- 1 Milti-node Receiver with Adaptive Mdde Selection Field of the
Application The application relates to receivers having nulti- node
capability, specifically including single antenna and 5 nultiple antenna
nodes. Background As part of the constant evolution of the GSM EDGE Radi o
Access Network (GERAN), the |egacy GSM EDGE receiver has been enhanced by
t he Downl i nk Advanced Recei ver 10 Performance (DARP) technol ogies that are
bei ng standardi zed by the 3GPP. The so-called | egacy receiver is a one
antenna receiver MudttiappidesReopiBRSK Wighp Ratetsihid tMddsy i Seiectniodul at i on
and GWSK (Gaussian M ninum shift keying) 15 nodul ation. One of the advanced
t echnol ogi esFieldebér the RppddcaBingl e Antenna Interference Cancel |l ation
(SAIC). This has been inplenmented in the so-called DARP-1 receiver that is

already in the 3GPP TS_45. 005 standard. Thi s approach .onl 0 applies to
GVBK (Gaussi an ni ni munt &hi F‘P%éﬁﬁéj’%ﬁ&l@&?ﬁoﬁo r?ﬁglﬁ@)rlse%‘é‘i"\}élgcﬁ% s
substanti al | yotibecsgarpiastiyN thecikeaagy yr eeeilvien nkeat wWy1Rg o tShal &nd
antenna. However, sonme advanced signal processing techniques are enpl oyed
to make ¥Phemvétepleranppear medRGve nultiple antennas, referred to 25 as
virtual antennas since in fact there is only one physical antenna. This is
achi eved in paLkgPyupyer-sanpling the received signal. Mre specifically,
two sanpl es per “recelved synbol are taken instead of just one. 2-

As part of the constant evolution of the GSM/EDGE
Radio Access Network (GERAN), the legacy GSM/EDGE receiver
has been enhanced by the Downlink Advanced Receiver
1¢ Performance (DARP} technologies that are being standardized

by the 3GPP.

The so-called legacy receiver is a one antenna
receiver that applies to 8PSK (8 phase shift keying)
modulation and GMSK (Gaussian Minimum shift keying)

15 modulation.

One of the advanced technologies is referred to as
Single Antenna Interference Cancellation (SAIC). This has
been implemented in the so-called DARP-I1 receiver that is
already in the 3GPP TS 45.005 standard. This apprcach only
20 applies to GMSK {Gaussian minimum shift keying) modulation.
The RF receive chain is substantially the same as in the
legacy receiver featuring a single antenna. However, some
advanced signal processing technigques are employed to make
the receiver appear to have multiple antennas, referred to
25 as virtual antennas since in fact there is only one physical
antenna. This is achieved in part by over-sampling the
received signal. More specifically, two samples per

received symbol are taken instead of just one.



Anot her of these technologies is referred to as Mbile Station Reception
Diversity (MSRD), and this is in the final phase of the standardi zation.
Thi s approach uses two receive antennas, and applies to both 8-PSK and
GWBK 5 nodul ations. Over-sanpling is also performed with this approach.
Summary According to one broad aspect, the-application provides a receiver
conprising: two antennas; a pIuraIity of O receiver processing functions

COI’TpI’I Si ng at | east Onino%%%l V% %%%S%Ie%%nolin%tlleosn forc?&rocesdm

S|gnal recei ved over one antenna of *the W CantPenias "an eas one

recei ver pr omess;ﬁ_agsfcum@bnonei:@ptﬁmcmsnentglilygnadsszo receiveshigvers tihe two
antennas; and a) a branch power 15 detector operable to determ ne a power

of each signal® faRailvBAZEG EichDEnEERREaaRd Zesipare (1He PRI SHGT

signal to detgpnipeelfet Q%‘E%nh@sanah@b%:;@ﬂ(i%s' R o RS ROVRIESK ofnd Rgyayd gnal s;
and/or b) a correlation detector operable to determne a correlation

bet ween sﬁgn@@@u&éCepved ofvelesbwpl20gantenias, pshdiceimed he theddiiver i s
operable to gs ?85 ﬁ recei ver processing function by taking into account
at least one"df“the inbalance in the powers of the signals and the
correlation. According to another broad aspect, the application 25

provi des a n&tuwalrgonpri sing: receiving a respective signal on each of a
plurality of antennas; determning a pomer of each signal; determning a

correl ati on between thg siggals sel ec g a receiver processing function
of a plurality of recéf pF8cE8sPi§ fii 8RBehr [FE&sPPEnd Ver 30

processing f@ﬂ@%i@@sfgrr@6@§9§§|Bgm§r§bgﬂ§L £QeehYednO%e: a plurality of

10 receiver processing functions comprising at least one
receiver processing function for processing a signal
received over one antenna of the two antennas and at least
one receiver processing function for processing signals
receiver over the two antennas; and a) a branch power

15 detector operable to determine a power of each signal
received by each antenna and compare the powers of each
signal to determine if there is an imbalance in the powers
of the signals; and/or b) a correlation detector operable to
determine a correlation between signals received on the two

20 antennas; wherein the receiver is operable to select a
receiver processing function by taking into account at least
one of: the imkalance in the powers of the signals and the

correlation.

According to another broad aspect, the application
25 provides a method comprising: receiving a respective signal
on each of a plurality of antennas; determining a power of
each signal; determining a correlation between the signals;
selecting a receiver processing function of a plurality of
receiver processing functions, at least one receiver
30 processing function for processing a signal received over

one antenna of the plurality of antennas and at least one



one antenna of the plurality of antennas and at |east one - 3 receiver
processi ng function for processing signals received over at |east two of
the plurality of antennas, by taking into account at |east one of an

i nbal ance in the powers of the signals and the correlation; and producing
an output 5 using the selected receiver pracessing function. Brief
Description of the Drawi ngs Enbodi nents will nom/be descri bed mnth
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receiver Erocessin% function; Figure 4 is a block diagram of a MSRD
recei ver pr& E8sPRGOP ﬁc@loﬁeaéﬁdoﬁﬁgﬁﬁeQF|%@Q§qﬁQﬁﬂ<%ﬂ A Tah of
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advanced technol ogies (DARP-1 and MSRD) have thelr own |n1tat|ons and do
not alway$§ perfagnthsi geiltictant gckéteer prvarsisied dganyticecei ver. | n
addition, DARP-1 and MSRD receiver processing functions do not always 25
perforn1equa||y well. Specifically, the DARP-1 receiver only works for
GWSK nmodul ation and it works well in interference dom nant 4 scenarios. In
AVWGN (additive white Gaussi an noi se) dom nant

Brief Description of the Drawings
Embodiments will now be described with reference

to the attached drawings in which:

10 Figure 1 is a block diagram of an example

receiver;

Figure 2 is a block diagram of a legacy receiver

processing function;

Figure 3 is a block diagram of a DARP-I receiver

15 processing function;

Figure 4 is a block diagram of a MSRD receiver

processing function; and

Figure 5 is a block diagram of an example mcbile

device.
20 Detailed Description of the Embodiments

The advanced technologies (DARP-I and MSRD} have
their own limitations and do not always perform
significantly better than the legacy receiver. In addition,
DARP-T and MSRD receiver processing functions do not always

25 perform equally well,

Specifically, the DARP~I receiver only works for

GMSK modulation and it works well in interference dominant



situations, the DARP-I receiver actually causes |osses conpared to the

| egacy receiver. The MSRD receiver relies on two reception 5 antennas. It
wor ks well when the two antennas are gain bal anced and de-correl ated. Wen
the two antennas are highly inbalanced (e.g. one of themis nalfunctional)
or are deeply correlated, its performance,is worse than that of the

| egacy receiver or the DARP-1 receiver. 10 A set of conprehensive

t echni ques buyi_l a rovided that selects a.regcei.ver

o tasares PHLLhardhS 2 on BREN SRR e REOVEIRE I SR Al S SR e
scenari o. Theseube@bnsqueaecamlpeIam@lcleadvelzuna&ituw1@urc5atusesFrlwse%1d power
i nbal ance determ nation and correlation 15 detectors In sone enbodi nents,

at the front “oFPRRECr éCelt(er LCHaFSr EeRBANHas been done, signals recei ved
on two reception antennas are processed to identify whether the MSRD

receiver is approprla@ﬁeOMsﬁgtrew@&%e§p%%uf@%alhymw%n%e%@pﬁqkm of 20 the
followng are perforned: A) The receive power of each antenna is determ ned

as a neaSurenbénigbal dhceobésween it Weehws hantternas tiemnarsderet gaiindent i fy

the situatio hi gh al ance nt,enn B orrel ation coefficient
bet ween S|gn§ ggrecgleéa g%S Sﬁr?gﬁ% ﬁtenﬁi?n %hgo ﬁtgg% 8na§eﬁt|fy t he
situation ofhigeepl ympalkekatiedeant ennascrThecaoriematliromgaeihflgl ent are

and/ or the inbalance are processed to determ ne whether or not to disable

the MBRD reCefReY. CPRTEI&pRET f L ESeREAPPENERKFEN Ish&ogaien thag thafalcdndele
measured for)exanpl e.by;a-taLl-ohet WRRB-POVRLS jver .

10 A set of comprehensive technigues built into a
receiver are provided that selects a receiver processing
function with the best potential performance for a certain

scenario. These techniques can be applied burst by burst.

Front end power imbalance determination and correlation

15 detectors

In some embodiments, at the front of the receiver
before much has been done, signals received on two reception
antennas are processed to identify whether the MSRD receiver
is appropriate or not. More specifically, one or both of

20 the following are performed:

A) The receive power of each antenna is determined as
a measure of imbalance between the two antennas in ocorder to

identify the situation of highly imbalanced antennas.

B} A correlation coefficient between signals received
25 on twe antennas is computed to identify the situation of

deeply correlated antennas,

The correlation coefficient and/or the imbalance
are processed to determine whether or not to disable the

MSRD receiver. 1In a specific example, when the gain



received on the two antennas, is greater than a first threshold, the MSRD
receiver is disabled. In another exanple, when the correlation coefficient
exceeds a second 5 threshold, the MSRD receiver will be disabled. Mre
generally, there may be two or nore antennas. The receive power and/or
correlation coefficient can be used to sekect between one of a plurality
of receiver processing functions and/or to sel ect between one and all of
the 10 ame”?@%a@@?{’cgt hEssLYeh R fcc%i%&ng%f UNCLi ong.; O, QeS8 §Clie s
particul ar subsefs or "antennas and/or “Fé elve?rproce55|ng et ons® 1t is
of particul areusevta da- saketioanyitehecel,vers precess reafurctiiond hat
processes nultiple antenna signals, and that relies on _gain bal ance

and/ | ow corr eMaEFBARLA15°18 géﬁse§§0668§rré§upﬂ§?bﬁ€@eivéP FHedESsi ng

function sel gehin@ncbaggdn0RLADAULALT QR § SHOLITRL: £ 1 1 SO LIRATBNLS, - HhEN
the MSRD receiver is not selected, one of the DARP-1 or the | egacy

recei ver sowi thrpeho2d, athevHted dependiemgwon 1t he modalkdtidon format. In a
specific exanple, a |l egacy receiver is selected for 8-PSK nodul ation, and

a DARP-1 receiver is s t [ K,.modul ati on. More general ly, ere
t he received signal naggﬁévggn%%%lo ’nﬁggfglgagiEFngﬁtO%b&ﬁﬁ%tﬁoﬁ orivet s,
t he nodul atiohe 26ctovenbosan badusedcbersekbecbnorcdgrselieet: errobamBIRd

receiver processiﬁg functions. Processing gain conparison Both the DARP
and the NMBRD?et®f %FsbﬁEV%e%nonﬁdQSt?v81§6§ééiﬂiﬁé 2DV e P IEE % Y

channel equatizations afl/SeecboreeXBRPLELbaHr EhedaARdad 10650 iked bel ow
e inpu
10 antennas and/or receiver processing functions, or to select

particular subsets of antennas and/or receiver processing
functions. It is of particular use to de-select any
receiver processing function that processes multiple antenna
signals, and that relies on gain balance and/low correlation

15 teo achieve good results,

Receiver processing function selection based on modulation

format

In scme embodimenis, when the MSRD receliver is not

selected, one of the DARP-I or the legacy receivers will be

20 activated depending on the modulation format. In a specific
example, a legacy receiver 1s selected for 8-PSK modulation,

and a DARP-I receiver is selected for GMSK modulation.

More generally, where the received signal may have
one of multiple different modulation formats, the modulation
25 format can be used to select or de-select on or more

receiver processing functions.

Processing gain comparison

Both the DARP and the MSRD receivers have an
adaptive space-time 2-D filter before channel equalization.

30 See for example Figures 3 and 4 described below. The input



signal -to-noise ratio (SNR) and the output SNR ratio of the space-tine 2-D
filter are determned as netrics (in dB) for the filter. The filtering
gain is the difference between the output SNR and the input SNR This
difference is a neasure 5 of the performance inprovenent introduced by the
DARP-1 or MBSRD receiver. As a function of sthis filtering gain, the output
of the DARP-1 or MSRD receiver processing functions will be de-selected in

favour of a Legacy tecaiyer RLOCESYLRG, 10 LUNGL! QN QULPUOT 10ty Fofne

exanmple, if t gai n ess an ‘a threshol the Ie gacy receiv
processing fapeteshimeut pub Maythe sebedb&@rm&&&dneﬁgm&tB&RB—Hznemﬁnvébr

processi ng fupcti o enabl_ e t he DARP receiver praocessing function wl|
perform 15 gggrf§TF AME&edSﬁgﬁﬁﬁﬂn80ﬁéﬂpl6ﬁst§§ GppdSEENES RRErTey dice

dom nant congditenssnEhgnAVEN=COR lﬂi:' @N& Wi bk 5 oF @3 Ulele el ROQls T Ifelifs @RI N
and t he subsequent sel ection of | egacy receiver processing function

output. Alo T—hetEerﬁgr@anﬁev\n‘lmprperfemé@tt pooropackdr intdegddditalll wr |t
20 is not n a ow t he cause of the poor performance, but of
course, it ﬁ%§§ a%%céggépdue to AWGN dominant conditions. In addition,
this approach can be used to provide side information for the

sel ecti on/ de- selectionAsfatﬁen&EEﬁh 25 redei Yel tprocgsgbng,f whet icartpulvbr e

specifically so od| the filterin ain is used in
conbi nat i on t ﬁ% §n$eﬂﬁa Sggnr?ﬁﬁéVﬁﬁcBraﬁngﬁngo;P8F§PP@ﬁ “aeft P& ent
to decide whethelicOfA0int Paflgnsebech W@B@cynréééQU%rober%ssﬁ%@acy
receiver_processing function. 30 More genérally, where nultiple receiver
proceSSIHg function output or not. For example, if the gain is less

than a threshold, the legacy receiver processing function

output may be selected.

Assuming a DARP-1 receiver processing function is

enabled, the DARP receiver processing function will perform

15 poorly in AWGN dominant conditions as oppoesed to
interference dominant conditions. The AWGN conditions will
result in poor filter gain and the subsequent selection of
the legacy receiver processing function output. A low
filtering gain will reflect poor performance generally. It

20 1is not necessary to know the cause of the poor performance,
but of course, 1t may have been due to AWGN dominant

conditions.

In addition, this approach can be used to provide
side information for the selection/de-selection of the MSRD
25 receiver processing function. More specifically, in some
embodiments, the filtering gain is used in combination with
the antenna gain imbalance and/or correlation coefficient to
decide whether or not to de-select MSRD in favour of the

legacy receiver processing function.

30 More generally, where multiple receiver processing

functions are each processing one or more received signals



functions are each processing one or nore received signals 7 in parallel,
one or nore of the processing functions can be selected or de-sel ected on
the basis of filtering gain of one or nore of the receiver processing
functions. Post-equalization conparison 5 In sone enbodi nents, two or nore
of the receiver processing functions, aresexecuted on the received
signals, and a separate channel equalization is applied to the output of
each receiver p L.Ag ct.ion. .l.n _th peci fi f. F
equalizationgpsbgggﬁﬁgé’t%H%Béﬁ @ﬁée f% %g%a %OF§%§§§I sfﬁggnéﬁﬁ%%%gh%F%n
is applied tecDARPel anddelegaeytreceinvehs, bhuti sDARP-fli lard: iMSRIQaare ofot

i npl emented together. More generally, the particular conbi nation of

recei vers foPnﬁhPEhmgﬁﬁanzﬁg?oﬁeF§l EFf BEAEE SPL NINpli@re &S -on speci fi c.
The best equalization output 15 according to sone netric is selected. In
some enbodineag5Tequggiggamogn@ogba&mgoheceiver processing functions are
executed, and a respective equalization output produced. The best receiver
processing function is then selected. In this case, the best result is 20
al ways achi eved, at |ed8t SPRBnfrRedpBLEpéct tve 6F fReemet ithe J§e@iviex some
e”bOd'nent5’?EQ€eQH§EQtEQ§CQEoRQ? é?gtexggﬁk%hoBno%kgpk%c%gv%Qes %%%h%%ers
are used as the netrics that are conpared. The equali zer output having
soft 25 decisndns sephrshe hhghest quakityatsoseliectegldsd e dliepwtpoft
the receiver, .One of indicators of the g@éli&% of Ehe sof t de%Lsions is
the Unreliabl® $oFf H8CFsYohsPEBGRESELEDEI"CihPBh 18 §88crPPE&Ed T commonl y

assigned co-gentbng &k Srigure 1, egualization is applied to MSRD and

10 Legacy receivers, or equalization is applied to DARP-I and
legacy receivers, but DARP~I and MSRD are not implemented
together. More generally, the particular combination of
receivers for which equalization is performed is
implementation specific. The best equalization output

15 according te some metric is selected.

In some embodiments, more than one of the receiver
processing functions are executed, and a respective
egqualization output produced. The best receiver processing
function is then selected. In this case, the best result is

20 always achieved, at least from the perspective of the metric

used.

In some embodiments, the qualities of the soft
decision cutputs of the equalizers are used as the metrics
that are compared. The equalizer output having soft

25 decisions with the highest guality is selected as the output
of the receiver. One of indicators of the quality of the
soft decisions is the Unreliable Scft decisions Count {USDC)
which is described in commonly assigned co-pending U.S.
application no. 11/564,953 filed on Nov. 30, 2006 hereby

30 incorporated by reference in its entirety. More generally,

any method of determining the guality of the equalizer



application no. 11/564,953 filed on Nov. 30, 2006 hereby 30 incorporated by
reference in its entirety. Mire generally, any nethod of determ ning the
quality of the equalizer - 8 outputs can be enpl oyed. However, the USDC
can be nore conputational attractive and consistent than other nethods,
e.g., the training sequence based BER estigation and SNR estimation. In
sone enbodi nents, this approach can be 5 enabled or disabled as a function

of whet her OBurE%httsh%a.na%gi %&ng){l?ake(&ﬂnp%o%}év%qﬁl read; - exgeytd ng two or

nore receiver processing fun ns i s acceptdble.” I'n sone enbodi nents, one
or nore of thempaceitienalprttessitigef wmet icomss lisseelti mimat edt st Mg o1l Of
the nmethods 10 de% ri?ed,gteviously. Thgﬁgﬂgﬁlizer out puts of the
remai ni ng recePver EFO E&SG S GRELEONS M5ar &6 C Rt i Appedh ¢
exanpl e, theclBRRzE€EEI Ve nMBYmRe spidolinatled, aftier ReHIIA NGt he gain

i nbal ance _anal ysis and or the correlation analysis. en this is the case,
the qual i Pi e§"2Blef PHedégakilieded ssiagialns tprod eded sy Netve dregady tdred DARP
receiver pro |E nel ared, and.the . better quality
Fesul t selectadt T amor huPRiaEErral SHRRORE 220y WD TaaiR | Deen
di sabl ed, | egacyipeocpsschgsiagpenhatiedsi nsparalkkelakd@ . wi th the MSRD, and
the best output is selected based on equalization quality. In another
speci fic exanple, one nor e ofbégg recei ver processing functions may be

r
elimnated using the plot8Ssi AY°GarRandrySis Sppfo&éh descts BéFdiGFe. In
one 25 specipi6cexampheruhbei DARPiEeeelveh 0kt he iMBRBeCR Vele RULRIHs May
be elimpated after perform ng the processing
1 described previously. The equalizer outputs of the
remaining receiver processing functions are compared. In
one specific example, the MSRD receiver may be eliminated
after performing the gain imbalance analysis and or the
correlation analysis. When this is the case, the qualities
15 of the equalized signals produced by the legacy and DARP

receiver processing functions may be compared, and the

better gquality result selected.

In another specific example, assuming MSRD has not
been disabled, legacy processing is performed in parallel
20 with the MSRD, and the best output is selected based on

equalization quality.

In another specific example, one or more of the
receiver processing functions may be eliminated using the
processing gain analysis approach described above. In one

25 specific example, the DARP receiver or the MSRD receiver
output may be eliminated after performing the processing
gain analysis. There is no need to examine the quality of
an equalized signal produced by an eliminated receiver

processing function.

30 It is noted that, in general, the transmitter does

not need to be aware of what receiver processing function is



gain analysis. There is no need to examne the quality of an equalized
signal produced by an elimnated receiver processing function. 30 It is
noted that, in general, the transmtter does not need to be aware of what
recei ver processing function is 9 being inplemented in the receiver.
However, that is not to say that receivergprocessing function selection
has no effect upon network operation. Typlcally receivers f eedback

i nformation Bglkg i%ﬁﬁg%%ﬁt%% %Elgwe 3% iQn. of}§ nsnltaﬁeranea)r%:such

as transmt power, channel codi'ng ulatlon ornaf anong 5t her's.

exanpl e of suaek thﬁ@db&@blN@&O@@@t@@@lb@ @mmaﬂua@<§@m@@ﬂldmﬂﬂa§yx>The
nmet hods descrihed herein can result in an inproved effectlve downl i nk
channel qual?F?eFﬁaPpoﬂhEEtﬁéﬂkaBQr@élPﬁe netilge L LYr0 1&4% 1958w t he

network to tEé@éﬂbEk%h@oﬁz%%%ﬂ REhe gk T €181 Geant-channg!
codi ng and nodul ation formats al whi ch may i npact network capacity for

t he betteb. %xepe@itleaeﬁmemeKSthaphlneotpen&uag aloweaf, tdhenrajoveding

mbodi ment bed with ref 15 Fi
ant onnas. 300" 30250 E- SRBGA FARRET RGPS FHLEY Conndit &4°16 8 BEambi pover

and correl at feaddetecinfordd4iocfhesagbennas k3082302 1akeaalisq .f unetd onal Iy
interconnected with a conmbjner 310 through a swtch 306. The switch 306 is
control | ed tBEbROOPercOFrePedeticagia 26Nf tREHIEN 16f anediPreVetoGdded By s he

branch pomerdéﬂgllﬁQr595@559”q9§&§g%0Eh§90 %ﬁehn%'gagggébXOC%%%r le tRALN, 307

carrying control signa nbi ni ng perforne he ‘conbi ner 310
is contrbll echasablfuntheonebiorksubt srapsnduced thy reke cedapow spowen datad:

correlation ﬁ@%gcégfiggén Schannel coding and modulation formats all of

which may impact network capacity for the better.

A specific circuit that incorporates all of the

above embodiments will now be described with reference to

15 Figure 1. Two antennas 300,302 are shown functionally
interconnected to a branch power and correlation detector
304, The antennas 300,302 are alsoc functionally
interconnected with a combiner 31C through a switch 306.
The switch 306 is controlled to be open or closed as a

20 function of results produced by the branch power and
correlation detector 300 as indicated by control path 307
carrying control signal sl-1. The combining performed by
the combiner 310 is controlled as a function of results
produced by the branch power and correlation detector 304 as

25 indicated by control path 311.

An ocutput of the combiner 310 is connected to both
a legacy receiver processing function (Rxp) 312 and DARP-I
Rxp 314. The output of the legacy Rxp 312 is connected
through switch 316 to an egualizer 32C. The output of DARP-
30 I receiver 314 is connected through switch 318 tc¢ an
equalizer 322. Switches 316 and 318 have their open and

closed states controlled as a function of resulting



25 indicated by control path 311. An output of the conbiner 310 is
connected to both a |legacy receiver processing function (Rxp) 312 and
DARP-1 Rxp 314. The output of the | egacy Rxp 312 is connected through
switch 316 to an equalizer 320. The output of DARP 30 | receiver 314 is
connected through switch 318 to an equaliger.322. Switches 316 and 318
have their open and closed states controlled as a function of resulting -

10 processing.gai.n;af DARP- | R{g L. i ndi cated by _.contr path 315
carrying Con?r8|%§?§ﬁ§|§%§£;?ﬁpéﬁﬁ S P%%ﬁi%éﬁha ﬁz%F§q§5%f§§fQ%§8L
respective outputrslcoanect3ad toarayiwd icpinexerl (Wdha13242-Alisarsham-is. a 5
control path 321 carrying control signal s3-1L between equalizer 320 and

the nultipl exer 324, and a.control_ _pat 23 carrying control signal s3-1D
bet ween equal i zer 322 ﬁ&alﬂﬁgrﬁu@@ipﬁgge%a§§4Feﬁ$§ VR P R e

nul tipl exer 324nkste@OnBeat ad123 AR KRPUMUKY Mulati plaxer 3ddn MY td pl exer
324 10 operates to pass the output of a selected one of the equalizers
320, 322 oh t 8ORRECAUPRIEPl Xér C344Y iThe canterias 130@ 1363 drle taltswen

functionally a4 ed,to RD, Rx tqrespective, | y
328, 330 throﬁ Egsmgg%h§§g8ék$hgh§wﬁﬁgﬁ§§6%§%§ %gﬁfrg¥¥% é%”%%%%'ﬁgﬁb ion
of results pBdducedrbynttheohtanthspawel andlDcbkreleain erudatiectror32304 s

i ndi cated by_control path 30 carrying control_ signal sl-2. The MSRD Rx
326 has an yBﬁ?pﬂF?£bﬁﬁﬁé?éd%?ﬁrou@ﬁes%PFEHt3§§ FB%aﬁmé&&éﬂﬁ¥§%‘§§§.lSThg

two | egacy Rxpsnd28e3d3Qshaveingspecti ¥e10ubRuts 2@ 4gonngehed he dpus, of a
conbi ner 332. The conbi ner produces an output that is connecCted through
switch 3B% teprerates to pass the output of a selected one of the

equalizers 320,322 on to the multiplexer 344,

The antennas 300,302 are also functionally
connected to MSRD Rxp 326, and to respective legacy Rxp
328,330 through switch 308. The switch 308 is controlled as

15 a function of results produced by the branch power and
correlation detector 304 as indicated by control path 309
carrying control signal sl-2. The MSRD Rxp 326 has an
output connected through switch 334 to an equalizer 338.

The two legacy Rxps 328,330 have respective outputs

20 connected to inputs of a combiner 332. The combiner
produces an output that is connected through switch 336 to
another equalizer 340. Switches 334 and 336 have their open
and closed states controlled as a function of the processing
gain of the MSRD Rxp 326 as indicated by control path 335

25 carrying control signals $2-2M and s2-2L.

Equalizers 338,340 have respective outputs
connected to a multiplexer (MUX) 342, Alsoc shown is a
control path 339 carrying control signal s3-2M between
equalizer 338 and the multiplexer 342, and a control path
30 341 carrying control signal s3-2L between egqualizer 340 and

the multiplexer 342. The output of the multiplexer 342 is



anot her equalizer 340. Swtches 334 and 336 have their open a
states controlled as a function of the processing gain of the
as indicated by control path 335 25 carrying control signals s

nd cl osed
MBRD Rxp 326
2-2M and

s2-2L. Equalizers 338,340 have respective outputs connected to a

mul tiplexer (MJX) 342. Also shown is a control path 339 carry
signal s3-2M between equalizer 338 and the nultiplexer 342, a

i ng control
nd a control

ath 30 341 i cont r.al :si-gnal. .s3- bhet ual i,zer, : e
p gaphebRgaoan tol 1aigRal il iSRG aalel Wt FA%AN 340

mul ti pl exer 342. The output of "the nu xer

onnected as an

i nput to nul tppkexers 344paMsl thpl exepudd42f eperdiees addd Pasoft eout put of a

344.

| ect ed f th N 338, 34 tQ t | tj pl
Vil 1 plexer 34420pGPALes Po J0eg t hE GUEDOY B RIS T 1 he mul 11 pl exer s

324,344 on to a main output 345. Control path 346 carrying con

trol signa

sl-3 fromthe branch poweipangdeeonnal apieed tdel e¢t @as304 Hes dgeaitt @ g ol

whi ch nul tipl exer outpu

assed on. In particular, if switch 306 is

t
closed and s@ftERe308 Fépégéngtﬁgﬁf§ﬁé 66t St 210261 PWLEUE efer- 324 s
sel ected by ayhtiphexgtn344e¢ E%rr%%%cgoéqgo!ls s‘ig;%'éza%g—%"“ftr%*ﬂn 308 1's
f multiple 4 e

cl osed, then the output o xer is sél ect
Wth referenceanohFpguee 2ndancexaipkéocof datekypirc&l04l egacyseRx

by multiplexer 344.

[E oCc @rgitstcsl

der ot ati on 4Q$ifgllom@d gg a_ 15 natched filter 404 &erforned s a function
of channel e%tiFat"BntaB2°*Nbr 8UGEHEr 4P §258%Fe§Rey rEcEAFEr Cigrdeeddi ng
function w l$winehudecat sl eastea ARHCREELEL Ber iandpehanneleneShieMalitQit

not necessarily connected exactly as_ shown,
10 of ‘multiplexer 324 13 selected by multiplexer 344,

switch 306 is open and switch 308 is closed, then

of multiplexer 342 is selected by multiplexer 344.

It
the output

With reference to Figure 2, an example of a

typical legacy Rxp consists derotation 400 followed by a

15 matched filter 404 performed as a function of channel

estimation 402. More generally, a legacy receiver

processing function will include at least a matched filter

and channel estimation, not necessarily connected

exactly as

shown.

20 An example c¢f the DARP-I processing i1s shown in
Figure 3. A specific implementation is described in
commonly assigned co-pending U.S. applicatiocn no. 11/420,254

filed on May 25, 2006 hereby incorporated by reference in

its entirety. This involves derotation 410 followed by

25 space-time 2D filtering 412 as a function of joint filter

and channel estimation 416, followed by multi-channel

matched filtering 414. More generally, an SAIC processing

functicon, of which a DARP-I receiver processing function is

a specific example, can be used.

30 It should be apparent that for the specific

examples of Figures 2 and 3, the derotation function 400,410



20 An exanple of the DARP-1 processing is shown in Figure 3. A specific

i npl ementation is described in commonly assigned co-pending U S.
application no. 11/420,254 filed on May 25, 2006 hereby incorporated by
reference in its entirety. This involves derotation 410 foll owed by 25
space-tine 2D filtering 412 as a functian pf joint filter and channel
estimation 416, followed by nmulti-channel nmatched filtering 414. Mre
generally, a Cipr i fu i_0 f i P:.I cei.ver

processi ng fgr???ibor?gi gﬁﬁg%?%ggieﬁ c%%tg)?a%a %, Sgayﬂ: pﬂe%d]seg?d]i%{ Iefjtoegsmgluﬁ%?cnye
appar ent t hatnflobARRe Ispeckefiver exanplsed nof firguriesis2 and 3, the derotation
function 400,410 - 12 could be inplenented once in a systemincluding both
| egacy and DARP-1 receiver processing f tions. ,An exanpl.e of the NMSRD
Rep 18 shown in Figurelh SXTRPIS) Arolies HET: Gat iih SESUT o it 15y 2 -
space-tinme 2Bhbsfihteriveg 422rasadibunabioorQfi dweidnt f idele -andchannel
estimation 426, followed by nulti-channel matched filtering 424. The
paral |l el PinéslfRTENGufé242Foat BUPCHRoB2E)N Uerads fitliemenchataringl | i nes
in Fig. 3 (oubpuhapioAll)elndbeabeegmil! bihe :oignal, fakhs Homaulidale,
ant ennas as opposed to a 10 single sighal path froma si ngcl € antenna. re
generally, #hé.cofipengatsiimy hohenedesFdniulry ke (conpect ed @2agt lnerass

shown. In operation, digitized. baseband signals fromthe .two antennas
300, 302 are %E?n?oﬁﬁaaﬁg%?frgéﬁﬁét H?eIF;}.g'TEe (O%pﬁ&/\é’& §f Pander&sace
correl ation helwegnet BeghD pranshesoAr futalipubatedhnakhe sbiapeh feowey and
correl atjon detector 304 as:

single signal path from a single antenna. More generally,

the components may not necessarily be connected exactly as

shown.

In operation, digitized baseband signals from the
two antennas 300,302 are x,(n) and x;(n) respectively. The
15 power of and the correlation between the two branches are

calculated in the branch power and correlation detector 304

as:
I N-1 ) 1 N-1 5
A :}\f_;lxl(n)i i =}"\;§§xz(”)l (1)
RS
= 2 % (m)x, (n)
R12 . n=0 (2)

PP,

20 where P, and P, are the power estimations of the branches and
Rz 1s the correlation estimation between the branches. N is

the number of samples available in a burst.

If /Py < T (assuming P, £ P, and T, is a
predetermined threshold), the switch 306 is turned on {sl-1
25 = 1) and the switch 308 is turned off (s1-2 = 0). This is
the case where the two antennas are deeply imbalanced and

the MSRD processing is considered not necessary. The



=1 N1 N1 PYVIXi(n)~2Z2, P2 =1 Y, x2(n)t2 (1) N,,=0N.=01 " Y
xi(n)x2(n) RR = N ~=0 (2) P P2 20 where P1 and P2 are the power
estimations of the branches and R12 is the correlation estination between
the branches. Nis the nunber of sanples available in a burst. If P1/P2 <
Tp (assunming P1 < P2, and Tp is a predetergned threshold), the smﬁtch 306

is turned on (sl-i 25 = 1) and the switch 308 is turned off (sI = 0).
This 15 the eas@iwher 81bne il wa;antennas e degplat JJibal.a he MBRD
processing i s considered not necessary. The ner |n This case

pi cks the stfomgeerspgrakstong.further processing. If R12 > Tr, where Tr is
a predeterm ned threshol d, the two antenna paths are highly correl ated and

the MSRD 5 processing |1 rin Aan ai.n. The itions of  t

switches are the same 2% ﬁﬁbse i the 6y rlEoﬁngFESEeégégeda6858Shpﬁdfh|s
case, the comhknewc3ifQtpankopaBha SiRPhe ghaymmmtiren sefed hend wobnanahes
assum ng Ehe two branches are coherent and the initial phase difference is

correct ed? TRECEBSELGHANILé- RBIFSEXARGI G NYSNRY MW | [Thige HoRpricwad IBf 3dB af ter
the CO”b'n'ngw1£5hégea9@5@h@fsﬁﬂe8B§Ktﬁ%g%|QBth%'%%%% %ﬂﬁ%éiuggg%%&e

receiver processing will be carried out. The swtc IS turne
(s2-iL = 1) ahdvewitéh Bh8si sataynélicokbmbiner 310 performs a simple

summation of the two branches assuming the two branches are
coherent and the initial phase difference is corrected. The
10 signal-to-noise-ratio (SNR) will be improved by 3dB after

the combining.

In the case of an 8PSK-modulated signal, only a
legacy receiver processing will be carried ocut. The switch
316 is turned on (82-1L = 1) and switch 318 is turned off
15 (s2-1D = 0). The legacy Rxp’s output is fed to the
equalizer 320 which generates the soft decisions for the

next block processing (FEC decoding, etc.) (not shown).

In the case of a GMSK-modulated signal, both the

legacy Rxp 312 and the DARP-I Rxp 314 will be operational.

20 If the processing gain of the DARP-I {(the gain of the output
SNR over the input SNR of the DARP-I Rxp) is below a
predetermined threshold, the cutput of the DARP-I Rxp 314 is
discarded by turning off the switch 318 (s2-1D = 0) and the
legacy Rxp output will go through the egualizer and to the

25 final output. Otherwise, both the switch 316 and switch 318
will be turned on (s2-1L = 1, s2-1D = 1) and the respective
Rxp outputs will be equalized by equalizers 320,322. Only
one of the outputs from the equalizers 320,322 will be
selected by comparing the quality of the soft decisions

30 generated by the equalizers. The one with the higher
gquality (for example the one with the lower USDC as



15 (s2-1D = 0). The legacy Rxp's output is fed to the equalizer 320 which
generates the soft decisions for the next block processing (FEC decodi ng,
etc.) (not shown). In the case of a GVBK-nodul ated signal, both the | egacy
Rxp 312 and the DARP-I Rxp 314 will be operational. 20 If the processing
gain of the DARP-1 (the gain of the output; SNR over the input SNR of the
DARP-1 Rxp) is below a predeterm ned threshold, the output of the DARP-I

Rxp 314 is i L r.ni of.f_ t it 3 (s2- = t-he
| egacy Rxp og%gg?l%§9|gégkﬁﬁggggﬁ ﬁﬁe5%§5§1Fgggaa#%mig%f#g'fﬁgﬁ?ﬂgﬁﬂgﬂtput.
Ot herwi se, bBhh thetswilt ehgdib sasd-SW el 35S 1Dwsghowke iturdred migyre2- 1L =

1, s2-1D = 1% and the respective Rxp outputs will be equalized by
equal i zers 3 8?§§§?nEhF§e gHé Lot vt Ré GG@p@F§PPF§m%ﬂ%§Q§%%9ﬂ%@ﬁ%“%ZO,SZZ

will be seleghedibyrconparingot hegualiityx0f the soft decisions 30
generated by the equalizers. The one with the higher quality (for exanple

the one with the lower USDC as - 14 described previously) is selected as
the final2output 345. SThélasnerekcsignalegds- ik amevelletD fshowhs b SRhe

figure repr - e ' f S erat. b he _ e | izers
320, 322 resgéggggéFy?ggééF%¥P§rté%?e%?%@%%Igg%g F§l§%8v¥5%hjfbfﬂ#%§“§eRD
recei ver progesssngtthatlCéctur spehen Siet €ho3@8phagatkosedacdndsss tch 306

is open. The parate | egacy Rxps 328,330 process respective signals
from the t\/\03%1%?%%&&%”%6?Bgﬁsg?ﬁéliﬁﬁt BhESEAF FREM Wb dFacy REFS 3528, 330

are 10 conbi B‘@@,j3®12Qpn@h@eéug‘égtSV\B%ntEBet§HRngE@yf Rt he gVBR Rep 326
is below a predeterm ned threshold, the switch 336° for |legacy Rxp is on
(s2-2L :1@) Aol tmed st epmiBBgef o 3RBRDWhen the SNR gain from the MSRD

Rxp 326 is below a predetermined threshold, the switch 336
for legacy Rxp is on {s2-2L = 1) and the switch 334 for MSRD
Rxp 326 is off (s2-2M = 0) and the output of the combiner
332 only is fed to equalizer 340. COtherwise both switches

15 334,336 are turned on and the output of the MSRD Rxp 326 is
fed to equalizer 338, and the output of combiner 332 is fed
to equalizer 34C. The quality of the soft decisions
produced by equalizers 338,340 is evaluated and the one with
better gquality is the final selection passed only the

20 multiplexer 342. Again the USDC can be used in the
evaluation in which case control signals s3-2M and s3-2L
shown in Figure 1 represent the USDC values for the soft

decisions of the two equalizers 338,340,

In the above description, there are many

25 references to selecting a receiver Rxp. This can mean
selecting one of several outputs that are all produced by
respective receiver processing functions operating in
parallel or in sequence. An example of this is performing
selection based on the equalization metric - a respective

30 metric is produced for at least two receiver processing
functions both of which are executed, and a single output is

selected. This can also mean selecting one or more of



Rxp 326 is off (s2-2M = 0) and the output of the conmbiner 332 only is fed
to equalizer 340. Otherwi se both swtches 15 334,336 are turned on and the
output of the MSRD Rxp 326 is fed to equalizer 338, and the output of
conbiner 332 is fed to equalizer 340. The quality of the soft decisions
produced by equalizers 338,340 is evaluateds and the one with better
quality is the final selection passed only the 20 nultipl exer 342. Again

the USDC cansbg.uged r.le@eril{'/%i: \{:%lc\é@sii?l% if%n\gggéblscat%eg%c%a%fﬁ%:] SHINA Sy 533 2M

and s3-2L shown in Figure epresent "t he val ue e soft

deci si ons of cthputwe egualthzér $hd838e840n ik trhecdbeve cdeserdgiticon, there
are many 25 references to sel ecti a receiver Rxp. This can _nea ,
sel ecting on£u8F£§89§rﬁFepéﬂﬁﬁﬁéegﬁgf &Pé SPE IR 6ducéd ﬁfamﬂﬁﬁxéﬁiaﬂis
recei ver progesshagdf yppt kABStORET @hkNEskP pRALAlEh OrF U tSeFUeRCenAN

exanple of this is perform ng selection based on the equalization nmetric -
a respect PveP801ifefEi Ehpscprogiesdonoprapaigasmbpiencecei Ver oprteeds disng

runctions bobhepl o POLGRCAr eoexequted.R9Gea BRI QULPYL IS | SEIRG! far
This can al so nean selecting one or nore of - Séveral recel ver
processi ng feaatéconsnt peptoducelianangr erene, ohkputissiardichatchher a

remai ni ng receivgéggrocessin functions are disabl ed/do not operate. An

exanpl e of tRFE* the' GrsaBPEnBRPCBPSERE WBRO pPOCEES R tghct'én on the

5 basis of thercofretathep ekcealLByi pbgkansengNe QukRYl 1S «RYer sproduced
for that receiver processing function for that selection period. In any

event, theé fiwalhee|eeerensongancpaithetbadingceheshepr otéssi mgcokdneti on
means that the, oulpyt P&n&@?&néeﬁ?&Vgﬁegégggsﬁhn%aggﬂﬁ%ﬁ?nbh% kept for

selected.

The overall process of selecting can involve

multiple steps some of which may involve de-selecting

15 particular receiver processing functions. A de-selected
receiver processing function is eliminated from being a
candidate to produce the final ocutput. In some embodiments,
there is & process of elimination whereby certain techniques
are used to de-select one or more receiver processing

20 functions, and then one or more other technigues are used to
select from any remaining receiver processing functions.
For example, the branch power and correlation detector can
be used to perform a de-selection of the MSRD processing
function, with other approaches being used to choose between

25 legacy and DARP-I.

In another example of de-selection, the processing
gain in the DARP-I or MSRD receiver processing function can
be used to effectively de-select that path. In that case,
for the particular example of Figure 1, there will only be

30 one remaining path that gets selected by process of

elimination.



10 further processing notw thstandi ng whet her other receiver processing
functions are operated in parallel, but not selected. The overall process
of selecting can involve nmultiple steps sone of which may invol ve

de-sel ecting 15 particul ar receiver processing functions. A de-selected
recei ver processing function is elimnated drombeing a candidate to
produce the final output. In sone enbodinments, there is a process of

el i mnation whereby cegpain echni, 91#3%5 A€ r‘é%%%teq: gvgr‘og;%'ﬁ%ﬁ%go%n%u@{se

recei ver processing 20 functions, then one or er techni ques are
used to seléévefb@ﬁnadyscedbbdiagowece|M©mep@@m@mahuyftﬂMﬂanmnnuames

exanpl e, the,branc ower and cor e ati etector can ,be used to perform
oy sl ecti SRoPIPRE HRRE LR Ge8e bR n g baaR: (an o LG oY SRTee

bei ng used teougbeosasbet waen r22eckegacy rand sBARR- lrurldt ianotiRer examlee 1Qf
de-sel ection, the proce55|n% gain in the DARP-I or MSRD receiver
processi ng fHﬁ@?P@ﬁ eafitgpeludey eeveffeetivaly &@£5§P@@ﬂfﬂﬁaﬁ&QMHieslmf

that case, % EQ EaéthCHh@E1$éaﬁﬂéﬁBQE E%QE&%t& there s Lol . %@a%o

one remai ni ng ets sel ecte CcCeéss o ellnlnatlon
Specific exaupleelnt feiéeveanprobessemgebmmmbm@n&) kave maeemedescri bed

above. More g rerallg t he techni ques ﬁSCFIbed herein can be applied to
any recei ver® prbCEsR¥n§ et ihcEPOREN T EQRALr BCelidl 1prbea8siing Rlifiction is

operabl e to Sxpredese-a signak Borngquakhzatihenspibe %9%%I&mcf§4%@9h%§-of
Figures 2,3,4 involve channel estimation (be it conventional or joint

filter and channel estimation) and mat ched
10 While the receiver processing functions are
described as being for processing certain desired types of
signals, it 1s tc be understood that noise and/or
interference components are also usually present. The
interference components within desired PSK or GMSK signal
15 may include other PSK components and/cr GMSK components.

These receiver processing functions described include:

the MSRD receiver processing function capable of
processing two or more antenna signals that are comprise
8PSK and/or GMSK components; more generally, one or more
20 receiver processing functions capable of processing two or
more antenna signals that are composed of 8PSK or GMSK
components may be provided; more generally still, one or
more receiver processing functions capable of processing at

least two signals are provided;

25 the legacy receiver processing function capable of
processing one PSK signal or one GMSK signal; more
generally one or more receiver processing functions capable
of processing one PSK or one GMSK signal may be provided;
more generally still, one or more receiver processing

30 functions capable of processing a single signal are

provided; the single signal may be from a single antenna,



filtering (be it conventional or multi-channel), and exanples of Figure 3
and 4 include space-tine 2D filtering. 10 Wiile the receiver processing
functions are described as being for processing certain desired types of
signals, it is to be understood that noise and/or interference conponents
are also usually present. The interference; conponents within desired PSK
or GWBK signal 15 may include other PSK conponents and/or GVBK conponents.

These recei ver BEOEESSRG o WRCUARS rdeschiNgd dinclude, the MR J | ver
processi ng functio% cagable g? Oprogéggfng t or nnrélanté'na §$gﬁ§%s t hat
are conpri seex8PgKeahd/ e l@uBK ocomporeltisig;nore generally, one or nore 20
recei ver processing functions capable of processing two or nore antenna

signals that are conpo PSK or GVBK conpaonents he provided; re
Generally otill . one o rEE a el o o S OLY P b 3t T
processi ng aprokeastintwonsgi gNaks sage apr; ovicded ge2 daha |, eqgacy drecrirer
processi ng function capable of processing one PSK signal or one GVBSK

si gnal ; nor efCGBREREI Py 6RE SR INBHE CEEOBISY B Yp e dd$ivigeundEtorid &capabl e

of processing,gas1ESKroL  8ResGVRK %&gnéhsﬁa%i??ﬁﬁﬁovk%%d%in@ﬂk@EQ_ gral ly

still, one or nore receiver processing 30 functions capabl e "of processing a
si ngl e signakadgrke prowi dedinpghe sintgheasi gmalenpy obeckcomya ceimgleng

ant enna, - [ roduced by conbining multiple antenna . signals, for
orae o Shealipag BReRHAR SR pRd TR ARel PR By st aa e Rinet i oo
capabl e of pHecessing one GVSK signal; nore generally, one or nore 5
recei ver processing functions nay be provided that are
10 the combination of legacy receiver processing
functions that each process a respective 8PSK or GMSK
signal, and a combiner for combining legacy receiver

processing function outputs and that collectively allow for

processing of multiple 8PSK or GMSK signals,

15 The methods described have been shown in the
context of specific methods of selecting between these
specific receiver processing functions. More generally, it
is to be understood that the particular receiver processing
functions included is implementation specific. This may

20 include zero, one or more, or all of the specific receiver
processing functions referred to above. Furthermore, the
techniques described may be applied to different
permutations of the described receiver processing functions

than those specifically disclosed.

25 In the illustrated examples, the receiver
processing functions are implemented as hardware. However,
more generally, the receilver processing functions may be
implemented as hardware, firmware, software, or any
appropriate combination thereof. Moreover, it is to be

30 understood that the components described herein may be



capabl e of processing one GWSK signal; the single signal nmay be froma
single antenna, or be produced by conbining nultiple antenna signals, for
exanpl e by selection or adding; 10 the conbi nation of |egacy receiver
processing functions that each process a respective 8PSK or GvSK signal,
and a conbiner for conbining |egacy receiveg —processing function outputs
and that collectively allow for processing of nultiple 8PSK or
signals. 15 Theuethods deseribed have heen shoun i, dhe ol
specific nethods of selectlng bet Wweén these dpecific récelvef%%roce55|ng
functions. Mapprgemerdle yombtinats dro theneavder st ood that the particul ar

recei ver processing functions included is inplenentation specific. This
may 20 include zero, . I th ific recelver
processi ng functions rgPe%PS %3”5%&@3eqqﬁ%ﬁ%§%%§§5“iﬁ@ ST gues

descri bed nmapeh€ocappli edcpobdi fsfemgnts i tpermut:ations: tgfutthedaseibed
receiver groce55|ng functions than those specifically disclosed. 25 In the

illustrated gﬁéﬁﬁPésSWﬁﬁéhﬁéce@@@rnopﬁ&ﬂ&ﬁﬁhﬂ}ﬁ@uﬁﬁﬁ?ﬁ%karéﬂlﬁﬂQﬁhﬁﬁed as
har dwar e. m%ﬁ@@amemr € ;0eR8EaLhY £ R 4, IS Ce'l Z)rl PIQGESSI NG HUNGH NS, By

be inplenented as hardware, firmare, or any appropriate
conbi nati on &hétwefe, Misepveridet msatotb&eEOSum@em&t@dd.khanjkhemcision
conmponent s descr mented as hardware, firmare,

d h
oy S Ry LB TRk BB GBS at Com e s KPS oSy

exanplff thee@@b@@&h@ﬂohsqu@@&t@é@?da&@e@agil%ﬁ%@téytﬁhWﬁk!%%%ﬂﬂ@FBﬁs
controllin
lOg or makes, the decision on the receiver processing function

selection.

Mobile Device

The receiver circuit disclosed herein may be
implemented in a mobile device. Referring now to Figure 5,
15 shown is a block diagram of an example mobile device 10C.
The mobile device 100 is not shown with components specific
to the receiver circuit disclosed herein above; however, it
is to be understood that the receiver circuit may be
implemented in the mobile device 100. It is also to be
20 understood that the mobile device 100 is shown with very

specific details for example purposes only.

A processing device (a microprocessor 128) is
shown schematically as coupled between a keyboard 114 and a
display 126. The microprocessor 128 controls operation of
25 the display 126, as well as overall operation of the mokile
device 100, in response to actuation of keys on the keyboard

114 by a user.

The mobile device 100 has a housing that may be
elongated vertically, or may take on other sizes angd shapes

30 (including clamshell housing structures). The keyboard 114



5 various switches, and no centralized control. In another enbodi nent, a
control function, inplenented in hardware or software, is provided that
takes sone or all of the decision variables (antenna gains, correlations,
processing gains, equalization qualities) and participates in the making
of, 10 or nmkes, the decision on the receiygr_processing function

sel ection. Mobile Device The receiver circuit disclosed herein may be

i npl enented |n.a; i evi.ce. ferring ta Fi.qure.5 S is a
bl ock di agr iyt l?%@“é?%n% )eﬁo%%blsiége R e |hg‘“ e“@a?fcee% 00 is not
shown wi t h cenporemts feopeciviiitchihg baeweeceiteert @intayi tardi g6l iegedrher ei n
above; howevert it is to be understood that the receiver circuit may be

i npl enent ed FR“tKe nobile device 100. It is also to be 20 understood that

t he nobil e device 100 is shown with very specific details for exanple

purposes only. A processi Bgcdeybee 62 tHeC ORISR sb38)1 s SMWN parts
schematical ly as coupl ed between a keyboard 114 and a display 126. The
i croprocessBf 128 BeRir 6l de¥peratPOnasr Bhovhe sgheplady cBA6.y -as Thelge as

overal | —operakLopqot 5hEoH@QhEEat@SKEC%u%%&sﬁ%% g%%gogs%g%%ﬁggkgﬁﬁ%ggig;

keys on the keyboard 114 by a user. The bile device
that may be celwngatedivest schklyrenr 168y take kewbother 1didzes:candieshapes

50, (ol udl ng,clarphel . hoyshng, Slpuctures) . Mo kerboard 1t - A0
bet ween textaesttyoangdebel ephony sBRtbY. auxiliary I/0 devices 106, a
10 serial port 108, a speaker 111 and a microphone 112; as well
as memory devices including a flash memory 116 and a Random
Access Memory (RAM) 118; and various other device subsystems
120. The mobile device 100 may have a battery 121 toc power
the active elements of the mobile device 100. The mobile
15 device 100 is in some embodiments a two-way radio frequency
(RF) communication device having voice and data
communication capabilities., 1In addition, the mobile device
100 in some embodiments has the capability to communicate

with other computer systems via the Internet.

20 Operating system scftware executed by the
microprocessor 128 is in some embodiments stored in a
persistent store, such as the flash memory 116, but may be
stored in other types of memory devices, such as a read only
memory (RCM) or similar storage element. In addition,

25 system software, specific device applications, or parts
thereof, may be temporarily loaded into a volatile store,
such as the RAM 118. Communication signals received by the

mobile device 100 may also be stored to the RAM 118.

The microprocessor 128, in addition to its
30 operating system functions, enables execution of software

applications on the mobile device 100. A predetermined set



In addition to the m croprocessor 128, other parts 5 of the nobile device
100 are shown schenmatically. These include: a communications subsystem
170; a short-range conmunications subsystem 102; the keyboard 114 and the
di splay 126, along with other input/output devices including a set of LEDS
104, a set of auxiliary 1/0O devices 106,. ag0. serial port 108, a speaker
111 and a m crophone 112; as well as nenory devices including a flash

menory 116 apd @oﬁemgeglaﬁgﬁggéfgg%%g§hg%A%%n%%%l and jyarjQus ot her devi ce

subsystens 120. The nobi may have a battery 1 1 %o power the
active el enenpsreftithe, nebicheadewi veit@0 cofimeniubitlienks ndeliice 100G issid m

sonme enbodi S a two-way. radio fre (RF) nnunlc i on devi.ce

havi ng v0|cg83%a aaFau“&SﬁﬁﬁﬁPéaPPSH Bgéﬁr {fees ! elﬁné& qﬁ16ﬂ°”¥ﬁ%“hnblle

device 100 hopsdaedenbedi meot gukasgt RaneaRakiilbety e comMnigate wth
uter systens via the Internet. 20 Operating systen1softmare

th
gxethggngy Pﬁésoﬁﬁéréb?@é@§§épn1@8nﬁ§e¢n (Soife embadicaenrs srerdd ilpig
P o rorhfl CaL el ohe 22 L0811 LASBATER Hob1e UL IRY 108 oRhared [ other

types of neno evices, such as area | ar
storage el enpatufsatadditidhe 25Msyspémbaotbmaﬁe lapeomblemwmduments
be tenporarily |l oaded intgo a volatile

appl ications rt t her eof
store, suchéﬁga?E 'ﬁ%w?iﬁ%nlEbﬂﬂuﬁ%éaPPBﬁg%P€n§P§aré&@ﬁ@edsﬁfhtﬁé Sobi | e

devi ce 100 maylalSQaD@nééQrédehestheoBéwl%&%1sThgpgbqhQR%%%%SS%hdl%%sw n
addi tion to its 30 qﬁgratlng system functions, enabl es execution of
sof t war e1 0 appt ¢t i o e oRIM herEbbretidevicealso. in prageeabridiagngst - 20

of software @&Eﬁﬁfgiéfnéeﬁgfﬁgcggér9£c8§§58gd8¥%geltems via a wireless

network 110. In some embodiments, the data items managed by
the PIM application are seamlessly integrated, synchronized
and updated via the wireless network 110 with the device

15 wuser's corresponding data items stored or associated with a
host computer system. As well, additional software modules,
illustrated as another software module 130N, may be
installed during manufacture. One or more of the mcdules
13C0A,13CB,130C,130N of the flash memory 116 can be

20 configured for implementing features of the receiver

processing functions described herein above.

Communication functions, including data and voice
communications, are performed through the communication
subsystem 170, and possibly through the short-range

25 communications subsystem 120. The communication subsystem
170 inciudes a receiver 150, a transmitter 152 and one or
more antennas, 1illustrated as a receive antenna 154 and a
transmit antenna 156. 1In addition, the communication
subsystem 170 also includes a processing module, such as a

30 digital signal processor (DSP) 158, and local oscillators
(LCs) 160. The communication subsystem 170 having the
transmitter 152 and the receiver 150 can be implemented to

include components for the receiver circuit described herein



operations, such as a voice comrunications nodule 130A and a data

comuni cations nodul e 130B, nay be installed on the nobile device 100
during manufacture. In addition, a 5 personal information nmanager (PIM
application nodule 130C nay also be installed on the nobile device 100
during manufacture. The PI M application iz i.n some enbodi mrents capabl e of
organi zi ng and nmanagi ng data itens, such as e- mail, cal endar events, voice

mai | s, appoi ghReaAls, rARdsLAsk 10 idemey, The RuMannlicatign Js @lso in sore
enbodi mrents capabl e of sending and receiving data 1tens via a wrel ess
net wor k 110. chmsoieagfrbodismestysterrhé 7datia ideers.deartaggesrbyhet he Pl M

application are_seanl essly integrated, . synchronized. and updat via the
wirel ess netﬁB@ﬁuTiﬁagﬂPﬂ pﬁ§w82§i&§ ?@lﬁgthg &ﬁ%%%%éﬁﬁ%ﬁf(ﬁiéﬁ#ﬁens
stored or assnekated wbtBparahest ¢orpUkemnpIYSt @Me ASmRidic-addit i onal
software nodules, illustrated as another software nodul e 130N, may be

i nst al | ed>duPPREYAaATf A¢PuPE. toremepidsr 8ot cehd Ofoaglvede designed to
130 1308, 13050 208 QEtBh€RE'ﬁ%Biﬂ%Qﬂtygé%QT%%& g% £ eonhi %%%tf%%gio

i npl ementi ng atures of the receiver rocéssi ng functions descr
her ei n aboveSe Conmani GAREpnmbhintki dasa cnohuding tdetha nandortiscand also
communi cati ons, ., are perforned through t he communi ¢gati on _ suhsystem 170, and

possi bly t hrdtghIthe sRoPPeFahGe 25 cBMfuRicat VoRs SSWh &Y stVEmCE20. The

comuni cat i ofomtbsysheton 140t pekudes  anr e6ehMeanLal, vapinansmidier 152 and
one or nore antennas, illustrated as a receive antenna 154 and a transnit

ant enna 41%6. S¢RVaeRli {RYRS) t hELleenRunieapholul §ibd gsPemes?0 (GD¥B )i nfloddes a

processi ng npdyl g, h 3 LgLt ig e r. (DSP) . , and

| ocal oscillatorsleiﬁgg}eg%%é gﬁggg%nﬁh%?éa??%ﬁgéggsééﬁgﬁ&ffékﬁéggng t he
Service (PCS), Global System for Mobile Communications
(GSM), etc. Other types of data and voice networks, both
separate and integrated, may also be utilized with the

15 mobile device 100.

Network access may vary depending upon the type of
communication system. For example, in the Mcbitex™ and
DataTAC™ networks, mobile devices are registered on the
network using a unique Personal Identification Number (PIN)

20 associated with each device. 1In GPRS networks, however,
network access 1is typically associated with a subscriber or
user of a device. A GPRS device therefore typically has a
subscriber identity module, commonly referred to as a
Subscriber Identity Module (SIM) card, in order to cperate

25 on a GPRS network.

When network registration or activation procedures
have been completed, the mobile device 100 may send and
receive communication signals over the communication network
110. Signals received from the communication network 110 by

30 the receive antenna 154 are routed to the receiver 150,
which provides for signal amplification, freguency down

conversion, filtering, channel selection, etc., and may also



transmtter 152 and the receiver 150 can be inplenented to include
conponents for the receiver circuit described herein - 21 above. The

speci fic design and inplenentation of the conmunication subsystem 170 is
dependent upon the comunication network in which the nobile device 100 is
intended to operate. For exanple, the caommunication 5 subsystem 170 of the
nobi | e device 100 nay be designed to operate with the MbitexTM DataTACTM

or General Packet oBadia1o8ehY 68 of RRSLIail.la 1At a Gorunicald on et wor ks
(0]

and also designed to operate wth any of a variety vol ce co nication
net wor ks, suehnigsradeancdd tiebirkecPene sE@nddr vildewsANMPS) ,DSH s 8Ditv si on

Mul tiple Access. (TDVA), Code -Division Miltiple Access CDVA, Persona
Cownunicatioﬁ%rf 5Pvpcge(58§f}eélSﬁgpugﬁgﬁé&PPoﬁA 498 Seoffidi &t i ons

(GSM, etc. &thedulypesnobndatiacandnyQi Ccannet WarkS .a Dathnesepariai 1and o
integrated, may also be utilized with the 15 nobile device 100. Network

access may vaPy“depeRdrhgiupentiRereyperss L1ommenireaciossesy siterd- -For
exanple, in ﬁBéu@QQbaeéIH'éﬂéonﬁﬁaEQCIwkng%Woﬁ%%’aﬁ§b5&% q %%P%&d@ga?d
Kk g a uni que e n Number

regi stered on the network usin er sonal ntificati
(PIN) 20 assbei thedtwianhhmeachrdébicéorl diGRPRS Inebwanks oghawewelr,s iomet wor k

access is typical associated with a sgbsctiber or Eger of a device. A

| .
GPRS devi ce ﬁ%?%?%?g PYpFear Py haR  at S G6LEPPhe ATPdeRLICEY 1PBd @ E. commonl y

referred to @sadsubscohbes tHentbiniulpekeofShM:weaid  1ion @rdekth@aRrerate
25 on a GPRS network. Wien network registration or activation procedures

have beeh® cofipt etled, LEpBSHBBI PRLEBVRCES$00 may send and
In addition to processing communication signals,
the DSP 158 provides for control of the receiver 150 and the
transmitter 152. For example, gains applied to communication
signals in the receiver 150 and the transmitter 152 may be
15 adaptively controlled through automatic gain control

algorithms implemented in the DSP 158.

In a data communication mode, a received signal,
such as a text message or web page download, 1is processed by
the communication subsystem 170 and is input to the

20 microprocessor 128. The received signal is then further
processed by the microprocessor 128 for an output to the
display 126, or alternatively to some other auxiliary I/0
devices 106. A device user may also compose data items,
such as e-mail messages, using the keybocard 114 and/or some

25 other auxiliary 1/0 device 106, 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
communication network 110 via the communication subsystem

170.

30 In & voice communication mode, overall operation

of the device is substantially similar to the data



recei ve comuni cation signals over the communication network 110. Signals
recei ved fromthe comruni cati on network 110 by 30 the receive antenna 154
are routed to the receiver 150, which provides for signal anplification
frequency down conversion, filtering, channel selection, etc., and may
also - 22 provide analog to digital conversion. Anal og-to-digital
conversion of the received signal allows the DSP 158 to perform nore

conpl ex commuagirgaini QR thuRChiRRs, SuEbas hAemnmdul atd ons and; decodi ng, ¢k @
simlar manner, signals to 5 be transmtted to the network 110 are
processed (el§. & swedieat dd landrencdded)! hyf ahe DPSREWIES: lamd are gdrearated

provi ded {o.(he transgitier ;152 fhar digital, te, analog conversion
frequency up conversion, filtering, anﬁﬁl i'cation an ransni‘ssion to the

comruni cat i osubstywbreksl1@uctr asetweiks)l e bayd heeddmisly tsuad e, 156y I n
addi tion %o Eroce sin ﬁpnnunication signals, the DSP 158 provides for
control of tR&SPeCEi vEPLIEBENARE Che thEr BnbHilm devize 106 exdnpiddl tydiths
applied to cepmuRicatign12%i 9A3! 818 Lhe J18G8IMeS ;100 AN (NG LI ANSITLd,Lr
152 may be 15 adaptively controlled through automatic gain contro

al gorithns i BpHenefivaderkanprhe, DSP ©58plhy ahdatialepomiynicdatd e lnode; a

recei ved sig such as_a,text ssage or page wnl gad, is pr.ocessed
by the connﬁ%%ggfigﬁesﬁﬁgﬁgﬁgﬁl 0%afd 1§ F#gﬂv f%‘t efb‘ﬁ?é%%ﬁ?%%%ssor

128. The receevedesi gnabringttiban further processed by the m croprocessor
128 for an output to the display 126, or alternatively to sone other

auxiliariollo devi ces %06. A devi ce user nmay al so conpose data .itens,
such as €Ymai| nessageS CuSR§TT RENKEYEERFYNEEA tandsors oGy ten 102

enables communication between the mobile device 100 and
other proximate systems or devices, which need not
necessarily be similar devices. For example, the short-
range communications subsystem may include an infrared

15 device and associated circuits and components, or a
Bluetooth™ communication module to provide for communication

with similarly-enabled systems and devices.

Numerous modifications and variations of the
present invention are possible in light of the above
20  teachings. It is therefore to be understcod that within the
scope of the appended claims, the invention may be practiced

otherwise than as specifically described herein.



25 other auxiliary 1/0O device 106, such as a touchpad, a rocker switch, a
t hunb-wheel , or sone other type of input device. The conposed data itens
may then be transmtted over the comrunication network 110 via the
comuni cati on subsystem 170. 30 In a voice comuni cati on node, overal
operation of the device is substantially sfmlar to the data - 23
communi cati on node, except that received signals are output to a speaker
111, and sigpakspykor transmi ssion are generated by a m crophone 112.
Alternative voice or audio I/O subsystens, such as a voice nessage
recordi ng subsystem may 5 also be inplenented on the nobile device 100. In
addition, the displayfl2eceayeal sonpe Lgtind:zed in voi ce comuni cation
node, for exanple, to display the identity of a calling party, the
duration of a voice cakho gktgkgg%,voice call related information. 10 The
short-range comuni cati ons subsyst’ém 102 enabl es comuni cati on between the
nobi | e device 100 and other proximte systens or devices, which need not
necessarily be simlaradpvicesithopfexanplioesrt hecshaersting dngetions
conmuni cat i ons_subs stenk g.include an infrared 15 device and associ at ed
LRosstorta

circuits and“¢Bhpdnehts STBPUEL G6CHY CCoRFRNEEEETEN TMEEHE™ & P ovi de

for communi catbeBsswhhaskahall y=epabbedosyst enk and 98 &8S .« UNRIPUS
nodi fications and variations of the present invention are possible in
| i ght of the2Rbbuea202n8aghi A§3STt] PNES relelaRsr riogelss Lngd ELsicdednt Hatr

ot hor i so ¢ HEE088sSlnt 61 AROEDIEH G BLTS ockRE chIVENL' AACTRALLS BRP!! cod

ot herwi se than as spe escii bed "herein

a) a branch power detector operable to determine a
160 power of each signal received by each antenna and compare
the powers of each signal to determine if there is an

imbalance in the powers of the signals; and/or

b) a correlation detector operable to determine a

correlation between signals received on the two antennas;

15 wherein the receiver is operable to select a
receiver processing function by taking into account at least
one of: the imbalance in the powers of the signals and the

correlation.

2. The receiver of claim I wherein the receiver is
20 operable to select the selected receiver processing

functions by de-selecting at least cne of the receiver

processing functions when the imbalance is above a

threshold.

3. The receiver of claim 1 wherein the receiver is
25 operable to select the selected receiver processing

functions by de-selecting at least one of the receiver

processing functions when the correlation is above a

threshold.



24 - CLAIMS: 1. A receiver conprising: two antennas; a plurality of

recei ver processing functions 5 conprising at |east one receiver processing
function for processing a signal received over one antenna of the two
antennas and at | east one receiver processing function for processing
signals receiver over the two antennas; -angk & a branch power detector
operable to determine a 10 power of each signal received by each antenna

and conpare 4the powerﬁh@fr%@%hv%&g@%lchglgﬁhew@éQ%l!ft&nﬁ&%déiﬁgk is
i nbal ance in the powers of the signals; and/or b) a correlation detector

operabl e to @BEERALAeta seorrél dbroweberieeh rsicgrdaley peceiassdan the two

ant ennas; 1 p receiver erabl to sel a receiver
processing fgnﬁgﬁgn b a |nSele tlngcogntegt | §4st © fe%é ot~ e S bal ance
in the power prote'&:bﬁan@l gﬂﬁbﬁlaﬂd when eokr ehdkilence? i sTR@ecel Weiregfhdlai m
1 wherein_the receiver is 20 operable to select the selected receiver

proceSS|n6 #OHcPY ofig~ B?lﬁétéégeéﬁlﬁﬁaéﬁ Pe&s £ fofdeoft SCfd Viege Inpsessing

processing fenettogsswagn Lherbibakancel apahgve dn biheshold. 3. The
receiver of claim1l wherein the receiver is 5 operable to select the

sel ected receiver processing functions by de- selectlng at | east one of the
recei ver proéeessing fUnhet Freasiwaenotfhenyornel affi odaissabove & whierestol d.

25 the receiver is further operable to select the selected

receiver processing function by de-selecting at least one

10 receiver processing function as a function of modulation

type.

6. The receiver of claim 5 wherein:

the receiver is further operable to select the
selected receiver processing function by selecting between
15 first and second receiver processing functions of said
plurality of receiver processing functions as a function of

modulation type by:

selecting the first receiver processing function

when the modulation type is 8-PSK; and

20 selecting the second receiver processing function

when the modulation type is GMSK.
7. The receiver of any one of claims 1 to 6 wherein:

the receiver is further operable to select the
selected receiver processing function by de-selecting a
25 recelver processing function of said plurality of receiver
processing functions as a function of processing gain for

the receiver processing function.

8. The receiver of claim 7 wherein:



4. The receiver of claim1l wherein the receiver is operable to select the
sel ected receiver processing functions by de-selecting at |east one of the
recei ver processing functions when the inbal ance is above a threshold 5
and by de-selecting at | east one of the receiver processing functions the
correlation is above a threshold. 5. The rgceiver of any one of clains 1 to
4 wherein the receiver is further operable to select the selected

recei ver processing fugggig@chvggrﬁ%l%ggkggua%ge%%%%fpg%) TLGeier

processing function as a function of nodulation™ ty e receiver of
claim5 whereenecthé receiiver psctesthey dpecablos tv sel-ectldadidnse ect ed
receiver processingrfunction.b %gg%%ting etween 15 first d second

[

recei ver protessingTfHactTons o 18PuPAl PRy CoP IPEdiner Yr FEESSITF
functions aspactupsthgnrahctieddl aki an ryee iby: o¥eheelddig ithe JfdirsStror
receiver Erocessing function when the nodul ation type is 8-PSK, and 20

sel ecti ngt hehg8ekBREIFBEePYEFeFPOBEsSUAGEEGACHYON When the nodul ation type
is GWSK. 7. The receiver of any one of clainms 1 to 6 wherein: the receiver

Uo-sel octing a 25 Tecolor proeadsing FoRcrion P Sl @ priral ey ar e )
recei ver procésséagnfiuneteomsrapractanchpofivottprocessi rg igaipd urer ittyhe
receiver pro§§s§iggegugctifnh gi The re eiver of claim7 wherein: - 26 the
recei ver is Turfheér: operapfato-88réct the

de-selecting the one of the first and second
10  receiver processing functions if the determined processing

gain is below a threshold.

9. The receiver of any one of c¢laims 1 to 8 further
operable to select the selected receiver processing function

by:

15 performing receiver processing using at least two

of the receiver processing functions;

performing a respective equalization on an output
of each of the at least two receiver processing functions to

produce a respective equalized output; and

20 determining a quality metric for each equalized

ocutput;

selecting the selected receiver processing

function according to the guality metrics.

10. The receiver of claim 9 wherein the guality metric

25 1s Unreliable Soft decisions Count (USDC).

11. The receiver of any one of claims 1 to 10 wherein

the plurality of receiver processing functions comprise:



sel ected receiver processing function by de-selecting a receiver
processi ng function of said plurality of receiver processing functions as
a function of processing gain for 5 the receiver processing function by:
determ ning a processing gain for one of a first and second receiver
processing functions of said plurality .ofoprocessing functions; and
de-sel ecting the one of the first and second 10 receiver processing

functions i1 the deter i ned oii,acessins o G2l o5, Jelow &t heahal 0. fhe

receiver of any one of clains 1 to 8 furth oper a

e to sel ect the

sel ect ed rec8FV&r spgoeessirngreumiSiKorsigme:l ;15 perform ng receiver
processing using at least two of the receiver processing functions;

performng a respectivg
two receiver processing

out put ;

qual ity

signal or oner@VBRssngnare GMFEEceivearlpr oceswion§PBénetivomlfsor processing

one

and 2@sHetegynbii ngiagqeahighy BREkneal ahteadk eaurl izete QUi ;
sel ecting_the selected receiver processing function according to the

trfe8S. 10. The receiver of claim9 wherein the quality metric
is Unreliable Soft decisions Count(USDC). 11. The receiver of any one of
claims 1 to 10 whereinatt heapkubakl bY@k E8CeLYEL RIRCESHNG JHRGHONS,
conpri se: 8PSK

e

10

15

290

25

27 a receiver processing function for processing one

12. The receiver of claim 11 wherein:

the receiver processing function for processing
one B8PSK signal or one GMSK signal comprises a legacy

receiver processing function;

the receiver processing function for processing
one GMSK signal using single antenna interference
cancellation comprises a DARP-I receiver processing

function; and

the at least one receiver for processing function
for processing two GMSK signals or two 8PSK signals

comprises an MSRD receiver processing function.

13. The receiver of claim 12 wherein the at least one
receiver for processing function for processing two GMSK
signals or two B8PSK signals further comprises two or more
legacy receiver processing functions for processing the two
GMSK signals or two 8PSK signals and a combiner for
combining outputs of the two legacy receiver processing

functions.

14, A mobile device comprising the receiver of any one

of claims 1 te 13.

15. A method comprising:

gggghhé%tiggc%n an ogtp%%.cpfgggch of the at |east
uncti ons Ft o “SpPdddc & A Tespedtiv & TEqiTA G T ©C

25



GWBK signal using single antenna interference cancellation; 5 and at | east
one receiver for processing function for processing two GVSK signals or
two 8PSK signals. 12. The receiver of claim1l wherein: the receiver
processing function for processing 10 one 8PSK signal or one GVSK si gnal
conprises a |legacy receiver processing fungtion; the receiver processing
function for processing one GVBK signal using single antenna interference

cancel l ation conprlsesr%CIgAlgl?Ln re%%!%ﬁ%nﬁﬁﬂ?%ﬁi%ﬂﬂ_%ﬁlf thnéwgnd t he at
n K signal s

| east one receiver for processing tion Tor Pprocessing
or two 8PSK pilgmalls t ycofpringesnars ;MSRD recei ver processing function. 13.
The receiver of claim12 wherein the at | east one 20 receiver for

processing function for Rrocessi ng nal s or .two 8PSK signals
further conprises two 8 %6?&“1P895CQOW€€éF&ér%§Q> functions for

processing the two GWSK signals or two 8PSK S|gnals and a conbi ner for

conbi ni ng out puts of thHetbwaihegacy eeiever iPOeRSSIdG 29 d wickians. 14. A
nobi | e devi ce conprising the receiver of any one of clains 1 to 13. 15. A
met hod cogprlsing - 28 _receiving a respective signal on each of a

pluralityof antennas; Sﬁé?@?ﬁpﬂlﬁgrﬁcﬁéﬁﬁF EF O8£S 19y fanct 1g& &fnidhing a
correl ation ?@hﬂ@@ﬂtyhgfskgﬁéh%er processing functions, at least one

receiver processing function for processing a signal
received over one antenna of the plurality of antennas and
at least one receiver processing function for processing

10  signals received over at least two of the plurality of
antennas, by taking into account at least one of an
imbalance in the powers of the signals and the correlation;

and

producing an output using the selected receiver

15 processing function.

16. The method of claim 15 wherein receiving a
respective signal on each of a plurality of antennas;

comprises:

receiving a respective signal on each of two

20 antennas.

17. The method of claim 16 wherein selecting the

selected receiver processing function further comprises:

selecting the selected receiver processing
function by de-selecting at least one receiver processing

25 function as a function of modulation type.

18. The method of claim 16 wherein selecting the

selected receiver processing function further comprises:



5 selecting a receiver processing function of a plurality of receiver
processi ng functions, at |east one receiver processing function for
processing a signal received over one antenna of the plurality of antennas
and at |east one receiver processing function for processing 10 signals
received over at least two of the pluralitygof antennas, by taking into
account at |east one of an inbalance in the powers of the signals and the

correlation; and prodygci u i h l.ect i 15
processi ng function. 1%%6%%£§%g?%§% %Fugﬁggﬁﬁfgxﬁﬁésgfﬁgf%%%$9¥%% a
respective signrakesenngachnof imnpgl anal idey cofmiantrenragrocemyinigsesiin ecei vi ng
a respective_signal op egﬁh of two 20 antennas. 17. The nethod of claim 16
wherei n sel eBFPAG Ehe PYs&NEcFEFrdE&i V&P SFoedeSs ity Fdrdti on f urt her
conprises: selecting the selected receiver processing function by

de-selecting at |east eseécteteiyVehepPEe1esTicly re2 ifdCrQta%: i uncti on of
nmodul ati o t%pe. 18. The nmethod of claim 16 wherein selecting the selected
recei ver Bro BESTFhGDf BKcEPoReLBFLREE GoRFriedesr PIPFessidcutimgomd 6Ff t he

plurality ofsgegebyet1REgcessi-ngefynct %gg%f%e@%q_ng;gtf%@tqio%% g Processi ng

gain achieved by the receiver processi unction; selecting the sel ected
recei ver protessihgnsofupctenshypgdeasel éotri npada receiiver process img
function of fgg&gighurality of receiver processing functions as a

19, The methoed of claim 16 wherein selecting the

10 selected receiver processing function further comprises:

performing receiver processing using at least two

of the receiver processing functions;

performing a respective equalization on an output
of each of the at least two receiver processing functions to

15 produce & respective equalized output; and

determining a quality metric for each equalized

output;

selecting the selected receiver processing

function according to the quality metrics.

20  Z20. The method of claim 19 wherein determining a
guality metric comprises determining an Unreliable Soft

decisicons Count (USDC).,
21, The method of claim 16 wherein:

selecting the receiver processing function from
25 the plurality of receiver processing functions as a function
of correlation and/or gain imbalance between antennas and

any one or a combination of:



function of processing gain for that receiver processing function. 19. The
nmet hod of claim 16 wherein selecting the 10 selected receiver processing
function further conprises: performng receiver processing using at |east
two of the receiver processing functions; performng a respective
equal i zation on an output of each of the #f |least two receiver processing
functions to 15 produce a respective equalized output; and determ ning a

quality metric for each,equall t.. .sel i t te iver
processing function acéorggngéggeﬁﬁg%gﬂgﬁﬁﬁyI%%%#&gggh§6§§£%ﬁ¥%gnie<ﬁ%ﬁ of
cl aim 19 wheréi hhdetrecri.nengpaocgualinty fnetatieoneonpri ses determ ning an
Unreliable Soft decisions Count (USDC). 21. The nethod of claim 16

wherein: selecting the _receiver processing fungtion from 25 the plurality
of receiver processingb?uﬁg?i8ﬁ§gé§z§%ﬁﬁﬁc9W€ﬂlt8fOéoﬁﬂ&%%ﬁz éﬁﬁﬁ%ﬁ*ﬁain
i nbal ance bebwegn aBkeAnagoaRdceaREroReQRksadicenimatiion0f: - 30 a) the
processing gain resulting fromone or nore of the receiver processing
functions; b) the equalization quality of equalized outputs of at |east

t Wo recei@ergﬁrocessinEhﬁuﬁ§F?6H§¥ giz2glatRe 1r ebsirgér:of claim 1 wherein:
the plurality of receiver processing functions conprise neans for at | east

one of: derotation; chappebiyesth Bt benyreand a8t ched Liditer imgotling s
recei ver further
comprise means for at least cone of: derotation; channel
estimation; and matched filtering, the receiver further

comprising:

10 a first switch for providing signals from the two
antennas to a first subset of the plurality of the receiver
processing functions and a second switch for providing
signals from the two antennas to a seccnd subset of the
plurality of the receiver processing functions, the first

15 and second switches responsive to at least one of the branch

power detectcr and correlator detector;

a signal path from each of the two antennas to the
first and second switches and to at least one of the branch

power detector and correlator detector;

20 a first signal combiner coupled to the output of
the first switch and responsive to at least one of the

branch power detector and correlator detector;

wherein the receiver is operable to select a
receiver processing function by using at least one of the
25 first and second switches to provide a signal received from
each of the two antennas to at least one of the plurality of
the receiver processing functions in response to at least
one of the branch power detector and correlator detector;

and



conprising: 10 a first swtch for providing signals fromthe two antennas
to a first subset of the plurality of the receiver processing functions
and a second switch for providing signals fromthe two antennas to a second
subset of the plurality of the receiver processing functions, the first 15
and second sw tches responsive to at |eastzone of the branch power
detector and correl ator detector; a signal path fromeach of the two

antennas to the first apd.secepd %‘Mr%ﬁg%%b%%‘%_ togoacthé %%%tra‘lrletagroéco e

branch power detector and correl ator tector a first sig I ner
coupl ed to thecedvput pobceshenti £shcvicnich cang mesporsilvgaay atededastr one

of the branch power detector and correl at qr. detector; erei.n the receiver
i s operable Pgosgﬁgépga%upggé99eﬁn8r8c$?¥ﬁﬁdn%U%€W?@ﬁe€y $ig %4t | east one

of the 25 fpestFoandnsecondrswit'cheseliqepr Qvicde sa isigUTahdtaeel wed frem each
of the two antennas to at |east one of the plurality of the receiver
processi ng f BREPPENSUPHCEeSpohbBE PduiBliEaSLE Ghe & CEhd o PFOIFSFHIETT

detector andeGREEELALOLABLECLE & MBRI1E 31acdel Rletiie b 1AL UINEY of
the plurality of the receiver processing functions conprises a |legdcy
recei ver prbdg8RBI'ngefanteiroprandsaibgwikinek iAdvanced tRaeeisvert woPdrefgarayance

"DARP- 1" receiver grocessing,fungtion,and t he g ﬁecond subset of thi
plurality of "theY8EePVBF®protd8ssragt Pifet F8AE E6MPridséd 2ubit e “Saton

Reception Divessttywo" MeREItEesei¥Er cBROGessI B¢ Huretien andnaty | east two
| egacy {gcelveélproce55|ng functions, each having an output, the at
complner.

23. The receiver of claim 22 further comprising:

a first plurality of switches, each switch coupled
Lo an output of one of the first subset of the plurality of
the receiver processing functions and a second plurality of
15 switches, each switch coupled to an output of one of the
MSRD receiver processing function and the second signal

combiner;

each switch of the first plurality of switches
being responsive to an output of the DARP~1 receilver

20 processing function;

each switch of the second plurality of switches
being responsive to an ocutput of the MSRD receiver

processing function;

wherein the receiver is operable to select a
25 receiver processing function by using at least one switch of
the first plurality of switches and the second plurality of
switches to control selection of outputs of at least one of
the plurality of the receiver processing functions in

response to at least one of an output of the DARP-1 receiver



| east two outputs being conbined by a second signal 10 conbiner. 23. The
receiver of claim22 further conprising: a first plurality of sw tches,
each switch coupled to an output of one of the first subset of the
plurality of the receiver processing functions and a second plurality of
15 switches, each switch coupled to an qutyput. of one of the MSRD receiver
processi ng function and the second signal conbiner each switch of the
FLrst Druralblycal SuLtehes. ;e 00,7 asponshie 19 a0, oy Pt Qi DARE 1
receiver roceSS|n8 uncti-on; “each 'swtEh of 't he “second piurali ty of
Swi t ches bepﬁgcéesmﬁgsfuﬁctmoan out put of t he MSRD recelver processi ng
function; wherein the receiver is operable to select a 25 receiver
processing function by using at |east one switch of the first plurality of
switches and the second plurality of switches to control selection of
outputs of at |east one of the plurality of the receiver processing
functions in response to at | east one of an output of the DARP-1 receiver
32 processing function and an output of the MSRD receiver processing
function.



