a given signal environment, followed by the Alamouti-IRC
receiver, and then the conventional IRC veceiver.  Of course, a higher SINR indicates
better performange since the SINR can be uniformly translated to a supported data rate
that mcreases with larger SINR. This umproved performance for the STIRC receiver i3
wtuitively expected, given the more complex receiver formulation that is able to exploit

20 both time and spatial aspects of the signal’s structure in the formulation of the
nterference covariance matrix.

Similar effects are observed with spectral efficiency calculations pertaining to
maore advanced recetvers for vertically coded spatial mudtiplexing (e.g., the maximom-
likelihood demodulation recetver) and horizontally coded spatial multiplexing {e.g., the

25 successive interference canceling vecetver) that are used as part of the dynamic
switching strategy. The spectral efficiency of the receiver that is capable of using
STIRC for Alamouti coding is higher than the spectral efficiency of the receiver that
uses a conventional IRC receiver process.

One problem with dynannic switching within the state of the ant m Mobile

30 WIMAX 1s that it is expected to be implemented with Alamoutt and spatial

multiplexing nsers mixed within the same zone. Given that interfering signals of both



node that the interferers are using, the general formnulation above is used
to determine 10 the noise covariance nmatrix. Consequently, when users

usi ng a mweRoré3sf4spati al nul ti pl exi ng and space-ti ne ®ocuaB2010dBIsere with
each other, no assunptions can be nade about spatial or tenporal

correl ati on between antennas and synbol EI’I ods respectively. In G Kiang
and B. Otersten, "Space time interferenc “rej ection cancellation in 15
transmt diversity," in Proceedings, Wreless Personal Miltinmedia C onmun.,
vol. 2, pp 706-710, Dec.. 2002: Kiang and Otersen describe several

fornul ations thess &;Jeepr'ewxertherc@ncaltmmaﬁi(arre@ixf@rfos pes@otil meuse dgi wgd. uheer
the assunption that all _users use |ike transm ssion, Three receiver
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exploits spatial and tenporal correlation to force the 25interference
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(6). i,on ver, th
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Ji.sll(14) Alternatively, hiﬁofgl zoptally encoded spatially multiplexed
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of the channel. The SIC receiver estinates the codewdrd having hi gher SINR

under thédbas ssmmam Qmm hiathetafthse@owdtesm aammdhsasabé STEY blGminsegn wiib thehen
subtracts the effe(ﬁ \h&) - dlewa}riq\ fromthe received signal after
re-encodi ng RO ‘é}“?‘é‘t%‘f?‘ st *fhe second stream may then be decoded
fromthe residual .iy some embodiments of a system according to the techniques herein, whether
or noet a particular zone is restricted to a certain MIMO mode, e.g., Alamouti-only, is
mndicated to mobile stations as part of the zone switch information element {in the DIL-
20 MAP) In these systems, the mobide station may then determine whether or not the use
of a STIRC recewver (or other advanced veceiver processing} is appropriate for the
given interference environment. in some systems, the mobile station could announce
its own capabiities to the system. For instance, a mobile station could commumnicate s
ability to use an advanced receiver for cenain types of transnussions, such as the
25  Alamouti-IRC or STIRC recetver for Alamouts transmissions.  In this way, the system
scheduler can deternsine which mobile stations are likely to benefit the most from
assignment to a particular zone, such as an Alamouti-only zone, and prioritize the
scheduling of those mobile stations in the appropriate zones.
In some mobile stations adapted according to the invemtive techmques disclosed
30 herein, the mobile station determines that it has been allocated resources in a zone
where 1t knows that all interferers are using space-time coding. With this information,

the receiver can activate an advanced receiver, such as the STIRC or the Alamouti-iRC



A conparison of the performance of the IRC receiver to the Alarnouti-IRC
and the STIRC. receivers for processing Al anputi-encoded signals indicates
t hat t he WOI2R3/03364yi el ds the hi ghest SENR for a given ®CgABtoi@nuiysonment ,
foll owed by the Al anouti-IRC receiver, and then the conventional MC
receiver_ O course, a higher SENR i ndi cai)gs better performance since the
SINR can be uniformy translated to a supported data rate that increases
with larger SENR This inproved performance I'mthe STIRC receiver is
intuitively expected, given the nore conplex receiver fornmulation that is
able to expl Qbftenal‘Othﬂ}hstdaﬁﬁ\iﬁnﬁ espiattingl boals }d&ﬁﬂﬁl&Qﬁldtd{b&tzle@Iﬂx&l&tiﬁnﬁbf get ur e

in the fornmulation of, the i terference Qchovarlance mat r % m | ar
effects are OBSERURYSHNER I§B@&ﬁa¢ g lér’rWOEéEF%F é“ttf)d‘ﬁ‘sﬂbeﬁ’]flgl nieRE VElo
mor e advanced, ! aeKEIRC! Qbe Vi QAN RAASH, DA s ibPl GHINGC(fallie
the maxi mum |1 kel of ation recelver3 él hori zontal Iy code
spatial nmult is{iﬂt@nimghﬁ(se ,sg\,,tgems ﬂmuwézahsﬁmcessmme wmheaixmredce agavlembitmgnly
receiver) .that ar use ﬁz | ¥ ynanm c sw t chi qg%qst(. t_%gy_ The)i
spectral & f ioPenty BYHRRYLY ééeﬁ‘\‘ze‘r‘“t*ﬁ e EpADTE bf *Ust it REWBY-S

Al amouti codi ﬁgfohﬁaiﬂkgaﬁrhu 88 o PeacsRes eabmBhild @h@[ﬂ@% Qlacd- hﬁm&%@ﬁ‘!ﬂ%ﬁ&d@ hat
uses a convent| onal IRC. receiver process_ One problemw th dynamc
swi tching wi tdﬁldwptlthé ngtiaplexiog nidde ipprefdangdMobi | e 30WMAX is that it | S
expected to be i enent Xi,ng

i ed it hin-the Sdmerage e Ouhled MBI B BP R Rlr b ik Beghdon 5P U,
types are presednx mnemt&ﬁmveﬁm anglaGidudgeln dle htfme AltRIR lusflSly Besyiieed.
For exanple, the STIRC receiver cannot be used since the nobile station has
no know d8ge ontgwed spariliag @ paiasicsdiodingEheiibe gasant Brentns éccordigly, a
time-frequengy, fe bsr&uhﬁe%u%'&hlx' %c?gmf?é’ ik RS o?'hlJm\Qﬁ%% i 151‘& softhbl;&n
requirenent to use the conventi one T receiver results in

performance abapaned! &y thesppasamehedmgtibersi Ahexheperd susle adrmlwye s@ahaﬂmms
transmi ssi ons, and the STIRC recei ver cap be used. One sal ution to
this probl emYE¥RaUgiiEvial - Bawtiih dbh day 1861‘at‘;}“8ﬁg‘1‘%69‘ﬁ‘8§%rf6i“‘ﬁ§ HEAPHRbut i
users in a singl ewﬁl%ﬁ% A &)‘Pyﬂﬁ:gki"é whataidh f’ﬁ‘”ﬁ“ﬁ i‘xﬁ%ﬁ‘»‘@“?euﬂﬁ;nﬁ}@@ QALY dane.

I n some enbodi nents. Al anout i . 6at| al mul'tiplexing users are assigned
to differiént 12Qoadidésas hxmlistsrmi diammmswlerzbwwﬁ%ntié},e Ahesetiseparate?Xomes

expected condontrel Poauhront B YRRl o Stet e RERTTRI G Gl e,

system | evel v@h&;gm%hﬁ@g@@e 3yRgdreni zed over a region, or systemw de,
so that Alamputi users in an “all-A amoufi” zone only "see" Ala Mall ti

interferers. This Thenilesigngtion athe pani@ddreritnggad ap oAlsplcaouty zene dgedmore
generally, a space-time-code-only zone) is not hmited to a PUSC zone; a band AMC

20 zone might alse be designated an Alamouti-only zone. Spatial multiplexing vsers may
be allocated bandwidth in the data portion of the mandatory PUSC zone, or i other DL
zones, andd dynamic switching may be emploved so that a given mobule is sometimes
assigned to an Alamouti-only zone, for receiving Alamouti-coded signals, and assigned
to another zone at other times, for processing spatially muohtiplexed signals. Those

256 skilled m the art will also note that a genenc commmunication system capable of
applving these techniques to the uplink can easily be envisaged.

An exemplary frame structure according to other embodiments of the present
mvention is illustrated in Figure 8 In systems using this frame structure, dynamic
switching between the Alamouti-only zone and other zones is employed. Thus,

30 downlnk subframe 310 comprizes a mandatory PUSC zone {with preamble 832, FCH
and MAP region 843, and data region 836), an Alamouti-only zone §38, an additional

MIMO zone 840 allocated to spatial multiplexing users and other users (labeled “SM



15 signals opens up the ability to use receivers such as the STIRC in
conbi nation with the normal dynam c sw tching of W MAX in sonme
enbodi merwe 20f1/@34¢st em accordi ng to the techni ques her @Cm/IBxh@b3Ie98 or not
a particular zone is restricted to a certain MIMO node, e.g.,

Al amouti-only, is indicated to nobile staﬁlons as part of the zone switch
information elenment (in the D.L.- 20 MAP). %1n these systens, the nobile
station may then determ ne whether or not the use of a STIRC receiver (or
ot her advanced receiver processing.) is appropriate for the given

i nterference adwhikedomnt), anhomorEnsystiereondshe ofiobieths tdatvinﬁm e@taghe S10
announce its own capabiljti es to t.he system For instance, gl | e statl on
coul d commni‘éé’c‘é‘P?f‘% sulprame §24 sk f%#”‘é@%fé‘ﬁé‘ééf“ FEaEs vew%*dwhe PERISS Yy pes
of transni ssignssusl a5ihiengR ALRTRIE JoRE AL, SThIGT 6661 YRlialdl o he
Al anputi transm ssions, ‘In this Way, t he system’ sche ul er can o‘l‘et erm ne
whi ch nobil e ’Siﬁaﬁmml»azmd Bkielkuﬂd) bbeadsf it usdqdlerMmtimBﬁi{amltgm reatotio- a
particul ar. z as .an amouti-only zone, riti

e hedul i 06 o TR6SEEHBR I yehar it o ik EBosh A Al Boiel R Sriaen
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herein, the nobile station determnes that it has been ocat ed resources
in a zone whetgnaistarkhowent hat all interferers are using space-tine coding.
"Wth this infor the reev r nactlvate adv nced recei "
such as t he ST RC SPG Heslir e AgerS (iR iRnEl b i Bae SR0GRts) §F 5 Y6D
expl oi ti ng boxinhesdsidie angd kpak 1a|zh@@ﬂ’ttmﬂ|d§pﬂ£@ﬂ& @hs diher frmﬁ@mfx@mn@g are
signals. |ndeed, a rel ated nobile station aspect is to use the S

recei ver 8 Aasbigt pud Mt rapaians rofi these JEIALE sraxwbe Bgpvasiie iéw t\mi .

Since the no S _ S QL. fxat 3@;& e
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recei ver process, &ong ihd thlaniet Sridcnpeovedsipat izbcmream&d txeaﬁhe;ﬂhe, ::USiQd Ndsbige

factor in determ ning whether a sp qce time coding node or a spatial

mul ti pl exi ng YOS 4 srgh &y pgy . that the mphie | SRORt THRIYRRSH éf{f'é‘é t SEHYsEd
herein are rexfiilugﬁkﬁdm'hﬂlr{-anﬁn RSP 1P Thet RE.- W&We%‘a&e '1&t £ ARSIaralde | fha
particular in the frame structure used by a. systenm'1 r% fi1gured accordl ng
to vari ou$ enbesientng sheorhtwfwesnpe eskintly tmb@nmi@dmm/&dmnmm -Rglopd talra.aaﬁe This
structure accordi n]g ? entgyodl nments of th | Jqven tion incl ulg single
zone that is WEEEHAIY F%r‘ %‘b’écf’@“tﬁ“?‘ré“ oolo il ToMRVI IS ‘““ ARPERERDIe ¢ “‘*‘sd’@HL
frame struct upgohalyShewndodd@tl Rrcks bhd «»!asoﬁb the downl i nk subfrane

conpri ses a mandat ory PUSC zone, which in turn conprises a preanble 732,
PCJI and MAP regi ohitergagivelino d@m‘wlﬂsow@ b ddBinasiinsbtiaslagones may be

Al amouti-only ano n |

downl i nk Zonesnz%xomz%gtmtm? HAL\IQH S i}ee%\t/% X ‘fn 0%? q;ﬁ(xoa&bfas QCiat%(g&Hlﬂlntgt S,des
upl i nk zones pfaRc@neodiddbe a brmdﬁhemdﬁsgcg @@ttlt@ntiﬁf sy3tcplb ipatl & theomgwask an
Al anouti-only zone (or, nore generally, a space-tine-code-only zone) is not
linited to a PUSTIESRIBOENEERAL AVES20CS B ATGHEYISRS Shidhe S SR D@l Rt

Al anout i -only, . bLip allac d th
' the data po caanefCrolty b PP BS AR R PR orgfle PE Y D
dynam c sw tahessg:mzi:bé»eemiﬁbcby(edmﬁonhanl\ ahgnméri)mhpibe (Ds Dy ombichnie ssent

assigned to an - zone, ecei v -coded si nals
ARG (e aT A Sy At W I A e e AR e
mul tipl exed sighalsemThOSEe gﬁmnqﬂol}l ed inthe art wll aI so note that a
generic conmmuni cation system capable of applyirqg., these techniques to the

upl i nk can easily Senetubshgents of a mobile station according to the present invention may

include more than one receiver process implementation, in which case the mobile
station can choose to use either the Alamouti-STIRC receiver or a conventional IRC
receiver for Alamouti signals, or an MLD or IRC receiver for vertically encoded spatial
30 muluplexing signals.  These or other receivers ought also choose between a
conventional IRC receiver or a SIC receiver for horizontally encoded spatially

multiplexed signals.



An exenplary frame structure according to other enbodi nents of the present
invention is illustrated in Figure 8. In systens using this frame

st ruct ur evodynasB4r4swi t chi ng between the Al anouti-only PomaBzNMoMIer zones
is enmpl oyed. Thus, 30 downlink subframe 810 conprises a mandat ory PUSC zone
(with preanble 832 FCH and MAP region 843, and data region 836), an

Al amouti-only zone 838, an additional M “zone 840 all ocated to spati al
-mul ti pl exi ng users and ot her users (labeled "SM-16- and m xed user"), and
one or nore other zones. Follow ng the downlink subframe 810 is an uplink
subframe 820 sim la skemphat npibele ueatinkin 5& gur@ditg 0 tdmaphbodinganest 822
and 824. I n systens using this franmge structure._ Al anouti sers assigned to

t he Al anout i ‘BW‘?*“Edhé‘“‘B’QB“V\B‘@PH be Mghils BEpYSG0HE cAPRReE I e OF MR
Al amout i STlemEe?lﬁEé VQ% %nfﬂﬁﬁw Elle&ﬁe?@é/ 39&.@&%3&@9@' %ftﬁ)tcﬁ\‘éﬁmz Al (I(?% 2x2)

Al anmout i - receiver ly explo act -t hat spatl al ~and time
correl ation pﬁ@peili t&seslaﬂfouttrttoded erdnaty. sh@cﬁa}lesteanm'ikrimnnciudes a Mmd:tmonal

Figures 7_and, 8 ustrai rame, structures a

system sk |||ié‘é]"f‘*ﬁr PHE ‘% iv\n%‘*“%b‘ Jé‘a}’ ‘éf%’e“ et ‘”o‘t\ﬁ‘érf““f‘r"aﬁef’%k“m‘c‘t[)@? eMar e
10 possi bl e, @pdxhhaty W@Ett]@td%@c[‘itwloftnﬁeh@iﬂinﬁzeﬁﬂﬂkﬂlé@SsxQ@Mlspem@@?éroﬁ@ﬁt &fy FDD
W MAX systems or other systens enploying two or nore dynanically sel ectable

M NI nodes. circaits N{ydm‘i tmmemﬁmamustt“ﬁﬁctTLm:eistddegtthtbet!watlbom@if@bm@nb@rﬁ
depl oyed for h bi

b onomousty VabkESHHAY g M BHER BAR A bt HbRS S EhSinaRy o ani

DL- MAP ”Essagﬁ;dtﬁfanangaﬁmcquL@m #ZeB@ionand 15 guesses that the interference
is Ilkely to be onl rom Al anonti -encoded signals. This approach inplies a
tacit agri€ement angnvenmww%rﬁé» M@rfﬁaﬂW‘s‘“ﬂ@dcféi”i&héeiz?@iﬁ% wﬁ.m@*rwyuaind

synchronous| ypAﬁCcr LORS) D288 Shat LIS cban%gmuﬂ Sl RakLy&l %}Qmﬂ 48 AL PO

for defining anouti - 6n y zones na {Fen into a future version o
t he standard.inlthe sze\a,alp)mppa{:ime &msmmqﬁecbw»mﬁ h:nt:hnt @0 cpmptiac ohe woukcerble a
broadcast nessage sent by system as part of he network capahilities
announcenent ““?H?pémr?é%%tgqé“ u’!*d*af ﬁ‘{ﬂ‘?é%t‘b“ fhhthe f\’ée s‘f‘;?s\’t%‘h?‘? hﬁ‘@ﬁgﬁ*f%“%ﬁ
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Thi s nessage coufd be ad to the Downlink Channel Descrfptor DCD) whi ch

is sent péri oshoalkligatbys pheodoésech patVidhA Andgenoingesindekinpiay bashafd aive

DIUC mappi ngs, untrxlgi processing circunt 540 is illustrated in Figure 6, and includes one or more
processors 610 and other digital hardware 620. One or more of these processors 610,
as well as the other digital hardware 620, may be included i g single application-
specific integrated circuit (ASIC), or several processors 610 and various digital

20 hardware 620 may be distributed among several separate components, whether
mdividually packaged or assembled nto a system-on~-a~-chip {SoC).

In any case, the baseband and control processing circuit 540 further inchides
memory 630 (which may also be mmplemented, in full or in part, on a single ASIC,
along with the processors 610 and other hardware 620, or with separate components),

25  configured with program code for execuation by processors 610, In particular, memory
630 {which may include various types such as Flash, read-only memory (ROM), optical
storage, magnetic storage, efc.) ncludes receiver processing code 640, which may
mclude mode-specific code modules 642 and 644, In an exemplary embodiment, mode

I code 642 corresponds to program code for a conventional IRC processing mode,

30 while mode 2 code 644 comprises program code for STIRC processing.  Of course,
other receiver modes may be available instead of or in addition to these two. Menory

630 further inclades program data 646 (which may be stored, for example, in random-



250t her system specific information. Some enbodi nents of a nobile

station according to the present invention nmay include nore than one

recei ver woeoH#8347pl enentati on, in which case the nobi IPETABAN/@F#12%aN

choose to use either the Al anmputi-STIRC receiver or a conventional IRC

receiver for Alanouti signals, or an M.D % [ RC receiver for vertically

encoded spatial 30 multiplexing signals. ese or other receivers m ght

al so choose between a conventional |IRC receiver or a SIC receiver for

horizontal ly encoded spatially nultiplexed signals. 17- An exenpl ary
. mobi | e t er magatss pih@eE eoaingatian dopedefnail et s phedshiegicnietd anl diher

shown in Figure 5. Mobile terninal 500Q |s egw pped with two (or nore)

ant ennas 550,PTasaBNE Alydlse and ey epniry dg ss spatially nultiplexed
signals (e.g. 2X2)Fi@§€mﬁj by Fz%ate@"a@x”@% 312 Qd ?uéﬂx@é‘%ﬁa M‘?)@é Srati6h, MR8l 200
i ncl udes a conventional dupl exerfsw tc 510 (a frequency duplexer 1s used
in systems ushoiglef feegirehdpodiovicseion adpprexdsngpace-swe teeledi sredsihiosions.  This

ti me-division du IeX| e recei ver, t ui.t 20, and
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to a full understanding of présent invention. 10Receiver processing (as
wel | as transm‘»:tfct«ed sugwaﬁ f@@mmawmnd dwdaro trges @@m r19¢m155méde§sihmg)\¥3‘§(
per f or med |ntbas d proc { ng. ont ro Ci r0 ‘ I ] 0se. k‘h q |
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several m cr gprOPREEQES, nbddi tbalo-shanal HAGSRES GEBals aﬂﬂaﬂhh&cﬂ ddeerdnas el |

as custom hardware, configured wth aﬂg Erlate software and/or firmware to
carry out!OoneeenndigPdOIBAGEHM SAERD gersdoms thedant) ad g, Kedexanple. the
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illustrated in Figure and €s ‘one or nbre processors

digital har dw@pﬁﬁéaﬂpmamlmrAnmfoauezﬁmt;dmtmmrmels solies aIDR (agrovekingasodehe
other digital hardware 620, may be incJuded in a single
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and various digitgl z%gﬁﬂq{u%’alﬁﬁc«ﬁgotbg%{mh% Q'at%x{ isbﬁ{’;ietdgg%ﬁ'%gtoﬁ?%&ﬁé base

separate conponents, et her ‘i ndividually packaged ssenbled into a
syst em orifa- chitpn(BalChlamount mekcnamhy;maémulmﬁeuhawbande bamg ©grtgrel into
processing circuit 540 fu hher i ncl ude

i mpl enment ed, SFRERGI PO i nPar e, SUR ’“3?0 ’I“é“* Agi’( “‘é\,\@h@“’\/\ﬁ‘r‘ h “?’H‘e‘fb fi% a

processors 61:@«@&@@ BhOGE, nh%@w@r@u@a%b@&@w R Sepanat Bas6QMROME i Rkatiohd
configured with program code .tbr execution by processors 610. In

particul ar, n'ehwlsm@sgm(t&mwt f ﬁayDLn‘éMd@masﬁ Buthet ypest sersinay thFl\é@m
read-only menp «x(\RQ'\Q%mOp‘g% I m X %9&;;31@%9% ;gcf q‘?{e%%%mr At c)e 'anClza %es

recelver pr OCGSSI ng co

642 and @44. donfigiratuengt as:gnﬁa@qdl lﬁEﬁbL bamleonla @@@l&qraéhad Q@mﬁ:ﬁsppn@ﬁ sd’td@i
program code for a conventional :FRC processing node, 30 while .node 2 code
644 conpri ses’Bfogram code thr STERC processing_ O course, other receiver

nodes may be avai ljghle ins A}%%O&%L%BF Fluﬂr %a oy Nnitﬁapc:c&h?§§ W iﬂ\RhL H\QTIBI'B}’L ; §80

ftirther includes programn for
random -1 8rdownlnk allocation map, w lmh das:gns the mob;ie ternunal to demadui'ne signals in

particular time-frequency resources in a particular zone in the downlink subframe. As

25  shown at block 1020, the mebile terminal determines whether the allocation
corresponds to a space-time coded downlink signal. (This allocation may have been
made based on feedback from the mobile terminal, and/or based on a specific request
for a particular MIMO mode.} If not, e.g., if the allocation is for a spatially multiplexed
transmission, then the mobile terminal selects a receiver processing mode configured

30 for demodulating spatially multiplexed signals, sach as an IRC recetver. The signal in
the allocated downlink time-frequency resources is then processed, as shown at block
1050



access nmenory), configuration data 648 for the receiver processing code 640
and ot her processing nodul es, and other control data 649. Figure 10
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term nal next determ nes whether t he aIIocatlon isin'arestricted zone, as
shown at bl ogkeel03@rodessingmodet (e, Y HE(mbi preceseingidamons-onlyatsine stgpalsedt |
then the rec nfiqure cor e nal acegli ne
coding T eco; S\eﬁr{%[) rfgéé%%em% uﬁﬂgﬁﬁ Fn%p% sb.?%ﬁi‘ﬁég% i\{s&;ﬂe of RfnaRP A sanlie a
signal s ape nosckassUNediic® B Spaced tpefrnsadedwhich & iﬂEd@Q\Amdnndﬁﬁ Fréra@aty on
is for a restricted zone (e.g., an Al anouti-only zone), then the receiver

i s confi gur edbprg €aBdifigrs ah \@éwheedh%pfaebbtimmﬁdB@.t%ﬂfﬁ%e’@%ﬁém@wﬁ%@ as
i ndi cated at \aly 4 i {hek r9gg€s e nal
proceeds, wi (1 {EASH Saclshrel b BipcR 16N Al fHE ARt DI
not ed above, ia tinoimst etatier, ik Rahwwraybibek Clabf fequesadg tia yfraietmd MIMO heode.

availability of a estrlctedsacetl In zonel hes ection of a
preferred M N 10 t#@ﬁgﬁ‘?‘*’é‘é‘f%‘ﬂ“g Hedri W}.reﬂ Fﬁr?mﬁ’é éf}tf% h“h&‘* % &% his

appr oach s IS'L%%&(K;%@QM&!R)UE A8 tders %&ﬁ#ﬁd@ﬁ%%mﬁ% 'fﬁ@f?}%ll@g}ag 06K 1110,
with the reception of br oadcast nessage fromthe servi ng base station
i ndi cati ng t Heite stana@stipisotrecndodendits, ¢éhe syatem includes a storage element in a network
node, such as at the base station, that stores a configurable duration of the mandatory
PUSC zone, the Alamouti or space-time coding zone, and other zone durations. In
these embodiments, the base station may be configured to broadcast a svstem
30 capabilities message that indicates either enhanced Alamouti operation or enhanced
dynamic switching operation, and optionally identifies the fraction of bandwidth in the

downlink subframe that i3 correspondingly allocated.



15 zone exclusive dedicated to transm ssions according to a space-tine
codi ng schene) is available. Gven that this restricted zone is avail abl e,
t he nobi Iwoterwisskk is then able to estimate the expect @GTEBNR/(F IS0t her
performance netric) for each of two or nore receiver processing nodes (e.g,
STIRC, for processing Al anouti-only zone é}gnal s, or NED, for processing
vertically encoded spatially nultiplexed stgnals), as shown at 20 bl ock
1120. G ven this expected performance, which will depend on the prevailing.
channel conditions as well as on the availability of the restricted zone, a
preferred M MO node sbmesgheskeche asmstromnbidd stbti@ekndyd 80 colfigmab agarayce hen
be transmtted to the base station, as shown at block 1140, requesting the
pref er r edM MYSniabil RS 1)tk QBISHOEK idurpg RSN uP® B1ACTHING BRYS-f KGR
that of Fi gurdgmil:sﬁ Bl Rty thdBe?on wEGRATIAL! &9@1@}11 AR o ﬁﬂgu@élthéhsﬁﬁﬁt
explicitly si tot erm%lTe station by the base station. In sone
enbodi nent s, tthee sylstead F\ﬁmimde&cmsmcﬁnmgemglaewemen mea\hzemmr‘ﬂ IRG@de, thsuch
as at thesbase i%atlog t hat stor§ & 3;2 urat?1 ﬁ ? ﬁ‘ |il
mandat or y JPUSESOSE Hh BAsK SER0cFO e SR et e oM AR SRt f’ SR BURY % one
durations. | r‘;t&tﬁﬁ%ﬁoﬁiﬁﬁ%@aﬁ&ﬁﬂ&i int dRe Q&%@ut@bﬁﬁ* AMe '@){n RENBENYdNIUFIRE dsthg
broadcast a system 30 capabilities nessage that indicates either enhanced
Al anout i oper%kll‘ﬂ@nﬂdrﬂnemhalneied Téiymxﬁi%uém the mtn‘gﬂb@remsvmgnhdtah@ bwt at@nml |y
identifies the fracti
cor respondi ndl¥Y 8 FOL4 ”“éag e éﬂg‘ﬁ% €8 m“ﬁl %‘Hﬁ"wlygf“é%g“‘%*h‘égtge ““H%y”re ’%‘Bﬁ"l e
stations nmay thes©eRiohdur 84 teaNOKNGE tHet Gni¢ apabiih ivHigs bhidilg: Redvwakinide.
during registration andfor on a periodic ba5|s One optional . feature of the
desi gn wdlll d HewoRet Heshomhile saapnsorst tedignecunablinhad rmsammbrpgpdt wogiser
enhanced Al a ecel v \Y
This woul d i PHE B P R B B L B e S S e
particul ar nobhee Gf abmeﬂ thheuindbbe satbedubedsibg Alh@od amuthissont Yiuzione or
i n anot her zone_ when n Al amouti transm SSI ons. Those skilled in the art
wi Il appreci é%aétf%‘llf’iét“c ‘E?és‘éfe@t ﬂl%ﬁmhasheée °f gifd GOt B dsc it e hy for
mobi | e stati ofy,all8¢ated bandw dth using Al anobuti transm ssion in any zone,
if that is the only zone in which bandwidth is available. 10 However,
t hose noliBl e st at i'Ons, bhatllyi smbhkianmmhi'iabmﬁiw immlmemtﬁhh&ﬂmeld aeadingero
processi ng may be pr} ,i,t,iv zed f or |gq ‘‘‘‘‘ he res§i ]
space-t i me- codf i oRFYIZEHE. et oiRe? B gt Sk et SRbiE e mied & Viiy
Al amout i trangpdss HofRSctbtindGod RAK Rwuﬂ,l@nu;ﬁ@ @&Q%ileféﬂu;h@t(ﬁﬁ\(ﬁb} @Bnielon
schedul ed in a zone set aside exclusively for Al amputi _users_ '15Thus,
broadl y speakihgne.nsbihecht drenfvstiodi st ém trelchgds st ovldidnlgng @nsxmtf-ous
enbodi ment s 'c!%?en%%gn E\Hleﬁi(tjE? i ﬁm@ Oféffxﬁapﬂq{ﬁee‘%'a‘{ﬁg s?@%;%\mﬁ.ﬂ{‘ﬁmt Ef‘ﬁ%'; xﬁ%
access point dccor p e-out pu f ) )
transm sgoon gqhens, m I'kt V\l‘l’ls@huﬁhemﬁ@f;b@dmcpWﬁfmsQﬁat forexatusheass amfli;mﬁ;t
schedul i ng instance, determ ning whether the nobile term nal has_been
al | ocat ed domnwﬁre»mmréu:pr%e éwgy fpg MIMOJtnemssion sghangs apg progessing signals
ti me-frequen t | JdS] 1k = aGCOr g
to The firat TTRD i ant o BeliE ARHNA | A ROy JeL Aol Bl JECPUAYY,
the al | ocat edrdawsihy nkotd me-the edueney am&ﬂm&caswatwmmx}ngemmcmfme sin the
processing node .if the allocated downlink timnme- frequenc source .are1 in
STl (SPRLI @ the

the restrict dBMIFHRE- FPBGIFEREIYZ 608 ARY JOHRIN S0 Brdtsest il

receivedjsn thecAed dabh eahﬁ@ {HQNBh ﬂkb&h&% Mm&&ﬁﬂm E&%Q&'H@&%s@&?%‘étng
to a second processi ng nod e, EI‘EII%) t he second pI’OCESSI ng I%D de 15| ess
sensitive thanbatie the wtuttqbpweemmgoﬁmdéetso»ecmodwameme fint procewsimgnsdagral s
transmtted acc to. a second M M) transn.ssion sc (i ffering from
tha tiret oo e el dnieBeftad SEBRE VLR E RO R patrad MAUOL Tt
transm ssi on s%ﬁélﬂ@&ff%ﬂﬁ?'ﬁo&ﬁﬁ;e&ir&pﬂwﬁo 1B3RshisiRnGORHNRY transm ssion schene

and the second M| MO transm ssion schene
In some embodiments, the first MIMO transmission scheme comprises a space-

30 tune coding transnussion scheme and the second MIMO transmission scheme
comprises a spatial multiplexing transmission scheme. In some of these embodiments,

the first processing mode comprises a spatio-teraporal interference rejection combining



conprises a spatial multiplexing transm ssion schene. In sone of these
enbodi nents, the first processing node conprises a spatio-tenpora

i nt er f er eMOe011@j3847i on conbi ni ng (RC) receiver node, inPemiIBHIGpHNSAl and
tenporal properties of interfering signals are used to Characterize
interference to the desired signals receiyed in the allocated downlink

ti me-frequency resources, and the second "ptiocessi ng node conprises a
recei ver node in which tenporal properties of interfering signals are not

used to characterize the interference. I n sone enbodi nents,
det er m ni ng vk heteit-Bemoaddiih &htt:é&rq;mmﬁl'mh&ﬁnptbﬁq*)’i‘oﬁéxh@?&a’[zﬁﬁrt@ﬁm\h:lt)ﬂak}% are
ti me-frequency resources in the restricted t| -fre uency zone co ri ses

det ecti ng an W8&ignelractsrEe t PEERETEY YoHE fosuRt SIS ITER el INodt Porraksh
transmtted Qg 31?199%% RAICY res EEE@C% Ak “ﬁa&ﬂie ﬁﬁ%&sﬂ&»e%éd'e”&mflﬂx%%‘etncy
zone to a 10 pre-con |gurg zone identifier corresBondln to the restricted
ti me- f r equenoycarammemada ustvaridd temparehpropedfes tdfemmfiiie tigral aal nod nsadhics

way, the ngl le term conclude that a particular zone is a

restricte zdﬁéméﬁgﬁ?ﬁvﬁﬁ“ibmﬁ“ta0|t agreenent that certain zone
configurations Wl ¢k ‘é%@d%éﬂ%td&&hﬁ%&Q(‘i@othé?r tRCHARI Rntifal alm been

st andar di zed conf;?uratlon restricted zone allocations. In other

enbodi nent s, aBcas eiomnhﬂhgnmhémh@mat rr@umbm ] mrfﬁ»mkdhasnﬁemmm\l oot ed
downlink time- freg %gﬁrgs ce Lf ﬁge rlctg1 e g %1zone may
i nstead conmpri’S@ PECViRg & ‘33‘ F‘r‘ o %‘é‘é@é“’ &R ‘Pn“%f‘é&‘b‘ ”‘tﬁ CEEERLEP
point, the CQﬂﬁxExﬁhttﬂﬁﬁS&Q%L&mehﬁlLﬂ@ @ihpad e tid mmnt@nmhm{x@{sw h@icad »
tim-fre uency zone, detecting an assi gned time-frequency zone from a

downl i nk 81 | dEatPRrEwRbZUCAASHI ey @anwwﬁéﬂé&S@s@»tpeieﬁttmwcamﬁmnmgmt%@dzo
aSSI gnEd tl nES’[(I (‘?qu.ﬂ %DQ@ ﬂ% ﬂ]i %L gﬁﬁﬁmlﬂ % Ti}gr “Iat]efﬂ e§1t05h e{@nmai can

ti me-frequency zone. roadcast nmessage m ght ndi cate prese. nce
of a restri ct;ed;lz@mﬁmar;ﬂnidaﬁu oh fsea tetriviietbronsi mmb;yhmgheezkmm ag&ememeamer
its allocation is within that ,.zone. In these and ot her enbodi nents,

t he nobile téF%ﬁ‘ﬁalZOil%wQé‘HéWﬁEa“*rré‘t‘Ho&‘W herHiteret r ¢ni Yt PHPTENE efhifhal
capabi l ity nmegsag@ifd {N8i.R6e8aSHPAMictell NRink SHIMcARIns25 16 aRART &b ESsage
indicating that the nobil € .termnal Is capable of selecting between two or
nmor e recdibverdenpaiesng @»rhemeod’esmnh@e teranshhsshonsi iaczo:ed dmghmb titadrdfoupsty

M | MO transniqsianschgqeu\Squ enb 3 iments nay c rls sel ecthg N

pref erred" M MEY¥FarsH §6i R Ir6He " DESEGUETY 648t ™ “h a‘H‘ SAMPHE preédeieé of
the restrict ednlrbMRrelhef WaNaYiIRANR theNlcdss 3RS el RBLLP nlbRpaCERPSISAQI M A
M 1\ 40 node request nessage 30 idéntifying the preferred MTMO transnhission
nmode. | n songdofitehdsethl gesegicd rpsdisupaney, 2m¢l ddedtng anhassighed Bredteqerad O
Lransm Sst o RS S0sBinh GRSk loD, PAL bR LOE pBr S 505 Blint NBuBRAE bt o
t o-i nter foer eﬂﬁﬁﬁﬁ)&{ﬂﬁﬂl@&hﬁ;@u{o&tidm ft@rthdf eﬁat;ﬂ@dios ifghadsgidpaiseste GregliiRy zone,
availability of the restricted time- frequency zone, Enbodi MOVS of
the present i Hent DERAIETR tRRF e il dndient I persicRalls restikiedagorehantlisi | e
term nal 500 o € I mor e of
the ot hods Ao ERrbRbRS e o SN AHGEE A8 ARREY WAl el T o 1 ¢
term nal accordlngnumﬂsanéméhxembaﬁnmamtBwoﬁ&nhﬂenmm@mhmmnngmﬂbnEHMﬂxmn
conprises a receiver circuit confi ured to selectiv operate in either a

first or secdf “ﬁﬁ@@@§§ﬁﬁé*?ﬁ?@ﬂ@mﬂﬁwmﬁ‘gc§§§ﬁﬁﬁt?é %@V@ﬁ“&ﬁ?& P dREpPEt ed
by an aceess pekinfi @ﬁ@\@i&y ichBn@uifak 'ﬂﬁ’tm%ﬂ d ﬂLR‘{Iﬁml BRYLaETY |0§ kﬂt&zn&%ﬁ%m
(M MO transnlsS|o% schene, wherein the second processing node 1s |ess
sensitive thanouhen@ﬁngwnaﬂ@@E@Sﬁmgwmnﬁsng@nnnnﬁhamm@henhmeuﬁéﬁﬁh@‘@r@ﬁhls
transmtted accor m ssi o

Lhan T ot SN MET O LB SR h o PR R 0B BTG o b e R DO e

to determ ne whehhelnt RBJOTRLEIE at &4 NA cimhaﬁn heenradeh@c atade dewnlbdnkime-
time-frequency resources in a restricted time-frequency zone that is

excl usi ve to fersmapdynkoner ank rReiiBing acdbordicngPowt :5MIYD mbds requestvpessage
transm sshon g&ﬂﬁ?ﬁ ﬁ{éd 81::39&%& m[(sll?a [EGE! n‘é%[mc uuﬁé“t ih %Rﬁ@‘iﬁs The 3' Q;E%ﬁ‘lq
recei ved I'n t oca '1? eque resources accor

the first praogsssingtsodReiibg tmquafel1@6&&&@!@dmmhmalﬁntm@e basedque eyt in pau
resources are in the restricted time-frequency zone and ot herwi se
processi ng siQri8F Brep@rsiod diy EHOERE UHI-GRACEY HHRSH YOI IR SHtpRYie fcyenal-
resources according to the second processi ng node.



20 Those skilled in the art will appreciate that the term"receiver
circuit," as used herein, may refer to a conbination of analog and digital
ci rcuits,wprelwmid4yg one or nore processors configured wPCH/IBHO/OFH %L €
software and/or firmmvare. Thus, for exanple, the termreceiver circuit may
enconpass a portion of the baseband and coptrol processing circuit 540
illustrated in Figures 5 and 6, as well as-all or part of the receiver
25anal og front-end circuitry 520 pictured in Figure 5. Q her

enbodi ments of the present invention include a WMAX base station

confi gured tacdmertyreott-plitheoiseahne quesecdasd rsithatd heaedion, thergvaiwlrility of the
generally, a wrel ?s,s access point, for use in a wreless communi cations
system i n whi'eHISES ST EHVERRE2 equency resources may be sel ectively used
according to a fi ra{@&diﬁgﬁ O A Blenfird Cn AACART ML PRBEL SR, SEhERE
(differing fromthe first), An exenplary access point 1200 is illustrated
in Figure 12 thansbilacirudas S¢hpictoed mdiieyredn tednasedi2sry avdupl @xesk siittec h
1205, an cces§§@8j (glxg\‘r‘ieﬁcej ver ci ir(‘;,ui(t 1220, aﬂ_ access point trbaé{lsqi ter
circuit 1210, PHPEnIPEIO NI T4 VAR APEERE U PP h G OURICO PSS OO R gy
both of cont rlomRiut 1l 23QANGISRNBEHS TTGhE Nhdentidf O:diBXIH NGIHARIBIMREYivaf
one or nore types, or each may have access to shared nenory 1245, as shown
in Figure 12.ciknitsonesieabodiakstively cphetsohadel i Agstunistcond 4004eayne owge ifse

one or nore microprocessors, configured with appropriate software (e.d.,
tor ed i menBiy g At idh B BGE A AT O P crT AR ik P
executed by tihguiomnelle-MRHR MDEOS IQNHSHIsGOESEhENE SEReGUIaNG ol brokedbhgt O
for at least a first scheduling instance, identify a first group of nobile
ter mi nal §0corredspireismgnyiave Ranfthe Sist praossanons s PorbawRbiieringesigvtond
group of nobi Fshfifd (ﬁ@e!)r%n%otrorden%\gg&g\ﬂgié ?mhil&s?ﬁ&??&%nl\é' Weﬁ(z@@%m §1§"1‘§@r
schenme, 10 allocate time-Trequency Tesources In a first pre-determ ne

ti me- f r equencyiigOneasxakiish \sehgmd, casmabill & & aorirnakschielconfgamed to deh@mbier St
group, and allocate tine-frequency resources |n one or npore additional

pr e- det er mi netbathsraly ?@E%ﬁé‘?‘“ﬁgh‘%‘she?% aﬂ%“@rdwﬁ}?@ﬁ b TTRIHEBF A aRTEes In 2
bel ongi ng t0,r¥:§1ﬁct§§‘ﬁ9{%dr}&ﬁ1?}i:%2%d§\@ tﬁéﬁ:@?@iﬁﬁs\{vé‘i%tcﬂ»%%iiﬁk'%yzﬁﬁismagshéc;%ﬁglhz%% g[:o.

i npl enented in access poi is 15 illustrated In Figure hod

begi ns, d§ shbafirafMBiOckanabBsionistlienichend canmhtlssﬁeoﬁv@fciatuitmwnpﬁmlzssnﬁs@ésge

identifying a restricted tine-frequency zaone. As discussed above, this

br oadcast | medttitid bF UBt bt SRR bt e RS MOTHOS Bt e ke Bt a
gi ven scheduldrB@séiRgt @& if ahs CNRAMLE NEhwilink HERMASbRS, $RRGA=EI 18 KOdiNg
users and spatial -nul tiplexing users, as shown at bl ocks 920 and 930. This
20 identi fi cacigpehaympdreguend ovmcs aghadtheryisce petopestnd samplsheccabil | @ the
stations, indicat.l a_preferr. VI IV de_and/ or indicating prevalli
channel cond ic%‘ti ﬁ%%tg g or? ig '(fc%l% %’%ﬁ}l%cng@f C%?: %’Lg‘h@m f Oegloe ar %)éxsﬂ q)li ﬁ‘“‘:‘? ﬁﬁé‘ modé
restricted tivhsé 6EOLERCIH(:Rs Fill afpr&ER6 ehdt ithEreeadka@nenkitclones usdaheds, an
Al anouti-only zone) are allocated exclusively to space-tine coding users.
The sel ecti orid®f '¢fsefs af epmpipgiians sPelAL| mdt fagalz pratirayochiiing ey @pmore
signaling: 25 recejyv LOm mmhile stations, Jndi:cating th , SSi0g ..
rodos. ava | aBT2TSErY ROHAR ERE dfichkBte RSy M G ERGL TR 6P RS en
t ransm ssi onsheigesh bycdivdrecif@it ngysegoalpass Aspahommiathebboekar@band reeswoolr ces
in other zones are aIJ\oca%ed. to spatial multiplexing users and space-tine
codi ng users FREFS{RFE“Hb 4“a%‘§?‘5%§ﬁmtfd@‘efﬁ%3 PR ?r?”c"t"gﬁa* gL@.F}‘aﬁi Hahg (poenyer
downl i nk 28] | ool GRnRRd ERddi@E EbMBichi&: dampldnk allocations is transmtted,
as shown at 30bl ock 960, and data is transmtted to each user according to
a space-tine codi rgther ewpadivahtsned thephresenhgrisphemeyclal appPrdpi bise. stailg-

conhigured to carry out the techniques described herein, or, more generally, a wireless
access point, for use in a wireless communications system in which allocated time-
frequency resources may be selectively used according to a first MIMO scheme or a
30 second MIMO transmussion scheme {differing from the first). An exemplary access
point 1200 15 tlustrated in Figure 12, and includes two {or more) antennas 1230, a

duplexersswitch 1205, an access point receiver circuit 1220, an access point transmitter



Al t hough the nethods descri bed above have been primarily focused on

all ocation of downlink tinme-frequency resources, those :skilled in the art
wi | | apprwoi2atig3s4rat t he techni ques di scl osed herei n mapCihaBapphisees t o
uplink resource allocations as well, allow ng the base station receiver to
t ake advantage of advanced receiver procegses for handling uplink

transm ssions in zones restricted to spacé?time coding users. Thus, broadly
speaki ng, enbodi nents of the present invention include nethods of

al l ocating either uplink or downlink rime-frequency resources to nmobile
term nal s in drcwitriet@sscomanhumi 210, and asyisideling oniVhi4h Bithooabeth of contol
time-f requency.r_q}s\ourges ney be selectively used according to a first MO
transmi ssi on WEheRE 28 sehedibphEnit MO MK IR YT O 088 REET BRES: S8#dod
comprising, tply vk Gtlesdid IshkaSEAGAN [1295] BSLARER o JRBLET YENOIR dohiest
group of nobile termnal's corresponding to the first MNIO'transm ssi on
schene and a smdedidergs,clip soffedabi heitt Exth mal sowpnseespondinrge hoctopexsaoond

MEMO trangm ssion schene, allocating tine-frequency resources,jn a. first

pr edet er mPned CP1REST  BYLAGYORSHE. BRBITS Gely Lo huBi PETOSY m Hap s " BIBHgi ng
to the first gle.@h@URy BRGc@RIk AEARTIRG ddtBed HEARARRY HRIOYFRES oD AR QS
nmore additional .predetermned tine-frequency zones to one or NMore nobil
term nal s belsohgluige twittlBé0 sedond lepsbu first schedulipginsomes, akdroidy rémstgirogsot

d i bed i det ai b ~qihe allacated time-fre Ney..LESQUICES.
desert e, 0 S0 5hA)h, 0B Redb 1 A ST SRR T

conprises trapew bf hRgildadanihds FTOREdpendiaf M R Secofd AIBVMOI f@lkmARbrseBeRE,
groups using the first and second M MO transm ssion schenes, respectively,
I'n some df tHélgetenhBailivaRESY fasauigat HBd2 Higr unedeigonped seseilganticyy oy a
subset of th%x.]::fugﬁ%h-g P g‘pobq, 2 @erlaﬁ; %8&%9{%}' o GaP %pgtegx.%t: ,‘S gtl](? Qti'%.'o@zg‘e b@,h%\ﬁen
two or nore receiver nodes for processing transm Ssions Bclor di ng to the
first N111\4QGrdguansniessiran is ohe e mso addiadna? prafdtovabedgmbifmguiiequescyy
resources in the first pre-determned, time-frequency zone exclusively to
mobi | e ter mi FAFST B&i‘%ﬁ@gﬂat@e»‘fe;m’fahsé}e#w%«tg ‘Qr‘%%ﬁ%%ﬁﬁ‘i@?«‘ges prioritizing,

al l ocations of ting; fe&&ﬁ{ggﬂﬁﬁ{w(h%ﬁ%kﬂ’:}? &S ntiBht t*»'é?irnﬁybiénﬁéx;t@di & dELe8! ghiﬂ?q’_:&ﬂ{) iy

ti me-frequency zone to br'le termnals ih the i'dentified subset. In sone
of these #®nbotisrentds in thigwestbsdhe oftethhé $agint ayr dupvrofar ddild € 18.emnihndies
may be identified. b :écaei_\vi ng a termnal ZSOCap_a}bi_,I‘i\éy,rr?“s‘al?e\t rom each of
one nore nobi TESFEFR AR S CBF P HECSTEs B At BTG AP EBTRTY O Hes shge

i ndicating thadcubd@ abe0k NBEPNOMARS FRRELE it 85iinhalanlisnsaRabbe (Qfnd B&lod&t | N9
bet ween two or nore receiver nodes for processing transmn ssions according
to the first SvbiDst r Bers i gydronclednlsie instance, a |sahesighng ambodiondtss space-time

i dentifying tc?ﬁinfﬁl 12k gxﬂld sasa%%gi%glit QY w?e];‘s\.a bs'h'o% 1%%5”(')&@(%'?%0]‘ Sy QMOCI%EI ng
t he downl i nk Treguency redour ces onpr ses™identi fyl ng one “or nore nmobil e
t er m nal 20capabi@icefiosehe bt bRgdbatiealing WRcREd MOHEhE ee@iiMetatithd esdif ang o
processing transm ssions according to the first MMO transm ssion schene,
and assi gni ng"&auad MR egianéer Fuh@tigs gropdegichupeheriehiiasifpecach mabial s
to the first es.ond..ar.ou a0l | hi.ch.af .the. first | .second
L7 1TIND €1 aro oS SRN o RLRLE Y AL e te B s hPoBRE oA
nobi | e term nahe¢, gichen shhelaawatiomby kintey atOalbdeatedesxhnively nospacs-acel ading
nmodes. in SQIH’E e[rtgvodi rrgnts vhere the allocated tin -frec&]enc.y -
resources ar &SI i i FISTEOR PEHIFREHEY FBEBHFE8LN TR SORLR Perigyett o plaslng
conpose PEOCEESHNY £4:97180 81T RERMY Sk Bidd @e bR leiRY Brod&d SLLAEY: the mobile

ti me-frequency zone according to a first recelver processing node and
processi ng sisgnahs apeteinsensiivitt feahs dHOHY prendetey ued bl 1tErfeddy sgeuendds 15

zone according, to a segond receiver processing, node, wherein, the. second
recei ver procobyl i PERE T eI SERLRE PGS AL HET by P ity e
processi ng mMgla HReLOME hanmeluskRtiBEf ©FeNG: SEGNRUSIhaREMddEhRC CHRING tO

one or nore MEMO transm ssion schenes differing fromthe first MEMO
transmi ssi on dwmding allocation map reflecting the downlink allocations is transmitted, as shown at

e

30 block 960, and data is transmitied to each user according to a space-time coding or

spatial multiplexing scheme, as appropriate,



hi several of the above enbodi nents, the nmethod may further conprise 20
allocating tinme-frequency resources in the one or nore additional

pr e- det erwDrzet/a3B4me- f r equency zones to one or nore nobi PETHB2OT)/NSS t hat
belong to the first group but are not allocated tinme-frequency resources
fromthe first pre-determned tine- freque;%_y zone. Thus, not all nobile
termnals schedul ed to use space-tine codéd transm ssions need be assigned
to the restricted space-tine-coding only zone. O course, no spatial 25
mul ti pl exi ng users should be assigned to the restricted zone. As discussed
in detail above, thighdughstheMiMDode adsoiisal ahoschene imbat fempBlyhdclsised on

di scussed abo e My COopprise a space- time codlgwptra sm ssion schene, such
as Al armout i FRyn %ﬁé* Pk EE R EHEINERE W Fn BIPS 81 e o eﬁ%\‘eB&Bng@g a
spati al mul t't%ﬁﬁé @%I}H@Q\s B]qgl%kﬁphéghe;% baQh {i'lh P FRLE M AR C}\?q fiodshg

met hods di scusse ove may further conprise e transm ssion o

br oadcast conte¢ibl allessagbe i mde cmumgietcha‘er ttheake radbvaipae- detzein mcﬁrédte\,ener
time- frquen% zone Coﬁir‘ﬁ‘ﬁ ond xcl usi. vel %/ 1o transm ssions accordl

the first SRR gﬂ‘s‘é'r'i CERBIEON AR OIS SYSEETE!C HHESHBFpT S’Lof

ti me- frequenGyede sk aadadi® shhfidd Eﬁxbocﬁlhﬁn&%f%ﬂz%&ntlh\@t:f)ﬂi ﬁﬁWQMﬁE&Re i's
coordi nated anong a first access point, comunicating with t first and
second groupsi @fiommlaethﬂemmnhar simahmk bm*iwwnme'ﬁﬁevghb@ mtﬁdn anmergéa in
points of the wr | e e

Phat co-chandel P Rer ub PGS Mg SR gt Mg e et i SR 7
or substanti akleyualy weéd bherdies ¢ hﬁhﬂd\ﬁm‘ﬁxmﬁtﬁﬁashbtﬁfbéﬁ}ﬁdwtqﬁk §@@g@ﬁdwm‘ﬁ0
coded si gnal s. it is possible to define a M MO schene based on

Al anout i @oduwswawwsé@na thp aeatbiad sorupmene.flor auleast barst vakedabing pagncpe
space-tine f 1,0 I.SG, ed ci t

art wll app?g%gt@l EQ tﬂa 5§ugﬁlﬁ)aq§p§é}g%f ?gjaﬁéﬁ?:%? 5?%-513%1520 Rt *lg{jl\g\%j

di versity codiargmosionysthehs aad (aelsfcamén_tma‘l;r eﬁuecmlye teoneal s(ﬁuhﬁﬁm’du&!’ &) tlef an
Ot hogonal Fr equencXMD vi si on Ml signal, rather than the
coding of ti rec A MEMA U YRR e'éi‘?s H:%‘B%‘\?@%‘?P%dﬁﬁ‘é’&-‘te\é‘h"ﬂ‘%‘ﬁ”e‘
Equation (3) de&@m‘it@d%nﬁ@%& u&}@? xHﬁ@E@h’is@@ ¥ GERIUBE ttIangﬁst BaLbnSHER the first
space- f requency- coded si gné 5 presence of |ike interferers,

woul d be t&n spage- mnfequ!ﬂecmm mrerﬁ*sememe rcmuaxetsl @n oummb] Mg f(c@ﬁid%@} pre-
receiver, Accgl d % L sone enbodi ments of the inventio

terminal 5 to TRy ERBGE TRy T BHaRe &1 gtk STl Sainaly wodhn fa gy may
be assigned %&L}'w&r(\j@{y to a restricted zone, while nobile term nals using
other M MO schenes are assigned to other zones_ :Likew se:, nobile

terninal s capabl e lofsousi ¢ighodamegs,.Sp| mzpb@c@smnwgdmébmy e aldenatedgitred t o
e et vl RSt BRSO DRSS LR A BT
the art wol | {LABOYRINERIscOiraGOURER, dahat mbbige ams@&t in thiVeatdng ne@zﬁm dups

carried out in other, ways than those specifically set faorth herein w thout
departi ng using the furst and second MIMO transmmssion schenies, vespectively. In some of these
embodiments, the method further comprises wdentifving a subset of the first group of
mobile termunals capable of selecting between two or wmore receiver modes for
processing transmissions according to the first MIMO transmission scheme, so that
25  allocating time~frequency resources in the first pre-detenmined time-frequency zone
exclusively to mobile terminals belonging to the first group comprises prioritizing
allocations of time-frequency resources in the first pre-determined time-frequency zone
to mobile terminals in the identified subset. In some of these embodiments, this subset
of the first group of mwobile terminals may be identified by receiving a terminal
30 capabality message from each of one more mobile ternunals of the subset, each ternunal

capability message indicating that the corresponding mobile terminal is capable of



25 fromessential characteristics of the invention. The present enbodi nents
are .thus to be considered in all respects as illustrative and not
restrictiwe,20amad34il , changes comng within the nmeani ngrPamdBEgUdsadsency
range of the appended clains are intended to be enbraced .therein. CLAI M
1. A method. of .allocating tinme-frequency,_ éesources to mobile termnals in
a W reless communi cati ons systemin which+allocated tinme-frequency
.resources may be selectively used according to a first multiple-input
rrul tiple-output (M M) transm ssion schene or a second M MO transm ssi on
scheme that difebengsbémanm tie of hfosd réctiver Inoll fo parerdiss tiamnsshieneccbideng
nmet hod conpri si ngb for | east .a first scheduling Mstance:
i denti fying dOfheist W%tfﬁfbnﬁb‘iﬂ?q%‘f’ékm nal s corresponding to the first

. M MO 10 transm ssi,08,:8¢ @‘Eg)%dmt@ ﬁ%&%@ﬁxwgﬂféuﬁm‘?%ﬁo%c'oﬁdts%ﬂm”%k Smabile

correspondi ng to the second M MO transni s§i on schene; ocat 1 ng
ti me- f r equenaymieals tincd®caimyatht ﬁnshhpif Begetey msnedet coreprisee gleentyng omeor
excl usively to m)bllgterm' the first grou

e

n t nd
o ocat | G t IR TPR ke T B e BE TR HeBie B g b Gt mro e Todes for

pre-determ ”%o%hhﬁﬁriﬁsﬁww(}%&%ﬁ [0y tﬁ@eh@tr \@Pﬁ@ ﬂ'@x%ﬂz%aé&%ﬁh‘?ﬁé Sand
bel onging to the second group. 7.The nmethod of claim1, wherein the

al l ocated ti n@é*émeaueﬁtgw‘ tnhes‘uunte@rfad@lﬂudr@wwmwﬂe rplpis- tfzmq@emwtrfe@bwtes

the method furth CONMprl Si,r n ng.,data t o .nobi nal s.
rst and s grauRe torfgthEE Thish' SoatehBymanemts SotRiTLpRsf
schemes, res nes@xil%e\k ¥ suppdite HBkdrQeofncCloadath ZiobiiynEReRaICONDE &l AGilability
i denti fy| ng a subset of the first group of nobile terni nal s capabl e of

sel ect i ngPbetaldntwapy reeredpiesver 8kdiver nodes for processing transm ssions
according to the fi,ral, .MM, h@rﬁ?%sﬁ' f0 aﬁ& ?&Pﬂm@? qaéhg"ih%ﬁ;?em A Lagati ng

time-frequency resources int et erm ne requency one
excl usivel y tionevibipheacy efqmuma»i shmlemngmg fuohdrhenirins progeaing sipnpriadsed
prioritizing allocation ti me-frequency resources in the first

pr e- det er mi néB e He! pret HE’;ﬁdz‘b‘H% f’tesu‘?ﬁfiﬁlzP%e REPHIRAIS? fiFt L3R8Tl BICR T

subset . mode and processing signals received in the second pre-determined time-frequency

15 zone according to a second receiver processing mode, wherein the second recetver
processing mode is less sensitive than the first recerver processing mode to co~channel
nterfering signals transmitted according to one or more MIMQ transmission schemes
differing from the first MIMO wansmission scheme.

In several of the above embodiments, the method may further comprise

20  allocating pe-frequency resources in the one or more additional pre-determined time-
frequency zones to one or more mobile termmals that belong to the first group but are
not altocated time-frequency resources from the first pre-determuned time-frequency
zone. Thus, not all mobile {erminals scheduled to use space-time coded transmissions
need be assigned to the restricted space-time-coding only zone. Of course, no spatial

25  multiplexing nsers should be assigned to the restricted zone. As discussed in detail
above, the first MIMO transmission scheme of the methods discussed above may
comprise a space-tine coding transmussion scheme, such as Alamouti coding, while the
second MIMO transmission scheme comprises a spatial multiplexing transmission
scheme.

30 In some systems, any of the methods discussed above may further comprise the
transmission of a broadcast control message indicating that the first pre-determined

time~{requency zone comresponds exclusively to transmissions according to the first



304. The nethod of claim3, wherein identifying a subset of the first group
of nobile termnals conprises receiving a termnal capability nessage from
each of owe©20r1/a3847@¢ nobile term nals of the subset, eaclrCraBmiora34198
capability message indicating, th.at the -28- corresponding nobile
termnal is capable of selecting between {wo or nore receiver nodes for
processi ng transm ssions according to the“first M MO transm ssi on schene.
5. The method of claim2, wherein identifying the first and second groups
of nobile term nals conprises: identifying one or nore nobile

term nal s capgbli€&) u@fmﬁﬁixe@tqmmbet e ennfeneysesmayothe megehy erf indeseuoncy
processing transm ssions_ according. to the first M I\/Dtra(ﬂﬁm Ssi on scheme

and assi gni ngC¥RERS 8F TS RR-GFCTBRY HHETICRBREY VRS FOROTHBYHFY &MOBE & 'HAY
Lo the 10 1 Idte0did SOANGALRIDSRY LA Er MNERHIMILER AmblIR Ehhibhisalfl

second . M MO transm ssi on schenmes w support a hi gher data rate to each
nobile term nnﬂe,orghmemetdhbom.ahdcam paibty odfthd weekwoconmmicationessiewer lmmbdes .

6. The net.hod of .cl a| {glgn t he al Iiocat d ti“n_e-(ﬁ uenc) {)esources
are 15 upPi nK"®% - e&ué‘h‘&‘{f OUFeeE ™Y NE T e I P" é’b@ PN g™se

processi ng signahs ih 80k \@sknfafiP el by &x%treﬁﬁ@ttﬁi%&r Acnadisdd t’ﬂ%&pﬁ&@ﬁkﬂ@@@&dzone
according to a first receiver processing node and processing signals

received in tbitﬁemé-econd pre-determned time- f requency zone accor d| ng to a
second recei ver cesslﬂ r ﬂ - V\/n,griw 3 ‘?co | ‘t\g cel ver. p n € SSS@HI’EI‘
mode is |ess sen5| Vet ﬁg‘nu ol 2 Fid eE“l"\}ér erodes ‘mgmn‘b?i é’( apgene
20channel i nt\@ﬁb@ﬁﬂﬂ@ﬂ@d gradaBibh aRe tHaehagres-dhRJortda@RediosussRy @ JaMO
transmi ssion schenes differing fromthe first .MN O transni ssion scheme.
10 above. Those skilled in ¥ %e art will appreciate that such a space-frequency tormulation
would involve diversity cading of symbols on adjacent frequency tones (subcarriers) of
an Orthogonal Frequency-Diviston Multiplexing (OFDM) signal, rather than the coding
of time-adjacent symbols as discussed above i connection with Equation (3). In this
case, the preferred receiver to detect such space-frequencv-coded signals, m the
15 presence of like interferers, woukl be an space-frequency interference rejection
combimng {SFIRC) receiver.  Accordingly, in some embodiments of the invention,
mobile rerminals to which space-frequency coded signals are being transmitted may be
assigned exclusively to a restricted zone, while mobile ternunals using other MIMO
schemes are assigned o other zones. Likewise, mobile terminals capable of using a
20 SFIRC processing mode may be configured to selectively use the SFIRC processing
mode when allocated to a restricted zoune, and to use another processing mode
otherwise.
Those skilled m the art will recognize, of course, that the present invention may
be carnied out in other ways than those specifically set forth herein without depanting
25 from essential characteristics of the invention. The present embodiments are thus to be
considered in all respects as illustrative and not restrictive, and all changes coming
within the meaning and equivalency range of the appended claims are intended to be

embraced therein.



7_The nethod of claim1, further conprising allocating time-frequency
resour ces in the one or nore additional pre-determ ned tinme-frequency
zones to wWAeowosyre 25nobile term nals that bel ong to POE/IBLG10/83419% oup
are not allocated time-frequency resources fromthe first pre-determ ned
tinme-frequency zone. 8.The nmethod of claim!. wherein the first MNIO
transm ssi on schene conprises a space:tinme coding transm ssion sche
and the second M MO transmi ssion schene 30conprises a spatial nultiplexi

but

me
ng

transm ssion schene_ WO 2011/ 033474PCT/ 1B2010/ 054198 9, The net hod of claim

1, wherein thHe AINMSt Nil | MO transm ssion schene conprises a
space-frequency codi ng transm ssion schene. 10. The nethod of claim. 1"
further conprising transmtting a broadcast control nessage indicating t
the first prey det e(higgy rRidhBAl HYRAQRRCE ALERRONGSENE! UShfighy of &
transm ssions according to the first transm ssi on sc

met hod of cl aimeldss dounmhmatmosrp}'%sn ng udmjr ailmateringne—heqmppuergua:bs marvebe

hat

f requenc reso to the first pre-determ n: ng a
1 rot 10" SaccBletpar sk aiiigat g vith ‘PHEPKPEY i EBeoneron SURLTor

rmbl l e term nadnSmisdRe sONenosr J@E&xd"eﬂ PR NG RGLRESMPOI nttﬁathzﬁ&ﬁ%‘mm thc
'wirel ess communication system so that co-channel interfering nal s

t he nei ghbor ifngt Hé¥ebsapolinte sipmal the sretiiybsnamisingl foy aaldastof f“t‘»h hetplete
pre-determ ned tArre frequency zone, are limted to signals transmtted
according to PH&First M N O schene.

identifying a first group of mobile terminals corresponding to the first MIMO
10 transmussion scheme and a second group of mobile ternvinals corresponding to the
second MIMO transmission scheme;
allocating time~frequency resources in a fisst pre~-determined time-frequency
zang exclusively to mobile terminals belonging 10 the first group; and
allocating time-~frequency resources i one or more additional pre-determined

15 tme-frequency zones 1o one or more mobile texmmals belonging to the second group.

2. The method of claim I, wherein the allocated time-frequency resources are
downlink time-frequency resources, the method further comprising transmitting data to
mobile terminals in the first and second groups using the first and second MIMO

20 transmussion schemwes, respectively,

3. The method of clann 2, further compnising identifving a subset of the first group
of mobile terminals capable of selecting between two or more receiver modes for
processing transmissions according to the first MIMO transmission scheme, and
25 wherein allocating time-frequency resources in the first pre-determined time-frequency
zone exclusively to mobile termunals belonging to the first group comprises priovitizing
allocations of time-frequency resources in the first pre-determined time-frequency zone

to mobile terminals in the identified subset.

30 4 The method of claum 3, wherein identifying a subset of the first group of mobile
terminals comprises receiving a terminal capability message from each of one or more

mobile terminals of the subset, each termunal capabiity message mdicating that the

from



15 2A .wireless access point for use in a wireless comuni cati ons systemin
whi ch allocated .tinme-frequency resources nmay be sel ectively used accordi ng
to a firswornldaspd7e-i nput nul ti pl e-out put (M NAO) transRCTABZNO/BRIMETE Or a
second INII MO transm ssion schene that differs fromthe first MNIO

transm ssion schene, the access 20 point_gonprising two or nore antennas,
a transmtter section, a receiver section”and a scheduling unit
operatively connected to the transmtter section and receiver section and
configured to, for at least a first scheduling instance: identify a
first group abrepbinkiset@ohilnansimdis egpoRdiihgldeant hesfdenstvoMiNRore receiver
transm ssion schene and a second group of nobile termnals corresponding to
the 25 secondMeW T RIGHSHIE SRBHISEARmEcording to thy figE iHR1Q pavsnpipgefuehese:
resources in a first pre-determ ned tine-frequency zone exclusively to
nmobile term nals belonging to the first group; and al | ocate

ti me-frequency resdur ceswilmfodeinor, ndreesiaddésttifomal thp festdatde saong diroups  of
tinme-freq ency ;zpnes ta one ar nore mobil e term nal s belonging to the
second gr Gup.MORUeISTHRAS GERTRESS access point of claim 12, wherein the

al l ocated tine-frqgupmeie RS HNEES 1AdlcdeMhAR kapdi® of EQQURBDENEQFONLES
and wherein the transnitter section is configured to selectrvely transmt
data via the mus treivor enaiit eonayoastivg dirngmisengi aierdinghao fihe stirsprMEdond
NEMO transm ssion.schenes, the wreless access point further conprising a
control unit FONFFGIPSE Y #Pdnsnit data to nobile terminals in the first
and second groups,asageiaL dhitgof tetde @lhogati@trdceer-ibaduaitely 1HRHOME 68 She
using the first and second MD 10 transmi ssion schenes, respectively. 14.The
wi rel ess ccdyst gad neced @repnn BB, deiprareing whishsehabil frplg 2o weoped NP Rer

transimussion schemes will support a higher data rate to cach mobile ternunal, given the

availability of the two or more receiver maodes.

6. The method of claim 1. wherein the allocated time-frequency resources are
15 uplink tme-frequency resources, the method further comprising processing signals
received in the first pre-determined time~-frequency zone according to a first receiver
processing mode and processing signals received in the second pre-determined time-
frequency zone according o a second receiver processing mode, wherewn the second
receiver processing mode i3 less sensitive than the first receiver processing mode 10 co-
20 chanuel interfering signals transnutted according to one or more MIMO transmission

schemes differmng from the first MIMO transmission scheme.

7. The method of claim 1, farther comprising allocating time-frequency resources
m the one or more additional pre-determined time-frequency zones to one or more
25  mobile terminals that belong to the first group but are not allocated time-frequency

resources from the first pre-determined time-frequency zone.

8. The method of claim 1, wherein the first MIMO transmission scheme comprises
a space-time coding transnussion scheme and the second MIMO transmission scheme

30 comprises a spatial muluplexing transmission scheme.



10 configured to identify a subset of the first group of nobile term nals
capabl e of selecting between two or nore receiver nodes for processing
transm sswong1iassoadi ng to the first M MO transm ssi on PCHARW1GNTI1980
prioritize allocations of tinme-frequency resources in the first
pre-determined time-frequency zone to nobile terminals in the identified
subset. 15 5. The wirel ess access point of=cClaim 14, wherein the scheduling
unit is configured to identify the subset of the first group of nobile
termnals by receiving a term nal capability nessage fromeach of one or
more nobi | e téer m ridlesnahod hecisiabsebhervinahd fist MISHD wensisiedbt sthengaohprises
termnal capability nessage_ i ndicating that the correspondi ng 20mbile
termnal is c”‘ai?é?ﬂ%”éﬁ”}sfet%t‘éfH@)“%@?Wébﬁ W6 or nore receiver processing.
nodes for processing transm ssions according to the first MMO transm ssion
schene. 16. The wirel ess access paint of claim 13, wherein the scheduling,
unit is lint ¥ coifd guthed dlocla@bilddmtbdycooneisony tmtqmi‘nmlgi § &rtaglemst mahsol
capabl e of. sel ectin ﬁwet,wee Iwo ar nore receiver rocessin

Cr hnam sePondhaetty diG S Phe th Pt Biercrrmore HRETeRrin Eifare Rt
assi gn each QchigRNE t@(}wfﬁ@(i@ﬂ@&@b&i’i]@cﬁ'tt{@ftrsmﬂﬁ'{@ﬂﬁﬂn%&%@t{ finemks to the
first and second groups by deternmining ss.th of first and second

M MO transmi ssion 30schenes will support a h| gher data rate to each nobile
termnal, gi van t hﬁmat\{u?tlhlng %It lc\ath% {, further comprising coordinating the mapping of time-
frequency resources to the first pre-determined time-frequency zone among a first
10 access pomt, communicating with the first and second groups of mobile terminals, and
one or more neighboring access points of the wireless communication systeny, so that
co~channe! interfering signals from the neighboring access points, in all or substantially
all of the first pre-determined time-frequency zone, are Himited 10 signals transmitted
according to the first MIMO scheme.
15
120 A wireless access point for use i a wireless commumcations system in whicht
atlocated time-frequency resources may be selectively used according to a first
multiple-input multiple-cutput (MIMO) transnission scheme or a second MIMO
transmission scheme that differs from the first MIMO transmission scheme, the access
20 point comprising two OF more antennas, 8 transnutier section, a recetver section, and a
scheduling wmit operatively connected to the transmitter section and receiver section
andd configured to, for at least a first scheduling instance:
identify a first group of mobile ternunals corresponding to the first MIMO
transmission scheme and a second group of mobile terminals corvesponding to the
25 second MIMO wransmission scheme;
allocate tune-frequency resources i a first pre-deternuned time-frequency zone
exclusively to mobile terminals belonging to the first group; and
allocate time-frequency resources in one of more additional pre-determined
time-frequency zones to one or more mobile terminals belonging to the second group.
30



of the two or nore receiver nodes. WO 2011/033474PCT/ 1B2010/ 054198 17. The
W reless access point of Caim12, wherein the allocated tinme-frequency
resour ceswanre1wnsBizak ti me-frequency resources, wherei n PA@/IBEO@DIAe98 secti on
is configured to selectively process received signals transmtted accordi ng
to the first M MO transm ssion schene usi ng either a first receiver

processi ng node or a second receiver proceéssing node that is |ess sensitive
than the first receiver processing node to co-channel interfering signals
transmtted according to one or MON M MO transm ssion schenes differing
fromthe firsi3. M NDet wankrd sieonpsiohefejaimnil, wierehnhé¢ hotagbtiverfre@etdyon
is configured to process received signals in the first pre-determ ned zone
usi ng excl usiVEIHAE fE PRk rees AT i 6@@3@?%@‘“}7‘68@““1 © FITHBINGT Foehps §

access poi nt 59411181'1@3 YRBL&IBI NG ANEHNL S AW dr th&re bl Q’%t a&.@&% dﬂg(H @fled O

all ocate time-frequency .resources in the one or nore a I onal "pie
det erm ned tlthe-fﬁsteqmeemyd 2dind§} tralmmeﬂm sntmncaz%rrdtﬁ heretoss mboak spotmaﬁﬂmhm ong
to the flrst ut are, not al ted time- requeﬂ&%/ reso romﬁt

&

first preddet B Ring MesP LRt ol 1S atit dih FIRERTY bRl if Sty ne

of claim12, JhefelBufdecdhdins t@ﬂictcﬂﬁ-&ﬁ% ﬁﬁic%cﬁ&'i@m%sfﬁ@éﬁ%r USRS @ first and
space-tine coding transm ssi on scheme and the second M MO transm ssi on

schene conpr issesnddMEYar iraismmgion phearesntpspedinslyi ssi on scheme. 20 20. The
Wi rel ess access point of claim12, wherein the first M) transm ssion
scheme conprises a space-frequency coding transm ssion scheme. The wireless

access point of clBiemvkdlesd srcbBepoitOrPElih NG, ¥he@M Rl scfddlindSutORf fuglised
to transnmit a broadcast control nessage, using the transnmtter section

i ndi catif§ t rantigwed fipridenigies debwi minde FhareeqliamndyieZeHainglr ravahlgnes
exclusively tQ LaNFRLRSH QDS oPGGRL HlBfef Roblerch 1t S ks NEMA AL AR HSRERing

schene.
to the first MIMO transmission scheme and to prionitize allocations of time-frequency

resources in the first pre-determined time-freguency zone 10 mobile ternunals in the
wdentified subset.
15
1S, The wireless access point of claim 14, wherein the schedoling wut is configured
to dentify the subset of the first group of mobile terminals by receiving a terminal
capability message from each of one or more mobile terminals of the subset, via the
receiver section, each terminal capability message mmdicating that the corresponding
20 mobile terminagl 15 capable of selecting between two or more receiver processing modes

for processing transmissions according to the first MIMO transmission scheme.

16, The wireless access point of claim 13, wherein the scheduling wat 18 futher
configured to:

25 wlentify one or more mobile terminals capable of selecting between two or more
receiver modes for processing transmissions according to the first MIMO transmission
scheme; and

assign each of the one or more dual-receiver-mode mobile termunals to the first
and second groups by determining which of the first and second MIMO transmission

30 schemes will support a lngher data rate to each mobile terminal, given the avalability

of the two or more receiver mades.



27. The wrel ess access point of claim12, wherein the scheduling unit is
further 30 configured to coordinate the mappi ng of tine-frequency resources
to the fiwetopvisster m ned ti ne-frequency zone anong th@CTiIBaK0/6BEESSS poi nt
and one or nore nei ghboring access points of the wirel ess conmuni cation
system so that co-channel interfering sggnal s fromthe neighboring access
points, in all or substantially all of the!first pre-determ ned

ti me-frequency zone, are limted to signals transmtted according to the
first MMO schene. 23. A nethod in a wireless nobile termnal for

processi ng redei verhedatralety ansm phiad ob)thaﬁ g odsseipahaliaceal diedgrd@ency
first multiple-input nultjple-output (M transgjelssl opc schenme, the nethod

conpr i si ng, | FE1ONEES | s Pkl [ iss- g tfﬁaufi»wst& gin the recqiTepstiPng
whet her Lhe RRfilrel SHMRNANNARE Blel\08 GRS RMNIRE b (ol SHURD st

resources in a. restricted requency zone t IS exc usive to
downl i nk 10t rdiRgmi B&monsmacmimxﬂe mgmgcmtﬁxhxea ﬁnmstcehﬁel\/[ﬁubu%aﬂmmwe @n asehenrke' |
processing signals received i he .al | ocat ed
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time-frequency-diaseyr %ﬁ@lf@ﬂ@r | fAordalle RSkt %‘éaérﬁﬁ%‘ fih eapengy r%@z'%e ando
otherwi se processing signals received in the allocated downlink

tinme- frequendwnﬁr@mwn@elsnrmdbif@nmgﬁ@m the i;e@éﬁéﬂfpru@wswswmg sdsmrpais! wihtremei n
t he second prpces ensitive th

o co- channel o FRErPerTRg” S GRUEL IR e ARy PShuPRBeER iR -

transni ssi on gabafeg dkdihtdipehe fometeerfrsebsiMd Mogs r ansm ssi on schene.
24. The method of claim 23, wherein the first MM transm ssi on schene 20

conpri sest¥a space-time coding transm ssion scherre and the second M| MO

Lransni ssi on cheng, CONPLISES A SAA bALi I b! RREXDG LADRIALSHHON ruffler The

nmet hod of cl aim 24, erern Irst processi ng m) e conp
spat i ot enpor alonfigtved fterdhcae riehedigomee onfrivnien gn (the Ry ﬁfﬁﬁl@fﬁ/&iﬂdlmﬁﬁ,p!‘éﬂ
whi ch spati al and . 25 tenpor al properties of |nterfﬁ i_n .signal are used to

char act er i ze ICHEBIIRE BREECHEICHEO8FHIPE Pelara, Babils rRgaly (g Selens &M i nk

ti me-frequengy.f tﬂ%f?}%’f:«&%e n8d) ()U?@d $@;€e0£?9?u@fi&e€e§baﬂt§'ﬁmm&1?ixRP L& shifed
receiver .node ih which tenporal properties ‘of interfering signals are not

used to dﬁar doveficgentheotat erf erence. WO 2011/ 033474PCT/ 1B2010/ 054198

19, The wireless access point of claim 12, wherein the first MIMO transmission
scheme comprises a space-time coding transmssion scheme and the second MIMO
transmission scheme comprises a spatial multiplexing transmission scheme.

20
20, The wireless access point of claim 12, wherein the furst MIMO transmission

scheme comprises a space-frequency coding transnussion scheme.

21, The wireless access point of claim 12, funther comprising a control unit
25  configured to transmit a broadcast control message, wsing the transmitter section,
indicating that the first pre-deternmuned time-frequency zone corresponds exclusively to

transmissions according to the first MIMO ransmission scheme.

22. The wireless access point of claim 12, wherein the scheduling unit is further
30 configured to coovdinate the mapping of tme-frequency resources to the first pre-
determined time-frequency zong among the first access poimt and one or more

neighboring access points of the wireless communication system, so that co-channel



27. The nethod of claim 23, wherein determ ning whether the nobile term nal
has been all ocated downlink tine-frequency resources in the restricted

ti me-frequionoln/wstie conpri ses detecting an assi gned ti mPCTABZI@NBIYIZ ONe
froma downlink allocation map transmtted by the access point, and
conparing the assigned tine-frequency zong to a pre-configured zone
identifier corresponding to the restricted>ti me- frequency zone and stored
in menory of the nobile term nal. 28. The nmethod of claim 23, wherein
determ ning whether the nobile term nal has been allocated downlink

ti me-f r equendyicriesos siges!s ifront He weadthoting ackekd painfst anaiencysirenaailOeidmprlicses:
receiving a cpntrol nmessage. transmtted by the access point, the control
nmessage conprPéﬁWb‘%H“W&é ﬁﬂWtéﬁWﬁ@FVﬁﬁ@fﬁ@%ﬁﬁ?%@é85ﬁﬁﬁ%‘%W@&Uéﬁd&L%€H€
detecting ant@§§gg@pg”gkg§ﬂéﬁ@quency zone froma downlink allocation map
transmtted by the access point; and 15conparing the assigned

time- frequency zone to the identifier for the restricted tinme-frequency
zone. q met od¥of cl ai n“23 fug % r|S|n tran%ﬁ

t enni naI @apa:bu || ty“ﬁéé‘%‘aaé“?‘& FHeeR és%“’ PPOPREmE BTG émc%%amﬂmdty
message i ndi gt ixRgadcb@t phhie &QQ&ﬁ@rQQt@rﬁ&@@thﬁkQ@ﬁﬁbﬁ@tQﬂc%ﬁhﬁ@RNﬂQKN
bet ween two or. nore receiver nodes processi ng. transm ssions according
to the first tMnNIﬂ(»}uwsaimsmﬂ $fyi oethed hferrremmgom aqhenshetino schofluiglginmena;
further conprisi

mde based at 1 eadic TR o iheT S SaESErRRTO R R tigebiod S SEne”

ti me- f r equenGye@ens; redfdces in a rdsfr RSN EIRGudRy LDA: AGE S exPIiY rAdMKER
node request nessage |dent|f ? the\éiprefened MD 10 transm ssion node.
31. The Bt hotRnsssEIons Ao mm 8 st AN ttTangmisHen sl red M 1\ 40

transmi ssi.on 30 mge.nanedial b easlca ) RANGARY AR RLE RN elent esources

restricted time-frequency Zone conprises estina
si gnal -t o- i ntetddingnoa-fpsiusedeaiiag niodt iiothe ahamemaiw\adnmn@mﬁ&41ha&efésmnc&dﬁe
availability of .the FESUIﬁted {i me-frequency zone.
are in the restricted time-frequency zone and otherwise processing signals received in
the allocated downlmk time-frequency resources according to a second processing
15 mode, wherein the second processing mode is less sensitive than the first processing
mode 10 co-~channel interfening signals transmitted according to a second MIMO

transmission scheme differing from the first MIMO transmission scheme.

24, The method of claim 23, wherein the first MIMO transmission scheme
20 comprises @ space-time coding  transmission scheme and the second MIMO

transmuission scheme comprises a spatial multiplexing transmission scheme.

25, 'The method of claim 24, wherein the first processing mode comprises a spatio-
temporal interference rejection combining (IRC) receiver mode, in which spatial and
25 temporal properties of interfering signals are used to charactenze interference to the
signals received in the allocated downlink time-frequency resources, and the second
processing mode comprises a receiver mode in which temporal properties of interfering

signals are not used to characterize the mterference.

30 286 The method of clum 23, wherein the first MIMQO wansoussion scheme

comprises a space-frequency coding transmission scheme.



- 34- 32. Awireless .mobile .term nal conprising: a receiver
circuit configured to selectively operate in either a. first or second
processi yorod&3s4m processi ng recei ved data transm tt e®CHBzN0/BRBIELSS poi nt
according to a first nultiple-input nultiple-output (MMD) transm ssion
schenme, wherein the second processing node,is | ess sensitive than the first
processi ng node to co-channel interfering'signals transnitted according to
a second M MO transm ssion schenme differing fromthe first M MO

transm ssion schene; and a control circuit configured to:. determ ne

whet her the mobi | eflfcanathodbt biagn R8ewhallodasadnidgwietink tkOmbbit: feramabhey
resources in a restricted tj frequency zone that is exclu5|ve to downl i nk
transm ssi ons*¢8@ & ‘P‘d‘?% Q“éﬂ‘t“ﬂgmf‘i QUM P eI e B tRs freggey zone

control the r }iﬁh MEJ dGbYI "R%U%[pﬁﬁ@%e?;h&ﬁ‘%l &nﬁ?ﬁﬁ& ¥ elwhilnk R8odkbRGRIS

downl i nk time-frequency reésourcés according to t | ust processing no i f

t he al | ocat edraberwitedriky ﬁle reedsE @qunenoyl mmqmung;dse ausaned tm‘ma%cgﬁsnw piredota ne-

15frequen zone and ot herw se. gr ocessi ng sig al s recgl ved.in the all ociat ed
E ’ﬁ
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33. The wi relﬁggd [}:p‘lghlng;\t&rtm Rabii@ferghial M 32 wherein the first MM
transm ssi on schene corrpr| ses a space-tine cod| ng transm ssion schene and

the second M MO 20transm ssi on schene conprises a spatial multiplexing

transm ssi on sche e.term erein
the Tirat prossssi T Mt EbRabh o3 FRBeER s PpRp S aRler Pl BpRUpal B
rejection corbnbing: a(ddR@)»\ R einvefreRESy rebfuridl i ihSRalrcall (Bnd it @igor abdne
properties of interfering signals are used to characterize 25 interference
to the si'§nalemmeseived in the allocated downlink timne-frequency

resources,. and t hr&eﬁxexﬁs"1@09&&%@&%&%@?&%&%@5& a&Rs S difa® te g%ﬁtrﬁqﬁ%b‘u%

whi ch terrporal correlatron propert erfering signals are no
t o char act er ienprbmigiantiéedfdiee g ehe restricied time-~frequency zone;

detecting an assigned time-frequency zone from a downlink allocation map
transmitted by the access point; and
15 comparing the assigned time-frequency zone 1o the identifier for the restricted

time-frequency zone,

29, The method of clamm 23, turther comprising transmutting a ternunal capability
message to the access pmintﬁ the terminal capability message mdicating that the mobile
20 terminal is capable of selecting between two or more recetver modes for processing

transnussions according to the fost MIMO transmussion scheme.

30.  The method of claim 23, further comprising:
selecting a preferred MIMO transmission mode based at least in part on the

256 presence of the restricted time-frequency zone; and
transmitting to the access pomnt a MIMO mode request message identifying the

preferred MIMO transmission mode.

31, The method of claim 30, whersin selecting the preferred MIMO transmission
30 mode based at least in part on the presence of the restricted time-frequency zone
comprises estimating a signal-to-interference-plus-noise ratio for received signals based

on the availability of the restricted time-frequency zone.



35, The wireless nobile termnal of claim32, wherein the first 1\4I MO
transm ssi on 30schene conprises a space-frequency codi ng transm ssion
schenme_ WB20113834The wirel ess nobile term nal of clai m BRT/IBR0ao/e34m98 he
control circuit is configured to determ ne whether the nobile term nal has
been al |l ocated downlink time-frequency reggurces in the restricted

ti me-frequency zone by detecting an assignéd tine- frequency zone froma
downlink allocation map transmtted by the access point, and conparing the
assigned time-frequency zone to a pre-configured zone identi fier
correspondi N2 o thevirekst miobliecrigk chmpauiency zone and stored in nenory of
the nmobile term nal 37.. The wirel ess bile term nal of claim 32,

wherei n the cont r ¢ FECPRBILFFCYIscai Bt 10gTReE VEls RSTass i SERSTHR FiRd ot Fheond

.obil e term @&‘ﬁaﬁé rf’ma;lslj(@&@ﬁl@%&@x‘%ldaptkn AdsiBadd l’:?\qMﬁ&CdéF]st;rﬁﬁ U E8RtdN

the restricted tine- requency zone : receiving a co message
transmtted by hxe,tanaiesé -ippiintng tt;heoctqmt r“dl\iﬁesr&mgmmmﬂpmhsmagx&aazein the
identifier for t restricted tinme-frequ enc

ecting an
assi gned ti meSf Bh‘c“‘?‘“%‘h P QRS AU ”éﬂ F‘GI:B’H‘" ﬁ“ﬁ’a‘ﬁﬂﬂ%{"r %h%‘i‘ﬁ“f‘?'ed

by the accessuppiAhg sﬁﬁﬂis tmmmﬁ&m@fdrﬂgwt ﬂ%eaa@%d}xﬂf‘%@I\H@”ﬁaﬂ»ﬁﬁﬁ&lﬁﬂﬁmcﬁﬁﬁe
to the identifier for the restricted tine-frequency zone.

W r el ess nobididenwy fipmahe bf5t Mféi@rtmsmrfmm hdemeonpr i sing a transm tter 20
circuit, wherein themg)ﬂ T ok, ¢ L}" U tJl |s configured to transmt a term nal
capablllty messagée' 0t o éé "ég SUEFHY, using the transmitter circuit, the

term nal capability nesgeggiiendihcati n}g, bRdtlc tbeniARbhiebtar pitnated Sowapabl e
of selectlng bet ween two or nore receiver nodes for processing
transm sdPons accdPBi-HEIEHCY FREORICES N MMEMDCIARRITISd Ry seiitahpl 1s oxclugee WoThe

wirel ess nobile tg{ ';anlﬂi\ rx%hﬁ#\.»ﬂbm ?%md\fmet %%;Fst‘%zz‘iﬂﬂﬁaz?sngé SIQgthEﬂ‘lll 'gid

further configured to select transm ssi on nod

| east in part on the pr@aemc&meo*écd;m dgiestind ghradse biopalf regueday m@mm@mﬁ to
transmt to the ac ? oint, using the transnmitter circuit, a MEMD node
request nessage | dﬁ?h‘{l‘i qngltzﬁﬁs Q;@fgleﬁgsefegﬁ»qlgﬁ, according 1o the first processing mode if the

alfocated downlink time-frequency vesources are in the restricted time-
15 frequency zone and otherwise processing signals received i the allocated

downlink time-~frequency resources according to the second processing mode.

33, The wireless mobile terminal of clatm 32, wherein the first MIMO transnussion
scheme comprises a space-time coding transmission scheme and the second MIMO

20 transmission scheme comprises a spatial multiplexing transnussion scheme.

34, The wireless mobile terminal of claim 33, wherein the first processing mode
comprises a spatio-temporal interference rejection combinmng (IRC) receiver mode, in
which spatial and temporal properties of interfering signals are used to characterize
25 nterference to the signals received in the allocated downlink time-frequency resources,
and the second processing mode comprises a receiver mode in which temporal
correlation properties of interfering signals are not used to characterize the interference.
35, The wireless mobile terminal of claim 32, wherein the first MIMO transmission

30 scheme comprises a space~frequency coding transmission scheme.



30 MM transm ssion node. -36- 40, The wreless nobile termnal of claim
39, wherein the control circuit is configured to select the preferred M MO
transm sswononmdad7based at | east in part on the presenc@CofiB2n@034e% ri ct ed
ti me-frequency zone by estimating a signal-tointerference-plus-noise ratio
for received signals based on the availability of the restricted

ti me-frequency zone and selecting the preférred M MO transni ssi on node
based on the estimated signal-to-interference-pl us-noise ratio.

36, The wireless mobile terminal of claim 32, wherem the control circuit i3
configured to determing whether the mobile terminal has been allocated downlink time-
frequency resources in the restricted time-freguency zoue by detecting an assigned
time-frequency zone from a downlink allocation map transmitted by the access point,
5  and comparing the assigned time-frequency zone to a pre-contigored zone identifier
corresponding to the restricted time-frequency zone and stored in memory of the

mobile terminal.

37 The wireless mobile terminal of claim 32, wherein the control circuit is
10 configured to determine whether the mobile terminal has been allocated downlink time-
frequency resources in the restricted time-frequency zone by:
receiving a control message transnutied by the access pont, the control message
comprising an identifier for the restricted time-frequency zone;
detecting an assigned time-frequency zone from a downlink allocation map
15 transmitted by the access point; and
comparing the assigned time-frequency zone to the identifier for the restnicted

time-frequency zone.

38, The wireless mobile terminal of claim 32, further comprising a transmitter
20 circuit, wheremn the control aircuir 15 configured to transmit a tevminal capability
message 1o the access point, using the transmitter cireutt, the termunal capability
message indicating that the mobile termunal 15 capable of selecting between two or
more recewver modes for processing transmissions according to the first MIMO
transmuission scheme,
25
39, The wireless mobile terminal of claim 32, wherein the control ciroust s further
conhigured to select a preferred MIMO transmission mode based at least in part on the
presence of the restricted time-frequency zone and o transmit to the access point,
using the wansmitter circuit, a MIMO mode request message dentifving the preferred

30 MIMO transmission mode.
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36.

40, The wireless mobile terminal of clamm 39, wherem the control circuit is
configured to select the preferred MIMO transmission mode based at least in part on
the presence of the reswricted tme-frequency zone by estimating a signal-to-
interference-plus-noise ratio for received signals based on the availability of the
5  restricted time-frequency zone and selecting the preferred MIMO transmission mode

based on the estimated signal-to-interference-plus-noise ratio.



