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SW TCHI NG W TH ADVANCED RECEI VERS TECHNI CAL FI ELD 5The present invention
relates generally to wirel ess comruni cati ons systens. and nore particularly
to techniques for allocating tinme-frequency resources in a wreless

communi cati ons where two or nore multipleyinput nultiple-output (M MO
transm ssion schenes are used sinultaneously. 10 BACKGROUND The | EEE
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Frequency- Di vi si on Dupl ex (FDD) depl oynents of the Othogonal Frequency
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of the standaf Pg‘élcd’épfw for Mobile WM AX arc focused on TD[) systens,
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transition gapsnlidsl&Sdchends LeREY §rlulidRMly. transition gaps (RTGs) to allow
for switching between transmt and receive directions. The 25 unlink and

downl i nk subfranes are in turn divided i nto subchannels, such that a

subehann c j articular nunber of OFDMA subcarriers (frequency
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15  structures for Time-Division Duplex (TDD) and Frequency-Division Duplex (FDD)
deployments of the Orthogonal Frequency Division Multiple Access (OFDMA)
physical (PHY) layer. Current developments of the standard as deployed for Mobile
WiMAX are focused on TDD systems, where the carrier is divided in time between the
downlink (DL) and the uplink (UL) directions.

20 In one possible deployment of the system as used by Mobile WiMAX, the
carrier can have a bandwidth of either 5 or 10 MHz. In either case, the frame duration
is five milliseconds, and is apportioned into downlink and uplink subframes that are
separated by transmit-receive transition gaps (TTGs) and receive-transmit transition
gaps (RTGs) to allow for switching between transmit and receive directions. The

25 uplink and downlink subframes are in turn divided into subchannels, such that a
subchannel comprises a particular number of OFDMA subcarriers (frequency
resources) over a “slot” comprising two or three OFDMA symbol times (time-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 Subcarriers (FUSC) zone, or an Adaptive Modulation
and Coding (AMC) zone. The IEEE 802.16-2005 standard also specifies the allocation

of time-frequency elements for pilot signals, again according to the zone type.



Several transmission formats are defined for Mbile WMAX. The sel ection of
a particular transmssion format is based on the signal processing
capabilities of the base station and the nobile station, as well as the
nunber of antennas depl oyed at each radi o, Anbong these transm ssion formats
are several nulti-antenna configurations gollectively known as Ml ti-I nput
Mul ti-Qutput (MM) nodes. These M MO nodes include a space-tine coding
node, using Al anouti coding, and a spatial multiplexing node. Mobi | e

W MAX al l ows users to effectively choose, the_ hest M MO nobde on the .
downl i nk, bet weengﬁ\Y eéﬁlotﬁﬁqsm&:%lﬂ’inrf;éméﬁﬂ agfiefingg ?‘?WP]PIE WiMYX. dhe selpetioguel

cal l'ed 10 dyRpafgieu thiniGion | [ 44,0 1 '

i ndicator (CQ) report w Egﬁlognﬂagg??%a%ageﬁgﬁtﬂﬁggéﬁ %@?%g@?%g%‘g?ﬁ%%{h\réaﬂ o]
(SINR) on t héasg. statioin| and khemabilebtatiom agsatiltas ding ndrhieerroflanteanast deployed abyach
indicate a M mode to .use on the, downlink, using, an.associ at ed._f ast

f eedback chaffté-. 8n%)§§eéestfaé’lsmm§| fggx@a{;e%retqewg]f matirantepna é?%fl‘llg‘{f%tém’_@n

t he downl & nk coltztingly b emia M mah @ Mul@iﬂgutghg(}mlﬁol) bR de€SPHEE MAIDAREddsONS
15in a DLMAP nessage transmitted near the beginning of each downlink frane.

It is well kisldetasnacetigerdingomodhaisingahkmonti codinghandelsppiaysultiplexing
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mul ti pl exi ng node, which represents a two-stream transm ssi on. S,
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f or m of nk. adaptation. Wth dynamic switching, different. users in the
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received data transmitted by an access point according to a M MO schene,

such as % spyecemsithan bedirkgwikerase degradedapesoraipeest e, for wxamplier 61 @594/ -
system conf '@;HG\?%%P%HM}& 195 301 2 ,nﬁq%gitﬂgnstulsopgr{edt rha?e of the transmission is
highest when P streams are transmitted. Rank adaptation is used in various systems,
such as the Long-Term Evolution (LTE) system developed by the 3™-Generation
Partnership Project (3GPP), as a capacity enhancing measure.
25 WiMAX supports a 2x2 Alamouti space-time coding scheme, which represents
a single-stream MIMO transmission. In addition, WiMAX supports a 2x2 spatial
multiplexing mode, which represents 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 transmission schemes at any given time.



10 invention, bandw dth allocations corresponding to Al anmouti (or other
space-tine coding) users are placed in a single separate zone that is
different fromthe nmandatory zone. In sonme enbodi nents, Al ainouti and
spatial nmultiplexing users are assigned to different zones. in sone of

t hese enbodi nents, these separate zones can be sized ahead of time, or
dynam cally, to accommopdate the nedi an expected concentrations of 15
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space- tlne codi nﬂ node or a spatial nultiplexing node is preferred.
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ability to use an advanced receiver for certain types of transmissions, such as the
Alamouti-IRC or STIRC receiver for Alamouti transmissions. In this way, the system
30  scheduler can determine 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.



Enbodi nents of the present invention further include nmethods for processing
received data transmtted by an access point according to a first MEMO
transm ssion 25 schenme (such as an Al anouti-codi ng schene), as well as
nmobil e termnals configured to carry out those nethods, An exenplary nethod
conprises, for at least a first scheduling.instance, detettoining whether
the nobile term nal has been all ocated downlink tine-frequency resources in
a restricted tinme-frequency zone that is exclusive to downlink.

transm ssions according to the first M MO transm ssion schene, 30
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THE DRA I gure strates an exenplary®wreless

system Fi guoea gatibl msltipaix@sy hbée ifpReferaie structure for a Vii MAX system
15Figure 3 illustrates the use of zones and zone switches in a downlink
subframe. Figure 40 FXeRlpat stethade aseaningl tpspms ph the 2abgye oteshmignssc Hwanel .

Figure 515 BfthRel A 301N 4 UShahiing idflaft i@ R el b S BF Btloute
gure 6 illustrates detalls of an exenplary ptrocessing circuit” according

to sone enbowrmentssconfespdndinigneeahkt fist MIMO transmission scheme and a second group of

15 mobile terminals corresponding to the second MIMO transmission scheme, allocating

time-frequency resources in a first pre-determined time-frequency zone exclusively to

mobile terminals belonging to the first group, and allocating time-frequency resources

in one or more additional pre-determined time-frequency zones to one or more mobile

terminals belonging to the second group. This method may be implemented in a base

20  station of a WiMAX system, for example. Other embodiments of the present invention

thus include a wireless access point configured to carry out the preceding method, and

variants thereof.

Embodiments of the present invention further include 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 carry out those methods. An exemplary method comprises, for at least a first

scheduling instance, determining 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 first MIMO transmission scheme,

30 processing signals received in the allocated downlink 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 received in



20Figure 7 illustrates an exenplary mapping of MN users to zones in a

"i MAX frane. Figure 8 illustrates anot her exenplary mapping of M MO
users to zones in a WNMAX frane. Frame 9 is a process flow
diagamillustrating an exenplary nmethod for 25allocating tinme-frequency
resources in a wreless system Figyre 10 is a process flow di agram
illustrating an exenplary nethod For processing resource allocation
"“inanimation in a nobile termnal. Figure Ii is adprocess fl ow ,
diagramillustrating a nethod for determning a MMD node. 30Figure 12 is a
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BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates an exemplary wireless communication system.
Figure 2 illustrates the TDD frame structure for a WiMAX system.
15 Figure 3 illustrates the use of zones and zone switches in a downlink subframe.
Figure 4 illustrates the channel paths in a 2-by-2 MIMO channel.
Figure 5 is a block diagram illustrating an exemplary mobile terminal.
Figure 6 illustrates details of an exemplary processing circuit according to some
embodiments of the invention.
20 Figure 7 illustrates an exemplary 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 illustrating an exemplary method for
25  allocating time-frequency resources in a wireless system.
Figure 10 is a process flow diagram illustrating an exemplary method for
processing resource allocation information in a mobile terminal.
Figure 11 is a process flow diagram illustrating a method for determining a
MIMO mode.

30 Figure 12 is a block diagram illustrating an exemplary base station.



16 130, which connects the access points 120 to private andlor public data
networ ks such as the Internet. Several aspects of the techniques described
herein are concentrated in the access points 120 (which are interchangeably
referred to as base stations herein) and nobile termnals 110 (which are

I'i kewi se interchangeably referred to as ngbile stations herein), and are
reflected in the ways that the air interface is configured, 20 As noted
above, the | EEE 802. 16- 2005 specification defines frame structures for Tine
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focused on TDD systems. In one possible deployment of a TDD system, the carrier can

have a bandwidth of 5 or 10 MHz. The frame duration 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 into subchannels composed of 28 subcarriers in frequency
spanning a slot of 2 OFDMA symbols. Each OFDMA symbol has 840 used subcarriers
(composed of data and pilots), as well as 184 guard subcarriers. Each downlink
30  subchannel reserves 4 of 28 subcarriers for pilot symbols. The downlink PUSC zone

contains 30 subchannels.



25 zone i s shown. The particul ar depl oynent of 1Vi MAX used is
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An exemplary TDD frame structure is illustrated in Fig. 2, including a 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 to bottom, as shown in Figure 2. Each downlink

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

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

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

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

30 An OFDMA subframe may include multiple zones (such as PUSC, FUSC,
PUSC with all subchannels, optional FUSC, AMC, TUSCI, and TUSC2). Time-

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



- 25 antenna configurations collectively known as Milti-Input Milti-CQutput
(M M) nodes. Cenerally, nodul ation synbols are transfornmed to generate the
transmtted signal S. and the received signal R nay be expressed as:

where El is the propagation channel response and ft nodels received noise,
in a 30M MO node, each of these terms is_g. vector or matrix quantity, as
explained in nore detail below -9- in the case of spati al

mul tiplexing with a 2x2 antenna system the transmtted signal S of
Equation (1) includes two different synbols so and sic, In this case,
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5 AMC zone is composed of 48 data subcarriers and 6 pilot subcarriers spread over 3
symbols. The 10 MHz carrier consisting of 864 used subcarriers and 160 guard
subcarriers in a single OFDMA symbol is divided into 48 subchannels. The subchannel
definition is identical for the downlink and uplink directions in 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 herein, the inventive
techniques disclosed herein 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 is illustrated in Figure 3, which pictures 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 is indicated by so-called zone switch information 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 transmission 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
deployed at each radio. Among these transmission formats are included several multi-

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

R=HS+n , §))
where H is the propagation channel response and n models received noise. In a
30 MIMO mode, each of these terms is a vector or matrix quantity, as explained in more

detail below.



The synbols being spatially nultiplexed can be generated froma single
coded 10 bl ock or fromtwo separate coded bl ocks, each coded bl ock feeding
one transmt antenna. These two net hods of spatial multiplexing are called
vertical and horizontal coding respectively. Anot her MEMO node may
be generally referred to as space-tine cqging. Wien Al anouti coding is used
in a 2x2 space-tinme coding system the received signal 15satisfies the
foll owi ng expression: (00 701 Oi. hop km .hO1lh1l where so and si iare t he
synbols transmtted over two OFDM I's, .and where si denotes conpl ex
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Equation (1) can be expanded as follows:

S T
n] Lkt Mmills

5  This equation is easily extended to more antennas. The channel response matrix H
includes complex channel coefficients for each of the antenna-to-antenna propagation
paths, as shown in Figure 4, where each of the transmit antennas 410 transmits signals
that are received by each of the receive 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:

h S0 81
[’00 ’01}[’!00 10} Y 3
no 11l Lhot Mmidl-s s
where sy and s; are the symbols transmitted over two OFDM symbols, and where

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

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

M-1

= Z (Amxk,m +ijJ’k,m) ’ )
m=0

where M=2 is the number of symbol periods over which the dispersive code operates,

and xg g + Vk,m> m = 1,2, 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

K-1 ~
ry =Zk=0szk+n , %)



Al -1 Sk(Anxin ./13n¥Ykyin(4) m=O where M2 is the ramaber of synbol periods
over which the dispersive code operates, and x+ jj;k,,n, m= 1,2, are the
symbol s being transmitted to user k over one subcarrier in two OFDVA
synbols using two transmt antennas. This | eads to the 25received signal
-10- where the relations (4, = 91(1 & Il 3(10 HO c .3(10Hk) 91(10 IlKk)

where the relations
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and

- vec(R(R))
| vee(3(R))

. [vec(tﬂ(n)):’
n=

vee(3(n))

X1 |

Xk, M
Yk,1

Zj =

| Vk,M |
+1 0] +1 0
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[0 +1J L} —1}
o & 0 1
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5 hold. The symbol ® denotes the Kronecker product of two matrices and the

o~

symbols®Rand I denote the real and imaginary parts of a complex number

respectively. The matrix C isrelatedto A and B as:

C=[a0--- ar 1 bo bM—l] » (8)
with
~ [Vec(‘B(Am)):l
T vec(I(A,,)) ©
b — vec(R(B,,))
| vee(3(B,,))

where the vec(.) operator rearranges the columns of the matrix as a single vector.
The index & in Equation (4) represents the &-th user in a cellular system. If the
index k=0 in Equation (4) denotes the desired signal and all other k’s represent

interferers, then the received signal and interference satisfies:



and 1 WO{ 3 (it n vec(c.ti(n)) it =vecc(3(1)).. 5 hold. The synbol &
denot es the Kroneeker product symnmholslli and 3 denote the real and

i mgi nary parts of a conplex nunber respectively. The matrix Cis related
to Aand B as: C=go ",a.vt bo(3) am _vec(3 (Am) vec(tR Am) %

ac(93(13 m)(9) -11-

rg =Goz +I+n

, 10
I+l~l=ZGka+fi (10)

when all interferers also use space-time coding,
As noted earlier, Mobile WiMAX allows users to choose the best MIMO mode
on the downlink, e.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
bandwidth in the DL-MAP message using this information.
It is well known that the rank of the transmission channel plays 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; i.e., if a MxN MIMO channel has rank P, then the
supported rate of the MXN MIMO transmission is highest when P streams are
15 transmitted. Generally, channels with higher SINR are better able to support multi-
stream transmission. Rank adaptation is used in systems such 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 transmission. Thus,
20  dynamic switching as used in Mobile WiMAX is capable of emulating a form of rank
adaptation. Dynamic 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
zone.
For both MIMO modes described, there are several receiver implementations
25  that are possible. One approach for processing received signals in a 2x2 MIMO system
is to use MMSE or the Interference Rejection Combining (IRC) receiver, which uses a

linear combination of the received symbols from each antenna to estimate the

transmitted symbols sg and s;. In the spatial multiplexing case, an estimate §0 of a

transmitted symbol Sq = [So s ]T is given by:



m= _yec(3(Bm)... where the vee() operator rearranges the colums of the
matrix as a single vector. The index k in Equation (4) represents the
k-th user in a cellular system If the index k=0 In Equation (4) denotes
the desired signal and all other k's represent interferers, then the
received sipal and interference satisfiesip,. +f1(10) when all interferers
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made about spatial or temporal correlation between antennas and symbol periods
respectively.

In G. Klang and B. Ottersten, “Space-time interference rejection cancellation in

15 transmit diversity,” in Proceedings, Wireless Personal Multimedia Commun., vol. 2, pp

706-710, Dec. 2002, Klang and Ottersen describe several formulations for the

interference 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 is 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 Alamouti transmission, and the specialized structure

of the G matrices of the interferer in Equation (6) are exploited. In the discussion that

follows, this receiver process is referred to as Alamouti-IRC. A third process, spatio-

temporal IRC (STIRC), exploits spatial and temporal correlation to force the

25 interference covariance into a specialized structure for the matrices G as in 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.



is to use MVBE or the Interference Rejection Conbining (I RC) receiver,
whi ch uses a linear conbination of the received synbols from each antenna
to estimate the transmtted synbols so and s1 In the spatial nultiplexing
case, an estimate SO of a transmtted synbol So = [so sl] is given by:
12-- SO = TorRo =1-41QL -1Rty Correspondipagly, the transmtted synbols are

estimated using %iro(12) for Al anouti coding, where za is defined in
Equation (7), The noise and i nterference 5covariance matri X Q i s nost
general ly defined as; = (I+n)(t+n)t t(13) where the dagger (

represents the coﬁmt@ﬂymﬁpal@é% sighddh fPose ofher hagsh ﬁiﬂ% bafﬁcs%waﬁslé@gébw HCa
matrix. |In ggneral mo&@%nﬂafag;m pgm)abgg@l ko 3R eﬁ?{d }e%eﬂ\ﬂeweﬁ?c%yt hat

the interferers are using, used to
det er m ne 10eiidodedS8MVs earcdvabe meuedmtsmynam:aﬁmdﬂmbb& demhmn (MED3, whkérag a

m xture of spat myl ti pl exin and space-tine codes interfere with each
ot her, no asg\ﬁrﬁfﬁflﬁﬁlﬁé@@iﬂ%%gmﬁﬁgé&about spatial or tenporal correlation

bet ween aht ennas and Sgrlba%mﬁjﬂﬂi)ﬁ%” r especfti vely. (14)

N

Alternatively, horizontally encoded spatially multiplexed signals can be received using

a Successive Interference Cancellation (SIC) receiver - such a receiver is 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 is colored
10  noise, and then subtracts the effect of that codeword from the received signal after re-

encoding from the received signal. The second stream may then be decoded from the

residual.

A comparison of the performance of the IRC receiver to the Alamouti-IRC and
the STIRC receivers for processing Alamouti-encoded signals indicates that the STIRC

15  yields the highest SINR for a given signal environment, followed by the Alamouti-IRC
receiver, and then the conventional IRC receiver. Of course, a higher SINR indicates
better performance since the SINR can be uniformly translated to a supported data rate
that increases with larger SINR. This improved performance for the STIRC receiver is
intuitively 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
interference covariance matrix.

Similar effects are observed with spectral efficiency calculations pertaining to
more advanced receivers for vertically coded spatial multiplexing (e.g., the maximum-
likelihood demodulation receiver) and horizontally coded spatial multiplexing (e.g., the

25 successive interference canceling receiver) 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 dynamic switching within the state of the art in Mobile

30 WIMAX is that it is expected to be implemented with Alamouti and spatial

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



In C. Kiang and B. Otersten, "Space-tine interference rejection
cancellation in transmt diversity," in Proceedings, Wrel ess Personal
Mul ti media Conmun., vol. 2, pp 706-710, Dec. 2002, Kiang and Otersert
descri be several formulations for the interference covariance for
space-tine coding, under the assunption that all users use like

transm ssion. Three receiver algorithns are considered. First is Maxi mal
Rati o Combi ning. Second is an Interference Rejection Conbining (1RC
process, but where 20 the spatial correlation between the receive antennas
i s model ed u&iPRy armrqéﬁlawﬂaedg@mteﬁa@nql HBG Freervee Aom §lamats myst pe psed.  For
Al at nout i I of
the nterfer Sr hCRhSTeq resiver SRS B LD Ar bR Mluhl e do TR A6
foll ows, thisf t}mmamirtrqnsmcssma schemehmdrcaﬂthbse ameﬁﬂalluamtyl rebdRCeesAutilized by
process, spatlo or al

rg ﬁ I0|ts d—E and tegpﬁéfsl )
correl ation ?@F ang tl?ésez?ﬁtf‘ PRy Féﬁ%‘é CHRPL P ?r?PBV“émé’B iTgegver
struct ur es f ofeshRe i BLFrhERSpdARDahdt ERMREEOD {H8)case where t'ﬁ@ﬁn%%rd?é’PWéﬁ? of

the discussion that follows, a recelver that uses the nbst genera
formul ation AﬂarEquahrarmmls(SM)s andlthe BEIR@fervedcandeased.ne conventional | RE

receiver. In this o V\Aed tenporal correlation
properties is 30a9§8ﬁ@8¥1 toltgls problom 1%%&?‘3&413@ ﬁi’ﬁﬁlﬂ? aioé:ﬂtég‘f)s‘ioﬁrﬁg?%‘dm@ﬁot he
other hand, a@indgi ﬁséeﬁinVaegin%lgls%%rétEQoﬁé?ﬁaf RCRIVRAt fB8ahe hhaMbAL £hel Nn
Equati on (11) Apart, fromt recei ver, vertically encoded SM can al so

be received sEnNOgmhakimenH Hlmuth@mhsm@bmtmiexmwers measelgnh«é teldiffared

ancoded Thar Py St ol Bl At itibop e sFhaTah Kl ed RN o

interfer enCeoﬁaﬁﬁﬁhbzﬂIyl, Qﬂac(cShﬁ)oda&ﬁmb \eddian Sipelied coREir@insi f ARpdbt %n@f
achi eving the open Ioop capacity of the channel. The SIC receiver estinates

the codewor dSR#évh myltinlepeg USSTNRAL @nyystemy }%elaélmﬂnes eVt brasynchonizsd srver a
streamis Col‘a%{o‘?ld oil'gésté}ﬁ' ?ef At R‘Fzﬂn Pﬁ{ r% hay R ffGi S ork N3l Qg)e%emr d
nal arter he

fromthe recerved si re- enco he received si gn
second st r eaAlamyutit h&e’rfdwersde&“bﬂeldnftm(gnmﬁ ﬁfe rnwfedmgl signals to Aldmomtigeacddedn of

the performnee of the | eiver to, the uti-1RC and _ the STIRC
r ecel ver fo?lg?ﬂl%e%.uadﬁ&ﬂ%ﬁwdplusemwé&w Aale SHE dacembinpsion it By Rc

15 vyields thgni gﬁ%ﬂlcﬂvi\t@nﬁ LrifiAgen signal environnent, followed by the
Al anpbuti -l RC receiver, and then the conventional |IRC receiver. O course, a

hi gher SI NR i ndi chit md)enbmlmpmsfcxframtcm sicnokng trethSltédRnapres bereimiwWhethedr y
translated to a su rted dat.a r i ncr with la SINR. .Thi s

i mproved per i Mﬁrﬁﬁp?‘ﬂ?r e 1%?73?5@??%&%? gea W6JP?‘§%§I%’”§ BY.dfven
the nore conplipXtedes ehobfe sta@oAhApdrOHf hBabnd SwRk RfShaBi¥RleRintent (in the DL-

20 MAP). In these systems, the mobile station may then determine whether or not the use

of a STIRC receiver (or other advanced receiver processing) is appropriate for the

given interference environment. In some systems, the mobile station could announce

its own capabilities to the system. For instance, a mobile station could communicate its

ability to use an advanced receiver for certain types of transmissions, such as the

25  Alamouti-IRC or STIRC receiver for Alamouti transmissions. In this way, the system

scheduler can determine 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 inventive techniques disclosed

30  herein, the mobile station determines that it has been allocated resources in a zone

where it 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
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720 includes uplink zones 722 and 724.

The designation of a particular zone as an Alamouti-only zone (or, more

generally, a space-time-code-only zone) is not limited to a PUSC zone; a band AMC

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

25  skilled in the art will also note that a generic communication system capable of
applying these techniques to the uplink can easily be envisaged.

An exemplary frame structure according to other embodiments of the present
invention 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 downlink subframe 810 comprises a mandatory PUSC zone (with preamble 832, FCH
and MAP region 843, and data region 836), an Alamouti-only zone 838, an additional
MIMO zone 840 allocated to spatial multiplexing users and other users (labeled “SM



20 MAP). In these systens, the nobile station may then determ ne whether or
not the use of a ST1RC receiver (or other advanced receiver processing) is
appropriate Thr the given interference environnment. in sone systens, the
nmobi | e station could announce its own capabilities to the system For
instance, a nobile station could communicgfe its ability to use an advanced
receiver for certain types of transm ssions, such as the 25 Al anouti-IRC or
STIRC receiver for Alanputi transm ssions. in this way, the system
schedul er can geternine whi ch nobile stations_are |ikely to benefit the
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uplink can easily be envisaged. ) , o
message could be added to the Downlink Channel Descriptor (DCD), which is sent
periodically by the base station and provides definitions of the DIUC mappings and

25  other system specific information.

Some embodiments 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 multiplexing signals. These or other receivers might 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
structure, dynam c switching between the Al anouti-only zone and ot her zones
i s enployed. Thus, 30 downlink subfratne 810 conprises a nmandatory PUSC
zone (wWith preanble 832, |ITCH and MAP re%EPn 843, and data region 836), an
Alimmuti-only zone 838, an additional M zone 840 allocated to spati al

mul ti pl exi ng users and ot her users (labeled "SM and m xed user"), and one
or nore other zones. Follow ng the downlink subframe 810 is an uplink
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he Al ai nout gl Sone Bdb gt o naod SpleCsd B e TRl B As RORe

Al ai nout i - SardilrRE 560 CceabhtiS tHeagcsiedr togsoaRy sitially nidtiglexe) sigsdic fe.as2x2he
Al anouti-MRC receiver), to hilly exploit the fact that the spatial and_ tine
correl ation #Y 858r 85 éﬁara@utrmd@fif Vg JYlghils sermypal kﬁp&mnldes a cefpenional

Fi gures 7 an j i i Hhis{sh MAX
Syatem thossiple Tty e ey HERALK: 1L A0R Rk LiRe hefudel ARioh
struct ures adwldingos sivbick, useddfor hahe-davisiat idopexofy sysemes)t eshiviegesitweny be
enpl oyed in EDD. W, ystens, or. ot.h systens. e oyi ng.two or nor.e
cynany cal |y e e St e s Escuit S30. “Tic iSO pb T i “0p P gy Biare
described ab@ug 1G@8WhdibRSERLIA¥EDn fiRE aNDRL GhdNEMNGilsNard UstheBesy tbhatrull he
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Al ternatively, a formal protocol for defining A anouti-only zones may be
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with this microprocessors, digital signal processors, and the like, as well as custom hardware,

configured with appropriate software and/or firmware to carry out one or more

15 communications protocols such as WiMAX. Accordingly, an exemplary baseband and
control processing circuit 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 in a single application-
specific integrated circuit (ASIC), or several processors 610 and various digital

20 hardware 620 may be distributed among several separate components, whether
individually packaged or assembled into a system-on-a-chip (SoC).

In any case, the baseband and control processing circuit 540 further includes
memory 630 (which may also be implemented, 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 execution by processors 610. In particular, memory
630 (which may include various types such as Flash, read-only memory (ROM), optical
storage, magnetic storage, etc.) includes receiver processing code 640, which may
include mode-specific code modules 642 and 644. In an exemplary embodiment, mode
1 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. Memory

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



20 protocol would be a broadcast nmessage sent by the systemas part of the
networ k capabilities announcenent. This nessage would indicate that the
system i npl enents an "Enhanced STC zone," an "Enhanced Dynam c Switching
zone," or the like. This nessage could be added to the Downlink Channel
Descriptor (DCD), which is sent periodicaglgy by the base station and

provi des definitions of the MJG mappi ngs and 25ot her system specific

i nformation. Some enbodi nents of a nobile station according to the
present invention may include nore than one receiver process

i mpl enent at i &FFEsS HERANOhcapAgaratine dagKid dosthgrpesives arpcetsvuseoded4isad sthener
the Al anouti - r hv.e i I 1RC receiver for Al anouti
signals, or gﬁzﬁ?ﬁgﬁ&%’ %%(gsetlh{;&eér%%péf%éergﬁcal Iy encoded spatial 30

mul ti pl exi ng si gi Bigare Theislestetesohinekempley wescediegfor Ahsbile aaim, Batinween a
conventional | receiver or a SICreceiver fix horizontally encoded .
spatially nurnpﬁg? dsraunal %ﬂ?alt% recejvezand ProcessppPasSEs wdrfﬁ%ism@smsm Rais 500
accordingsto [ t ' [ i i.n: Fi -Mobi | e
Form nal B007 S ane IRy P Ris 4 BEERN A0SR & sl
recei ver to proctessfigpatitalktlyctimelst ogprax éd eshey mafirst ¢resegon@pa@yesamgundde fs

Al anouti - coded signals.. I\égal le term r(lie 500 i ncludes a conventi nalv[ 5

dupl exer / swi PRRCSTE TESCI TG qRaTEansifade e Anjagcers it pesgraingnto adirsgMIMO

frequency- di yhshR8idH RN WhertiS WMd §Rokts $bEQing kiR L Yéssi RRsifP ik Rg
systens), receiver front-end circuits 520, and transmtter circuit 530. The
details of thetereassiihy maedel try ceichaniet dntarferinge [signkisotmmstottech asevrdig| toed i n

the art, and the ils .are unnecessary.to.a ful nder st andi ng .of . t he
pr esent ' 10hverPaR By i, MREE I HAG it il e bl s B eiren it
generation aindthell NebsteRad 'irD'Eigfr@Cl@SﬁiazQ)e lrﬁ%_@ﬂi‘éﬁt@ﬂ MRy inbRS@RANM that is
processing and control circuit 540. Those skilled in the art wll

appreci at e t ¢ieblewif Pronessdes Alamepusi-encailed sigpale vithreitber ®REIRSE pseogesing mode
m cropr ocess(g)lrasc()n%rg'io\tﬂg{Ir@g&%lessﬁ{golﬁg&gor s, and the like, as well as custom

har dwar e, confi gure proprifate software and/or funtware to carry out
one or nore 15 commbeisiadiieansropésd) eomsbiseistatias iVhMAZplANOO I NGl the Bike
exenpl ar1y baseband and control processing circuit 540 is illustrated in
Fi gure 619 antaioicibgtiddamend yrernapd spatid aBWEpSxBBOussFdaist ifére segpgasgd into

har dwar e 620, %%6§%né§pn;?hg£, hpgﬁlﬁgpﬁg&ﬁﬁlﬁgﬁti Omo‘i’)ﬁ‘: el onPHedudEs %Qgﬁ

digital hardwg e I nc ed 1n a single application-specifi
i nt egrat ed ciestcinictl Z0ABRe)g,, ord Aéanenad-only coess 6r svailibleabakedasn dusaltbgtioml 20

har dwar e 620. be distributed several .separate conponents, et her
i ndi vi dual | ymg’g%léae;%ﬁ%tﬁmﬁ R b @ggﬁﬂtf’o“&swgﬂ%_ DRUTEE meb“‘(“sB%he M\g’gl € In
any case, thgibasebgndmandicontdyOhe RIOGARS ﬂﬁa?!alf:iiftﬁégrrreéﬁf’éﬁt filgt B&faid NEhardes

menory 630 (which may al so be 1 nplenented,” In fu in part, on a single
ASI C, alZdng seinfigutatienparsoessoted, Gldanibd basdteon hastahdardezed 20rmatr fowiredtricted
separate cog%))onents), 25 configured with program code for execution by
processors 31 n particul ar, nmenory 630 (which may include various types

such as Flash, readmorthie, BRIMbYess BOMgurd 1l b&dhs St AIR 1 0RRENBleirEcettifg 8ge,
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25 shown at block 1020, the mobile 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, such as an IRC receiver. The signal in

the allocated downlink time-frequency resources is then processed, as shown at block

1050.



30 while node 2 code 644 conprises program code for STIRC processing, O
course, other receiver nodes may be available instead of or in addition to
these two. Menory 630 further includes program data 646 (which nay be
stored, for exanple, in random 18- access nenory), configuration data 648
for the receiver processing code 640 and_qf her processing nodul es, and

ot her control data 649. Figure 10 illustrates an exenplary procedure
for a nobile station, such as nobile teimnal 500, to receive and process
space-tinme coded transm ssions. This 6 procedure is generally applicable to
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processed, agI$OMP padcetifE kedRaly encoded spatially multiplexed signals), as shown at
20  block 1120. Given this expected performance, which will depend on the prevailing
channel conditions as well as on the availability of the restricted zone, a preferred
MIMO mode is selected, as shown at block 1130. A message may then be transmitted
to the base station, as shown at block 1140, requesting the preferred MIMO mode.
The procedure illustrated in Figure 11 differs from that of Figure 10 in that the
25  separation of Alamouti and SM users is explicitly signaled to the mobile station by the
base station. In some embodiments, the system 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 system
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 is correspondingly allocated.



If the downlink allocation is for space-tine coded signals, however, then
the nobile term nal next determ nes whether the allocationis in a
restricted zone, as shown at block 1030. If not, or if the nobile term nal
is unable to tell, then the receiver is configured according to a
conventional space-tinme coding receiver pjpocess, as shown at 5 block 1035,
such that interfering signals are not assuned to be space-tine coded. |If
the downlink allocation is for a restricted zone (e.g., an Al anmouti-only
zone), then the receiver is configured. instead for an advanced space-tine
codi ng processi nglhidec sypéems, @ne oF rpramabile slatippsimay by nfigaied da ganounce
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be scheduled in the Alamouti-only zone or _in another zone when using

Ai anouti tr aHseassisEomede Thobe alkdcpiedddewinlinke tiame-Troguency pgsaeseast aret mtthe he
base statio e, i d edul e . i tatl L ocat e

bandw dt h ugc%gxﬁpa%%lgﬁéqg% srzn&ges ?agﬁ ?tﬁegﬁée ;Bgﬁéee,s S?g ﬁ#{f? yirg‘letl‘ﬁeg l(i)nan}>}e zone
i n whi clesbarddicsted dognAnatih@birequedd, rdsomeveiccotdins & ABbidnG Fbedskiapsnddeat
indicate an ability to use enhanced receiver processing may be prioritized
thr assi gnmeheereig t%{% gecppd Prqcessing wede i lepniensiys Hyndhe %rsz PFRECSRE B9de &,

t hose nobile. s j : i i ASIT SSi i -Lcul ar
schedul i ng 15 AAoa BtePRing gl AR okl AR OORIMIVED nnBRLELEL
Al'i unouti ussehane differing from the first MIMO transmission scheme.

In some embodiments, the first MIMO transmission scheme comprises a space-
30 time coding transmission 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-temporal interference rejection combining



15Thus, broadly speaking, nobile term nal inplenented nethods according to
various enbodi nents include nethods for processing received data
transmtted by an access point according to a first nultiple-input

mul ti pl e-output (M MO transm ssion scheme, in which the nmethod conpri ses,
for at least a first scheduling instance,,.determ ning whether the nobile
term nal has been allocated downlink tinme-frequency 20 resources in a
restricted time-frequency zone that is exclusive to downlink transm ssions
according to the first M MO transm ssion schene, and processing signals
recei ved in {IR€)atdevcamededowlicnkpatiahend temgorhoyopediss of overfatgmighalprto a
first processing, node if .the allocated dowl.ink tinme-freguency,respurces
are i e r BuAr o eGevteried T Berdi 1 ohe ittt shea wbSIHEIEYerraREERS <
recei ved in #benidik tiald Pepiers, devontdesikald MR- ERHYENEYesEAS OMbES ToRPESEsdh NY
to a second processing node, wherein the second processing node is |ess
sensi tive thegelvpe ifadesin yhisbelssipatp! mseleerties ebivthdering signelsrarermofgissd gnal s
transmtted i nd M MO transni ssion schenme differing from
the fi rst§w%$¥#%ir1£§%1ésgﬁt%ﬁe§%% eme. In some enbodi nents, the first M MO

transm ssi on schelne seePEhisRmants pdeermidihgt ivietheo dhérgndbildntphial das Sehenme
and the second M MO transm ssion schenme conprises a spatial nultiplexing
transni ssi ona&hEedowRinks pediequppye IeSAWEE Mbithe resmeed jtag-gdyegy ong
node conpris : IO j i.0 G o k=
(IRC) recei Vg@nﬂéﬁggkﬂlegt%%ggsg%gg irﬁa gﬁ%%? éﬁn%%@aﬁ&%rao%be%?%sﬁg)? stiord 1%%

i nterfering sugnatted by ¢heusedsst mith andicéraparirg thatasdifrexiainne fittqudnicg zdas ta ed

signals received i.n the allpcated downlink tipe-frequency resources', and
the seco pprﬁéégﬁgwag &Bﬂ%ld_gaﬁé?ri S BOREVBS TSRS Wk TSRO 4nd
properties ofiofedt & fRfoRd ol ©8PahSHIR Gerf@al USRAHi® whhahaGhileZ®nhlfl can

i nterference. in some enbodi_rrent S, det er m ni ng whet he( t he nobile
t ermi nal hascdnebidedhdtacpartchlgomameiink redtnged rewpiewwoyding oa tasgsagreendné that

restricted tine:-frequency. zone co i.ses detectjng an assigned ..

i e T equenty EPbri@F - GIRECHORAT 1 Kk BYFBEati SATIES CPine it (eardle (Re®
access pol ntstaxﬁi&?dim&ﬁﬁg‘lﬁaﬁd?@fcﬁrsﬁds%ﬁﬂ kéﬂ&aﬂé@%ﬁﬁcy{nz_@ﬂh@r febadikébnts,
pre-configured zone identifier corresponding to the restricted

ti me- f r efuendsjerzonaganitbtiar dhemobie nesmonal hos beerealiasied edopenink ame-freguanny s
way, the nobj| rm nal _can ncl u th [tjc I, . 1S o
restricted z%ﬁ(gurge%cgﬂr i néesgz)cugd)tt @:el ]?gqélﬁP‘gga r%g?]?e}?#agl%(k:%gté)l zslg nré:@ewmg e
confi gur at i ot Imessdpdi temb@iteedr ©S tHe £dcedh gENE th® ot Ahekisii@® t@mprising an

standardi zed, confiquration for restricted zone allocations. in other
enbodi ment s, identifier Tor the restricted time-frequency zone, detecting an assigned time-frequency
zone from a downlink allocation map transmitted by the access point, comparing the
20 assigned time-frequency zone to the identifier for the restricted time-frequency zone.
Thus, a broadcast message might indicate the presence of a restricted zone, and the

mobile terminal simply checks to see whether its allocation is within that zone.

In these and other embodiments, the mobile terminal-implemented method may
include transmitting a terminal capability message to the access point, the terminal
25  capability message indicating that the mobile terminal is capable of selecting between
two or more receiver modes for processing transmissions according to the first MIMO
transmission scheme. Some embodiments may comprise selecting a preferred MIMO
transmission mode based at least in part on the presence of the restricted time-
frequency zone, and transmitting to the access point a MIMO mode request message
30 identifying the preferred MIMO transmission mode. In some of these latter

embodiments, selecting the preferred MIMO transmission mode based at least in part

on the presence of the restricted time-frequency zone may comprise estimating a signal-



15 determ ni ng whether the nobile term nal has been allocated downlink

ti me-frequency resources in the restricted tinme-frequency zone may i nstead
conprise receiving a control nmessage transmtted by the access point, the
control nessage conprising an identifier for the restricted time-frequency
zone, detecting an assigned tine-frequengy_zone froma downlink allocation
map transmtted by the access point, conparing the 20 assi gned

ti me-frequency zone to the identifier for the restricted tinme-frequency
zone. Thus, a broadcast nessage m ]ght indicate the presence of a restricted
zone, and t hio-wiBfareacedlysipase gtigpfoy repravadssigeals dascgher ee availabiity gdaibpon
is within th . I se and ot her enbodi nents, the nobile

t er m nabi npl gésngﬁc?ﬁ{eaglr%%i&ﬁg%ﬁnﬁgggﬁ%ﬁcl ude transmitting a termnal capability
nmessage to the acEedsdipgantd of thé erdsedtinvemtio? Surdap alnlldetryobikstsagi@alsnslichaki ng
that the nobile termnnal is capable of selectin etween two or nore

recei ver nodd¥ I?‘Ehl{eﬁ?%‘é‘g%lsﬁoﬂg’l g dnd %‘F%ﬁé’(’&h&%’feg FhEArBooYt 8¢ OF Fore Kitha 10
transm ssg onySaRAIRescHBER 26RO dhaRAtisnt I MerSAMPIHIE S Sk SRDILAIMBLPS Rirfifa2d
M MO transm ssfﬂgn rrgse baged at ﬁﬂe%'gst ?ﬁ%éart on iﬁe pre%efr}grg of ﬁe
restricted tacerdingdquenesralzembodiaredtst ofatie! mventiong gereralhe campess poeaivea

M MO node request ssa 3Q identifying the preferred MO transm ssj on
Tode, 1 sonPEv o P RELRI e HEr N ERLGRAHE R SIS Bt PG PP EF BB MER D
transm ssi onpRRERinRasedval ddtgashshitteRat arpébckékep&ﬁteﬁﬂ%zggfo b RstrAsliblect ed
ti me-frequency zone may conprise estimating a signal- -22- .

t 0-i nt er f er eipat plulisplerobppt (BIMSE)f wansmagseiny echerieg mdiereit sl deapnd tiivecessing
avai labiJity of, the restricted tine-frequency zone, Enbadi. ment s _.of
the. presithe *FRUsH Rah SRR he TR REBRRE R ERIR sarcponns) SRR TE SRR |
tenfinal SO00trpiselité®acdoftiif 8315 8eddnd MAINOGHrREhidsPCRhEMe differMefréh th®Figst Of
the 5 nethods descri bed above, and variants thereof Thus, an exenplary
mobi | e t er mi NEMQudwaraisaignt shewoepnalvahBodi st Gieutt ironfigyisat icoActgamiae al | y
conprises a &ﬁg}ﬁér"tﬁé nfobil§ ‘Hé&m&‘?’ﬁ%é U EHob Red 8&&81&61&’%&5%@8%&&%&0%&5 H‘Sr a
first or second processing mode for processing received data“transmitted by
an access potestricedammelmeguenoy aoiid that isretlubipt & dowpnlinkndrisinidséone weqating b MO)
transm ssi on_schene. wherein the Eecond proceSﬁi ng 10 node is |ess

sensi ti v t hiR frseMIYIDsranspsisisichemengad coBireldhe ReeRiveT cirtticionspisiysignghal s
transm tted AEGOLMiNINS AiBeSe ABAnAMAnd RBRIhEP AbuRED ARBoMid & HROGHR O

the first M MO transm ssion schene, as we a control circuit contigured
t o det er mi neprabessingr ntode ifothicl elldeatadi dawnhas theefreqdnoy ateeahrdeywate mk the
ti me-frequency re Oﬁrce in arestricted tine-fre uenc%g]ﬁfne t hat, i.s

t .
excl usive tof i HOCEF SSRGS £PBh 14 c BBFRYG RIBCEE e h } decqygioin the

transm ssi onRfeB@IRowdNEk GARLEQuehdlereE R ds\@Eor@inpab ithe deRoRd ﬂ%@és%i%! AR, S
received in the allocated downlink time-frequency resources according to

the firs20 proeesskitlgd o dke art witkheppieriotsathaithd denl imakeivérrpsechitd pgarsed herein,

resources are in the restricted ti.ne-frequenc one .and_qgt herw se

br ocess: ng- stgharte tactryBhmefc i Tl e ATl AR ERE dn bt ke ToRe grore
resources acgestkitg chRfified $eGoibhrdrReesHivitge ARd6r fiZQwak0SEhEK Fdrl xdmiple, t he
art will appreciate that the term"receiver circuit as used herein, may

refer to a CORDITRALICENVET Clagiil GopYasacaNRSss A pertiosupt he ibagaband rigd opratioh
nore process fi 1 j f / j .. Thus,
for “exampl o re PRl PEE i BPB PRU SRR WRER 2R 0Phart L BRH el
basebandsandarainyt ft@lt-cpd eesisly g0 pidtered in Bilrd 3.1 ustrated in Figures 5 and 6,

as well as all or _part of the receiver 25analog front-end circuitry 520
pictured in Figur@ her embodiments of the present invention include a WiMAX base station
configured 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 transmission scheme (differing from the first). An exemplary access

point 1200 is illustrated in Figure 12, and includes two (or more) antennas 1250, a

duplexer/switch 1205, an access point receiver circuit 1220, an access point transmitter



O her enbodi nents of the present invention include a WMAX base station
configured to carry out the techni ques described herein, or, nore
generally, a wireless access point, for We in a wirel ess comruni cati ons
systemin which allocated tinme-frequency resources nmay be selectively used
according to a first N4l MO schene or a 3Q3second M MO transm ssion schene
(differing fromthe first). An exenplary access point 1200 is illustrated
in Picture 12, and includes Iwo (or nore) antennas 1250, a dupl exer/swi teh
1205, an access point receiver circuit 1220, an access point transmtter

circuit 1210¢ir@itcledOr aronirl unit 1280, agdcr sghedibiag umitrg4tiniEithanordothept prairody
bot h of t i a ' ' ' f
DL O SOnt LB LB kAR ARSI 18R e RA P IRl o

in Figure 12malnhsenecesbadi shardds mdntey Sthedudsi gigowrniih B4t may clanmpsmse
one or nmore mcroprocessors 5 configured with appropriate sotpsare (e.g.,
stored in mefBbqdiments) thengchediling Wil f#4han FONHEISE VAL 9 HROCHRICTORFARRISOTS
execut ed Jy : oce se i,n it to,
for at | eé;steggﬁ]fg?{r@t %:1%: e@g‘i"%‘g&u %‘Z@‘g%’ge@ 'desﬁélgaﬁyﬁgh?%@y grz g ptlrcl)%&ﬁrrg%i le
term nal s coprogsjponihigrigstivotidnsethéti when et hgriberbssoomosghesmssandaasesbe ond

group of nobile. termnals correspondi to the second M.MO.transm ssio
dehone. 10al TS BEToL 0 don foh 8y SPu TR beding TFHEe. HFGde BoneRah o
time-frequengyrZOnemand LteéfdntidPtM@RIfir§ 18I0 RahSnibebO B8R 4 4 Ev.l%oﬁa rst

oup, and allocate tine-frequency Tesources in one or nore additiona
pr e- det er nmi ngwup jofendbikeceanioyls omespandingnte the saemd MbMIQ &anssnissiomiseheme,

bel ongi ng, to .t he, secon roup. An exenpl a net h Suc s m ght he

il ementted loeEiee BEE HRRRR 2560rE T8 py TR e pirrirel: Jnecrrahlenle 4088 hoo
begi ns, as shamiirly RboaKbigl Qermthdlf Belthghip RS the SN gRfupd ANkl atemBsRage
identifying a restricted tinme-frequency zone. As di scussed above, this

br oadcast nefe@gacy ssopreomaine aingorreyditionalisefgigrained tisineqipseerpics tor a
gi ven schedul | ng instance, a.sgh | i.ng, uni.t i i fies space-tinme coding
users and sp%rfﬁoglm%%lnﬁ%g]%&ﬁ%lﬁéﬁﬁgggn,mgtso @ﬁ%‘\?\éﬁﬂggﬁptmks 920 and 930. This
20 identificati onAnexenplabpatthadnsush gRahightibe é@plewrtteliriamctése poxhi 1260 is
stations, indicating a preferred M 1410 node and/or indicatij nqq"l(fr evai l i ng
channel ondilluptred fiar Fighteh Inpbihiee megiodh peirs, 90 shewa giir blogk | H & nwith  the

restricted time-f U y 1 re- i.Ng- ¥ h an
A amout 1 - onl S ISEneg L BEE op o lmes e AR AR T RONII ARy, A2 o
The sel ecti odisafssadsavoyef this broadsast ass@ge iin optivisl zarkemagynob de faswdl imrome

signaling 25 received fromnobjl e stations, indicating.the processi ng nodes
avai | abl e atS¥EESobPT & 8veR iSehrduling pHaIce: §e?fg‘F ‘ﬁ\f’igt 1t 6‘??“ﬁ‘§ef\/lswe't%ne

transm ssi On&d‘i’t%e%é?%' laﬁd‘%?ééc%@ﬂd?@pléiiﬂ@@s&s AS st Blockd 98k 282@30r epuir ces

in other zones are alloca to spatial nultiplexing users and. space-tine
codi ng WRfer sidentaicatien enaydie bassi gnegnaliogtrbeei vedstam theadobibmsatidmispiadiogtinga

downl i nk al | ocat i | ecting,.the downl.ink.allocatij. is t itted,
2s"Shown at B60rs0MBEE el Tt Re R by on SR B0RF stk PR, o
a space-titi gt 5106k D90, 3Eso%RAL irttheFedtfibtBd BilcBe@ehG R, g., ASspabRtifRr dodir-only

zone, such as an Alamouti-only zone) are allocated exclusively to space-time coding

users. The selection of users for transmission in this zone may be based on signaling
25 received from mobile stations, indicating the processing modes available at the mobile
stations and their sensitivity to the MIMO transmissions used by interfering signals. As
shown at block 950, resources in other zones are allocated to spatial multiplexing users
and space-time coding users that were not assigned to the restricted zone. Finally, a
downlink allocation map reflecting the downlink allocations is transmitted, as shown at
30 block 960, and data is transmitted to each user according to a space-time coding or

spatial multiplexing scheme, as appropriate.



- 24- Al t hough the net hods descri bed above have been primarily focused
on allocation of downlink tinme-frequency resources, those skilled in the
art, will appreciate that the techni ques disclosed herein nay be applied to
uplink resource allocations as well, allow ng the base station receiver to
t ake advantage of advanced receiver 5 proggesses for handling uplink

transm ssions in zones restricted to space-tinme coding users. Thus, broadly
speaki ng, enbodi nents of the present invention include nethods of

al l ocating either u&%ink or downlink tinme-frequency resources to nobile
terminals in a w dtheagh dBemmetheds idspaibedstkayei havghibeen airjrersdy efpeused on

ti me-frequen Yy, he i i I . NK/
transm ool on AR VS IRGHE RELERY Ehleck IR ARARUTA R oWy Wbielind
conpri sing, that tlat tecledqiesadifdlosst] Ieedie dudyi tegappiet a0 ap]ink desoutrdeydllogatéonkiasst
group of nmobile termnals corresponding to the first MEMO transm sSign
scheme and awgﬁc&ﬁaW&goH& BRSraBiIPe TeERMTR dkeop W88 dfn g Yasceh deed¥dnd
M MO transm 8%jcedtes Flleitdlinl 'ugﬁ?ﬂz R BsrhisBid [ifIHREGY tHASOYS Gl tind cf)iiﬁu%t _
predeterm ned tine-frequency zone exclusively to HD%I e term nal s bel ongi ng
to the firstudds.glbug braadly sichidogt dnmgpdithends bf dgueeeyt mgsainnciesluide noxleodsr

Tor v nal s boPBHRRGHE b et ) el Ot iRl ©
described i nasQrgesdebBidun”RBAYS sybfe i@l WinsRhishated TBnd-FEGHAGE YeshBROUTAG Del €

downli nk tine-frequency resourcés, in which case the nmethod 20 thrther
conpri ses tr saledtivelyi wrgd dacerding taobfitse MBMOrfranaméssion scheme jor st segpred 4EdHAd

gaups usjnhg 1rst _and second,.M,MD transm.ssi.qn sch s, hespectjvely.
o o I e ey B PR Erte R boteh Bt i FAE Senc TR FlatER
subset of thpiehiifysig ar Gup Sloupodi heobiler frmalatks caraPbidial wekiectfiriig MIsi@een
two or nore receiver nodes thr processing transm ssions according to the
first M ME. / UrRRsAHEHOS sehomes gk esecans! gfpap ofsmabile dermings cpresprpdigadacie
resources in ' = (17 Le-fr SJ to
mobile term %%Pfs?d é’g@]é@%ﬂg%@ﬁgﬂe@fgéﬁ%ﬁgéﬁﬁg I Eé‘gpeg?‘?’)é% %éﬁﬁ%&e

al | ocati ons détetnined fimedftegnencyr emewkckasively th iroliler tsimipale-bdkingimg toabe first

time-freguency zone to nmobhile . termnals in the identified subsg,t,. I.n sonme
of these'enb&@Redpd, allaspldng jHaefregencheropoYEss 4f RIS OF RO RELIGRH RE s

may be ident ydibedn &Y ihRCRIMLRG, G0kl 1 PRl or3BEAPARL]IL & $ 3gRnpiBMoeMeh of

lo i
one nore nobile termnals q\gf t'he subset, each term nal capabi ﬁny nessage
i ndi cating t$mbnd geuporrespondi ng nobile termnal is capable of selecting

between two or noje receiyer. nodes for processin ransm ssi o ccordi ng
Lo the first M NO RS AESHBHAGE R febcrbed i STRO i SRSGa Retlpgad o
identifying fbguchty sdsomidel SNk WRSTFOJueiBPdsBurcsd, Th Rdlich &6 11l he@sli ng
the downlink frequency resources conprises identifying one or 5 nore nobile
t er mi nal2d cafatbeeconprssh drensmijtitgdate éo ntahde dermingle in deefiveandrentend gorups
processing transpi ssi.ons accardi to the.first NUMtransm ssion schene,
nd ass! pr ng T3 ORE SREAMNE L htmiRio bRt ey rBuE b T SoPE AT S ¢ o
the first angmbRigestsgheURShsY fideiee compling \bhtehingfa biiref of it fABdzSes @fd

M MO transm ssion schemes will support a higher data rate to each nobile
term nal , gim@hﬂq Hermyals | egppblpt ¢f selecting between two or more receiver modes for

processing transmissions according to the first MIMO transmission scheme, so that

25  allocating time-frequency resources in the first pre-determined 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 mobile terminals may be identified by receiving a terminal

30  capability message from each of one more mobile terminals of the subset, each terminal

capability message indicating that the corresponding mobile terminal is capable of



10of the two or nore receiver nodes, I n sone enbodi nents where the
allocated tinme-frequency resources are uplink tinme-frequency resources, the
met hod may further conprise processing signals received in the first
pre-determ ned tinme-frequency zone according to a first receiver processing
nmode and processing signals received in the second pre-deternined

ti me-frequency 15 zone according to a second receiver processing node,
wherein the second receiver processing node is |ess sensitive than the
first receiver processing node to co-channel interfering signals )
transnitted &Xewingibehvecs WROrJROITTERS YA MIYder APISPROSESIBS EERBIEIONY APqoE¢ing g
fromthe first 1. SS| . I'n several of the above
enbodinents,&Vﬁgh%%?%@gaﬁg%gﬁﬁggﬂggn%gﬁprise 20 allocating tine-frequency
resources in the meode ¢embalimdas! idonalyipg eheldiretr ahd.secorid @Roulpk esfl enbyle
zones to one or nore bile termnals that belong to the first group but
are not all ot%mwl%ﬁorrgﬁqqaga&&ww@@fﬁfreaéganrrst%é cpmpgsesAentfEng 9ee 984
time-frecen i 1084pald o TRl HERECAALS GORERMCEL LSS ¢
space-ti ?r&le c%@%ﬁ{aﬁéﬁgﬁﬁggﬁ é(;nspanee%p%z alsgi gneg to the rester‘lggt elél o
space-ti nme- cpicesyingntrgnsnasdonsChcaodingeto the Sipsht MAM R Sransihissiphesdhegeysed s
shoul d be assigned to, t restricted zone.. As discussed in detail .above,
Thatirot W T h 08 s e e G L REC N ROUS TP (R S50V firgynd

Conprise a SpagRd }\%r%sc&did@&nhﬁﬁﬁgmﬁéﬂ O RS RERan® Y&dnd SMARRihimBOIGH NY,
whil e the second transm ssi on schene conprises a spatial multiplexing

t ransm ssi onschemeswill 3@pportsohighersgast eats fo aapp obbileherminh @iendhe euaikbiitnbove
may further cgtggri se the transnission of a broadcast control nessage
i ndi catihg t Rat R OF PER TeRPEd8Y S i ned ri me-frequency zone corresponds

exclusively to trBNSHheSshPOEMRRE At & thet Mokhred tindeStrequeRy rdvbiMerd srarplihRsi on
schene. In sonme systens, the nmapping of tinme-frequency resources to the

first pre- deti@erfiaqeenayiraoufsesdiie meyhodoney fusthebesmapritahaereatinggjsnals recsived
access point in dtﬁg ::f?ggf ) 'rg-%tlerr}lgin\é\ﬁ {iﬁ)g% 1 ?e%%ﬁé(ﬁ: %:Oélg %gco%gﬁlggg &?ﬁr?ﬁ%%%%r éﬁgé)éssélﬁg

termnals, an r - nore neig S pol

conmmuni cat i omody shéProdedsihfistznaRyrectived am tixe sepad ree-defeahined-tihafiv@lency
interfering signals from nei ghboring base stations, in all or substantially
all of the redrricepuing éha, seaend qoRivER HTQcESSihEde] WRCEBUEY scghdrecelver

It is possi bfr)ll‘g))(;és ingﬁflu{)&eis qeslylsgﬁgitﬁ\ge{}ﬁ?ﬁtﬁ%a@ﬁpregavél eﬁgpéégiing(}%qu bhdbntses a

space-freque 0 atiron, rat an the space-tinme Ft-a-nutation
di scussed i ninttefeaing sighaBhearsmitiddoseosiiigd toeche or o BIMOMrhhsnappoe sthatnes t hat

sueh 2 SPeC Sy Lequency, TR oD NoULd, valve dlversity codling o

{1 o adi acent synbol & e of anCabRly At FaRy el Hlltl g iR KRgs)

I n this 2asegllachengtimbdrageehaygesiwvess it thedetear tmeaaldisipad eré-deiguriney fiowded

signals, in %rgqeuency zones to one or more mobile terminals that belong to the first group but are
not allocated time-frequency resources from the first pre-determined time-frequency
zone. Thus, not all mobile terminals scheduled to use space-time coded transmissions
need be assigned to the restricted space-time-coding only zone. Of course, no spatial

25 multiplexing users 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-time coding transmission 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-frequency zone corresponds exclusively to transmissions according to the first



15 presence of like interferers, would be an space-frequency interference
rejection conbining (SFIRC) receiver. Accordingly, in sonme enbodi nents of
the invention, nobile termnals to which space-frequency coded signals are
being transmtted nay be assigned exclusively to a restricted zone, while
mobi | e term nals using other .M MO scheneg_are assigned to other zones.

Li kewi se, nobile term nals capable of using a 20 SFI RC processi ng node may
he configured to selectively use the SFIRC processi ng node when al |l ocat ed
to a restricted zone, and to use anot her processi ng node ot herw se,

Those ski | | eMIMPt ensgyssiay sehemse o s@ne gprstemsy € mapping RE tHpedeagency

i nvention ma I i A : el f

forth herel nie ERau HEeire deisBhil diRetionty bORSE PRl o Fhy

i nvention. The&epy gsiat)commuatbativntvithahe fitdausd saohé gommps ioflerobde térmimdl$, and
respects as illustrative and not restric ive,,Fand al | changes com ggawithi n

t he meani ng Q%O%ﬁ‘@r%%?lmngé‘ﬁ@eés epingshet the ya %Sacem%%&_ B SyseBndBdEo be
embraced g hegginy cqn’he éﬁktﬁleﬁ/ﬁhatlc&cﬂaﬁﬁlap%taffe%{%@fgﬁavs NGorh! A& phBRHYCHEY

resources to nbbile termnals in a wreless co nicati ons syStem in which

al | ocat ed ti setiénseguahaysubststinllyed! ofetie bmstriseal moe] are lipnited dol spasedinaki egleto a

first multiple-input nultiple-output (MM) transm ssion schene or a second
M MD transmi S€M% schenmethat differs fromthe first MND transnmission

scheme, the nethod ¢ QBRYiHIS kddefids MM BRIMAbAdel D AHRUHIdoBgl tASt ARS8
identifying a first group of nobile termnals corresponding to th.e first

M MO 10t r anssiassifisquenshdomndaiibna raflberdhah e sppredimerdiyinudatioardijcnsged in detail
cort esPOﬂS’ i ngb(;[V%. t’Ilfl%ses gk(iﬁencfj in'\{gc'avg)rttv&i na%;rgeglsaiteotrﬁats s%rc]:ﬁ reges-pace-frequency formulation
would involve diversity coding of symbols on adjacent frequency tones (subcarriers) of
an Orthogonal Frequency-Division Multiplexing (OFDM) signal, rather than the coding
of time-adjacent symbols as discussed above in connection with Equation (3). In this
case, the preferred receiver to detect such space-frequency-coded signals, in the
16 presence of like interferers, would be an space-frequency interference rejection
combining (SFIRC) receiver. Accordingly, in some embodiments of the invention,
mobile terminals to which space-frequency coded signals are being transmitted may be
assigned exclusively to a restricted zone, while mobile terminals using other MIMO
schemes are assigned to 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 zone, and to use another processing mode
otherwise.
Those skilled in the art will recognize, of course, that the present invention may
be carried out in other ways than those specifically set forth herein without departing
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.



identifying a subset of the first group of nobile term nals capabl e of

sel ecting between two or nore receiver nodes for processing transm ssions
according to the first M MO transm ssion schene 15allocating tinme-frequency
resources in a first pre-determ ned tine-frequency zone exclusively to
mobil e term nals belonging to the first gypup conprises prioritizing

all ocations of tine-frequency resources in. the first pre-determ ned

ti me-frequency zone to nobile termnals in the identified subset;
allocating tinme-frequency resources in one or nore additional

pr e- det er m n&dAVIS:i ne- frequency zones to one or nore nobile termnals

bel onging to the second group; transmtting data to nobile termnals
in the first and second groups using the first and second M MO transm ssi on
schenes, respecti wehythothef aillocitig ahedesguettyt revouices quanshiler esmittatedn ar e
downlink tinme-frequency resources. 252, The nethod of claim1l1, wherein

i dent i fyi ng HiSlAss epmpuniggtions systeny iy whichs allr?ﬁ%n:3 &M EHUFAEY IRSEIRSEY By be

recei ving: a j ahj ; sag r I o, r(rpﬁrﬂ
term nal 25 of E?%Jeﬂ‘;saﬁjbslgst@? ggécdﬁ&l%ag??ﬁ?ngl %é%pggql ?lt%gn tsglggtelﬂl ndi clgti ng t Hat
t he corr espondnsngssimbsdhemeeniatsecvald MEM Oapailsinéssh sskdrect i nghad el ffere dironwtheor

nore receiver. npdes for processjng trans si ons, accor dj to.the first
MND t ransii 851 SAQ e IssIn sReTi thoBeGOd CORPRIDS TR 8t 5hs o st Sphegiged

ti me-frequengymesources are uplink time-frequency resources, the nethod
thither conprising processing signals received in the first pre-determ ned
ti me-frequency zonkentifyiug difivgt groum of imadile tewdnale copespondisgrig tho et AMMMO

pr ocessi signal.s.received in the second e-determ.ned time- 5.freqyency
zone accg(?di h‘ TYSHO% & F“é‘?é’i ?Fé?n‘gl%%’é’sgf H&%ﬁﬁggfm‘ﬂﬁércé’ﬁ?sl?% msgeg’oﬂ}?
recei ver progesai MIMO¢@nimishieaSciegisi tive than the first receiver

processi ng node to co-channel interfering signals transmtted according to

one or nore TALMOidentifismg 8 shiosst o€ Henarst giiobip extimepikerterminple crpatie ofpolesting

transm ssi Onbgt(\%vggrrfr?WO or more receiver modes for processing transmissions according to the first

MIMO transmission scheme
15 allocating time-frequency resources in a first pre-determined 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;
allocating time-frequency resources in one or more additional pre-determined
20 time-frequency zones to one or more mobile terminals belonging to the second group;
transmitting data to mobile terminals in the first and second groups using the
first and second MIMO transmission schemes, respectively, wherein the allocated time-

frequency resources are downlink time-frequency resources.

25 2. The method of claim 1, 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 terminal capability message indicating that the
corresponding mobile terminal is capable of selecting between two or more receiver
modes for processing transmissions according to the first MIMO transmission scheme.

30



104. The nmethod of claim1l, wherein the first MNK) transm ssion schene
conpri ses a space-line coding transm ssion schene and the second M MO
transm ssion. schenme conprises a spatial nultiplexing transm ssion schene.
5, The method of claim1, wherein the first MME) transm ssion schene
conprises 15a space-frequency coding transggn ssion schene. 6, The method of
claim1, thither conprising transmtting a broadcast control nessage
indicating that the first pre-determ ned tinme-frequency zone corresponds
exclusively to transm ssions according to the first M MO transm ssion
schene, 20 73A wi A&k asethat of sdaipoil nwhewin theealloratedniimetfeegyencynipaoiireest Psns
systemin which.allocated {ine-frequgnc S . 1V sed
accordi ng to"B “fl? rtls e'ﬁrﬁ utelna ergsloﬁrﬁ:ug &rﬁgjl %Ft%lﬁg?ég&[%%uf ﬁﬁﬁl% %? +c:e%§§h gk 8%
scheme or a seeted iMINOfitst Picdbieshiasd siateh@uehat zelid dotlidg @m tihe debdisér

M MO transm ssion_schene; the access 25 point conprising two or nore,
antennas, a PrOSA%IAZ Mede aae dresessing pigagls \r@qel\seéclp{Ttgﬁ seqmd pre-detsanined dgnemi t
operativety r.ansiy i i . i nd
cont 1 gur et ¢ SOHREEY Zn} Buddiik B IbAPkecBRE! LARCANE hERE! Whkra W S0
first group edceivebpiloeedsigmaodd iS 1o semipertbamthetfostirbeeitar psdcetsianaivds s oot
S o N chamenms R Paalriransmitsed According o one of snore MIMS thanemission

schemes differing from the first MIMO transmission scheme.

a

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

comprises a spatial multiplexing transmission scheme.

5. The method of claim 1, wherein the first MIMO transmission scheme comprises

15  aspace-frequency coding transmission scheme.

6. The method of claim 1, further comprising transmitting a broadcast control
message indicating that the first pre-determined time-frequency zone corresponds
exclusively to transmissions according to the first MIMO transmission scheme.
20
7. 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
multiple-input multiple-output (MIMO) transmission scheme or a second MIMO
transmission scheme that differs from the first MIMO transmission scheme, the access
25  point comprising two or more antennas, a transmitter section, a receiver section, and a
scheduling unit operatively connected to the transmitter section and receiver section
and configured to, for at least a first scheduling instance:
identify a first group of mobile terminals corresponding to the first MIMO
transmission scheme and a second group of mobile terminals corresponding to the

30 second MIMO transmission scheme;



identify a subset of the first ginp of nobile term nals capabl e of

sel ecting between two or nore receiver nodes for processing transm ssions
according to the first IVIIMO transm ssion schene and to prioritize

al l ocations of tinme-frequency resources in the first pre-detei m ned
time-frequency zone to nobile termnals igythe identified 5subset

allocate tine-frequency resources in a first pre-determ ned tine-frequency
zone exclusively to nobile term nals belonging to the first group; and

al l ocate tinme-frequency resources in one or nore additional pre-dettolined
time-frequency zokdsstifoaowbserofnbe dirgppione afenabittatasminaloagpanly 0o selpeting
second group; 10an transn t | t .

accordi ng tob%tiv%eﬁrégw? RE™PIT S elglkf'r rgg(?égﬂfaykﬁ%ﬁ%gﬁlﬁéﬁ@ﬁ@ gsgggég%%ﬁéﬁgyﬁ}ekﬁgﬁ

Wi rel ess accassI@@iafémistioh Befenteodidrtd pribdtize dwthtiels oftinie-foqiengy resdurtces in
transmt data to nobile termnals in the first and_second groups,. according
to the all ocicefirst ine-deicanined cimedegurc¥szongsionfopie tempigg!s dﬁdﬁ%e‘éﬁlﬁ 1edvEND
15t ransm @Si o gtcherres, respectively, wherein the allocated tine-frequency
resources ar @& downlink ti me- frequency resources. 8. The w rel ess access

poi nt of clai m 7, albeateiimnetffeguaniyadidurderg innifirstipge-detefrhipad ¢ichet frequatecy zéne t he

subset of the first group_ of npbile termnals_by receiving a termnal 20
capabi | ity nmesQugeely Fpo ?:Wr@imal?r\t@l%‘rg‘@lt% T8 Pe™er i nal s of the

subset, via ther ﬁﬁ@(@a\’@ 'Emr%eﬁ"édélgﬂ(a/ ?%s%ﬁrc%@ i il o€ ARAD bk ¥n e SR a8 rmined

i ndi cating that the correspondi Ile termnal iIs capable of selecting
bet ween two timenforquen@caineeto pnocessiggpohide esmitmls pelowgss inthetsearsingresp;ons
according to the first M MO transm ssion schene, 259. The w rel ess access

poi nt of "¢l afft 7, wherein the first MNX) transm ssion scheme conprises a

space-time codi nghians Fits SiOfe B8 8FRoANShtédas 8&oaNH: M dilck HRITEHT GSk&shd
schene conprises a spatial nultiplexing transm ssion schenme.

MIMO transmission schemes, the wireless access point further comprising a control

unit configured to transmit data to mobile terminals in the first and second groups,

according to the allocated time-frequency resources, using the first and second MIMO

15  transmission schemes, respectively, wherein the allocated time-frequency resources are

downlink time-frequency resources.

8. The wireless access point of claim 7, wherein the scheduling unit is configured
to identify the subset of the first group of mobile terminals by receiving a terminal
20 capability message from each of one or more mobile terminals of the subset, via the
receiver section, each terminal capability message indicating that the corresponding
mobile terminal is capable of selecting between two or more receiver processing modes

for processing transmissions according to the first MIMO transmission scheme.

25 9. The wireless access point of claim 7, wherein the first MIMO transmission
scheme comprises a space-time coding transmission scheme and the second MIMO

transmission scheme comprises a spatial multiplexing transmission scheme.

10.  The wireless access point of claim 7, wherein the first MIMO transmission

30 scheme comprises a space-frequency coding transmission scheme.



-30- li.The wreless access point of claim7, further conprising a control
unit continued to transmt a broadcast control nessage, using the
transmitter section, indicating that the first pre-determ ned

ti me-frequency zone corresponds exclusively to transm ssions according to
the first MNAO transm ssion scheme. 5 12, The wirel ess access point of
claimn wherein the scheduling unit is further configured to coordinate the
mappi ng of tine-frequency resources to the first predeterm ned

ti me-frequency zone anong the first access point and one or nore

nei ghboring atcesShgpowinelsssonceehe mintepe haimominiteert FORPESIBE eimcosBok WAt

co-channel 10 interfering signals fromthe nei I i .
o1 o subst ST, B, i AN B b P Uoh (6, B2 LG, AE SFRSnRR bl 0
are limted {r@ictign alas the RRSHctdetimataaltié-Aeqiact kend borsdspdddyleRclusivelyao 15

transmissions according to the first MIMO transmission scheme.

12. The wireless access point of claim 7, wherein the scheduling unit is further
configured to coordinate the mapping of time-frequency resources to the first pre-
determined time-frequency zone among the first access point and one or more
neighboring access points of the wireless communication system, so that co-channel
10  interfering signals from the neighboring access points, in all or substantially all of the
first pre-determined time-frequency zone, are limited to signals transmitted according

to the first MIMO scheme.

15



