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Current Global System for Mobile communications (GSM)
cellular systems have to address the co-channel interference
(CCI) on the mobile station (MS) side, as well as address
the DARP requirements. Some single channel structures and

20 pre-filters have Dbeen wused to aid in canceling the
interference and provide some channel impulse response (CIR)
estimation. Moreover, some systems have used maximization of
the signal-to-interference to design Jjointly a single
channel space-time filter and the CIR estimation for a

25 single channel. Other systems have used a constrained
minimization of the mean-square error to design a single
channel space filter. Other systems have used a single
channel space filter that 1is designed by a rank-one
approximation of the ML channel estimation. The target

30 applications for these systems have been a base station
where a physical antenna array including a plurality of

antennas is available.



where a physical antenna array including a plurality of antennas is
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space-tinme filter circuit
and has a filter response that 1is provided by a channel
impulse response estimation from the space-time filter
circuit. A standard filter <can be operative when an
15 interference level 1is below a pre-determined threshold and
can be formed as a matched filter and cross-correlation
circuit and switch mechanism for switching the signal parts
into the matched filter and cross-correlation circuit.
In one aspect, the multi-channel, space-time filter
20 circuit includes a plurality of multiplier and delay
circuits that each receive n signal parts. The multiplier
and delay circuits are operative based on space-time filter
weights. Each multiplier and delay circuit comprises two
multiplier circuits and a delay circuit. Each multiplier and
25 delay circuit is operative at . one symbol delay. A joint
optimal filter weights and channel estimator is operatively
connected to the multi-channel, space-time filter circuit
and receives training sequence (TS) symbols and timing
uncertainty data and generates space-time filter weights for
30 the multi-channel, space-time filter circuit. A summer
circuit sums data from the multiplier and delay circuits for
each channel. An equalizer circuit is operative with the

multi-channel, matched filter circuit.



and receives training sequence (TS) synbols and timng uncertainty data
and generates space-tine filter weights for 30 the multi-channel,

Space-ti meORod7t0eze1Ti rcuit. A summer circuit suns data Pconabéusomshsi plier
and delay circuits for each channel. An equalizer circuit is operative
with the nulti-channel, matched filter circuit. 3 WD 2007/ 022617
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FIG. 2A is a block diagram of a method in accordance

with an exemplary embodiment;
FIG. 3 is a graph showing the Joint Space-Time Optimum

15 Filter based DARP capable receiver performance for various
DARP test cases;

FIG. 4 is a graph showing the Joint Space-Time Optimum
Filter receiver performance in accordance with an exemplary
embodiment with additive white Gaussian noise (AWGN) ,

20 compared with and without an auto-switching strategqgy;

FIG. 5 is a graph showing the Joint Space-Time Optimum
Filter receiver performance in accordance with an exemplary
embodiment with DTS-5, compared with and without auto-
switching;

25 FIG. 6 is a graph comparing the performance of single
with multiple Viterbi equalizers in accordance with an
exemplary embodiment, using 8-bit SD 1limiter in the
simulation;

FIG. 7 1is a graph showing the performance of Joint

30 Space-Time Optimum Filter Receiver and a modified test case

in accordance with an exemplary embodiment;
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SD |'i mt ayoizoo7dags17si mul ation; FIG 7 is a graph show n@ctrteazpevdoes2zsance of
Joint 30 Space-Tinme Optimum Filter Receiver and a nodified test case in
accordance wth an exenplary enbodi nent; 4 WO 2007/ 022617 PCT/ CA2006/ 001325
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to those skilled in the art. Like nunbers refer to |ike elenments

t hr oughobDetaided Deisteipdtian @f itheuFakfexrradliBndiceiisianitisar el ements in 20
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Syst em f gi MobEL €1 { CoMrGoraRCali OAS Y& R&Ace to the accompanying

drawings, in which preferred embodiments are shown. These

embodiments may, however, be embodied in many different

forms and should not be construed as limited to the
15 embodiments set forth herein. Rather, these embodiments are

provided so that this disclosure will be thorough and

complete, and will fully convey the scope to those skilled

in the art. Like numbers refer to like elements throughout,

and prime notation 1is used to indicate similar elements in
20 alternative embodiments.

In accordance with one embodiment, Co-Channel
Interference (CCI) on a mobile station (MS) side in a
current Global System for Mobile (GSM) communications system
is addressed, as well as the compliant requirement of a

25 Downlink Advanced Receiver Performance (DARP) standard by
the Third Generation Partnership Project (3GPP).

The illustrated embodiment in FIG. 1 provides a multi-
channel pre-filter that is operable for canceling the
interference and providing channel impulse response (CIR)

30 estimation adaptively and optimally. The pre-filter can use
two major components in one non-limiting example: (1) a
multiple-input-multiple-output (MIMO) based Joint Space-Time
Optimum Filter (JSTOF); and (2) a multiple-input-single-



is addressed, as well as the conpliant requirenment of a 25 Downli nk
Advanced Recei ver Performance (DARP) standard by the Third Generation

Par t ner shi@200ropmetr (3GPP). The illustrated enbodi nent PeT/EABos/M0IPZOVI des a
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and provi ding channel inpulse response (CIR) 30 estimation adaptively and
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the equalizer can be_formed by_a conbination of the convol ved
MISO-based multi-channel matched filter. The filter response
of the matched filter is provided by the CIR estimation from
the JSTOF.

15 The output of the multi-channel matched filter passes
to a Viterbi equalizer which removes the inter-symbol
interference (ISI) and provides soft decisions for further
processing. A single channel response required by the
equalizer can be formed by a combination of the convolved

20 CIRs from the JSTOF. This pre-filter can also automatically
switch to the conventional or standard filter in the
conventional receiver in any AWGN dominant cases and switch
back to the JSTOF-based receiver in any interference
dominant cases. This auto-switching capability reduces the

25 loss in AWGN dominant cases.

An example of the pre-filter or interference canceling
filter for the JSTOF-based and DARP-capable receiver is
shown at 10 in FIG. 1, in which the oversampling ratio is 2
and the number of the virtual antennas is 4 (M = 4), as also

30 indicated by X;(k) through X,(k). Throughout this description
the pre-filter 10 can be referred to as the interference
canceling filter or JSTOF filter, and acts as a pre-filter

in a DARP compliant receiver. A receiver incorporating this

6



20 CIRs fromthe JSTOF. This pre-filter can also automatically switch to
the conventional or standard filter in the conventional receiver in any
AVWGN domiwenbormasas and switch back to the JSTOF- basedpiggeizu&@iooi32sany
interference dom nant cases. This auto-swi tching capability reduces the
25 loss in AWGN doninant cases. An exanple of the pre-filter or
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of the virtual antenna 24 and split again intdo real and imagi nary
signals to foﬂﬁmiheﬁﬂespeanwmnda(ka the output signal from the

derotation circuit 12 is split into even samples and odd

samples as part of the virtual antenna 24 and split again

15 into real and imaginary signals to form the respective X;(k)

through X,(k) input signals into a JSTOF circuit 30, also

referred to as a multi-channel, space-time filter circuit.

The output signals from the JSTOF circuit are passed into a

multi~channel matched filter circuit 32, and its output

20 signal is passed into a rescaling circuit 34 and then into a

multiplexer circuit 36 as data (d;). The multiplexer circuit

36 also receives a channel (cy1) response. When the

conventional filter 14 is connected, the multiplexer 36

receives the data (d;) and channel (cy;) response from the

25 matched filter circuit 18 and cross-correlation circuit 20.

Signals are passed into a Viterbl equalizer 38 as a soft
decision output.

Further details of the JSTOF and the multi-channel

matched filters are shown in FIG. 2, where the number of

30 time-delayed samples used in the JSTOF circuit is 2 (N = 2).

The various inputs X;(k) through X,(k) are received into the

JSTOF, which is shown in greater detail. The JSTOF circuit

30 includes channelized multipliers, also termed mixers 40,



t hrough X4(k) input signals into a JSTOF circuit 30, also referred to as a
mul ti-channel, space-tinme filter circuit. The output signals fromthe
JSTOF ci neaibo7aemipassed into a nulti-channel matched PCctwaromsionsast 32,
and its output 20 signal is passed into a rescaling circuit 34 and then
intoa nultiplexer circuit 36 as data (dl1). The nultiplexer circuit 36

al so recgivesyan £hapnets( Q) SREPORERer V2B, t N8 1 CONVRN ONY o Flhiier-14 is
connected, the miltiplexer 36 receives the data (d2) and channel (c2)
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m xers 40, 7 WO 2007/022617 PCT/ CA2006/ 001325 42, delay units 44 and
sumrers 4&e WHiXxeFs ddut 42nto nulti- channel matched filters 48 for each of

the four illustr a : d_si | s..framthe. fil]ters are
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receiver by adding an 1@1pre-fiil t ehcbr anghenaighbel LorewspOYRALERHRL
mat ched filter as shown in FIG 1. The conventional software/hardware
Viterbi equalizer 38 can be used without change. In one non-
limiting example, an integrated DARP-capable receiver has
been tested against DARP test cases by simulations, which
15 indicates that the receiver provides 1.6 dB to 6.9 dB margin
over a specified performance in terms of the frame error

rate (FER) for one of the AMR speech channels.

FIG. Z2Z2a 1is a flow-chart illustrating a high-level
method associated with the described system in which the
20 various steps are shown as non-limiting examples. The
various steps begin with the 100 series reference numerals.
The incoming communications signal is derotated (Block 100)
and passed into the virtual antenna. The communications
signal is split into even and odd samples (Block 102), and
25 each even and odd sample 1is then split into real and
imaginary signal parts (Block 104). The communications
signals from the virtual antenna are passed into the JSTOF
circuit, where the communications signals are multiplied and
delayed (Block 106) and then summed (Block 108), all as part
30 of a first multiple-in, multiple-out (MIMO) Joint Space Time
Optimum Filter (JSTOF). After summing, summed signals are
passed into the multi-channel, multiple-input single-output

(MISO) matched filter circuit (Block 110) and then summed
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PCT/ CA20Q645004329 JBleek rbkd)d aswl passad asoa,sivigle ophbsignabrhnéa the

Virterbi equalizer (Block 114) in which a soft decision is made (Bl ock
116)10 | ntepéhaseco vt e iddrot wn e B¥SH 2signdpefabdl Be 5raprtAd GVBK

o1 ot ocol - BETBr 6 iy HeT ol aty ahe LT S ol ehst & a1 of PE dynante and”
after dedetratmtnohheat the front end is used for even and odd
samplings, which is wuseful because of the over-sampling
rate. For example, in a conventional receiver, this is
15 typically at the rate of 1, i.e., one sample per symbol.

The wvirtual antenna 24 can increase the sampling rate
to two samples per symbol in a serial manner coming from the
baseband filter to form two separate channels of even and
odd. Before this process, the odd/even samples were serially

20 interleaved. These signals are then further split into the
real and imaginary signal parts to form the four independent
channels of the virtual antenna. It should be noted that in
some embodiments other numbers of virtual antennas/channels
may be used (e.g., one or more), as will be appreciated by

25 those skilled in the art.

As best shown in FIG. 2, these signals are then passed
into the multiplier 40,42 and unit delay circuits 44, e.qg.,
a one symbol delay, and thus the signal is processed with a
multiply and delay, followed by a mnmultiply operation as

30 evident by the two multipliers 40, 42 and one delay circuit
44. This operation is followed by a summation in summer 46
as 1llustrated. This portion of the system is operable as a

multi-channel, two-dimensional filter. One dimension occurs



signal constellation becones static, i.e., any synbols are typically
concentrated on 0 and 180, with synbols rotated 10 to those two points.
Thus, thavaebiKsiegnal can be treated as a typical binargr/chameostsns t
keyi ng (BPSK) signal. The derotation at the front end is used for even and
odd sanplings, which is useful because of the over-sanpling rate. For

exanpl e, pelkadseOnyent tapal gL e5el Var, ¢iis iahd lanbypktal hymahsibg rate of
1, i.e., one sanple per synbol. The virtual antenna 24 can increase the
sanpl i ng imgtreduced wof wampl ke pevisynbol iemtgnseri ali.reannera cospaygidélomt he

baseband f.i |l ter. to r ; ar at nels of even _and. odd.. Before this
process,dﬁ §%§&5%9¢%% g%%g?égg%efgmgeggggl$h%b'$ﬁ e? ggggﬁén?héggm%i%nals
ar e t hen sharciheringplfiititient.o the real and imaginary signal parts to form

t he four inde%endent channels of the virtual antenna, It shoul d be noted

that In sone -enbodi mefit $¢6 her SAGRerSTIMAAT t udtIBAt endds/ Uifithel B0 nay

be used @ngunc@ISror wiBhe)otRSr W ddafieBPPr @Giat fd1BYp128rthosgcskid !l ed in
the art. As best shown in FIG 2, these signhals are then passed into the

mul tipli @cights? E¥emubhe d&HYt cPPEdnad 44 ltey Weighbpe agyhthaneeéhy, and
thus thegsignal JS goocessed yuitha  [uhthe! Ve 2y ok AL! oyed; by, a
mul tiply operatfbn as 30 eviéﬁ%%ﬁby t he tmg nmu tlpﬁ?%?sozggk4fﬂ§nl‘%%e

del ay ci Foditer 4eidiii sanpefabnorli £sftdlMadwed 58 arsupastiedn lmtcunmer 46
as i ustr%%edliTQis portion of the systemis operable as a nulti-channel,
t wo- df mefsiond&l fi'Pter. One di mension occurs 9 WO 2007/ 022617

PCT/ CA2006/ 00%325 wehiegausaref d1he del &y s i tdimeadrhdothesy di MB0shen s
introduced fromthe virtual antenna, i.e., a spatial dinmension as
descri bed@°&nd 1R "Chee 4P 1 mehsPons Sforfights. As to the training

sequence symbols input into the Joint Optimal Filter Weights
and Channel Estimator 52, there are typically in some non-

15 limiting examples about 26 known symbols and it is known
which training sequence a packet contains. A +/-3 or seven
positions search in a non-limiting example can be used to
find the timing. The impulse response of the multi-channel
matched filter (he) can be wused such that the system

20 matches the channel response and makes the signal stronger
after the matched filter.

As shown in FIG. 1, rescaling can occur as a hardware
or software convenience, although it 1is not required. This
rescaling circuit 34 allows greater operation for a 4-bit or

25 5-bit input as a non-limiting example to the Viterbi
equalizer 38. The dynamic range of the signal can be
readjusted such that the signal can be sent into a 4-bit or
5-bit circuit.

As noted before, the multiplexer 36 can take the

30 signals d; and c; for the data and channel response from the
conventional filter receiver 14 or the signals d; and c; for
the data and channel response from the JSTOF receiver 10 to

allow a switch-over between the two. The JSTOF receiver will

10



space-tinme filter. 51t is evident each incomng signal is used in
conjunction with other channels, and nultipliers receive weights fromthe

Joi nt Optydyadorfobidier Vi ghts and Channel Estimator 52. pdpgAseis@oizzscon ng
fromthe Joint Optimal Filter Weight and Channel Estinmator 52 are passed

into the 10 multipliers. The weights are also an 8 x 4 dinensional matrix
in one non-limting ex le,.l.e. .. _32.weights. to the trainin
sequencelBYRBEFESI fFUF iMt0 t]h% g%lé]ﬁ? Opt in%allrﬁﬁaftsfeerre\}‘léc{ﬁéght%% a'ndg%ﬁ%nnel
Esti mat 0pu53, whheke ragiesd ypicathysi paseneheorcdrbrdritnidrialy exeepves about 26

known synbols and it is known which training sequencg agacket contains. A
+/ -3 or SeReke pozedi BAS ¥darlcH Tk a2ABMRFRIY i n Oexéﬁ‘ﬁl R beS usdl to

find thegtimipo. b}@ni MpY! S& HeLSPONSEe0f 1 &hS1 Nulet i rebanngl thdm chedsi | ter
(hops) can be used such that the system 20 matches the channel resEonse and
makesS t hénsirgrakestt r bpgethe af J$POF herargictrid fand efdtsascdkewation FREe 1,

rescal i ng_can,occur, as.a hardwar or : .e_conveni.enc | t hgu it is
not requg?‘léggh’%ﬁ‘ﬁs lsre?@aﬁeﬁlgg%i ?Cchueltegggﬁaﬂ‘%/?%&g g(&e/a?gr% o%]él\rug I on ggrs a

4-bit or s28RSwRI tIf npite aguantbby | iis tbagoexanpteréshohd, Vittter bsysequal i zer
38. The dynam ¢ range of the s,i% ael can b readj ust ed, such_t hat the signal

can be s&fterAiges AN&%e oS Bt cHCTH Fe T ACH PR BQ?OFQFeFﬁSrence

mul tipl exenc38 163N dakenthgsTd@ Sidamnalved2i andoe?2 fefuitderl datiru@ndtabannel
response fromthé conventional filter receiver 14 or the signals dl and cl

for 1@ hefdatgramf cthmnernyespbrdeal f rereLNErI RO S StV ePY 16VLEChAPFow a
SW tch-o%%re l%qtlwes%qttctple 1lgno. The JSTOF receiver w || 10

The circuit is operable in beam forming systems and
other systems. This type of system also allows the signal-
to-noise ratio to be improved and the bit error rate (BER)

15 to be improved. This could impact top level protocols and
phone calls and other communications matters for use with
these circuits.

The multi-channel structure of the JSTOF-based filter
10 is wused in one embodiment, and the MIMO-based JSTOF

20 circuit 30 provides a space-time filter weight and channel
estimations that are different from prior art solutions.
This circuit provides the ability to combat the interference
efficiently for both synchronous and asynchronous
interferences and yield high performance. Some simulations

25 have shown that none of the solutions in some prior art
techniques provide the required performance against the DARP
test cases.

This MISO-based multi-channel matched filter circuit 32
is a feature that improves the overall error rate

30 performance and reduces the complexity of the equalizer by
avoiding multi-channel Viterbi equalizers. The built-in
automatic switching between JSTOF~based and conventional

receivers reduce the loss in AWGN cases.

11



WD 2007/ 022617 PCT/ CA2006/ 001325 introduce sone loss if there is no
interference, i.e., just pure white noise. In this case the conventional

recei ver wd2o0andie used and will work adequately. So, p&ECcaRiedézss can
switch back to the conventional filter without loss 5 introduced by the
JSTOF receiver and its circuits. The switching is based on the estimation

of the SINROUEMIthys e SEAR NPer | fsttherquant ity 1 Bebelow a; Lhrgenal d,  the

system determnes there is little interference and the interference
cancel i ngreeft t hehe) STORRP ecaievigd riegiends . r edun r etht dihfisrertdee 10afic¢dlatig of the

convent i | .receLv 14 | ed by switching the 2:1 switch 16. The
circuit %%gﬁggabFéfﬁﬁrbeg%@r mclii‘él sY3Y e aﬁﬁamB%ﬁeroéy&‘&rm‘flﬁW type
of systemnalksmaal | 99s tdescyiigRal - 40dnoienfairinig0 beoi Npoawed aneghd he bit

error_rate EeBER) 15 to be inproved. This could inpact top |evel protocols
and Phor@‘EIHELCRTE ot hBE coifiihi catSongehBt tEYS et e vt himaticn

circui tserThesmyd icichapnghnstr mﬁfauigegg%%gen%?%%?%% fild efesdQd s used

in one enbodi ment, and the M MO base circuit 30 provides a
space-ti wéghigllt-erAweliogit ahemefiahmel orst(ifivat | snewedagoade pkffermenicd rom

prior ar ol .yt . i rcui t. pravides. .the abil,t 0. £0 t the
interfer Eafr?%e tll%f 19)} ?::llé) #;gryééfsg% th)a:)gt%s s y%c haroe(;%lotulsonaﬁtao ats%/%ccﬁfr%‘ﬁ]o%%blaty 1o
interfereoobstdnd yited dabiyghhpenbosnameer fSawe sSi MHetd onsy 2behawewhown

t hat. none of the.,solytions jin sone, prior art techniques provide the
r oqut§ od CHBPECARINGE Tada RS TS DR Y edt Laadoniding s SO Baddd an
mul ti - chaprel-regehed filter circuit 32 is a feature that inproves the

overall error rate 30 perfornmance and reduces the conplexity of the
equal i zer by In one embodiment, the virtual antenna 24 is operable

with adaptive space-time filtering, allowing the Joint
Spatial-Temporal Optimum Filter (JSTOF) circuit 30 to be
15 used. One difference from the ICMF is that the spatial-
temporal filter weights used to suppress the interference
and the CIR estimation of the desired signal are jointly
estimated and optimized in the JSTOF while the two are
separately estimated in an ICMF. The JSTOF circuit 30 can be
20 a Multiple-Input-Multiple-Output (MIMO) circuit that takes
advantage of the rank deficiency nature of the desired CIR
matrix in the space-time setup. Simulations have shown a
satisfactory performance for the various DARP test cases.
Computational locad is deemed acceptable given that fixed-
25 point Cholesky factorization and EVD/SVD are feasible.

This method has some simplicity and low computational
complexity. It is also robust because the system makes few
assumptions about the source of the interference. 1In
addition, the system can continue to use the existing

30 equalizer structure, as the solution is integrated as a pre-
processing step on the input data. This would allow the
system to use the HW equalizer accelerators if available.

In order to support the evaluation of this technique,

12



avoi ding multi-channel Viterbi equalizers. The built-in automatic

swi tchi ng between JSTOF-based and conventional receivers reduce the |oss
i'n TAVGN §86 8770326130 2007/ 022617 PCT/ CA2006/ 001325  Sui pabicazemsmeiseer
structures can be used in order to nmeet the DARP requirements. An
Interference Canceling WMatched Filter (1 CVMF) can use an exanple of the

vi rtual 6%nten9gtg§l dfggéilbe,?%ggg brgpggprrﬂar& tqﬁ@ﬁgat ﬁ&ﬁ%lét'o@t e\t;,ggrence

The circ i 5'sSensitive e estimation errors of e Channel | npul se
Response eik€eRpeaf ttchesdppbr:ed aldi gofl thA JmtmrﬂMmdumaded;a/ed@)aashomed
good performance r the arlo In addition to the difficulty

in conbREiRG 'Pﬁ&da n(’fll?reo %é’regrl PhdPE ‘may be heavy 10

conput ati onal TgmRI exicty If@\lqlow%d ian ale@@tfmgttlb@ CbR othan simuestesar. In
one enbodinent, the virtual antenna 24 is operable wth adaptive

spaceSt i @@Ifflolrﬂ@mcﬁg fcal |ARPIgteAk $8PRE USPaG AneTehptRal COpEvHbm EFI ter
(JSTOF) f%li'dt ﬁé’fful R k2 d egha91§,§£JJ argncestrapmtha gl Gy i gothat the

spati al - errpora er wel ghts used to suppress the intérferentCe and the
Cl R est i mattieaf eafentdee whediateibrsi gnadl chrengodi rﬂﬂtymaéstqmdtastd heen opsedi zed

in the JSTOF while the t are ar at el estl mate Th JSTCF
circuit 36 cén &S5 aStl\%V%DJt ™ e- "?rh%? I\ﬁﬁ%ll?ﬁ e=ut b put )kg(r\:l/lﬁragw 5t hat

takes advanthage «of Adwuniank wefi ctesncyqnatalenof chhﬁndEStéeﬂoﬁbR fert rix
in the space-tinme setup. Sinulations have shown a satisfactory performance

for the &S o%%nCEA@PdﬁééFega%r eBfphcatioitted oad ¥ deeh@d §8dpEabl e
gi ven that, é)fdhl)g%d R@épeﬁb@t @p@ﬂigskﬂ/ﬂ@&t orlazaghgﬁsﬁaq BEVIX,SVD aye kgasi bl e.

Thi s met ho as sone sinplicity and | ow conput ati onal
received baseband signal can be expressed as

(k) =S e(D)s,., +v(k) = Hs(k) + (k) , (1)

1=0
15

where x(k) 1is an Mxl vector representing the output

from the antennas, H is an MxL matrix containing the channel

response for the antenna array, s(k) is an Lxl vector for

the corresponding symbols transmitted, and v(k) is an Mx1l

20 vector including the AWGN and the interference. The space-

time extension for formula (1) can be obtained by stacking N
time-delayed versions of x(k) into a taller MNx1 vector X(k)

as follows:
25 (k) = [x" (), x" (k =1, x" (k = N + D] =Hs(k)+ (k) , (2)

where H an MNx (L+N-1) matrix is the block Toeplitz
version of H and sk)=[sx, Sx-is s Sk-1-n+2)T. The samples

that correspond to the training sequence can be collected,

30

= [x(k),xX(k +1),- -, X(k+ p-D]=HS+V, (3)
13



conplexity. It is also robust because the system nmakes few assunptions
about the source of the interference. In addition, the system can continue
to use theoeoti7oeieng 30 equalizer structure, as the sol upEDoAR@ecOt3egr at ed
as a pre- processing step on the input data. This would allow the system
to use the HWequalizer accelerators if available. In order to support the
eval uation of this technique, 12 WD 2007/022617 PCT/ CA2006/ 001325 the
system | evel Block Error Rate (BLER) sinmulator was extended to support all
of the interfweherenpdel & scelnari¥st Bei Ry issédebynunthe 3EHP ARR1s of
Specification. There now foll ows. a, description of the sinulation 5

per f or mah88 FSPlDARp fESHCESSes ’%s’r?lgarﬂ FETFE ¥ cdtd §t= shoul d be

under stood t hat ace-tj proces oi nt erference reduction and
channel estinafi o has(kbglzrf uged Fl|("{r1F9_a g]asie stAt f ]Iblrf:[& Whet AN AP M
ant ermasmh8riavaifl ablee.t ASSUMING vinlbatl . herrequj kal e rdp ihainneli Jresippnse f or
10 the single desired user can be nodeled as an L-tap Finite |npulse
Responsef(lFIFlR)afFllotfleltrlé(l@rlad\éw yamﬁhé d\feqw Feckbwed basatraridinst gnal

can be ex ressed as L-1 x( % % = Hs(k) + v(k) , (1) 1=0
15 wher efx¢kFri £0%h ‘M(POVeE 6?71?épr é@“&ln_ﬁ l’fécfl BRgdt RRELMetdn e Hrtfennas,

His an iKLagRbR X (g@NE &iNicRG t heighanngl: responsgdor the andenaarray,
s(k) is an Lxi vector for the corresponding synbols transmtted, and v(k)
is an Mkegddvadt oot rtchajdifméttahe sNGRiandizkd,i nt eefer éncesoThe Spece-

time extenshanfor fetpylaccl) gan beyobtained by stacking N
re}l}q“wTi—hT_S-Hz . (4)

It can be found that the optimal weight is:
15

—R"'R h (5)

xs > opt 1

and the optimal channel estimation h,, is the

eigenvector corresponding to the minimum eigenvalue of the

20 matrix R,-RYR]'R_, where

R, =X'X", (MNxMN) (6)
R, =S'S”, ((L+N-1)x (L+N-1)) and  (7)

25
R,=X'ST, ((MN)x (L+N-1)). (8)

Given that the noise plus interference component V in
the space-time model of equation (3) is no longer white but

30 approximately Gaussian distributed with unknown covariance

14



ti me-del ayed versions of x (k) into a taller M| vector x(k) as follows:
25 x(k) = [x7 (k), xT (k -1), , XT (k - N+ 1f =1ti (k) +v(k) , (2)

where H ano Motk 1) matrix is the block Toeplitz vergcercAaaboddossrd s(k) =
[ Sk, Sk-1, Sk-L-N+2 ] T . The sanples that correspond to the training

sequence can be collected, 30 X=[x(k), z(k+1) , z{k+p-1)] =HS+V, (3) 13 WO
2007/022617 PCTL%%QO%B/OOl 25 __where
ai

cymool 5GP oo e st rePanpes H T2 R
o hi g e e DR AN 2 KB BAY O WL 15 gahﬁh)imgfzgttqml

t rai ni ng sy olnt optimzation Is a non-trivi

wei ght vedtamaNﬂdﬂlqquguquaHUntyf|Iter and a non-trivial (L+N-1)xlchanne
estimation vector h after the filter such that the output interference
residual of the filter is mnimzed, i.e., to solve the 10 follow ng

optinization proble W (4) 1t can be found_ that the
opti mal weight is: R?S } @F&"%(S%HR* (5) and the opti rrg? ) channel
estimation hop, is the elgenvector corresponding to the m ni num ei genval ue
of the 20 matrix RS -RHRs1R, where Rx =X*XT, (MXXMN) (6) RS =S*ST

((LN-1)x (L#Nel) ) naad f(oh)- 26, RS ST STack(Mhy (dbrl) ) £ne8)nGien Liat the

noi se plus interference conponent
the independent channels is always less than or equal to M
and H is wusually rank deficient, i.e., rank(H) = r <
10 min(MN, L+N-1). The rank deficient ML problem can be used
for the rank-1 approximation of the space-time filter.
The JSTOF circuit in one embodiment can use a different
approach to find the joint optimum solutions for the filter

weight and the channel estimation. It is possible to find

15 the ML estimation of H. The estimation can be decomposed as
H =HH", (10)

where ﬁx(MNxM) is the estimation of the space matrix of

200 H and H, ((L+N-1)xM) is the estimation of the time matrix of

H. They can be obtained by:
H =R"*V,, , and | (11)
25 H =R_H,, (12)

where R,=R/’Ry”* is the Cholesky factorization and V,,

consists of the M eigenvectors corresponding to the
top M eigenvalues of the matrix D,

30

15



t he space-tinme nodel of equation (3) is no |onger white but 30

approxi mately Gaussian distributed with unknown covariance 14 WO

2007/ 02264@ 200G021642006/ 001325 matrix R,, the optinmal eptTaaticenofes the
channel His the maxinmmlikelihood (M) estimation, which is a
mnimzation of the followng quantity: 5 1(H R )=1oglR I+IN -HSIRy, . (9)

In this non-1imtinRg_spacsst] del , the nunber of the j.ndependent
channel s is al vvaysrtP'e'sss tﬁ%ﬁkgirig%ﬂal' to M and His usu@l%)y r ank

deficient, i.e., rank(H =r < 10 min(M\, L+N-1). The rank deficient M
probl em can be used for the rank-1 approximtion of the space-tine filter.
The JSTOF cirduoi ta i mevhesérboditentopimakevaldhnt f épenttheapspaeett ine fi nd

t he j oi n%.ﬁgti ng@ns%gu%%%gsl f%r Bl he filter weight and the channel
estimation: Tt I°§ pOSsibl e {6% PHd 15 the M. estimation of H The
estinmmation can be deconposed as H = H HH (10) where I-I,(MXM is the
estimation of the space matrix of 20 H and HL((L+N-1)xM is the

estimati on of the MUQFRE{RLH,N H. THMByMgan be obtai nedlby: H = RS 1/ 2VDM
and (11) 25 H =R ,,Hl, (12) where R, = R/2RH 2 is the Chol esky
factorization and VDM consists of the M eigenvectors corresponding to the
top M eigenvalues of the matrix D, 30 15 WD 2007/022617 PCT/ CA2006/ 001325
D = Rs-xi 2R Rs" RXSRsli2 , (13) In a next step, the optinmal weight for the
space-tinme and the optimal channel estimation is

10
h =w’ -H. (Mx (L+N-1)) (15)

opt opt

It is then possible to apply the optimal space-time

filter in equation (14) to the samples from the antenna

15 array 24. Clearly the outputs of the filter 30 still have M
channels, and it is a MIMO system. The optimal channel
estimation in equation (15) can be used for the multi-

channel matched filters 32. The outputs of the matched
filter are then combined (summed up) and rescaled in the

20 rescaling circuit 34 to the modified desired level. The
final output is a single-channel sample stream and can be

fed into the Viterbi equalizer 38. Note also that the number

of channel taps after the JSTOF has been changed to L+N-1
comparing to L of the modeled channel taps before the JSTOF.

25 It was observed by simulations that the JSTOF receiver

incurred more that 1 dB loss in the pure AWGN cases compared

to the conventional receiver using the conventional filter.

To reduce the loss, a strategy of automatic switching
between the JSTOF and conventional receivers was developed.

30 The switching is based on the measurement of the difference
of the input and output SINR’s of the JSTOF. When the

difference 1s Dbelow a predefined threshold the JSTOF

16



filter can be obtained by 5 wop, = RX RH, , (MM (14) and the optinal
channel estimation is 10 hop, =wat ft . (M (L+N-1) ) (15) It is then
possi bl e w@ 26¢@Pbi615 he optimal space-tine filter in equatir@az(dsipiize t he
sanples fromthe antenna 15 array 24. Cearly the outputs of the filter 30
still have Mchannels, and it is a MMO system The optinmal channel
estimti i at .o C e d r i - hq%tr)@!- ched
filters %%.ée;lﬁ%qgu Eu'?%&%?é?hggknjgt glkl@g t%‘?l t%(%ﬁéér?gé%%%%fco e (sgﬁmad
up) and reseadedonn The Z2hguEscalNRgceinr cegteddily tdvenpadid | edceesheed

| evel. The final output is si ngl e-channel sanple stream and can be fed
into the SHEERGLBgeH iBets3 .Onﬁlogé §PYBTERGt (tHé ‘number of channel taps
after the JSTOF has been changed to L+N-1 conparing to L of the nodel ed
channel taps before the JSTOF. 25 It was observed by sinulations that the

JSTOF receiver incurred no ’hat 1 dB | 0S54 e pure AWGN cases
conpaged to the cogpgnt Lan s ecgiwﬁé&t@ﬁm@lﬁpal fikter. To
reduce the loss, a stré’i’tegyz_oﬁs ut art i - HSRY, HEhi DRe {Fogffiepn t he JSTOF and
conventional receivers was develloped. 30 The switching is based on the
measurenent of the difference of the input and output SINR s of the JSTOF.
When the difference is below a predefined threshold the JSTOF 16 WO
2007/ 022617 PGEHICAZR06IOQLB255INRceavelbei sompnhed 6kbmardubheéocasnvadti onal
receiver s turned on. The input SINR can be easily conputed once the

esti mati 68%f R )i's done in equation (10):
Sl tr(h’, R b7
10 SINR,, =—"2 T ——=—— T — . (17)
"nglx - hoptS“ tr(woptRxw + holeshopt - ZRC{W uptRxshopt })

On the mobile side, a virtual antenna array can be set
up by the combination of oversampling and the separation of
the real and imaginary parts as shown in FIG. 1.

15 In accordance with various embodiments, the Jjoint
optimum MIMO space-time filter and channel estimation set
forth 1in equations (14) and (15) enhances interference
suppression performance. The MISO multi-channel matched
filters 32, which are based on the channel estimation in

20 equation (15), dimprove the error rate performance while
reducing the complexity of the Viterbi equalizer 38. A
strategy of automatic switching between JSTOF and
conventional receivers reduces the loss in pure AWGN cases.

The JSTOF defined by equations (6)=-(17) can Dbe

25 implemented in different ways 1n terms of numerical
stability and computational complexity. The major
differences are the way 1in which the inverse of the

autocorrelation matrix R, is calculated and the way in which

the channel ﬁ is estimated with reduced rank.

17



HSI1Z  SINR tr(HRSHT) (16) 5 t"p - 11X - HSIIZ tr(R + H'RSHT - 2 Re{RXSHT
}) and the output SINR can be conputed fromequations (14) and (15) : Z 2
- Htr(hveptooRoztsiopt ) HT (17) 10 SINR ,ut = |ih OP1edf.chbosspérszshopt S |
tr (wopt Rxwthop, Rshopt o pt pt}) On the nobile side, a virtual antenna
array can be set up by the conbination of oversanpling and the separation

of the real gpd i4dmGl NALY I1RAR 23 BNV 10 EhGE edkylddh@esorndanee with
various enbodi nments, the joint optinmum M MO space-tine filter and channel

estinati bassat hetthxin equatsdos (14§ anR, (153nénhatices igitgiferiarce
suppressi on performance. The M SO nul ti-channel matched filters 32, which
are basedesopmpheithannalf esetniki dh iim 20geziuben ori1815) ,Spewrihaaltlhe error
rate performance while reducing the conpl exi of the Viterhi. equalizer

38. A sPrifggy At orBRE AT c MY etSve €1f TSGR rand P orfehtS vl

receiyversg_r - Ln pure AWGN cases. The JSTOF defined by
equat5| oné“fggg%%f&ggn 82§t§5 inplemented in different ways in terns of

nunerical stability and conputational conplexity. The major differences
are the way in which the inverse of the autocorrelation matrix RX is

cal cul ated and t heRaayLi:h.which the channel His é58imted with reduced
rank. 17 WD 2007/022617 PCT/ CA2006/ 001325 One such inplenentation is a
Chol esky deconposition based matrix inversion of Rx and the ei genval ue

D can be rewritten as

10
D=D,D/, (19)

where

15 D, =L7RIL". (20)
It should be noted that the inverse is actually
performed with the square-root of R,, and the explicit

computation of the inverse may be avoided by the back-

20 substitution. Also, D is numerically stable because of its

structure of mutual cancellations. This was verified by

simulations that showed the condition number of D is seldom

greater than 300. This implies the eigenvalue decomposition

on D would not require unduly sophisticated algorithms for

25 typical applications, as will be appreciated by those

skilled in the art. In fact, this approach may potentially

have the least computatiocnal complexity of the approaches
outlined herein.

One potential numerical concern is the Cholesky

30 decomposition on R,, as its condition number may potentially

be relatively high, and its positive definite property may

18



deconposition of matrix D in equation (13). Specifically, since Rx is
symmetric positive definite, the Cholesky 5 deconposition exists: Rx =

LxLx (18)woBheeamee rewitten as 10 D=D1Di , (19) wherecteaRdosmols2dRx LX '
(20) It should be noted that the inverse is actually perfornmed with the

square-root of R ,, and the explicit conputation of the inverse may be
avoi ded t k.20 ti iLan.,. Al | nqgg;' |1 y.st ecause
of its g%rd%fﬂ$%€of%nﬁ%%§ g%#%ggléF{oﬁggnﬁkkgfmas ég%?fiééggégk§ogs

si nul ati epswicligt sdwyeslr | he heendihié orondiRebnof nkbér selrdor, dreLatggst han
300. This inplies the eigenval ue deconposition on D would not require
undul y séphinstliféaeeednaiygospnanmsxfoem@sstypacabsappthcati vasy hsghi bhdbe
appreciated by those .skilled in the art. In._fact, .this approach may
potenti al'fyY h&Ve P& 1P&aC 8&5&#%5@3&5 <52§ﬁlé?ﬁﬁfsdf t he approaches
outlimed hereilh. @BeopabaBki akiBHMesh Cal 1 GONCRld icsnddiE e eskye 38R
deconposition on R, as its condition nunber may potentially be relatively
hi gh, and@eFPIPRSItEioPe Idefiift t 22THP bPefOPa By MaY8 bfD WaRsy/op281gid the
PCT/ CA2006/ 001325 . be, of f set t.o .sone, degree by rgund-aoff errors<r .

e R Ch AT OE L HeT bR BorRontarcs %1 & e8¢ han

. . r
Si mul ati ons ~ Showed; wever ,

107 evenc i $Que extf enp SCepani o%, jueh asnyer vihi gh andy, Vq,{ryicix%w OR
51 ernate

carrier-to-interference (C/1) ratios. n accordance wth an a
enmbodi nedecompes@Rion

10

X" =QR, (21)

where Qis a pxMN matrix with orthogonal columns and R

is a full rank MNxMN upper triangular matrix. It can be

15 snown that
R'=R'R7, (22)

and the D in equation (13) can be written in the form

20 of equation (19) with the D, re-defined by
D, =L/SQ. (23)

The reduced rank channel estimation may be performed
25 with the eigenvalue decomposition on D as in the previous

approach, and the ocoptimum filter weight matrix of (14) can

be reduced as

W ot =R-ID1TVDM . (24)
30

This approach 1is basically an equivalent version of
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deconposition in the sanple domain may be used to avoid the direct
calculation of the inverse of R Since the XT in equation (3) has full

col um r andc2007t023s@s t he uni que QR deconposition 10 XT mERcAt@dépomskere Q s
a pxWN matrix with orthogonal colums and R is a full rank M\XMN upper
triangular matrix. It can be 15 shown that RX1 = R 1R T, (22) and the D
i n equat} 1.t I f 0 uat 4 ( i t he
D1 re-de?ﬁgééggg %E:@%dgl%ﬁﬂ%%%r eg%lggjdgrg% ac%aﬂ%#e’?@ees%?r%a%%rhn may
be perfogned tRatWRh 'he et graYalinpgrdocampogiclien 103 tRrAY 1t e dHLvi ous
approach, and the optimumfilter weight matrix of (14) can Dbe reduced as
Wpr = ReBpeubdM (24) tBO THIR appcompdsisidasSs cakbirgaserrequiongdlesrtitger si on
of 19 2007/ 022617 PCT/ CA2006/ 001325 Chol esk){{ deconposition_in the
sanpl e dOREAHSEHBe BRBERANMEEROW tHACR 29 x MY h8ESFAproUEd Tferd cal

stabig i t yagtikheorexpense ofiddie Q@Rdlegenpesi t keMpSedrRat 1x CoMlwXid y

(requiring approxi mately twi ce as many operations for a 5 matrix of ‘given

si ze) an@PPaPgeraE8hl & eSS} FhaVRHGg Tappr oRi ARt ERPIPLE FESeadal® rows

in an exgopl eNggfsgnghﬁ;g) M=4, N=2 and L=5). The two approaches described
e

above still 'require t conputation of the triangular matrix inverse,

al t hough t hi sThe two approaches described above still require the
computation of the triangular matrix inverse, although this

10 may be done by back-substitutions. Turning now to vyet
another alternate approcach, i.e., the singular wvalue
decomposition (SVD) approach, the matrix inversion may be

avoided and the numerical stability may be further improved

in some applications. This approach starts with the SVD on

15 the sample matrix in equation (3):

X"=U3x vV’ (25)

x™x Vx 7

where U, is a pxMN matrix with orthogonal columns, V

X

20 is an MNxMN orthogonal matrix and X, is an MNxMN diagonal

matrix, X, =diag(oc,,-,0,y), with the singular values on its

diagonal. It can be shown that

R;' =V 327V, (26)
25
The D in equation (13) still has the form of equation
(19) with D, defined by:
D, =L7SuU,. (27)
30

20



10 may be done by back-substitutions. Turning now to yet another alternate
approach, i.e., the singular value deconposition (SVD) approach, the
matri X | RV@hed7n2¢1Ry be avoided and the nunerical stabebirtoazomyolsasf urt her
inproved in some applications. This approach starts with the SVD on 15
the sanple matrix in equation (3) X = UXEXW , (25) where UXis a pxMN

matrix with or nal ol ums, 20 i an NMMNN rtho onal npatri and EX
is an M\XWN dl&& %31 rﬁﬁt W%%lQﬂaﬁﬂ%ﬂ.e GRS Y ¢ HRe sPRGuPBr Pval ues

0N its  drpganl sl 2R rEhGuR ihat, RXY, DG 50 (20) | 25 The D in
equati on (13 t|ﬁ1 ﬁas thngorn1o€'e Sgﬁlghw' \M%ﬁ1 D defined by: D

=LSTSUX X. (27) 30 20 WD 2007/ 022617 PCT/ CA2006/ 001325 The channel
estimati on may be obtalg€% ?i‘Ewe SVD on D, and the filter weight matrix
may be witten as Wpt = VDM (28) 5 where VDM%®hntains the top M
right_singular vectors of D,. The SVD in this approach may require nore
conputations than the Chol esky and QR deconpositions used in the previous

two approache o] f p d_.above
TS T s SR e et M A S S L s s

step by dpep fioe supexanpiiei whepsrdedn Mz andhuilsd. mdgef kBRpLREhesk
timng of 't he burst, the JSTOF
than the Cholesky and QR decompositions used in the previous

two approaches.

10 As a comparison of the three approaches outlined above
{i.e., Cholesky, QR, and SVD), the Table in FIG. 9 lists the
computations step by step for an example where M=4, N=2 and
L=5. To find the best timing of the burst, the JSTOF
searches a number of timing hypotheses and the one

15 corresponding to the minimum output residual is chosen as

the best timing. The output residual is defined by:

e=|wl,X-n.S[, (29)
20 The search process basically repeats the operations

listed 1in the table for each hypothesis, but the input

sample matrices from the consecutive timing hypotheses

change slightly by appending and deleting a column. The

updating and the downdating algorithms are potentially

25 applicable to some of the operations, and the overall
computation load may potentially be reduced.

Let X(k) represent the sample matrix at time instant k.

It may be partitioned from equation (3) to

30 X(k) = [X(k), X(k +1)] , (30)
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searches a nunber of tim ng hypotheses and the one 15 corresponding to the
m ni mum out put residual is chosen as the best timng. The output residual
i s defi nasohyuz/0e2637 W, X-hpt SI'12 (29) 20 The search processchamicoaishy
repeats the operations listed in the table for each hypothesis, but the
input sanple matrices fromthe consecutive timng hypotheses change
slightly by appenrd ng and deleting a colum. The wupdating and the
downdating al gorithns are potentially 25 applicable to sonme of the
operations, and the overall conputation |oad may potentially be reduced.
Let X(k) represent e ﬁanple matrix at tinme instant k. |t may be
partitioned from ec?g(gﬁ‘ i 85+ Do 380k Pr)D] - [x(k), X (k + 1)BL) (30) 21 WO
2007/ 022617 PCT/ CA2006/ 001325 where X(k+l)=[x(k+1),.,z(k+p-1)]. (31) 5
The sanple matrix at time k+1 may be expressed as X(k+1)=[ X(k+1), z(k+p)]
(32) Fhe aut oGber slkatpilen mamtriixx aat thmee ktlmhgsbehexbeessed0aRX (k + 1) =
Rx (k) - x(k)iT (k) +i(k +p)dT (k + p) . (33) This is a conbination of a
rank-1 downdate and a rank-1 wupdate. One hyperbolic rotation-based

algorithmfor 15 thn i t he Chol esky factorizagtion is set
forth in Matrix &ﬁ%ﬁﬁgfﬁgﬂgﬁggﬁégP%H'et al., 3rd editioﬁ§31996. Anot her
appl i cabl e updat e/ downdate al gorithmdisclosed in Golub et al. text is for

QR deconposition, which is based on the Gvens rotation. O course, the
gi ven appr oacAhehatitpgoskededibe mesdirnas pamei dllahagpphecioiron wil |

depepgl on

R,(k+1)=R_ (k) -X(k)X" (k) +X(k+ p)X" (k+ p) . (33)

This is a combination of a rank-1 downdate and a rank-1
update. One hyperbolic rotation-based algorithm for

15 updating/downdating the Cholesky factorization is set forth
in Matrix Computations by Golub et al., 3% edition, 1996.

Another applicable update/downdate algorithm disclosed
in Golub et al. text is for QR decomposition, which is based
on the Givens rotation. Of course, the given approach that

20 should be used in a particular application will depend on
factors such as available processing resources,
computational complexity, etc., as will be appreciated by
those skilled in the art. Other approaches may also be used,
as will also be appreciated by those skilled in the art.

25 The performance of the JSTOF based receiver has been
evaluated by Matlab simulations using an extended BLER
simulation engine. The parameters for the JSTOF based
receiver can be set with different aspects. Examples of
values follow:

30 1) The oversampling ratio (OSR) of 2 can be

selected, which maps to the number of virtual antennas

(M) of 4 in this non-limiting example, and simulation

22



factors such as avail abl e processing resources, conputational conplexity,
etc., as will be appreciated by those skilled in the art. O her approaches

may al so weg 205892617as W I |1 al so be appreci ated by thosepekidaA2esdoms2she art.
25 The performance of the JSTOF based receiver has been evaluated by
Mat | ab sinmul ati ons using an extended BLER simnulation engine. The

paraneters for J t]aesogg: ceiver n.he set..\ di.tferen pects.
Exanpl es of . \?&tolk}%s ﬁ{%ow 0 lggeTEEe%ov%ér%gar%%I i %g Cra\elﬁslté(ﬁ)é (é&f’Eg?E?ﬁgan be
sel ect ed, whi perfapmancet hegnadadricofs;virtual antennas (M of 4 in this

non-limting exanple, and sinulatigon 22 WD 2007/022617 PCT/ CA2006/ 001325
shows that reducingt heACEF@“r%%)Ierl %gugsglpgi‘f@ﬁi fedared pEnrdmned) can

degradati ons; p2) A utel 95 bemrerzkadehayedsalmhiss: (NokaPerbegsekect ed

as 2. lIncreasing the nunber, however, does 5 not always inprove the
per f ot mance; 3PtAadedysSedmPaowef dhet merdivamagiceresponse matrix can be

selected as M Incr3gasi RO fas) Capc%e%rap%edogﬁagg lnzgggggr@i‘sleilo 5)

i nprove the perfornmance. 4) An aut o-sw reshol d can be

A soft deci si aatedputarcabe beeqeaniidzerss | M.5 It shirdf hor | ReReasERggt he
width to 8 bitz can inprove the performance marginally for DTS-5. Soft
deci si on cor F&€t L&A ke AR Sfe NTaISEE S Shfd LAVRIOEEEEN teaReeIf O rTEMSARS12. 2

can be used to 15¢val uat @utche Rarler mneereh o hen §E0R i1 s of FER
The ropagati on conditi on TUS0knf h- 1950vHz can be assurreJ t hroughout the

simid@tions. A simiati &n it 199001 $ioml sutput can be quantized in 5

bits width. Increasing the width to 8 bits can improve
the performance marginally for DTS-5. Soft decision
correction can be enabled.
The AMR speech channel, TCH-AFS12.2 can be used to
15 evaluate the performance of the JSTOF in terms of FER. The
propagation condition TU50km/h-1950MHz can be assumed
throughout the simulations. A simulation ran 1000 trials
(blocks) for each case.
The FER’s of the receiver, against the carrier-to-
20 interference (C/I) ratio, are shown in the graph of FIG. 3.
The margins against the reference performance specified are

listed in the table below.

Test JSTOF Spec. Margin of
case performance: performance: JSTOF against
C/I at FER = C/I at FER = Spec., dB
1%, dB 1%, dB
DTS~-1 -2.6 4 6.6
DTS-2 7.3 9 - 1.7
DTS-3 7.6 10 2.4
DTS-4 -0.9 6 6.9
DTS-5 7.4 9 1.6
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(bl ocks) for each case. The FER s of the receiver, against the carrier-to-

20 interference (C/I) ratio, are shown in the graph of FIG 3. The margins
agai nst twe2e0efoercence perfornmance specified are |istedré¢ncabmsvabie bel ow.
Test JSTOF Spec. Margin of case perfornmance: performance: JSTOF agai nst

Cl at FER = C I at FER = Spec., dB 1% dB 1% dB DIS-1 -2.6

4 6.6 DIS-2

7.3 9 1.7 DI%hd 7pbribrdatdce D-Bsf' 4enl- S & HRr Dliggar 7 ghik 1A§GN2}
2007/ 022617 PCT/ CA2006/ 001325 The perfornmance of the recelver un pure

AWGN andPD$S55 cgssess wiktth and wilthout tche aut@—samnibdmlm@ ﬁﬂﬁt@y iss shown

e reduced the

in the gr qf, FLG 4adF| resp ctl The strat
| oss in ﬁ&%%ﬁby et g_Lr E?{G 2 %h Qn&ﬁsr%‘?fqlt‘fei Ye 10% for

DTS-5. Ther3SEGh regrioser @1@@ LBekude rmbcm plb? Mbbekbip  ggua
followed by a nulti-channel match filter, which conbines th

deci st ons? g?téiﬂdt pecegusri 2étslealpesulfpr PESshown and conpa
original in thg.gra F 6. Performa ce can al
i - 5R ‘lfgc Lper S¥del ay ?‘ﬁ E?fgéﬁl\%n

nodi fi ed test case ere t he

hizerg -
esofE\?{

red with the
uated with a

ouSt G5 f er er

can be eqnhilgueed, Fod lperdorsmng emal t O- cKénn@mdmgi‘ccﬁf fihe Hur %hldhength
is shown in the graph of FIG 7. The results indicate 15 that 'the

per f or TaREBPONSISTOE ekt vEPCdEgPRBed fteiovile equalizers.

A result

is shown and compared with the original in the graph of FIG.

10 6.

Performance can be evaluated with a modified test case

DTS-5R, where the delay of the asynchronous interferer can

be configured. The performance at 0, %, % and % of the burst

length is shown in the graph of FIG. 7. The results
15 that the performance of JSTOF receiver degrades

with severe delay of the interferer.

indicate

“slowly”

The above-described receiver may advantageously be used

in mobile wireless devices (e.g., cellular devices)

as well

as cellular base stations, for example. An example of a

20 mobile wireless communications device 1000 that may be used

is further described in the example below with reference to

FIG. 8. The device 1000 illustratively includes a

housing

1200, a keypad 1400 and an output device 1600. The output

device shown is a display 1600, which is preferably a full

25 graphic LCD. Other types of output devices may alternatively

be utilized. A processing device 1800 is contained within

the housing 1200 and is coupled between the keypad
the display 1600. The processing device 1800 cont
operation of the display 1600, as well as the

1400 and
rols the

overall

30 operation of the mobile device 1000, in response to

actuation of keys on the keypad 1400 by the user.
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with severe delay of the interferer. The above-described receiver may
advant ageously be used in nobile wireless devices (e.g., cellular devices)

as wel | vag¢elobishar base stations, for exanple. An exappreaQbosmorsmobil e
Wi rel ess communi cati ons device 1000 that may be used is further described
in the exanple below with reference to FIG 8. The device 1000

illustrativel y,.i.nc i 1200, : n out put device
1600. The out ?jf&te lja%jg?j(?:ne&s g&ﬁ? :}ga%l égspﬁ%ﬁ%%%g S{E?gﬁ%?glgf efer a‘rT)lIa}/ a
full 25 geaphion LdhefX Beretypad ahapdsputideMidasy NBYaasher nahbuskig be
utilized. A processing device 1800 is contained within the housing 1200
and i s cOUPPESUBESIe e eh & RBATH AN 0N GRS thenefgpraleabbon FpE, or

processi Bgndevite ABAQ cont Loreuhhe Bperatian 9l e Alap! Ay, 1600, gs vel |

as the overall 30 operation o e nobil e device~l In résponse

act udi i oandf tkégphomyt eetlkgypad 1400 by the user. 24 WO 2007/ 022617

PCT/ CA2006/ 001325 . The housing 1200 may he el ongated vertically, or may
take on ot her %EI A8 r‘sh%(begh?i REPGEPRGTE 9 MR ngthetrpettifes).

The keypag may ifydiude @vde SRECEHONsKSYn Qéheﬁébﬁéafi‘?di‘ﬁr ergr goftware

for switching between text entry 5 and telephony entry. 1n addition to the
processi Afedeviice 118R@0 a2 crderuiparatsionsd swesywibéh elQ@V: ce $D0Otarenghown
schematically i.n_FEl.G_ 8. These inc a mmuni cation bsystem 1001; a
short-r angiriesfabitos : sHbREeh: altBso0 P Ehe edbpda TABY anich nbheo

di splay 4660123 ongooy t Riekerwi ARUIJHEPUL ngeY i/ 688pdP6QieviLQ80, 194080 and
1120; as well as nenory devices 1160, 1180 and various other device
subsyst eAR8920110heandbilil@0e\@eweld0®rd smpmnefer alsivy cast bl GRy RESO

Connun'CQEHOW%E¥%G§K%{EQQngevice subsystems 1201. The mobile device

1000 is preferably a two-way RF communications device having

voice and data communications capabilities. In addition, the
15 mobile device 1000 preferably has the capability to

communicate with other computer systems via the Internet.

Operating system software executed by the processing
device 1800 is preferably stored in a persistent store, such
as the flash memory 1160, but may be stored in other types

20 of memory devices, such as a read only memory (ROM) or
similar storage element. In addition, system software,
specific device applications, or parts thereof, may be
temporarily loaded into a volatile store, such as the random
access memory (RAM) 1180. Communications signals received by

25 the mobile device may also be stored in the RAM 1180.

The processing device 1800, in addition to its
operating system functions, enables execution of software
applications 1300A-1300N on the device 1000. A predetermined
set of applications that control basic device operations,

30  such as data and voice communications 1300A and 1300B, may
be installed on the device 1000 during manufacture. In

addition, a personal information manager (PIM) application

25



voi ce and data conmuni cations capabilities. In addition, the 15 nobile

devi ce 1000 preferably has the capability to comrunicate with other
conput er vy séemBer7 a the Internet. QOperating system softwaaseneses ed by
the processing device 1800 is preferably stored in a persistent store, such
as the flash nenory 1160, but may be stored in other types 20 of nmenory

devi ces, n3 C%@Siﬁs’%g@gegnld)ﬁr%gmﬂar( t¥le ST PhLan i cirsagﬁgrg%ggagbri%el n

addition, systemsoftware, specific device applications, par r eof ,
may be teppbiaridf begdedzinto emd/ohatayingt daea Sitcdndas shenr ardosn
access nmenory (%iﬁngBo' Communi cations sjgnals received by 25 the nobile
devi ce nB§iarsd Bt eBVFRTFhe VRAMSL I8 1 The 2BPBEBEBERGS de?Ce U0, in

addi tionjtamists Tipepa NgpsYstem bHNCtd 083 scenakl £5- HXEF UL Sgf tware
applicatﬁon? 1300A- 1300N oﬁéthe devi ce 1000?OA predetefﬁfngagagg% 6?6
appl iTat sendinpgat agdntrate basia deviaceibpmsatvions,a 30isathsas watworind

voi ce co i catio 1300A angd, 130 ma be ipnstalled on the device 1000
duri ng nggﬁgactLﬁ%§¥%ﬁé% dditEBﬁ, %ﬁgéré%ﬂﬁ? 'ﬁEBWﬁat@5ﬁ ndﬁ%ﬂ%%eiiiww_

appl i cat i aReq28t¥Q, 20Q%/R23GH: AT/ GAZP06(,001828 way berdstal led during
manufacture. The PIMis preferably capable of organizing and nmanagi ng data
items, sBERWaskel4Rdi Withaltdisdalevdaantusen/dl «@o s dpndiipypida treenittsgmand
task it he Pl Lication, is als ref erably capable of 5 sending
and rece?g?ﬁﬁgdg aag%§§§a5%§ gl&Fr8|§8§%n§PWBP erl%éiggﬁreferably, the PI M

datald tems areospantiesshyn i Megiated, synwdrem «@d andaupdated wa-d he
wireless network 1401 with the device user's corresponding data itens
st ored oF°REEBEratedn®rt hadShoBer EBRPater tByatgm lve Cornmumiciatd toipns

functiong,pkpekugi ng gt a aQHdVin%%sibly through the short-range
communications subsystem. The communications subsystem 1001
includes a receiver 1500, a transmitter 1520, and one or

15 more antennas 1540 and 1560. In addition, the communications
subsystem 1001 also includes a processing module, such as a
digital signal processor (DSP) 1580, and local oscillators
(LOs) 1601. The specific design and implementation of the
communications subsystem 1001 is dependent upon the

20 communications network in which the mobile device 1000 is
intended to operate. For example, a mobile device 1000 may
include a commnunications subsystem 1001 designed to operate
with the Mobitex™, Data TAC™ or General Packet Radio Service
(GPRS) mobile data communications networks, and also

25 designed to operate with any of a variety of voice
communications networks, such as AMPS, TDMA, CDMA, WCDMA,
PCS, GSM, EDGE, etc. Other types of data and voice networks,
both separate and integrated, may also be utilized with the
mobile device 1000. The mobile device 1000 may also be

30 compliant with other communications standards such as 3GsyM,

3GPP, UMTS, etc.
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communi cations, are perfornmed through the comuni cati ons subsystem 1001,
and possibly through the short-range conmmunications subsystem The

comuni cayd anw/o3rasyst em 1001 i ncludes a receiver 1500pcaydanesssniizser
1520, and one or 15 nore antennas 1540 and 1560. In addition, the
comuni cati ons subsystem 1001 al so i ncludes a processing nodule, such as a

digital i gnal, osessar (OSP) 1880, ot Local pscillatars, (LGh) 1601 The

specific deS|gn and 1 nplenment ni c bsystem I001 is
dependent: yigeono £ heoaﬁummmo@atsyamermet \N@L‘rk éxamplieh tihe trobi Mebdewikce
1000 is intended to operate. For exanp a nobil e device 1000 ma

i ncl ude & CorAA TR i Bﬁ§W§EB§ysM1ﬂ@01d%%%?%ear?o I&SerSdtsE e i)éﬁé
Mobi t exTM, . DRta TAGhg o crikﬂa%s p&Ackel 1 R?ﬁ'éz‘?t%f&’éﬁzfon(%ﬁ%zrngp' b?Ngat a

conmuni cat i ons net works, 0 25 designed to operate wth any o
vari ety afssmmlcaeaedcomhl caacbnsdereimr ksIn s @HR S S navRexr KEDVAho@BNAY , WCDIVA,

PCS, GSM EDGE, etc. OQther types, of ata nd voi.ce networks, both separate
and i nt e§FAEEK AGFHIS ot e %E?F??Eﬁ tl’?e SURSS P e\ T et 99B0°f The

nobi | e dewi§6e.e100Q mayord Sqibe; 39 C@Hé’fé?@iewkéambéé cgmMypbeatlhees
standards such as 3GSM 3GPP, UMIS, etc. 26 WD 2007/022617

PCT/ CAZOO@/e@@tBZ’/S midtwer k Cammmsrsly em@ifﬁ@r@m stearas depedd@¥ngaupbn tithe type
of comuni %atl ste % d n the Mbitex and DataTAC networ ks,
mobi | e d&Fi°Eés é’r eé&i §t éDrnec? &ie W&%r k using a uni que personal
identgficati omnamberegni PN 5 rassechat edeyli thrgagbndevdce. abit iGBRSon

net wor ks, however, network access is associated with a subscriber or user

of a debireecINrEPRI i BeePh&EmIet akquihesmabidBsdawete 198t mey
rmodul e, %%%D”' yanrcxef ery& eitxpe as gor%’!’u%lcgégioﬁg signals over the

communication network 1401, Signals received from the

communications network 1401 by the antenna 1540 are routed

15 to the receiver 1500, which provides for signal

amplification, frequency down conversion, filtering, channel

selection, etc., and may also provide analog to digital

conversion. Analog~-to-digital conversion of the received

signal allows the DSP 1580 to perform more complex

20 communications functions, such as demodulation and decoding.

In a similar manner, signals to be transmitted to the

network 1401 are processed (e.g. modulated and encoded) by

the DSP 1580 and are then provided to the transmitter 1520

for digital to analog conversion, frequency up conversion,

25 filtering, amplification and transmission to the

communication network 1401 (or networks) wvia the antenna
1560.

In addition to processing communications signals, the

D3P 1580 provides for control of the receiver 1500 and the

30 transmitter 1520. For example, gains applied to

communications signals in the receiver 1500 and transmitter
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order to operate on a GPRS network. 10 When required network registration
or activation procedures have been conpleted, the nobile device 1000 may
send and we@e@7weseDnmuni cati ons signals over the comupCT/eAz@eomstsvor k
1401. Signals received fromthe conmunications network 1401 by the antenna
1540 are routed 15 to the receiver 1500, which provides for signal

anmpl i fi cabon, mkyeneneyagewra9nvesst pn1184! telign chanpgh 1sel ¢t on,
etc., and may also provide analog to digital conversion. Analog-to-digital
conver si epnéfrofthelgeceithes ispdealensgeldows the DSP 1580.t o perform nore
conpl ex 20 co i such as denodul.ati on and decoding. 1In

i 1 f ti /
o similar manddr & Sl SOPBUBECET hRAT FOSar 1 6 (HEC TS BT She)
pr ocesseda( e, G.c:maubgdade 20 gaB0gEG: WhurbadDS? <180 Lh e %y hef

provided to the transmtter 1520 ftor digital to analog conversion,
f r equeNCcFOTPUBARREASONEN SUPS Yisitieme Ai0Rd, aathliid i igmutort @ndhe renseessimom t o

h Lcati tywork 1401 et works) yia t t 1560, . |
i 11 on o proceid o e R sl AR Yk RS v for

control ok tthe recetyesiddOfeandet N18003&dy amsMblit plit 1920t HeOr d BXEIWDY) €,
gains applied to comunications signals in the receiver 1500 and
transm t £8P0, 2PMO22667r8528¢FYPER CAODO6/VOEI25aunEbbakay I4e adriptivel v

control | ggephr QUGN AUDIBLIC Ga N3160NLER 08L9acLiLhmg hapl enpRted in the

DSP 1580. In a data conmuni cations node, received signal,” such ™ as a text
nmessde oriwebmpagegdewnl vaingi stlpr odesged by 4ide abhdgomusomat i Gttser
subsystem 1001 and i7 input, to 88 processi ng device 1800. The received

si gnal i @UEA ﬁafﬁft%GQ Gé?%eé 0, such as a touchpad, a rocker

switch, a thumb-wheel, or some other type of input device.

The composed data items may then be transmitted over the

communications network 1401 via the communications subsystem
15 1001.

In a voice communications mode, overall operation of
the device is substantially similar to the data
communications mode, except that received signals are output
to a speaker 1100, and signals for transmission are

20 generated by a microphone 1120. Alternative voice or audio
I/0 subsystems, such as a voice message recording subsystem,
may also be implemented on the device 1000. In addition, the
display 1600 may also be utilized in voice communications
mode, for example to display the identity of a calling

25 party, the duration of a voice call, or other voice call
related information.

The short-range communications subsystem enables
communication between the mobile device 1000 and other
proximate systems or devices, which need not necessarily be

30 similar devices. For example, the short-range communications
subsystem may include an infrared device and associated

circuits and components, or a Bluetooth™ communications
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by the processing device 1800 for an output to the display 1600, or
alternatively to sone other auxiliary I/O device 1060. A device user may
al so conpgpgeodabmirt ens, such as e 10 nmil nessages, usPag/GAeockey3zad 1400
and/ or some other auxiliary I/O device 1060, such as a touchpad, a rocker
switch, a thunb-wheel, or sonme other type of input device. The conposed
data iteph may thenbehranssl t ednauak chR€onCOMRNI Gakhi 08% 19ebnabke4401
via the connunlcatlgns subsystem 15 1001. In a voice comuni cati ons node,
overal | epgeratisomnaf detviieetevi ce is substantially simlar to the data

comruni cati ons node, except that received signals are.output to a eaker
1100, and sigﬁ?@§'fd?o?%§£%ﬁ¥%%?%n ang 2dJ§@%%raFg by g" Scréﬁgongﬁglzo.

Al ternat i;¥g Vi@iic OfFi BUdLBme! /@ StsSYsb 8AB o SUSHe agkalvelce messagart
recordi ng subsystem nmay also be inplenmented on the device 1000. In
addi th onhatvhieg ditdy a0l tayofal sehee beaehirgsi npyepeetednmmifi c&bPons
node, for. example to displ.ay.the identjty, of a |1 par :

dur at i on F6F €Wk e (?iflslcj,[])”‘é%é 6t Her \?&dce ggllel %%Fg{: g%ti%%forr?%t%i‘%hggﬁe
short - r angR (CFIAY)I CAat | pASuREBBYSbeM enakl ehe ciormaiiicat i Do het weenbehe
mobi | e device 1000 and ot her proximate systens or, devices, which need not
necessar illiyniseBO toi nthar eR9FeEsc FIRbSHIPRES the SHutadr arfge at

conmmuni cat i st nﬁ¥liPEJﬂgﬁ n_.i.afr [ iated
circuitsngﬁgﬂééﬁ%§%%% s?ng a uet oot n?%%nﬁ%ﬁ%%ggg%ngg ?%gv§$§%%?%§22617
PCT/ GA20Q6/:00132 e mudidee dD tPreovirdesrftarorcomuni cati on with
simlarly-enabled systens and devices. Many nodifications and ot her

enbodi nents of the
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invention will conme to the mind of one skilled in the art 5 having the
benefit of "'the teachings presented in the foregoing descriptions and the
associ ated drawings. Therefore, it is understood that the invention is not
to be limted to the specific enbodi nents di scl osed, and that

nodi fications and enbodi ments are intended to be included 10 within the
scope of the invention. 29 CLAIMs: 1. Afilter (10) for reducing
co-channel interference wthin a conmunications receiver (11), the filter
5 conprising: a nmulti-channel, space-tinme filter circuit (30) for
filtering n signal parts that have been split froma comunications signa
by jointl yCeaIMB8ati ng space-tinme filter weights and multi-channel inpulse
responses, ClRs, 10 based upon a singul ar val ue deconposition, SVD, and a
mul ti-channel, matched filter circuit (32) for receiving nulti-channel
signal s framtha riltexchanhefpr sedeeing mp-fdHammelciinteirfeg80yeand

arranged tgig ve a f|| ﬁ{%ﬁéfﬁeggsteeé%q%er#es(ﬁﬁr ovkggdfpyt?’:channel i npul se

response 1 nét 8 Space- I'ter circurt (30). 2. The
filter $10bombr€bangtl further conprising a virtual antenna circuit (24)

connected to said |Li - an el j . ClIcui 3 fo
splitting the 2¢ &8mvdn’ caﬂ ogé s?gnal &Mt agc#ga%rdr%\llfé% s(tzirré)l gé real and.
i magi nary misdicemrdhgpar s$gndl ﬁhetélduan Hak@) befenCispilat 1fvher i n sai d

l'ti-ch I
il i pl 1 o1 SEABPRERCRANE] ByhRY Bacl e hirE N, 3B L, O %0

space-ti ne flilkeer waeghht. and multi- channel 1mpulse responses, CIRs,
10 Dbased upon a singular value decomposition, SVD; and
a multi-channel, matched filter circuit (32) for
receiving multi-channel signals from the multi-channel,
space-time filter circuit (30) and arranged to have a filter
response that is provided by a channel impulse response

15 estimation from the space-time filter circuit (30).

2. The filter (10) of Claim 1 further comprising a

virtual antenna circuit (24) connected to said multi-

channel, space-time filter circuit (30) for splitting the
20 communications signal into odd and even sampled, real and

imaginary n signal parts.

3. The filter (10) of Claim 1 wherein said multi-channel,
space-time filter circuit (30) comprises at least one
25 multiplier (40) for multiplying each signal part by a

respective space-time filter weight.

4. The filter (10) of Claim 3 wherein said at least one
multiplier (40) comprises a pair thereof connected in

30 parallel; and wherein said multi-channel, space-time filter
circuit (30) further comprises a respective delay circuit
(44) for each signal part connected to an input of one of

said pair of multipliers (40).
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4. The filter (10) of Caim3 wherein said at |least one multiplier (40)
conprises a pair thereof connected in 30 parallel; and wherein said

mul ti-channel, space-tinme filter circuit (30) further conprises a
respective delay circuit (44) for each signal part connected to an i nput
of one of said pair of multipliers (40). 30 S. The filter (10) of Claim4
wherein the comuni cations signal conprises a plurality of synmbols, and
said multipliers (40) and delay circuits (44) each having about a
one-synbol del ay associated therewith. 5 6. The filter (10) of Caim3
further conprising a _respective summer circuit (46) for summ ng outputs,
for each anndihe &iltge (4P pfi €tain 4h)wherpin thgecpmmuricgtidnsnf C ai m
1 further cOMREISEBRPRibos ™M pORtd TRy Idf IStk Ihigqagg; ghannel estimator
(52) for receiving ?ralnlng sequencé synbdls and timng uncertainty data
and for gemrl&ipAdespacelt idmdfielay cigiqyts féf) saach having chawrek,
space-tinme J4d.- hr gt Ly ( ANng i channel inpul se response for
S Ll 17 Sl splpBL T Gt dy (aBhodi é&??g{ﬁ‘lte”?‘g?) 8. The filter (10) of

Clai m 15further conprising an equalizer circuit (38) downstream from said
mul ti-changel 120 gabebed ({h) Lo E146HI4 4iBherOcofplELigd of reduci ng
co-channel interference within a comrunications recelver (11) conpri sing:
splitting Fespestiaveashmner igrriit nfds In forgaummpag t eutp s f ifidreciaeh t he n

si gnal part§,Winthi nea E%Qtﬁdf%¥§Y#ﬂrs @Race-time filter circuit (30) and

jointly estimating space- tine Tilter weights and nulti-channel channel
i npul se
10 7. The filter (10) of Claim 1 further comprising a joint

optimal filter weights and channel estimator (52) for

receiving training sequence symbols and timing uncertainty

data and for generating space-time filter weights for said

multi-channel, space-time filter circuit (30) and a multi-
15 channel impulse response for said multi-channel matched

filter circuit (32).

8. The filter (10) of Claim 1 further comprising an
equalizer circuit (38) downstream from said multi-channel,
20 matched filter circuit (32).

9. A method of reducing co-channel interference within a
communications receiver (11) comprising:
splitting a communications signal into n signal parts;
25 filtering the n signal parts within a multi-channel,
space-time filter circuit (30) and jointly estimating space-
time filter weights and multi-channel channel impulse
responses, CIRs, based upon a singular value decomposition,
SVD; and
30 receiving multi-channel signals from the space-time
filter circuit (30) within a multi-channel matched filter
circuit (32) having a filter response that is provided by a
channel impulse response estimation from the space-time

filter circuit (30).
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responses, ClRs, based upon a singular val ue deconposition, SVD; and 30
receiving multi-channel signals fromthe space-time filter circuit (30)
within a nmulti-channel matched filter «circuit (32) having a filter
‘response that is provided by a channel inpulse response estimation from
the space-time filter circuit (30). 31 10. The nethod of Caim9 wherein
splitting conprises sanpling the comrunications signal into even and odd
sanpl es and separating the even and odd sanples into real and 5 imagi nary
signal parts. 11. The nmethod of Caim9 further conprising summng outputs
of the matched filter (32) and rescaling to a desired level. 10 12. The
met hod of Caim 11 further conprising equalizing a single channel signal
after rescaling to a desire qg of Claim9 further

g Igvel. ;g. Thelgﬁ. a
conpri si ng ¥4 t M FaRe 8 n SryNal PATTE N S8 1 AR acCEPRATTSe filter
(14) when aampliRy teecaeAmbRYEitionded Dyma ties koked. ahd. odhesamphosl of
Claim9 further conprising nultiplying ach signal_part based on
space-ti me 19 5P tdﬁ?s.hﬁoeﬁgg %ﬂ@‘ﬂ%fﬁﬁﬂ“%ﬁgbﬂ§F fiaﬁu?? er conprising
summ ngst heimad igaly eaghalf pareach channel after nultiplying. 32

11. The method of Claim 9 further comprising summing
outputs of the matched filter (32) and rescaling to a
desired level.

10
12. The method of Claim 11 further comprising equalizing a

single channel signal after rescaling to a desired level.

13. The method of Claim 9 further comprising filtering the
15 n-signal parts within an alternative filter (14) when an

interference level is below a threshold.

14. The method of Claim 9 further comprising multiplying
each signal part based on space-time filter weights.

20
15. The method of Claim 14 further comprising summing the

signal parts for each channel after multiplying.
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