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PCT/ US96/ 03069 DUAL- MODE RADI O RECEI VER FOR

RECEI VI NG NARROABAND AND W DEBAND S| GNALS

FI ELD OF THEwid\b#shibs ON The invention general | yPCRASIA3IPE? O
radio receivers for operating inradio 5 comuni cation systens and nore
specifically to dual -node radi o receivers for recei vi ng narrowband
and wi deband si gnal s. BACKGROUND OF THE

| NVENTI ON Cel l ul ar communi cation systens can be based on a
variety of different cel lul ar standa&ds enpl oyi ng Frequency Divi sion

Mul tiple Access (FDVRA), Tine 10 Division"Mul tiple Access (TDMA), and
conbi nati ons of FDVA an I lon systens use
frequency nodul ati on to%%ﬁ’PEm{amgﬁﬁWgtion on a
variety of different radi o NARROWBANDANDWIEBEBAND SIGNALShannel spacing
between the different radi o channel frequencies used in a cel | ul ar
commi cati on system varies depending on the cellular standard 15

enpl oyed. Wdeband cel | ul ar st angEKl GRTHEREINVENTIONNd GSM require wi de

channel spacing to receive w deband frequency- rmdul ated signa "w deband
signal s"), while nar ribiBysation.gengrally relatss, IQRR’P%“S&W&% | S-54

standard reqgir ol Woto
frequency- = -moddl ‘-’?““Swgﬁm““ ey ‘5?5*.%‘?@%??“%‘“‘“‘3“

Prior art cel | ulxaeeiving persowhand aed mﬂ&baﬂﬁfé@abecel vers have been designed to
operate in cellular comunicati on systens enpl oying either a narrowband
standard or a w deband standard, for exarrpl e, |1S-95 dual -node phones, or

t he dual - node satel |it & L e d INIIOMNY U. S. pat ent

application Serial <llutar conu%:@&%n%?&mf édxﬁ%?&t SR Ghriely’ of ditfdtent 2NC

entitled "Dual - Mode
cellular standards employing Frequency Division Multiple Access (FDMA), Time

10  Division Multiple Access {(TDMA), and combinations of FDMA and TDMA.
These cellular communication systems use frequency modulation to transmit
speech and data information on a variety of different radio channel frequencies.
The channel spacing between the different radio channel frequencies used in a
ceflular communication system varies depending on the cellular standard

15 employed. Wideband cellular standards such as IS-95 and GSM require wide
channel spacing to receive wideband frequency- modulated signals ("wideband
signals"), while narrowband cellular standards such as NAMPS and the 1S-54
standard require a narrower channel spacing to receive narrowband frequency-
modulated signals (“narrowband signals”).

20 * Prior art cellular radios having dual-mode receivers have been designed to

operate in cellular communication systems employing either a narrowband
standard or a wideband standard, for example, 1S-95 dual-mode phones, or the
dual-mode satellite/cellular phone described in U.S. patent application Serial No.
08/305,780, filed September 14, 1994, and entitled "Dual-Mode Frequency

25  Synthesizer for Satellite/Cellular Phones," which is incorporated herein by
reference. These prior art dual-mode receivers are capabie of demodulating both
wideband signals and narrowband signals. In order to demodulate both wideband
signals and narrowband signals, the dual-mode receivers of the prior art use
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25 Synt hesi zer for Satellite/Cellular, Phones, " which is incorporated

herei n by ref erence. These prior art dual -npde receivers are capable
of denodul ati ng both wi deband signal s and narrowband signals. In
order to dewodaBz®z both w deband si gnal s and nar r ovwcangkseo@enl s, the
dual - nrode receivers of the prior art use WO 97/ 32403

PCT/ US96/ 03069 - 2-
duplicate receiver conponents. For exanple, prior art dual-node receivers
use a wi deband filter apparatus to filter the recei ved w deband
signals and a different narrowband filter apparatus to filter the
narrowband signals. The duplication of ™  receiver conponents in a

dual - node recely of cellul ar radio.
A dual - mode r ecéﬁﬁkr}g‘g&&zg@é&%ﬁ%’t %05%8%3@91 ﬁ%orcﬂj{)&wg{odgﬁecewers USP &qui r ed
to denpdul at e Ilwidedand fildreapparatus tmﬁtu‘mbmdwed g#deband signals and a different
SUMVARY OF THE | NVI

en n royldes an
i mproved dual - El?“gﬂg\ltef aRRaraius; to filter X?*P?fgﬂmy% Héedﬁ’ ichonofi cat i on
system that usegeives &ﬂﬂpdfkﬂ@hﬁi‘duﬂfm&ﬁ recef@f iR Ahé kg Adeost Bethe adi 0

recei ver denodul at es w deband and narrowband signals with reduced
dupl i cati o of celldarrydip. e‘bﬁ%‘rﬁ’é‘?ﬁ’?s‘“m‘%m thatcreduces theduplication 4 wi deband

nmode (e.g., thebs nﬁad%ﬁtesﬁd'ﬁ'm Ha SeRdiddl w deband
signal s and a narromgj;md %e I'S-54 or | SAT-M satel lite

comuni cati ons standard) for dermdul ating narrowband signals. A w deband 15
filter apparatus adapted for M ERYEGFRYE I\ng a wde filter
bandw dt h is provided f S cont ai ni ng

al ternativel y w debZheiprsseph iivention provideschnnimpravwed sinal-rsodsmadio. reteen i n t he

wi deband node, the.w deband filtet apparatus..receiyes.radi o signals
and extracts mf&%*b‘éﬂ?o"‘sﬁ |c mmmlécag% f’ygﬁ'g@ f s exﬂw ‘ﬁﬁ'&d a5 gnal s are
denodul at exd bynmdn{rbahd@igmls:emhedmw 2&eiver demodulatéélwideband aie narpswanmband

mode, the wide 'b s wn.g ceA hcgt%l ofarecexver components. The radio receiver has
a wideband mode (e.g., the GSM or 1S-95 standard) for demodulating wideband
signals and a narrowband mode (e.g., the 1S54 or INMARSAT-M satellite
communications standard) for demodulating narrowband signals. A wideband

15  filter apparatus adapted for a wideband mode and having a wide filter bandwidth
is provided for filtering radio signals containing alternatively wideband signals
and narrowband signals. When in the wideband mode, the wideband filter
apparatus receives radio signals and extracts wideband signals. The extracted
wideband signals are demodulated by well-known methods.

20 When in the narrowband mode, the wide bandwidth filter apparatus
receives radio signals containing narrowband signals and generates filtered
signals which contain the narrowband signals in subbands of the wide filter
bandwidth. The filtered signals are digitized and processed with a digital filter.
The digital filter has a narrow filter bandwidth adapted to the narrowband signals

25  and separates the desired narrowband signals by filtering out unwanted flanking
signals. |

The radio receiver is adapted to perform the extraction of narrowband
signals existing in off-center subbands of the wide filter bandwidth. Furthermore
the radio receiver can be adapted to jointly extract two or more different
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receives radi o signals containing narrowband signals and generates filtered
signal s which contain the narrowband signals in subbands of the wide filter
bandw dth. The filtered signals are digitized and processed with a digital
filter. wohgagsgital filter has a narrow filter bandwmitosasiegpsed t o

t he narrowband signals 25 and separates the desired narrowband signals by
filtering out unwanted fl anki ng signal s. The radio
receiver is adapted to performthe extraction of narrowband signal s
existing in off-center subbands of the wide filter bandw dth. Furthernore
the radi o receiver can be adapted to jointgy extract two or nore different
WD 97/ 32403 B

/ /
Eac;r r (L)J\%ggngg)g?gnd?ag"?%ﬂd signals that gre ptdiffgrent radio chapne] ﬁrgﬂ“%ﬁﬁ%dn@?te%'eand t hat

are | oc atle&tddﬁnm&eﬁ:%asbmu@bﬁmé Sm&f filtdiﬂaandﬁﬂtﬂ | Theexthotishofdt h. The
extracti on of di fferent .narrowb naI s | A‘g of f-center
subbands of t he differentinarmopband msmslﬂawdw "‘Mﬁfg Widefltef | feature

of the inventi onaadidiieHd ahiSmBoant LSkl Teature of d@ﬁﬁ&heﬁ&lﬂnﬁ:@&h&r@ﬂ; InfiBe

i nvention was described to receive narrowband signals I n
nomnal ly inSt h@ane@hmlwaﬂont.ﬂ@ wmonwaﬁépscnmremvwwbmda ired

Logpol o si gnal B ABtkfl g *ﬁﬁ%?ﬂ?ﬁr ACHAR WapRRITNRD the umdenined, o1
processi ng the ladkinpsignels dlapking theadesivedsnagrombandsignalier to al |l ow for nore
ci gnal o Logpol ar i 48 ar"ilzﬂ?%?%giggs. 8 YPARR AR prd-Rily WERARS
5,048, 059, iss yqﬂmm@qhbmbmﬂimmh filtered sigastlin ondeat te allow Ifmdndﬂecagﬁaaita_r
o 9nal P OO ! it Gl R PRAE o s v, sl FotboBE B
digitizing the wretesswidwlisdiosed inl U S @dtenii §0.25,048,089) iftved of StptemBer 10,
extract on of diBbbr BTt Jsh AL En FEckieine. : e g dnpoproryiabe,
present application by reference. Logpolar signal processing is a preferred
method of digitizing the wide bandwidth filtered signal which avoids the
15  complication of Automatic Gain Control (AGC).
After extraction of different narrowband signals with the use of logpolar
processing, the extracted narrowband signals are then combined to provide
diversity reception for improved signal decoding. In one embodiment, the
different narrowband signals are transmitted from two different orbiting satellites
20  to create path diversity and enhance probability of receiving good signal quality.
Accordingly, it is an object of the present invention to provide a dual-
mode radio receiver for demodulating narrowband and wideband signals.
Another object of the present invention is to reduce receiver component
duplication required for a dual-mode radio receiver by providing a wideband
25  filter bandwidth to filter both wideband and narrowband signals.
Another object of the present invention is to provide a radio receiver that
uses logpolar processing in extracting narrowband signals existing in off-center
subbands of a wide filter bandwidth.
Another object of the present invention is to provide a radio receiver that
30  uses logpolar processing in extracting two or more different narrowband signals
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processing, the extracted narrowband signals are then conbined to provide
diversity reception for inproved signal decoding. In one enbodi nent, the
di fferent narrowband signals are transnmtted fromtwo different orbiting
satellites 20wootm4ny eate path diversity and enhance probabipldrfiseddaese

recei ving good signal quality. Accordingly, it is an object
of the present invention to provide a dual - node radi o receiver for
denodul ati ng narrowband and w deband si gnal s. Anot her obj ect
of the present invention is to reduce receiver conponent duplication

required for a dual -node radi o receiver by providing a wi deband 25 filter
bandwi dth to filter both wi deband and narrdaband si gnal s.

Anot her object of the.present.invention is to provide a radio receiver that
uses | ogpol ar pr te@%?‘%@“’?ﬁné@tﬁf‘?‘%‘?ﬂéﬁr‘oﬂﬂgﬁ'&eéP@qmmS(Hhﬁg in
of f - center cobiriectfiél exticted natrd@bind difiald B PHNiGE Biversity reception, Anot her

obj ect of the present&_i nvention is to provide a radio receiver that 30
uses | ogpol ar processSiHR 409 qthar ohjects of te dgventiopptogethier wigh Eaturescandowband

si gnal s adViibes ¥%4&8re, will become apparent f : :
PCT/ US96/ 03069 apparent from the following detailed

that are | ocat ecfPeeifigation avhen gead withnthe aceompanyingl drawihgsen wisciclikeckeferaed t 0
t hen conmu%rﬁpgef&#hg%gggﬁgﬂérrovvband signals to provide diversity

reception. ot her objects of the invention, together
with features and advant ages therefore, will becone apparent from

the following detailed 5 Mwwe acconpanyi ng
drawi ngs in which like ref . i ke el enents.
BRI EF DESCRI PTON OF FifsrORAY a8k diagram showing the o@iun6delratifo rdcdive@Gk di agram

showi ng the dual_-mode radiq receiver in gccordance with the present
i nvention enpl oS THFE W %‘%P@&%M%%wlﬂyedmwdm communication

10 system.

Figure 2 is a block diagram of the dual-mode radio receiver in accordance
with the present invention.

Figure 3 is a schematic diagram depicting the processing of digital signals
in accordance with the present invention.

15 DETA RIPTE F THE S

Referring to Figure 1, the dual-mode radio receiver 2 of the present
invention is shown implemented in a cellular radio 3 having a transmitter 4 and
transmit/receive (T/R) coupler 5. The radio receiver 2 has a wideband mode and
a narrowband mode designed to enable radio 3 to receive radio signals containing

20  wideband frequency-modulated signals ("wideband signals") and narrowband
frequency-modulated signals ("narrowband signals").

More specifically, radio 3 by employing radio receiver 2 is capable of
receiving information from either a base station wideband transceiver 6 operating
in accordance with a wideband standard or base station narrowband transceivers

25  T7a, 7b operating in accordance with a narrowband standard. The base station
wideband transceiver 6 transmits and receives wideband signals and the base
station narrowband transceivers 7a, 7b transmit and receive narrowband signals.
The transceivers 6, 7a, 7b can be adapted to conform to a variety of different
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10 system Figure 2 is a block diagramof the dual-node
radi o receiver in accordance with the present invention.

Figure 3 is a schematic diagram depicting the processing of digital signals
I n accor danceveoywissedshe present invention. 15 DETAI LEx/OR6GRI6»PT|I ON
OF THE PREFERRED EMBODI MENTS Referring to Figure 1, the

dual -node radi o receiver 2 of the present I nvention is shown

i npl emented in a cellular radio 3 having a transmtter 4 and
transmt/receive (TIR) coupler 5. The radio receiver 2 has a w deband node
and a narrowband node designed to engble radio 3 to receive radio
signal s containing 20 wi deband frequency=nodul ated signals ("w deband

signal s") and narr d . FSére uency-nmodul at L gn é" nd
i gnal o+) " " acdard Vg oaivg Shl 8 WY o AR Bl b Rl
receiver 2 is cCopadveinfdrmation. receiving information fromeither a base
station w deband transcei ver, 6_operatjng ., I n_accordance wth a.

wi deband standard or M?Iﬁt%ﬂaﬁﬁﬂ’mmﬁgﬁwm ERpsmissigns i
operating in accgsfengedivisiol nuliisle assebrdystemt FDMAYor e dhdsiéh muRipleon

wi deband transcei ver transmts and receives w deband signals and the base

station narr dwbasrgess teapsiaissions (TDMA). 7Anexamplaiof a pamowhand; FYsMoknd
si gnal s. T, ARSHEELI Dnﬁﬂﬁ' &dhishidti to a
vari sty of gi 1 1 E - S BRARI LHhac Busyeld confSimfiif Pfhe 1 AribR ofiisRy

PCT/ US96/ 03069 Association standard IS-54. This standard is incorporated by reference as sn

standards t hat r%bkeoémownp{gwmrﬁ%mn@ﬁ&g%% gei,g}m%she

transmt and receive I nfornmati on.
nar r owband si gnatas fonexampleconformutoutbe Enropeani digitab gelhilar standard knowhragquency

division milihi pl 8sAC RS NS hilald Wb atailifle dhder tha? Battk'aht B fereby
incorporated by reference in its entirety as an example of wideband TDMA
waveforms and protocols. Alternatively, the wideband mode may conform to the
Code Division Multiple Access system described in TIA standard IS-95, which is
also incorporated by reference herein.

15 In a preferred embodiment, the base station wideband transceiver 6 is
Iand-based and the base station narrowband transceiver 7a, 7b are contained in
different orbiting satellite relay stations and their associated ground stations,
where the different satellite relay stations illuminate the same area on the earth.
The transmitters 7a, 7b each transmit a narrowband signal which contains the

20  same speech or data information on two different but nearby frequency channels.
As disclosed in U.S. patent application Serial No. 08/179,953, filed January 11,
1994, and entitled "A Cellular/Satellite Communications System With Improved
Frequency Re-Use," suitable satellite configurations can be used to relay signals
from the satellites to an earth station connected to a public switched telephone

25  network. The above-identified U.S. patent application Serial No. 08/179,953 is
hereby incorporated by reference in its entirety.

The radio receiver 2 is particularly designed to receive either wideband
signais from the wideband transceiver 6 or narrowband signals from the
patrowband transceivers 7a, 7b. As discussed in detail below, the receiver 2 has

30  a wide filter bandwidth adapted to the wideband mode which filters received
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5 access transm ssions (TDVA). An exanple of a narrowband TDVA systemis
the U S. Digital cellular systemconformng to the tel ecommuni cations

| ndustry Associ ation standard |1S-54. This standard is incorporated
by ref er enceWQI73403 exanpl e of narrowband TDVA wavef GreTausasko69
protocols. The w deband signals can for exanple conformto the
European digital cellular standard known as 10 GSM The GSM standard is
publicly avail abl e under that nanme and is hereby “incorporated by
reference in its entirety as an exanpl e of w deband TDVA wavef or s
and protocols. Alternatively, the w deband_6_rmde may conformto the

Code Division Miltiple Access system described in TIA standard |1S-95, which

:ofef erred 2|rrf)gd:r£r]rﬁéﬁt&%ﬁ%g%§§ ré%ﬁon W gﬁgeg d% lfa%'g’%’gg% ?fe\yidgbqlng flode.

| and- based and tlmdlelm:fsrrsdambudnmntu Mdnd‘etaimeaﬂenejpeﬁﬁng fibthar e cont ai ned

in differ tel.lite r statjons, apd their assomated
ground stati Onsnﬁ%w%ﬁ W%gﬁ?ﬁ%hﬁ gﬂ%yﬁ ﬁr? dhe; fitered tadig sigpals

i | luminate the ﬂumgmmgmmmgemmdmms the exfracted hatfWbahll 8ighal{® /b each
transmt a r}’arromba é&gﬁi h contains the 20 sane speech or data

i nf or mati on “on ® W@%ﬁ"oy frequency channel s. As

disclosed in U S pa“ﬁthtre&ﬁéﬂcé@@l?i fe Sahé ?ddxé\lpec V& 2 6P1ne ¢ i@nuary
11, 1994, and entitled "A Oegiql ul ar/ Sat el ?t e Oommﬁl%gél%ﬁésjm stem
Wth I nproved for m both yddebapd a BQIFQWP@@&G%ISIShm trompregdetaik i ons

can be used to Mgt 2dic kIEiIE ation
connected to a publi (1: SW tcrﬁ%gxc%ugesei Eon iggeﬁﬂil%&&@n%ﬁgmﬁ%%t ified
U. S. patent app(T ®a corepling deeded tNGONUB'/@?ge@B@’ 2 9nd the trankmiteb¥ to theosaper at ed
by referencg i NaltbshaShithd &edt that the : ntter4g§ﬁegélgérch hﬁ&eg’\ﬁ/é#séf'#om the

particularly designed to receive either wd
wi deband t r anscé4mectime (Brequency @amnmmpmm & TiRocouplee 5 can also bar r owband

t 7 | 2 h

ar \?\nnzge:‘:lle{ Zr bl ri}&nq{ftﬁd Hik s apte ﬁ}cahggtgqﬁﬁ%ﬂg}%ﬂsm W??’%?y&gécel ved
WO 97/ 32403 is required.
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The duplex filter 10 receives radio signals that may include wideband or
15  narrowband signals transmitted from the base station transceivers 6, 7a, 7b. The
received radio signals are outputted by duplex filter 10 to low noise amplifier 20.
After low-noise amplification in low noise amplifier 20, the received radio
signals are outputted to a downconverter 25 which can comprise an image reject
filter 30, mixer 40 and local oscillator 41. The downconverter 25 converts the
20  received radio signals to a suitable first intermediate frequency (IF) or first
downconverted signal and outputs the first downconverted signal to a wideband
filter 100. '
The wideband filter 100 is adapted to the wideband signals transmitted by
wideband transceiver 6 and restricts the signal bandwidth of the received radio
25  signals in accordance with the bandwidth of the wideband signals. The filtered
signal is outputted to an intermediate frequency (IF) amplifier circuit 120 and
additional wideband filters 110 that are adapted for the wideband signals. The
wideband filters 100, 110 form a wideband filter apparatus 115 that establishes a
wide signal pass bandwidth ("wide filter bandwidth®) for the receiver 2. The
30  wide filter bandwidth of the wideband filter apparatus 115 is adapted to filter the
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radi o signals when the receiver 2 is in either the narrowband or w deband
node. In the preferred enbodi nent, the radi o receiver 2 when
operating in the narr owband node extracts the narrowband signals
fromthe fiiwoeedssadi o signals t hrough digital proREESNGENENJ

conbi nes the extracted narrowband signals to 5 provi de for diversity
conbi nati on. Wth reference to Figure 2, the radio receiver 2
of the present invention for inplenmenting both wi deband and
narrowband nodes is shown in nore detail. The radi o receiver 2
includes a duplex filter 10 for providing4the transmt/receive (T/R
coupling needed to connect the receiver 2 and the transmtter 4 to the sane

10 antenna in_the.e . : : : [+ t

operat e ar the rebened B wghale & A phIABN Hhortl e MYBERSEbE, |
5 can al so be adapted td tpivadebaddesignalt h a T/ R switch in the event that a Tine
Di vi si on Dupl ex system,. . Jdsrequikred, .. . . ex filter
10" recei ves radio siw T ERap %%)nfqﬁ% ﬁSﬂM‘B‘E&W&P“@F’%g&&n‘g‘iAF‘LMand

si gnal s transmi(anplifiérs 60) drdea seacml duwaicomverter 451s The wapkificy ciréait 1Z0. The
received radi o signals are outputted.b upl filter fo.lo | se

anpl i fier 23. Wm?‘&%&%\ﬁ“ﬁ&@g"%ﬂ?‘ﬁ??ﬁ%ﬁﬁnﬁ“ﬁ AR lifier
20, the recei ve&drﬁﬁmhnitedsignaglwkssxamn@unaglmﬁgeta@praxﬂwwonverter 25
whi ch can conprise an image reject filter 30, mxer 4Q and | ocal

oscillator 41. ProRorHeRsh e dosagthmaf the instanfagequs amplitude of the sadie | adi o
signals to a suid@klsolsk” Fhe Mkcimpliterb6 il HRAMPHEYr Eildit 120 Produks the

downconverted signal and outputs the first dowiconverted signal to a
wi deband anplog thaydlisted signal from which a represengjtioniof instantanequs phe® | s

adapted tosghe i deband 'ogii!%laﬁ ) b e wi deband transceiver 6
and restritl: S tﬁ\gﬂggm gnafaﬁt)an W aﬁwjﬁg?gﬂth% recéld'ved radi o 25 signals in
accordance with the Tharfikeredtsignals frone thei amplifiecicisdui 2D sire fitocesséd t er ed

signal is outp ﬁm i ' fr q”ﬁ{&ﬁ?‘ | Feg . j f.] circuit 120
and addi ﬁifcg%g ﬁg’gﬁégg{feﬁte S deﬁ‘t a arﬁcgee adap edisflg‘r%ﬂet he w deband

signals. The narrowhindictioadedorfthe widebarkiOfodel 1 When imthe widehabdnwdej theer

T Ter bandu aihered Spap s peuRl s Guificosys Wiim B REech it of
the w debagsl fi125&onversahefiltered dipnalstoadigipi 8ignile with| thedid tof @ampling and VWO
IQDZ:{I'? 6@82 / 03069 digitizing where the bandwidth and sampling rates of digitizer 125 are adapted to
the wideband mode.
The digital signals form a complex number stream, as shown in Figure 3,
and are inputted to a wideband demodulator 314 which decodes the digital signals
20  to recover speech and data information conveyed by the wideband signal. In the
alternative, the filtered signals can be fed directly to the wideband demodulator
314 from wideband filter 100 for demodulation, as shown by the dotted lines in
Figures 2 and 3. Various techniques for demodulating the filtered signals when
receiver 2 is in the wideband mode can be used and are well-known in the prior

25  art.

When in the narrowband mode, the filtered signals from the amplifier
circuit 120 are inputted into digitizer 125. The digitizer 125 includes a phase
digitizer 130 and RSSI A-to-D converter 140. The phase digitizer 130 converts
the hardlimited signals of the filtered signals to fixed-point phase words. The

30  RSSI A-to-D converter 140 simultaneously produces RSSI amplitude words
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-7- received radio signal so as to provide a filtered signal having
a w de bandw dth adapted to the w deband signal.

Amplifier circuit 120 includes a logarithm c anplifier-detector chain
(amplifiers wopr7azwds a second downconverter 45. The anplifi eiciassénsess 120 5
produces an anal og output including a Radio Signal Strength Indication
(RSSI) and a hardlimted signal. The RSSI is an anal og voltage
approxi mat el y proportional to the logarithm of the instantaneous
anplitude of the radio si gnal s+noi se. The final anplifier 60 in the
anplifier circuit 120 produces the nal og hardlimted signal from
whi ch a representation of instantaneous phdse 10 angle of the radio

si gnal s+noi se ca ted. filter S fromthe
amplifier circul @“?‘2’6‘? al;m@%’&m“mk’wg’%@ Hggle@%écel ver
dependi ng on \maﬁhﬂs f7he RSSE @in de?wbﬁislaadmhbephase words Tormt DEPaREidighsle or the
w deband nobde en in_ the vmdgltignd node, th filtered m%ﬁgls are

i nputted into dFignals yich %WéOWHWWBWé’thc insanianegis radie 15 125

converts the fikbpiiedndibONieSinpedi ififoltht digirtealss Wi th the aid of sanpling
and d| gitirzing where the bandw dt h and sarrpl ing rates of digitizer

125 are adapted to One embedimentjof dognelar signal processing involves gergratingiagi t al

Tnputted (o n wAChR ARt GFAL IR R RS e pomanBl, 770

to recover speewﬂlwamndmtamnpiecmmed:bmvdyedphysetdxgumgiehandswhgnal I n

t he alte e fe tl

wi deband denodupé}%}d*?edemﬁ%eﬁé%h{ﬁ) 05& gé%axgsg&fo?? %dflgg(fé’ﬁﬁ&&l%{]l on,
as shown by t he"DiredtdRbatel Digitization, " orUSFPag;unek) 3, 648(B73, issledionlBeptesnbleni ques
for denodulgtingt filtier en ver.2 Is in the

w deband m)lg)e cg%’ {)b?zug'é%“ﬁﬁ’gd #’%ﬂm ‘i“&%ffm“’f‘ﬂ“lf?fexﬁ' b tai art.

Wien in a 28 nar Dewhs nﬂua&mdlememgaebr Phae@d;ﬁbﬂbﬁhsag‘mbm&hﬁmz bothldlfrd
circuit are ipputted into digjitizer 125._ T | zer 125 jncludes a
phase di g?’lhfcgé“ 1‘3‘0‘%&"’%%"A W‘Bcc&hﬁé?’i"eﬂ"%?ﬁ

digitizer 130 ceeipriedtitions from hiiQliaRed! intdiinkidte ﬁgnalm&méﬁﬁeaﬂ
signals to fixed-point oﬁ‘ﬁase words. The 30 RSSI A-to-D converter tjh40

si mul t aneous| y PYEBERReE dn the<yboye,patents, Famgly bysquadrature sampling or converting
15  filtered, hardlimited IF signal to obtain normalized Cartesian components

(X+jY) and then computing an Arctangent to obtain a phase word.
The logpolar digital signals including the digital RSSI and phase signals,
are then inputted to the digital signal processor 150 for processing. Successive

logpolar digital signals Are fed to digital signal processor 150 which can either
20  be a programmable digital signal processor operating under the control of a
software program stored in Read Only Memory, or can comprise dedicated
hardware for performing logpolar processing. '
The filtered signals are converted to logpolar digital signals by digitizer
125 so that logpolar signal processing of the radio signals can be performed.
25  Logpolar signal processing enables the desired narrowband signals contained in
the radio signals to be more efficiently extracted. Logpolar signal processing
comprises adjusting signal amplitude and frequency of logpolar digital signals.
Through logpolar signal processing, the amplitudes of the digital signals
can be adjusted into a convenient range by addition of scaling factors to RSSI
30  values. The signal frequencies of logpolar digital signals can also be adjusted to
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which are digital reqresentations of the | oganplitude signals of the
filtered wosThgdesl S. The RSSI anplitude words and the pheseussenass f or m

| ogpol ar digital signals which are the | ogpol ar representations of

t he i nstantaneous radio si gnal s+noi se value inputted into the
digitizer 125. 5 One enbodi ment of | ogpol ar signal processing

i nvol ves generating a fi xed-point, nodul o-2Pi digital representation
of 1 nstantaneous phase information, whi ch can for exanpl e be
performed by a direct phase digitizing cir@uit such as described in
U. S. Patent No. 5,084,669, issued gn. Janyary 28, 199 and.entitle

"Di.rect Phase D'ﬁ?’??"z%ﬁ’?‘é?‘??‘m@{‘?%@?“%ac{}éﬂ?gmﬁns,q CIGIREnting PoAX v astys
Septenber 10 15 .thelfihde vaDG oF'thd r dipikd1 Qignalld Thesersjepitdg areGhorfCCUr at e

Digital Determ nation of the Tinme or Phase_Position of a Sjignal Pul se

Train", both of convenienjiy; iperformed i&l%%@frmaéﬁ-e&‘ BV“P‘@F@#E’I‘Q&. which; 5 5| 5o
possible to ext rrﬁ;%aliy‘fbﬁﬁirﬁsatfws mor€ BSiREN it geaiohrdae@ahaﬂ,ddewﬁ;és%

1
I nt er medi ate Frequency si by ot her nea mentioned in ?Ke above
,agciq:

pat ents, nan®ly fixgdpoind edditiondsubtragtion iy they logamplitnds dmnaine Fraguency;shiftimgd
hardlimited | F gi: ' ' '

(%) "and-t hen ‘Hie0 Bormisly 38l AGHIER et 6758 LRURE LRI or 1.0

The | ogpol ar di giomin)s regnixtssonly Exedipoint nbdnlel additias iREis pascddgise si gnal s,
are then inputted toa.the digi i . r far .0cessing.
Successi ve | og [;lg’F ar %@g I °§sd?%%gflg&i&’g&?§gr % ?E)*pfﬂ’g’f?"zé‘g% foﬁﬁgﬁg
processor 150 whyprodessiagami dtharprédssingref the digigl siguaid) which ipcludds onegmal
processor operating under the control of a . sof t war e ogram stored in
Read Only w@ﬁorw°fgﬁmif§w5%"8rﬁmﬂ§e°m‘8m*m fronh%méf J1‘;a0?7li’pvf-!srfor M ng

| ogpol ar processshogn in Figure 3. The logpoldredifital sighalsl fronOdigitizerc2s #ofivgrted to

| ogpol ar digital signals by digitlzer 125 so that | ogpol ar signal
processing of t HEOGeAHA DY YM%@%E@BWQE“ZSme&’g’GIW W gnal

processi ng enablisviad fordfSre efiective 2@ SRRt XtEHOAOIP of RltFoWbaARS sikfals lying int he
radio signals to be nore efficient I.% gi%r acted. Logpol ar signal processing

conpri ses adj ustqfieroisr sabhands,of the bapdwidiRfWide filtsranpacgiusdhigi t a
si gnal s. 15  Because thelWide ffiar hiRPREsPT150fIRALecBIVACE BSdRSted FpGnaP! i t udes

of the digital signals can be adjusted into a conveni ent range by

addi tion of scalWiepandamodesnarepwham signals regeiveroby rafina2 siaymat be een@lliici es of
ogpol ar di gi t aljociddathe W2 fiter Bakfviddll YnkEsd, i narrowband signals could be

located in various off-center subbands within the wide filter bandwidth. The
digital frequency shifter 300 functions to frequency shift the digital signal so that

20 the desired narrowband signals located in one or more off-set subbands are
shifted to the center of the wide filter bandwidth.

By passing the logpolar digital signals through the frequency shifter 300,
narrowband signals lying at an offset frequency from the center of the wide filter
bandwidth, but at least still within the wide filter bandwidth, can easily be shifted

25  to lie at the center. The narrowband signals are shifted to the center by adding
or subtracting suitable phase slopes to the inputted phase words. when the desired
narrowband signals are centered, they will not exhibit a systematic phase rotation
continuously in one direction or the other unless caused to do so by information
modulation. The phase changes due to information modulation shall not of

30  course be removed as they must be preserved for demodulation of the

SUBSTITUTE SHEET (RULE 26)



WD 97/ 32403
PCT/ US96/ 03069 ' -9-
renove errors by nodul o addition of |ncrenent|ng or decrenenting phase

val ues wb 974363 phase val ues of the |ogpol ar digital sipgRaissen3adddese
operations are nore conveniently perfornmed in the | ogpolar domain.
In particular, scaling, which normal ly requires the nore conpl ex

mul tiplication operation, beconmes sinply 5 fixed point
addition/subtraction in the | oganplitude domain. Frequency shifting,

whi ch normal |y requires conpl ex nultlpllcatlons in the Cartesian (X +)Y or
1,Q domain), requires only fixed po‘ht nodul o additions in the phase

domai n. The_confi qura di gi si gnal ocessor., 150 for
provi di ng | ogpol igformation. By p n‘B g}gﬁ%& ‘ﬁ‘ﬁb peygstafter; 300, #iig); ¢ a

signal's, which iRgEiibERS saaa aemeaqmow:ﬁ sigxmsqu&?éadwma '&ﬁ'o?f-ﬂi hﬁﬂb‘aﬂd bf’
transmttedfromtranscelvers hown I'n FI%;JI’e

| ogpol ar di gi t alth Waerfmm@ﬂgwtmf@gaap@rﬂmm in the g)ﬁﬂbcéssed by a
frequency shift The frequency shifter 300 is used to provi de

for nmore effective and efficient extraction of narrowband signals lying in
of f-center s®bbands dh thepreforngd embpdigent; shedfibqnencycshifier 380 fis adaptedappar at us

115. 15 Becaus 21s
adapted for the &téa%uww&grﬁg%%&%ﬁ?ﬁ%‘gb@&bﬁﬁ%ﬁé?gﬁgFég’?‘g%el ed by radio
2 may not be cemnarawbynd signals trimnn’ttedcbyimminemﬂbl.emmmranbawnddth.

| nst ead, the narrowband, si gnal s d be. Located in, varj

of f-cent er subbdﬁ&é’w%‘%fl ‘%’%@“&ﬂ“ﬁg“fﬁ“infé?f°’6%ﬁﬁ'8wbmﬂﬁ'm%m°&*%ﬁf‘a}ta|
fLequggcy shlf;aadﬂqgaﬁxunae%naesmdmﬂmml &i‘lhéxﬁlttbhaadffgitéﬁfovﬁe]g’?ﬂ SO
t hat esi red narrowband_signal s cated [n gne or, nbre_o set
subbands ar ég divers ShFsEEses- ¢ ‘%é‘rﬂ“&?r" 8'?‘1 49 speand margwhand ot 1y

By passing the |l afterCiags @hu&fganﬁasﬁlt&rwmh@sfn@ﬁque widd filegr 300,

narrowband signals lying at an offset fre fromthe center of the w de
filter bV IgHHS andpecigs offcsmer b uF specHically. the first apd

bandwi dth, can e@ainnaA@wbhid figsi2Bay 1 6o bbﬁbsﬂé siaECofa8E btier eI dfoWband
signals are shi fted to the cen
the wide filter bandwidth. (In altemate cmbodlments the first and second
15  narrowband signals may both lie on the same side of the center frequency.) The
frequency shifter 300 configured by digital signal processor 150 thus may
correspondingly include a positive frequency shifter 302 for centering the first
narrowband signals and a negative frequency shifter 304 for centering the second
narrowband signals. The positive frequency shifter 302 frequency shifts samples
20  of the digital signals upwards by an amount F1 calculated to position the first
narrowband signals in the center of the wide filter bandwidth and produces first
frequency-shifted samples. The negative frequency shifter 304 frequency shifts
the same samples of the digital signal downwards in an amount F2 calculated to
position the second narrowband signal in the center of the wide filter bandwidth
25  and produces second frequency-shifted samples.
As schematically shown in Figure 3, samples of the phase words are
processed by both positive frequency shifter 302 and negative frequency shifter
304. The positive frequency shifter 302 adds positive phase slopes to positively
shift the inputted phase words. The positive phase slopes added are calculated to
30  shift the first narrowband signals to the center frequency of the wide filter
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or subtracting suitable phase slopes to the inputted phase words. when the
desired narrowband signals are centered, they will not exhibit a
systenmati c phase rotation continuously in one direction or the other
unl ess causeWwo3e3so by i nfornmation nmodul ati on. ThECHHES@WAanges
due to information nodul ation shall not of 30 course be renopved as they
nmust be preserved for denodul ati on of the WO 97/ 32403

PCT/ US96/ 03069 -10-
informati on. By processing the digital signals with frequency shifter 300,
it is possi bl e to sel ect desired najyowband signals |ocated wthin
an of f-set subband of the wide filter bandw dth to be shifted to a

central positi onydnfiwidte BbsHively shifted phas®¥oRIB AR gencrted by the positivd) t he
preferred enbodi nent, the fr??uency l')shi fter BOOgi S adagt edp?o extract

first narrowbandireguencyl shifter 302 and togethes with samples ofcthe zaplithde werdsrform

narr owband si gn ) sgéaﬁa; re ' i géé,gpd
narr owband si gngj#rgt fgécﬁ:?g&n&ﬁeg e @%ﬂngl??%&n%ﬁgaare s@?’%ﬁ?ﬁ?f@e at

di fferent Inadsimiletmannet, the acgating frequencyd stifter30di adfenewative plass i t t er s
7a, 7b to prgvide for 10 . diversity transm ssian. ~JThe first, narrowband
signal s and Sec PR 19 % ‘éeﬂ’ﬁsmﬁ%e x’g}’ﬁa‘f ?e‘gﬁ% T ’%'Sé’gﬁ%etpm%ﬁ Wi de
filter apparatusadliddarelcaleulatettito shifthte vécond harkdwhband signals fauhe \shrflé Beragtd occupy
of f-cent er subbands. More .specificall the.first apd . cond
nar r owband si gn “mtf’i“g"‘g‘rﬁ’f) %&Fﬁ“@?@e‘é@aﬁ?ﬁ%ﬁ?&mdf i&?ﬂ@\’ﬂ!’if of
the wide filter shifiedvhedchwords Bresicherady thehepdtiveefiéquendy whifter 384 aadd second
15 nar r owband Ssi %l;lcal S, .ma %229? lie on the sa side of the center
frequency.) The t0g° "W‘fhr@é‘.? the ampl _ t ﬁﬁ?”é’m%ﬁygﬁhi%d si gnal
processor 15%Q tmﬁmw_whichthcs&{ahdwgigﬁalb%&ﬁ@r@, posi tive frequency
shifter 302 for centering the first narrg'\agsggmdgnals and a

negative frequency siihewdigitabsignal processat &30 alsp ins igude scaler 3Qforowband
of “the.di gi tal opmind B ARRANELeciled SR ¢ REURAG. A (el I ERe) e
first nar reyvisegvency shifter 300.n Tihp amplitede scaler 306 @omnalizes the frequensgytdwi dt h
and produces i gified signals to a convenient level by adding or subtracting scaling factors
15  to/from the digital logamplitude signal. This factor should only change slowly to
avoid disturbing the relative values of samples in a consecutive block and means
to perform such post-digitization AGC by computing a moving average are
disclosed in the parent application. Digitally normalizing a signal after it has
been digitized is advantageous because more accurate, flexible and intelligent
20  scaling systems can be devised using numerical processing than are practical in
the analog domain where the signals have not been digitized.
After scaling and frequency shifting, polar-to-Cartesian converters 308a,
308b configured by digital signal processor 150 convert each scaled and
frequency-shifted digital signal from logpolar form to Cartesian form. The
25  polar-to-Cartesian converter 308 includes a pair of 1,Q converters 308a, 308b for
converting the frequency-shifted signals. Thexdigital signais when converted into
Cartesian form have a real part, conventicnally denoted by the symbol I and an
imaginary part denoted by Q. The digital signals are converted to Cartesian form
because the desired narrowband signals can be more effectively filtered when in
30  Cartesian form.
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frequency-shifted sanples. The negative frequency shifter 304 frequency

shifts the sanme sanples of the digital® signal downwards in an anpunt
F2 calculated to position the second narrowband signal in the center
of the w dewo yt32403bandw dth 25 and produces second fregoposysesdsef t ed
sanpl es. As schematically shown in Figure 3, sanples of the
phase words are processed by both positive frequency shifter 302 and
negative frequency shifter 304. The positive frequency shifter 302
adds positive phase slopes to positively shift the inputted phase

words. The positive phase slopes added arg,cal culated to 30 shift the
first narrowband signals to the center fr'g%iuency of the wide filter

WO 97/ 32403 . . . .
PCT/ US96/ 03069 After the digital signals have been converted to Cartesian form, first 11-

bandwi dt h. Posi fré ew-sﬁmeats@hanhq&mmww@. G ecaridefebqayndybRifRasi ti ve
frequency shifter 02 and t&gih&h wWth sa of the grrplltude words form

first frequencySEnaisieprgsegfed ap Xaﬁggﬁl REPFBHKLIREr310nal s are
center ed. The! @ phiy$itd] e RRRVan beilne? QAR Y SudcERFERSiter AN doher 304

adds negative phase sl opes to neqatlvely shift the inputted phase
words. The ﬁega&im Iplﬁséz»st(ﬁb@S Digital nagrgwband filtsr 31 functiensforestradtithe t he

second narrowb xﬁ[)kﬁn%@%ﬁn EE‘E?(H G ALGOeY whi ch the
first narrowband si gnaﬁgﬁdhav een cf Kgcathf“\'/ee “shifted phase
wor ds are generdigita filtgr 3 Hehasaglowipass W@@&tmlﬁnwmiem 180 Halfrhahdwidth of

ogether Wit SBEBERA koS bl 1S dF obS mfiGRBehd sipBUARGY STt ed

10 signals in narro nal’s are cen
The digital si greah shifted.e Sadr filtesca nwludﬂFlRlﬁkersanMIR ﬂhla'ssndlherwﬂDG for

Gonerat ed 10" "B iph farh 36 i Bl Buekhife, THEPHPIR ppblcas fisglsR™ ©
normal i zes the (parefitpplivation Figure 3} thiefise of 64-gpIFIR ﬁlterﬁﬂﬁomeiet”ﬂﬂtw ével by

addi ng or subtrac n scall fagtors 15 . to/fro t he di git | oganpl i tude
signal. This f “g’ﬁé‘ﬂ'g@ &]emd‘mﬁ\%ﬁﬁf‘ﬁl st ur bi ng

the relative varee gd?fre rmlses in a consecut i ve bl ock and nmeans to
perform such post-di Ictdltgzxt% Iﬁ%]r ‘ﬁ nﬁmt glfttad Qagna?s \ﬁlngndaf:e,r(?g rf‘ 2 s
15  Q,” which can occur at a lower computation rate than the input sampling rate,
commensurate with the bandwidth reduction. The output sampling rate should be
at least twice the low-pass filter bandwidth, that is at least equal to the subband’s
whole bandwidth, in order to satisfy Nyquist’s sampling theorem. The digital
filter may thus perform reduction of sampling rate (downsampling) at the same
20  time as filtering.

As shown in Figure 3, two or more different narrowband signals falling
within different subbands of the original wide bandwidth analog signal can be
extracted simultaneously to provide for diversity demodulation. Different
narrowband signals are simultaneously extracted from a wide bandwidth analog

25  signal by converting the analog signal to a digital signal and then logpolar
scaling, logpolar shifting, logpolar-to-Cartesian converting and I, Q filtering two
or more subbands of the original wide bandwidth signal. The different
narrowband signals are simultaneously or jointly extracted through use of
duplicate frequency shifters 302, 304, amplitude scaler 306 and digital filters

30  310. The logpolar digital signal is subjected to an additive scaling and two (or
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di sclosed in the parent application. Digitally normalizing a signal after
It has been digitized is advant ageous because nore accurate,
flexible and intelligent 20 scal ing systenms can be devi sed using

nuneri cal prwoessez4eg than are practical in t he anal RETAGWEPISHher e
t he signals have not been digitized. After scaling and
frequency shifting, polar-to-Cartesian converters 308a, 308b
configured by digital signal processor 150 convert each scal ed and
frequency-shifted digital signal fromlogpolar formto Cartesian form The
25 polar-to-Cartesian converter 308 inclydes a pair of |,Q converters
308a, 308b for converting the frequency-shifted signals. The digital

signal s when co ' .
co%ventionally gie‘%i g’%"%@tﬁtﬁﬁ%%‘éﬁ dépt&&wpm]errage?%gég part denot ed
by Q The digi tadigmlsglﬂ'mgsemdlydmﬂ\eedigmltbosew el the akernative, the différentause t he
desi red narrowband SIb%}eﬂg an be nore effectively filtered when in 30
Cartesian form 45403
ifCT/ U39ﬁ/ 03069 lsnnultaneously or ]omtéy extracted by time sharing the discussed circuits usedlﬁ

ter the digita a e e nverte t esi rst
frequency- shi fteﬁ“@?‘é‘ﬁ% “@ﬁ%é’& B§/° ?‘?’]&gaba 3@30‘&% d (fost
frequency- shi f t agal sample stéegé ﬁtal)ﬁﬁi}eﬁeﬂlt&dd ané-E@l‘nEie , FIR filtelr 1201 @& in

processed by digital parrowband filter 3 e sarre physical filter
| ogi ¢ can be ti eS8 PG“%&%B@QPW ‘QlFeFTdeﬁ“bW si gnal s
I[err], Qerr] |[e”]The|Jo%§a]mpTéddiEital bkt *, N &m@ar@ fré;lr&&ht

functlons to extract the desired first and second narro and signal s

whi ch have been ex&a¢ted aarrowhaad signals aredppjitied to diversisy ngrrowhand dempdulatons s
Cont 2l | zed SubbaRd ol iyt Hapdd v} 0 TRGRI Vr itation and cbiifs [ e
been shifted. SuaAmsdeiversefas TbarDiversity uarrgwbangd dﬁn@léﬂt@rrﬂﬁlqaﬂm\ﬂd%r s and are
\Qﬁ:o: [ égt [ oﬁng\iM;cc* g‘sog@%&; 8 e %m[l? g\pﬁaﬁg‘gﬁiﬂgwlﬂﬂé‘ur e%%é‘%é ad
64-tap FIR fil t calgorithms. Qi@r&h'fmn'ew demodulator 312,fof émlmumn\mhemtt can be
fgg;ggsteg real | Za%cd}ﬁﬂé tglaltx; gf&xe egho%s dgs%ifl Bed mlltT%r patent apphca{lgxglé fia1'No.
15 08/218,236 filed March 28, 1994, and entitled "Diversity Pi/4-DQPSK
Demodulation," which is heteby incorporated by reference. other forms of
processing may be used such as the combined demodulation and decoding method
abbreviated to "decodulation” described in U.S. patent application Serial No.
08/305,787, filed September 14, 1994, and entitled "Simultaneous Demodulation
20  and Decoding of a Digitally Modulated Radio Signal,” which is incorporated by
reference. In combination with the present invention, decodulation may be
extended to perform diversity decodulation by use of metric combining. The
technique of metric combining for diversity reception can also be used in the
invention with or without decodulation, and is more fully described in the
25  following references which are hereby incorporated by reference: U.S. Patent
No. 5,191,598, issued March 2, 1993, and entitled "System For Reducing the
Affects of Signal Fading on Received Signals"; Receiver Performance of the
North American Digital Cellular System, Larson, Gudmundsson, and Raith,
Proceedings VIC-91, St. Louis, MO, May 19, 1991; and MLSE Equalization
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The digital filter 310 conputes digital signals Ill, QLI and I[err]’

Qerr]" and I[err]', 15 Jerr]" which can-occur at a | ower conputation
rate than the input sanpling rate, comensurate with the bandw dth
reduction. T ewsegst sanpling rate should be at | eaptrrsssmsosh he

| ow- pass filter bandw dth, that is at |east equal to the subband's
whol e bandwi dth, in order to satisfy Nyquist's sanpling theorem The

di gi tal filter may thus performreduction of sanpling rate
(downsanpling) at the same 20 time as filtering. As shown
in Figure 3, two or nore different narrombfﬂjd signals falling W t hin
di fferent subbands of the original w de b& dt h anal og signal can be

extracted simulta rovi for diversi enmody]| ation. D fferent
nar r owband si gneﬂ“@%‘@é&k‘m@'&ﬁgﬂgs é?%"t‘ J}#’Fg] '\%’"&E’_’"thxa’@?h

anal og 25 Si grNd. 10y ORO.N9oL | | ng t he anal og si gnal to a digital signal and
t hen | ogpol ar scal i 0og oI ar shifti r-to-Cartesian
converting and I, Q ﬁcﬁ‘wrﬁ@f“t °Q?F“tﬁg‘?re @Gggﬁ‘ﬁfg’?“b?‘a?‘#‘fﬁdsori gi nal
wi de bandwi dt h snfpiéling Fbmlmmpmracombmanaewm%&mms Fire

si nmul t aneously or j oi ntIy extract ed t hr ough use of duplicate
frequency sh?ft examplgpreceiyer, cirghits showamdndtigurel 3pde srigeemdin & ters 30

310." The | 09pOl 4inice Gldeliotobelard oo WP el Yokfons Br 44 Brt WFari Bl bt AN

two (or
PCT/ US96/ 03069 to collect sampies over that timeslot in a memory. The samples in the memGry

S gnal 5 1 yi ng. ouht ARt rb@fing o] it ANk PolofieeISBcoBfleE alioud |

di f ferent Figuxe 3doigenetate wgbtahé samples corresponglingltb tthnmamedingesint opaiwnt | y

extracted by.ti shari ng the disgu cirecu used t extract the

nar r owband g?gnﬁqqeéﬁe‘éﬁﬁt & "‘ﬁﬁ%sﬁg & atl‘itf Pﬁ‘%‘a’fﬁﬂ‘°|f[5"8}‘?‘f?’ Berr]

Si gnial S (fo]yrI dlfferentrtﬂﬂ&sgﬁsim)ﬂﬁfeﬁntmmﬁs ixﬂétﬂé%tormydlhet\% kibbamdl using a

single FIRfilter 20 e ar ed janner to ce.two

filtered subband@P gﬂ?‘i" ese subband sa‘“pi?{ﬁo‘%ﬂ éﬁe ‘E\b?ﬂ

I[err], Qerr], sﬁﬁlshi@ﬂi’eix diversity prdcessed acdoﬁdifx@ﬁfiﬁyl ofQhé hl@remenuoned
incorporated references.

15 The technique of receiving two narrowband signals simultaneously and
diversity combining them in the above inventive way can be used with analog
frequency modulated signals of NAMPS type, and can be useful in effecting a
make-before-break or soft handover for radios 3 crossing the boundary between
two cells having associated base station narrowband transceivers 7a, 7b. The

20  base station narrowband transceivers 7a, 7b are each caused to transmit the same
modulation on neighboring frequency channels for a period and the radio 3
receives and combines both when located in the border or handover zone. When
one signal becomes dominant and the other of insignificant signal strength,
transmission of the insignificant signal is discontinued from the no longer useful

25  transceiver 7a or 7b. Accordingly, the no longer useful transceiver 7a or 7b can
allocate the radio channel frequency of the insignificant signal to another radio.
Soft handovers for radios crossing the boundaries between different transceivers
(i.e., cell boundaries) is well-known in the prior art and is disclosed in U.S.
Patent No. 5,109,528, issued April 28, 1992, and entitled "Handover Method for

30  Mobile Radio System," which is incorporated herein by reference.
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extracted narrowband signals are inputted to diversity narrowband

denodul ator 10 312 which is then adapted'to the nethod of nodul ati on and
codi ng used at the transceivers 7a, 7b. Diversity narrowband
denodul at or 802378803 pr ovi de denodul ati on of the si gfEITAIS6RG68h
various digital denodul ati on and decodi ng al gorithns. Diversity
narr owband denodul ator 312, for exanple, can operate according to
any of the methods described in U S. patent application Serial No. 15

08/ 218,236 filed March 28, 1994, and entitled "D versity Pi/4-DQPSK
Denodul ation," which is hereby incorporategd by reference. other forns of
processi ng may be used such as the conbi ned denodul ati on and decodi ng

met hod abbr evi W]ﬂ@é%ﬁﬁﬁ ' Bﬁr@rs % ent
application Seri al ﬁE‘?ﬂveBﬁo 8/'3 m?&%&%gpte 3 er mpgftM and
entitled "Simul tmwbmd:sgm&&qmmqsgoal sounces Canctbus brgtmislaa:dmg amal |y
Mbdul at ed Radi o .5, 'tﬁp (¥} ecodgqu | Oovermarrx?éb%%&g In

conbination with" present ventl ext ended
to perform di verwim)mﬂbaﬁmdsys&m mchybuaadaﬁemlgtto Ienhmﬂbtbmmtlﬂcatiﬁhehnk

techni que of _netric, co | for ers recept.ion can._al so be used in
t he i hiv e TR4T8IR & f97 5?'% HB%F’&??‘B%HW PEMGr e fully

described in theboﬂﬁmmd‘aﬁbﬂs@ppmumt eTmemoa\/ﬁfsék oh€bekivrd ncor por ated by
reference: U. S. Patent 5,191, 598 i ssued rch 2, 1993, and

entitled " Systeﬂwdm&yrﬁqﬂﬁwmv 2%Mhects of Signal Fading on

Recei ved Si gnal siie e Geioyslaf bbAiAg Aafbwler e general dif Lihe 0P bichan Di oi tal
Cel lul ar System Larson, !gjdmmdsson and Rait Proceedi ngs VTC- 91,

St. Louis, MO wawwappi%mand M.SE Equallzatlon WO 97/ 32403

PCT/ US96/ 03969
and Decodi ng@for Mul t| pat ﬁeﬁn | ngen %fnrre]%ﬁwserzlcéglgls?rbgr?mw% Forex]a@g}e 39,
No. 10, Cct. 1991igmzer 125 can be configured; weﬁnmamogaudptmi to oFartesian f or

various differe i nati on of
which TR gfuﬁ%p % Qﬁ@
ui own |n

FDVA and TDVA. For ex arrprlme recelver circ gure 1 can be
triggered by a Teueived radio signal. These other digitized forms can then be shifted and

processed to extract one or more narrowband signals lying off-center of the wide
15  filter bandwidth. Various methods are capable of digitizing a radio signal while
preserving its full, complex-vector value. For example, the radio signal can be
digitized through quadrature downconversion, quadrature sampling, and the
homodyne receiver technique described in U.S. Patent No. 5,241,702, issued
August 31, 1993, and entitled "DC offset Compensation in 2 Radio Receiver."
20 The above-named techniques result in a Cartesian or X, Y-coordinate
representation of the signal vectors having a real and imaginary part,
conventionally known as I,Q values. When I,Q values are used, frequency
" shifters which have to rotate the signal vector phase by an increasing or

decreasing angle to effect positive or negative frequency shifts, comprise

25  complex muitipliers. The preferred vector digitization technique is however the
logpolar technique described in the above-incorporated U.S. patent number
5,048,059. When logpolar vector representation is used, the frequency shifters
302, 304 are simplified to fixed point modulo arithmetic adders that combine an
incrementing or decrementing phase value with the signal phase values.
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timng generator to operate only in defjned portions of a TDVA frame in

or der to collect sanples over that tineslot in a menory. The sanpl es
in the nenory can then be processed by the digital signal processor
150 confi gurwdsasaeihown in Figure 3 to generate subbautnsesyioss
corresponding to the sane tineslot on two 10 different frequencies, or

I ndeed different tinmeslots on the sane frequency, or di fferent
timeslots on different frequencies in order to produce two subband

sanpl e bl ocks. These subband sanpl e bl ocks containing the desired

nar r owband signals are then diversit processed according to any of
t he af orenenti oned i ncor por at ed ref érences. The

i versity conbining S EREASEERbRK B Ao, Wa”e"“ﬁmégwaﬂm anal og

frequency nodul aeeduaxegrhahmﬁinduéévs&dmwmﬁscmdoepﬂﬁ:eﬁaﬂwmwof ecting a

th(\(/a\egﬁfore breagﬁgi'lﬁ@fh&&sndov 4:)!;?%@ ﬁ%@é‘yﬁgﬁ?ﬁl n%gt he boundary

transceivers 7asﬂmemﬁhm&wnxtbmw?h¢m"Rafapie/qambdri@&s&%invers 7a, 7b

are each caused _to transmt the sane modul ati on on nei ghboring
frequency cRannéwiiching awlserm@eesaﬁeomlsk%mme when the gadi/ & ds inaftivenbi nes
both when | ocat gg & hEcafO g en 8 sl.gnal
beconmes dom nant andélm?he a?f ngﬁ z?lri]igfl e |cant SI gha Osﬁtlrg’em‘lﬁ}ﬂk’dr

transm SSI on of standbyiqendigion.f Radies 3spgnmlanlls06lﬂls(ﬂ&)MArmadtyf c@mempley no | onger
usef ul tragy tghﬂ
transcel ver 7a or&glh%tﬁzﬁn&{eszg océe:l?ie gllairﬁal isgﬁg annﬁpl‘}?'I equer‘féﬂy of the

i nsigni ficant sadaptibnodagadichler formaitimg of the calliigfdr paging chame)] foowhickadi os
cr o519, 1t DOUMA'Y iP5 st e R BBBL3 a4 e
Patent No. 5, 108f ﬁﬁSslots&awdas&ﬂeeﬂ-mB& slt9 97d eschdradio3i ik lafetatedanpleticilarMet hod
for 30 Mobil e Badi 0 0st & Thonithe! Hhe'siot alSSBEL L o ehioreit Be MicdSh e
PCT/ US96/ 03069 radio’s number, e.g., the last dxgxt of the mumber. Then the system will knbb-
e Vet on o B A Ya N AR mianber ending & 9 Shoufd B seht fniot'y, 'when The
15  radio 3 is awake and receiving the data. In this way, receivers 2 of the radio 3
only need to be awake for a fraction.of the time during standby, saving battery
power.
In a dual-mode radio 3 that may be served by a wideband system having a

wideband transceiver 6 or a narrowband system having transceivers 7a, 7b, the

20  time between sleep-mode slots on one system may be used to scan for signals of
the other system. Thus the radio 3 may, while listening to the calling channel of
‘one system, search for and determine the signal strength or quality of paging
channels of another system. If the current paging channel being decoded is a
wideband signal, the radio 3 can switch to a narrowband mode between sleep-

25  mode slots of the wideband system in order to search for narrowband paging
channels, e.g., those of a mobile satellite system. Alternatively, a radio 3 locked
to a narrowband AMPS contro} channel, and incorporating intermittent reception
may switch to the wideband mode to search for an IS-95 CDMA calling channel
or pilot signal. If the radio 3 adapted for AMPS incorporates the power-saving,

30  intermittent reception features described in U.S. patent application Serial No.
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narrowband signals fromtwo signal sources can thus be translated into an

I mproved nethod for performng glitch-free soft handover in a nobile radio
comuni cati on system or can be used nerely to enhance comuni cations |ink
5 margin, so$oeddxanple is usually desired in power-|i m PEHUSISOH? | t o
communi cations applications. The method of selecting one or nore

subbandwi dths by a radio receiver 2 with the aid of | ogpol ar
processing is however nore general than either of these specific
applications. 10 Al ternate enbodi ments of receiver 2 can al so be
provi ded. For exanpl e, digitizer 1g§_can be configured to convert
the anal og radio signal to a Cartesian or other digitized form which
retains the full X e Nes o ' L 0 signal.
These ot her di gi%@?ﬁb?l@c@%lgﬁfggﬁbﬁﬁ%dsgwp ’{°%%X‘§§%Jc‘g§‘§ed to
extract one or runmlativerRaviyaGheckiin Mdtdlel Bhiones, oblick ésrtiesebydhcarparated g 15

filter bandw dth._ Various netho ar.e capable.of digLtizi | 0_signal
white pr JEEEFRRES, gwﬂ!ﬁ%m‘%ﬁw@im N .‘°#8‘?A§’Q;aﬁ§?“8‘_}at he
radi o signal canolgéan for energylindihiahmetslof dthieriigitertis Rithais US-95 AAHAGOREELSS ON,
gquadr ature sarrplrét‘r’}_g§ and the dyne recejver techni gue descri bed

h
' US Pateht inigumatien, eyepdhengh the AMPSxqgirol chianel focsnol spepiaetliy 1 | od

"DC of f set Conpeagpitd A&kplod: Jtdl Fordnk S iWRile the $Bssibility to switch/B@wed0ve- naned
techniques result 1n a Cartesian or XY-coordi nate representation of

the signal vect ovidehand pndynarrowhand modes deringranyergasion is not excludedietei onal | y
known a5 1 Q Val 4peni s hFQuPIHRSerd o siShterh BESIBNGich is a ratioblgGfS Wi ch
Si g tof pha or

have to rotate the nal vec S€ Dy an | ncreasl ng ecr easi ng

anglle to e}‘f_eclt _W@Md&r@mﬁ%w@mh@w@iﬁmqumpse 25

conpl ex mu pliers. r L.ec Vv 1 n ni owever
t he I ?)%pol ar t& ni qusgcgl eslgﬁ'ebagg&@%ﬁghgd';a %’%etb?ﬂ%%ﬁongEW§.

pat ent nunber  extract3heOrrodband Mpnais tangheopesformet by digitaldogis entbyta on i s used,
t he frequency shi‘f) able digi ?82 l%%e&ﬁ?@ﬁém [ fcioﬁx%int ﬁofi*ﬁgﬁﬁﬁib” nodul o
arithnetic addert® a cgr@fﬁtﬂe 5’?? | her et g Or Yec g phase
val ue with the sndiisdd naofosdband/ modescan be merely \Aer@ative Xifiivare in the same

PCT/ US96/ 03069 hardware component. one primary advantage of the invention is thus that a single

15  set of radio frequency receiver components may be used with alternative
processing firmware to perform both modes at reduced cost. This facilitates the
economic construction of subscriber units conforming to both narrowband and
wideband standards such as AMPS/NAMPS as described in the parent application
or dual-mode satellite/cellular radios as described in U.S. patent application

20 Serial No. 08/305,780, filed on September 14, 1994, and entitled "Dual-Mode
Satellite/Cellular Phone with a Frequency Synthesizer.” The present invention
may alternatively facilitate the construction of dual mode AMPS/IS-95 phones,
triple-mode AMPS/IS-54/1S-95 phones, triple mode AMPS/NAMPS/IS-95 phones
or quadrupie-mode AMPS/NAMPS/IS-54/1S-95 radios.

25 It will be appreciated by those of ordinary skill in the art that the present
invention can be embodied in other specific forms without departing from the
spirit or essential character thereof. The presently disclosed embodiments are
therefore considered in all respects to be illustrative and not restrictive.

SUBSTITUTE SHEET (RULE 26)



;1;?; owband rnodes mayThe invggt L:’/“etgﬁggobgt ‘igggd%i)ggsbgtshdﬂmuﬂﬂﬂluymﬂﬂI!ll

pat ent application Serial No. 08/ 305, 780, filed Septenber 14, 1994,

and entit| edcwoBwaildedbde Frequency Synt hesi zer for SateeiTiisved¥oed | ul ar
Phones," which is incorporated herein. 5 Sw t chi ng between nodes is not
a likely occurrence when the radio 3 is in active use during a call,

but is nore likely to occur when the radio 3 is in the idle or
standby condition. Radios 3, particularly of the TDVA variety, can enpl oy
sl eep-node techniques to reduce battery dgsin I n standby. Sl eep nodes

conpri se adoption of a particular formatting of the calling or paging
channel to whi CMP ﬁ@h% 3 listen on standby for calls. The paging
channel is divided into a nunber of tinmeslots known as sl eep-node

slots and each radiol3 i sAahdiocativer foryeseiving itadio signals contabiftgp fistle sl ot to
nmonitor. The slot_allocatian can for..ex l.e. be |inked to.the radi o's
nunber, e.g., tm"ﬁ‘%ﬁn&m ag?%ﬁ%é“qﬁﬁﬁﬁ?l%ﬁmty Steond parfpwband,, o\

that a call for signileel DsetoidbRkiocshdiniy fequehcs,coripiisiag: sent in slot 9, when

t he 15 radio 3 is awake and receiving the data. In this way, receivers 2
of the radid 3 a.on| W&R?Ewmf%\ﬂ&mcwmgﬁh’action-of the tine

during standby, rﬁﬁi’ii@ﬁhl@@tdéeﬂéﬁte downcorVeM&d signals; In a dual - node
radio 3 that may be Served by a wi deband system having a wi deband

transcei ver 6 or a n&rrovisideRand filte-mesns fon fiteringthe dpwagopverted signalstwith 20
time between sl 2eR4IBRS ah@VAHR dehba® ge%agr@m ﬁfﬁh& P gé signal s
of the other system Thus the ?a?ﬁ'o 3 y,s?&hhﬁ%e |g‘{len| rrlkl "?E)s t he

cal | i ng channel haye a first subband eoptaining thedirstomarowbandhsignist andra seeonidhe si gnal
strength orypqual] Eﬂgi . anot her system |If the
current pagllong %:df?g%lﬁg%o el n%g'&eco: :ﬁedﬁggaggdsm&hw deband signal, the radio
3 can switch to a nae.r owzadigitiserder Bigitinimgthe lfiftered sidnals wrpeheraé digitalof t he

wi deband system. n.gorder to search for narrowband pagi ng channel s,

e.g., those of %{g%séile satellite system Alternatively, a radio 3 | ocked

to a narrowband AMPSd.contfirst frejoencyeshiftingtheanscfor stifting itheodipitdlSigihlstserak
reception he, wi d(?band lnqgéje t.o search for an | S-95 CDVA

witch to
cal i ng channel to shift the St parrowband signals tora predetermined center frsquency apd A\ps
i ncor por at ds t hgenemitefirss feeipftpcy-sififted $igady;mi ttent reception features

e e oanes P26 SR R4LL20 i e for shiting e gkl Sgass so
as to shift the second narrowband signals to the predetermined center frequency
and generate second frequency-shifted signals,

f. narrowband filter means for filtering the frequency-shifted signals
20  with a filter bandwidth adapted to the narrowband signals so as to extract the
first and second narrowband signals; and
' g. demodulator means for demodulating the
extracted first and second narrowband signals and

generating demodulated signals.

25 2. The radio receiver of claim 1, wherein the first and second
narrowband signals have a common information content, and wherein the
demodulator means jointly processes extracted first and second narrowband
signals to extract a common information content and provide diversity

combination.
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_17- 08/ 059,932, filed May 11, 1993, and entitled Jamumjmmnm
Savings with Cunul ative Parity Check in Mbile Phones{® AmMICNyiSs = '«

her eby i ncorporated by reference, then it may utilize the tinme saved
fromlisteni mpéms2ad3e AMPS channel to scan for ener ghCI/HSSNPe| s of
ot her systens such as 1S-95 without loss of 5 AMPS i nformation, even

t hough the AMPS control channel does not specifically adopt a

sl eep-nmode slotted format. Wiile the possibility to switch between

wi deband and narrowband nodes during conversation is not excluded by the

i nvention, this would represent an intersystem handoff which is a rather
obscure occurrence, and its descri pfli on would not be material to

this invention. 10 A.person skill ' e.art will recognize
that the operations p%’rforpéed“f“(% mwer(#é"i?frggm e%ﬂ‘e“‘ﬁé‘??’%é{%gslf’% S can
be perforned by difigsttiatal losgdilatoraandliysedond local os¢illatgy forndewhendérging e adipnal

he .nar r owband

processor (DSP) or conbi nati,on. The w depa and .t

nodes can be neré’!gﬂ‘éﬂg?ﬁé’t?‘\%w rylﬁ\%g.lqeﬁanp?fgtegmns fncludes %me
conmponent. one Pkiideband ARMANPISA RiwdeliGhd Fivi€ Bhd SRondosciidford Al atdedst g © 15
set of radio frequency receiver conponents may be used with alternative

processi ng f i ma¥idebpid filter; disnosed Aficr thsRecongd;lodad @ppillatore ost . This facil i t ates
t he econom ¢ construction of subscriber units conformng to both

narr owband and wi deband standards such as AMPS/ NAMPS as described in
the parent applicatioh  The radiogeesivemod claim tle wherely be digimbsignalaiiepresent

Sept enber 14, 104 oaie enh PO KRR g el diee Spe it i g 0T

with a Frequency whereithibs ifirssrfrequeticy-shifting-mearnis shifts ttheodigital signalnby adding a

alternatively fagill [.an S/ 1 S-95 .phaones,
tripl e- node AI\/PS?’ H&’ é%}'?@bggo g’%g’?\‘égseusﬁ'#&pﬁg F{@%@iﬂ&@g%uﬁgc %"u nes
or quadr upl elonodmeddsRhifid/the Sigltal SgualsyOdddingdi sescondphase slope to the phasei | | be
appreci ated by tgos of ordinary skill in the art that the present

I nvention can be ¥di ed in ot her specific forns w thout departing from
t he spirit or essential character thereof. The presently disclosed
enmbodi nents are t hergefore considered, in all re cts to pbe .
illustrative and not Test rft&qa Teceiver o clalma, wkxetem tﬁg?irst narrowband signal

is located on one side of the predetermined center frequency and the second

Ji

narrowband signal is located on an opposite side of the center frequency so that

15  the digital signals are shifted in opposite directions by the first and second
frequency-shifting means to position the first and second narrowband signals at
the predetermined center frequency.

6. The radio receiver of claim 1, further including amplitude scaler
means for normalizing the frequency-shifted signals.

20 7. The radio receiver of claim 6, wherein the amplitude scaler means
normalizes the frequency-shifted signals by processing the amplitude signals.

8. The radio receiver of claim 4, further including a polar-to-
Cartesian converter for converting the amplitude signals and phase sigpals of the
frequency-shifted signais to real signals and imaginary signals representing the
25 frequency-shifted signals, and wherein the narrowband filter means filters the
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PCT/ U506/ 03069 s ARHR G

What is clainmed is: 1. A radio receiver for récel vifhg®

radi o si gnalwoowsisas ni ng first narrowband si gnal s atecaniseéiesoss adi 0
channel frequency and second narrowband signals at a second radio
channel frequency, conprising: 5 a. a downconverter for
downconverting the radi o signals to generate downconverted signals;
b. wi deband filter nmeans for filtering the downconverted signals with

a wde filter bandwidth to generate filtered signals, wherein the filtred
signal s have a first subband cont &t |ng the first narrowband signals

o % TG g i olpaRnry e A i e B end Rgpds DY pipoasE S B ¢ o

si gnal s; and imaginafl; sxgmlinp&heﬂznﬁ@meﬂ?dhiﬂeawﬁﬁns for shifting
| e

the digital signals so as I rst narrowband signals to a
predet erm ned center frequency and 15 generate first frequency-shifted

si gnal s; 9. emera&sqaﬁwefaﬁauﬁmywﬁ&b&tm@ %m%gans aiai fting
the digital signals so to shift the second na ro signals to

t he predet er ni nedptedoto the 1‘?&1@&’9'9%‘}13 amplitudes9fthe) instantaneous sadio gignals.
frequency-shifted signals, f. narrowband filter neans for
filtering the frequency-shi fted signals 20 with a filter bandw dth
adapted to 6he narrob%andﬁsadgnmcsivmmgmwwbwsianoddfer receiving hidiost and

d wb .S . f
demodul ati ng. o naeests S5tBldne Sfkeand rieals and » mecfhband SROD Rl RERARE o0

generating denpsighait emhtainigg abrsowband Signals, comprising?. The radi o receiver of
claim1l, wherein the fi rstdand secong)F arro and signals have a
conmon i nformation cbnt erft 9OMRANGHEY rquvﬁ‘é‘m enodul at or neans jointly
processes extraﬁumgmmmwn&mmmw signals to extract a
conmmon i nf oli)rratlon content a nd?‘ﬁtgxyxlngaGns (l)rvglr {ntgythe

downconverted signals with a wide filter bandwidth adapted to the wideband
signals and generating filtered signals containing the wideband signals or
narrowband signals;

c. a wideband demodulator for receiving the filtered signals

15  containing wideband signals and demodulating the wideband signals contained in
the filtered signals;

d. a digitizer for digitizing the filtered signals containing the
narrowband signals and generating digital signals;

e. first frequency-shifting means for shifting the digital signals so as

20  to shift first narrowband signals at a first radio channel frequency to a desired
center frequency and generate first frequency-shifted signals;

f. narrowband filter means for filtering the first frequency-shifted
signals with a filter bandwidth adapted to the first narrowband signals so as to
extract the first narrowband signals; and

25 g a narrowband demodulator for demodulating the extracted first
narrowband signals to generate first demodulated signals.
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3. The r awoomsmexi ver of claim 1, wherein the downconve®CEIUSPRPdes

a first local oscillator and a second |ocal oscillator for downconverting
the radio signals in stages, and wherein the w deband filter neans

i ncl udes at |east one wi deband filter disposed between the first and
second oscillators and at | east one 5 wdeband filter disposed after

t he second | ocal oscillator. 21 4 The radi o receiver of
claim1, wherein the digital S|gnals represent the radio signals in

pol ar form and i ncl lfHTE} g?,g‘ﬂ |ta‘i’ wher ei n
the first frequencyuféhlftlng rreansvs'ﬂlfts Igita ngs by adding a

first phase sl oppresentuhaerapiwam@abugnpalas foranandvindinds mashsgmmmphmdc
frequency-shift |£@] H’Q?’éem NSars £ hﬁmﬂin% rﬁe%s ?hlﬁ?ﬁ'xe m@&! zélﬂg#gg a second

phase sl ope to ¥ &radio

recei ver of cl aadm,{gam‘wpmse séduendelmahe plake siphixdeld si gnal is located
on one side of the predeterm ned center frequency and the second

narrowband signal is |ocated on an opposite side of the center frequency so

]Ehatt15 . t e dldgl t af2,si ?ﬁ'rﬁdﬁ&&e&ﬁt?ﬁaﬂmm@ﬁﬂﬁg‘lﬁﬁudﬂ%eﬁbﬁ?ﬁ@ ]Py t[le |
Irs an secon requency-sni ns op (el e I.rs an
second nar r owbaheriesiag eapverist for mnveﬂ%é‘ g‘?ﬁ P‘ﬁ‘ﬂ%“‘i%‘?ﬁ%?‘@?‘%aﬁ@ﬁ

frequency-shifted signals to real signals and imaginary signals representing the

frequency-shifted signals, and wherein the narrowband filter means filters the

frequency-shifted signals to extract the narrowband signals by processing the real
10  and imaginary signals representing the frequency-shifted signals.

13.  The radio receiver of claim 10, wherein the predetermined center
frequency is located in a central subband of the wide filter bandwidth so that the
first narrowband signals of the first frequency-shifted signals are centered in the
wide filter bandwidth.

15 14.  The radio receiver of claim 10, wherein the downconverter
includes a first local oscillator and a second local oscillator for downconverting
the radio signals in stages, and wherein the wideband filter means includes at
least one wideband filter disposed between the first and second oscillators and at
least one wideband filter disposed after the second local oscillator.

20 15.  The radio receiver of claim 10, further including amplitude scaler
means for normalizing the frequency-shifted signals.

16.  The radio receiver of claim 11, further including an amplitude

scaler means for normalizing the first frequency-shifted signals by processing the
amplitude signals.
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6. The radio receiver of claim1, further including anpli H

means for normalizing the frequency-shifted signals. 20 H!MJ IHﬁLIE“ H”msl " I!l'
The radi o receiver of claim®6, wherein the anplitude scal er nmeans

normal i zes t o dwx2epsency-shifted signals by processing the pgplukdebdsso

si gnal s. 8. The radio receiver of claim4, further
I ncl udi ng a pol ar-to- Cartesian converter for converting the
anplitude signals and phase signals of the frequency-shifted signals

to real signals and inaginary signals representing the 25
frequency-shifted signals, and wherein the narrowband filter neans filters

t he SUBSTI#YTE SHEET ( RULE 26) WO
97/ 32403 . . ) . .

PCT/ US9/ 03069 17.  The radio receiver of claim 11, wherein the amplitude sigmals are
frequency- shi f t edagdatd aheS10arithin! 6ra8é aﬁxbﬂma&rdf‘tﬁ@ﬁﬁdnéh&ﬁékﬁi&&gmlﬁ@s“ ng
the real and i magi nary signals representing the frequency-shifted
si gnal s. 9. The radi o receiver of claim4, wherein the

The. | not ant anoous radSs siagafs rdivgfof il R tde baibg &8RP, 1V,

havi ng a w debarftiequenky-shifting mesis\fon ghiftingitbe digital signalyrsalas te shiftabeundg

wi deband si ggal s, 3Rdnand ARtV R iR Gl WhabeSf Beddendy 3% ietermined center
frequency and generate second frequency-shifted signals, and wherein the
narrowband filter means filters the second frequency-shifted signals with a filter
bandwidth adapted to the second narrowband signals so as to extract the second
narrowband signals, and wherein the narrowband demodulator demodulates the

10 exmracted second narrowband signals and generates second demodulated signals.

19.  The radio receiver of claim 18, wherein the first and second
narrowband signals have a common information content, and wherein the
narrowband demodulator jointly processes extracted first and second narrowband
signals to extract a common information content and provide diversity

15  combination.

20.  The radio receiver of claim 18, wherein the digital signals
represent the radio signals in polar form and include phase signals and amplitude
signals, wherein the first frequency-shifting means shifts the digital signals by
‘adding a first phase sequence to the phase signals, and wherein the second

20  frequency-shifting means shifts the digital signals by adding a second phase
sequence to the phase signals.

21.  The radio receiver of claim 18, wherein the first narrowband
signal is located on one side of the predetermined center frequency and the
second narrowband signal is located on an opposite side of the predetermined

25  center frequency so that the digital signals are shifted in opposite directions by
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si gnal s contai ni ng narrowband signals, conprising: c”uuumla“l""'lﬂllm
downconverter for downconverting the radio signals t

downconverted signals; 10 b. wi deband filter néans for
filtering th&o9rszsoz downconverted signals with a w de filteaCTIZE6I0I0R h
adapted to the w deband signals and generating filtered signals

contai ning the w deband signals or narr owband si gnal s;

C. a w deband denodul ator for receiving the filtered signals 15
cont ai ni ng wi deband si gnal s and denodul ati ng the wi deband si gnal s cont ai ned
in the filtered signals; a digitizer for
digitizing the filtered signals contalnlng the narr owband si gnal s and

generating digi ifting
means for shi fth?gﬂ'ftgﬁcﬁ%q"fi ffeq's'?“é: Ei !s 0 as ?)p&“? %‘%@W%&ﬁarrm/\band
signal s at a fi nafrowinild Gignhlaimthe céntea] sabband.t 0 a desired center
frequency and generate first frequency-shifted signals; f.
narrowband filter neans for filtering the first frequency-shifted

signals with a filtep2banThy rddib rectivet ofl claim 20 cfuithérsincloding avgordosi gnal s so

as to extract .the first narrowband si g. a
nar r owband de o GaTtesiag, copysrteg J?FD‘E?HY%PF%& %@%Iﬁsé@g@&nﬁgi’m signals of the

g?,r ;gz\ggnd % 9N HleguenBy-HRRET Apis o'edl SHARGRN AbSisindty HRAMIS representing the VO
PCT/ US96/ 03069 frequency-shifted signals, and wherein the narrowband filter means filters thep 1 _

11. The radio %ﬁfg xﬁaﬂ t gﬁfﬂé
represent the radro signals olegrgmf%@ |nc e gse SI 8ntﬁT§ea<lemd

anpl i tude and imaginary mmlsetenrwng |th°sﬁf°<l“ﬂwtﬁélf®9-ﬂ§nhlsf ting neans shifts
the digital signals by adding a first phase sequence to the phase
signal s.

23.  The radio receiver of claim 20, wherein the amplitude signals are
10  related to the logarithm of the amplitudes of the instantaneous radio signals.

24.  The radio receiver of claim 18, wherein the predetermined center
frequency is located in a central subband of the wide bandwidth filter so that the
first and second narrowband signals of the frequency-shifted signals are centered
in the wide filter bandwidth.

15 25. A method for receiving radio signals with a radio receiver where
the radio signals contain first narrowband signals at a first radio channel
frequency and second narrowband signals at a second radio channel] frequency,
comprising: '

a. downconverting the radio signals to generate downconverted

20  signals;

b. filtering the downconverted signals with a wide filter bandwidth to
generate filtered signals, wherein the filtered signals have a first subband
containing the first narrowband signals and a second subband containing the
second narrowband signals;

25 c. digitizing the filtered signals to generate digital signals;
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5 12. The radi o receiver of claim11l, further
pol ar -t o- Cartesi an converter for converting the arrl)lmmﬁuﬂmgmlusl“l
and phase signals of the frequency-shifted signals td réal‘siyndl s*
and i magi naryoshai¥ed S representing the f requency- shigdaskosbsobs! S
and wherein the narrowband filter neans filters the

frequency-shifted signals to extract the narrowband signals by processing
the real 10 and imagi nary signals representing the frequency-shifted

si gnal s. 13. The radi o receiver of claim10, wherein the
predet erm ned center frequency is located in a central subband of
the wide filter bandw dth so that the 24- first narrowband signals of

the first frequency-ghifted signals are centered in the_ wi de filter
bandwi dth. 15 d.frequency shiftiug thg shigital sigaals & asgto shiftbfirst, wher ei n

t he domconvert%owmg%Mdeg?&dm céﬁq}quglﬁglag?gn $rg second

| ocal oscillator for A nverting e ra als in stages, and
wherei n t he wi dfrequency-shifted signalans i ncl udes at | east one wi deband

| cast one. w deband 11 ter ey St nB AL Bas 1l A B elerBE Brond, o, 50

15. The r &di onarmydiand sigodls ¢ thie preddtermined benteri freguentiyrand gendrate sekmndcal er

means for nornmalizin h r.equency-shifted signals. 16.
The radi o recei ?“B%’%‘ﬁ#ﬁ‘é,&ls’f urther including an anplitude scal er
means for nornalizing theilfering ithef framemycshifeedi signgll witlo filtér Bndwiddcessi ng t he
anpl i tude signal s. WO 97/ 3240

PCT/ US96/ 03069 adapted to the narrow%and s%gna?s so as to extract the first and second
narrowband signals; and
10 g demodulating the extracted first and second narrowband signals to
generate demodulated signals.

26.  The method of claim 25, wherein the first and second narrowband
signals have a common information content, and wherein the step of
demodulating includes the step of jointly processing the extracted first-and second

15  narrowband signals to extract a common information content and provide

diversity combination.

27.  The method of claim 25, wherein the digital signals represent
the radio signals in polar form and include phase signals and amplitude signals,
and wherein the steps of frequency shifting the digital signals includes the steps

20  of shifting the digital signals by adding phase slopes to the phase signals.

28.  The method of claim 25, wherein the first subband of the wide
bandwidth filter is located on one side of the predetermined center frequency and
the second subband of the wide bandwidth filter is located on an opposite side of
the predetermined center frequency, and wherein the step of shifting the digital

25  signals includes shifting the digital signals in opposite directions to position the
first and second narrowband signals at the predetermined center frequency.
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-22- 17. The radi o receiver of claim11, ﬁ!ﬁ mll ’U I!
anplitude signals are relatedtothelogarlthmof t

t he i nstantaneous radi o signals. ) The radi o receiver
of claim 10, wigwsisb@s i ncl udi ng second frequency shi TRCTESIVBIEE f or
shifting the digital signals so as to shift second 5 narr owband si gnal s
at a second radi o channel frequency the predeterm ned center

frequency and generate second frequency-shifted signals, and wherein the
narrowband filter nmeans filters the second frequency-shifted signals with a
filter bandw dt h adapted to the secqnd narrowband signals so as to
extract the second nar r owband si gnaf™s, and wherein the narrowband
denodul at or denodul a d r ' s and
generates second de gulat dﬁgﬁﬁﬁ%?%kﬁﬁbg’ﬁﬁ&ﬁpﬁﬂmﬁﬁ&tﬁﬁga?gqﬁgggg|

recei ver of cl aithe fi8quentyeshifted sigmls by processidg shecamyditude signalsnar r owband
signal s have a common information content, and wherein the

nar r owband denodul ator jointly processes extracted first and second

narr Q\évbag_d ~ sigoal sg%@nﬁﬁoawummmmet nfcmamtm@negrsﬁm@ngerﬁﬂgd
provi de aiversit conpl nat i on e _radlo
recei ver of cl aitﬁ?m litge. pighals Ak phase,signals gﬁ%gp@wncy-shlﬁedrg%@rpp he

radio signal § i nin@lindfiRkFhay dighlls ritiGeRBRSEe oGk sRReh AR, tande
si gnal s, whe?el n@e first frequency shifting nmeans %hl fts the digital

signal s by ﬁlma.%@wwﬁ%wbéqemmemy pbsignals bhal s, and

wherein the sec %“’g%:ﬁ # s %gﬁﬁ@ &elhﬁ il signals
by addi ng a secgﬂ tht‘3'ﬁﬂlﬁkﬁ@squ'uenice to the ase sigha ?ﬂk

21. The radi osugmls; ver of claim 18, wherein the first narrowband

signal is located on one side of the predeterm ned center frequency and the
second narrowband signal is |ocated on an opposite side of the

predeterm ned 25  c@éit er The emslirerecsivercoftciem 25 evhelredn thelamplitpda signals ares hi f t ed

'n opposite 16i Hr e:%fa{eg’lé tllloey logarithm of the amplitudes of the instantaneous radio signals.

32, A method for receiving radio signals with a radio receiver where
the radio signals contain alternatively wideband signals or narrowband signals,

a. downconverting the radio signals to generate downconverted
signals;

15 b. filtering the downconverted signals with a wide filter bandwidth
adapted to the wideband signals to generate filtered signals alternatively
containing the wideband signals or narrowband signals;

c. demodulating the filtered signals containing wideband signals and
demodulating the wideband signals contained in the filtered signals;

20 d. digitizing the filtered signals containing the narrowband signals to
generate digital signals;

e. frequency shifting the digital signals so as to shift first narrowband
signals at a first radio channel frequency to a predetermined center frequency and
generate first frequency-shifted signals;

25 f. filtering the first frequency-shifted signals with a filter bandwidth
adapted to the first narrowband signals so as to extract the first narrowband
signals; and
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the first and second frequency-shifting nmeans to position the fi‘rst ahd ®

second woasaapdand signals in the central subband. PCT/US96/03069

22. The radi o receiver of claim?20, further including a polar-to-
Cartesian converter for converting the anplitude signals and phase signals
of the 5 frequency-shifted signals to real signals and inaginary
signals representing the frequeny-shifted signals, and wherein the
narrowband filter neans filters the frequency-shifted signals to
extract the narrowband signals by processi‘ﬁ " t he real and i magi nary

signals representing the fre ncy-shifted signals. . 23.
The radio receiver offcl ai‘{?@g‘ﬁaﬂﬁe‘?‘@ﬂﬁm{‘#@ %ﬂ%&é"%?‘%@%@"‘%
related to the |agpadrhédilaéd siflsanpl i t udes of the instantaneous radio

si gnal s. 24. The radi o receiver of claim 18, wherein the

predet ermi ned center frequency is located in a central subband of

the wide bandwi dih fidser £ Sddaimbiication sysorh i -lonBGhicaBES Wtn1adipO WPaNd

signals of the frequency-shifted signals are centered __I'nthe wde
filter bandwi dt halternatizely by wideband siggals andnareqwhead sigpals,ccomipyising: r adi o

signals withga radio g eceigiy ma%“m?g&%{ Gﬂhﬁ‘@%}%%‘%ﬁﬁﬂﬁﬁ” first

narrowband signal s at ‘a first anne ency and second
narr owband si gnasdignal® a second radi o channel frequency, conprisng:

2 g SONVET 00 e oSt GRS ARIRRLREY 2,

wi de filter bandnarmbwband signals; generate filtered signals, wherein the

filtered signals havec.a f iar\gitdebsalrjng aaltrx]s(?:eivrt:r for transmitting wideband signals; and

10 d. a radio including a radio receiver having a wideband mode for
receiving radio signals containing wideband signals and a narrowband mode for
receiving radio signals containing narrowband signals, the radio receiver
including:

i) a downconverter for downconverting the radio signals to

15  generate downconverted signals;

i) wideband filter means for filtering the downconverted
signals with a wide filter bandwidth adapted to the wideband signals and
generating filtered signals containing the wideband signal-s or narrowband
signals, wherein the filtered signals containing the narrowband signals have a

20 first subband containing the first narrowband signals and a second subband
containing the second narrowband signals;

iii)  a wideband demodulator means for receiving the
filtered signals containing wideband signals and demodulating the wideband
signals contained in the filtered signals;

25 iv)  a digitizer for digitizing the filtered signals containing the
narrowband signals and generating digital signals;

v) first frequency-shifting means for shifting the digital signals
50 as to shift the first narrowband signals to a predetermined center frequency
and generate first frequency-shifted signals;
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containing the first narrowband signals and a second subbandumjmmuﬁmweml
: s

second narrowband signals; 25 C. digitizing they

signals to genrate digital signals; WO 97/ 32403

PCT/ US96/ 0306#0 97/32403 PCT/US96R3069

d. frequency shifting the digital signals so as to shift the first
narrowband signals to a predeterm ned center frequency and generate first
frequency-shifted signals; e. frequency shifting the
digital signals so as to shift the second 5 narrowband signals to the
predeterm ned center frequency and generays second frequency-shifted
signal s, f. filtering the 7équency-shifted signals with a
filter bandwi dth adapted to, the narowhand signals.so as LQq extract
the first and second V) 1y o SEOGRE fregueacy; , ’B??Hg?%'i‘ﬁmg&“ﬁg‘ﬁ.?

denodul ating t hesi?iﬂli S£4s50 shiff thk saddsld PREEWEhNG Aigh@ea N srbdblstininel @enter
e

gener ate denodul ated signal s. .26. . The nethod of claim 25,
wherei n the fir sfregueackandgraesats, seefsfreauency-shifted signpls. have a common

information content, and Wi§r eipdrrbWBand! ffer fleans forﬁl@ﬁ,?d,glf@h{,ag Ishigeaides
the step of jointly processing the extracted first-and second 1

nar r owband siSgnasignalowith arfilter bandwidtvadapted tor the nagowband signals sods (B exfagle

di versity conbi ngt.i€a. band si . angl N€ NMet hod of claim 25,
wherein the digi ?’t&fﬁg{.‘é‘ﬁaﬂ’?’“’““?‘e"ﬁr esesr‘é%ls’ and the radio signals in polar
form and i ncl ude phase si giid 3 namdwhatsl demodulator gneahss for demodulating the

extracted first and second narrowband signals and generating demodulated
signals.

10 34.  The radio receiver of claim 33, wherein the digital signals
represent the radio signals in polar form and include phase signals and amplitude
signals, wherein the first frequency-shifting means shifts the digital signals by
adding a first phase slope to the phase signals.

35.  The radio receiver of claim 34, further including a polar-to-

15  Cartesian converter for converting the amplitude signals and phase signals of the
frequency-shifted signals to real signals and imaginary signals representing the
frequency-shifted signals, and wherein the narrowband filter means filters the
frequency-shifted signals to extract the narrowband signals by processing the real
and imaginary signals representing the frequency-shifted signals.

- 20 36. The radio receiver of claim 34, further includes an amplitude
scaler means for normalizing the first frequency-shifted signals by processing the
amplitude signals.

37. The radio receiver of claim 33, wherein the first and second

narrowband signals have a common information content, and wherein the
25  narrowband demodulator jointly processes extracted first and second narrowband
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and wherein the steps of frequency shifting the digital si gﬂw mﬂtmwm"l"l
the steps 20 of shifting the digital signals by adding pha4 i

t he phase signals. 28. The nethod of claim 25, “wherél n’thé
first subbangyg¥msbde W de bandwi dth filter is | ocatedpusdegsoss de of
the predeterm ned center frequency and t he second subband of the w de
bandwidth filter is |located on an opposite side of t he predeterm ned

center frequency, and wherein the step of shifting the digital 25 signal s
i ncludes shifting the digital signals in opposite directions to position

t he first and second narrowband sigq&is at the predeterm ned center
frequency. W97/ 32403 aadl

PCT/ US96/ 03069 . . P - 25-

29. The method &¥nRM 19 FXteRst a pommpn, infprmation confentand provide diversitig) i zi ng

t he frequency- shbhbipgticy. gnal s by processing the anplitude signals.

30. The method of claim27, further including the steps of converting.
the anplitude signals and phase signals of the frequency-shifted signals to
real 5  signals a?si. | PgH AdioYeonintlitidation BRIeRT SN CIARM33, Nonerdif @EChisY - Shi f T ed
signals, and Iltering the frequency-shifted signals to extract the
nar r owband si gnéndsasgnd narrowbapd yagsseivers amécm@hm differentsatgllifes-y si gnal s
representing the frequency-shifted si gnal s. 31.

The radi o receiver of claim?25, wherein the anplitude signals are 10

rel ated to tshe | ogar B%.hm Blhe-tallio compininications systent dfcclainsd 4 rfurtherdocludiagli o

signals. means for making a soft handover for a radio moving through a border zone
between two cells, wherein the first and second narrowband transceivers transmit
narrowband signals having the same information content to the radio receiver
when the radio is in the handover zone and wherein one of the narrowband
10  transceivers discontinues transmitting narrowband signals to the radio which has
moved out of the border zone and reallocates the radio channel frequency of the
narrowband signals no longer being transmitted for use by another radio.
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32. A nethod for receiving radio sigpals with a radio recei v‘agv\‘%%?é’*-l

the radio signals contain alternatively w deband signals or ,@? £0 d
si gnal s, a. downconverting the radio signal S &Q J rate
downconvert ed signals; 15 b. filtering t GRPR

DA
NI
A

to the

downconverted swi.s with g ;Dﬁ?ﬁ%ﬁg‘f“m&u&m" ada

w deband si gnal generate vogphBrem gl t er nati vel y

cont ai ni GINTBRNAIGNAA KPPEICTION POBLISEED DNDER CYHE FNTENS COOPERATION TREATYQPCT)

denmodurgtingthe it Lersd Sggmats—cpnt gt g W depand. si.grnalrs an
demdtﬂ@%ﬁﬁﬂmﬁﬁpmgﬁ%ﬁ“ slis'gnal s cag&énqlbldg'i"ﬁ"’ﬁﬁ‘g'f‘ftf"fg “signa Q 9132403
d. di gt A‘@Jﬁ;’ . e’ ?ﬁ tered signal S qQaf Bieritiom Fubmatda it WD AN oA lo30oisn
gener gre—ei-gHt-al—sighral-s: P~ eguerey—sh-Hrg—the-

di gi t dli5ingihadesel AfpuaBomiNamehi Tt PTVBbeBRS [ @1)iDaIRAkted States: A A¥0 AT, AUAAZ, 8B, BiG/ BX, BY,
radi o channel freguency to a predeterm ned ce%»@ﬁ%n@%ﬁﬁﬁd’ﬂ@*“ﬂm‘l&
generat"é’?‘?‘?‘%’f"“‘l‘%‘lfﬁ’é’ﬁ’cy-shi‘f“gﬁ'ti‘%(&‘r?&?% 25 ﬁbKE'K% v i o g b bR e
first {frequency-shifted signals with a f{l tersﬂ)h&l]%w\slﬁm,m.ﬁ.uadﬁpﬁbdﬁ,@md
t he fi|KB) Applivanto ERICASONS INGNASAS]S 700 Devblopment { 1 act PA*‘;MM 5, W, 8B\ SE.CU) Epwabian patent (AM,

L analle o P e s | A A B
PCT/ U396/ 09069 NL, PT, SE), OAPI patent (BE, BJ, CF, 86,-CI, CM, GA,
g. dBnipdntbra t DENG. Pable Wo xStchage Prestdard.i $-240 361 a1 r owBRAEL MR.GNEaINsT, 3G ener at e
first {demodP8f® si gnal s. 33. A radi o connmunication

SYst eMdapAgedtd® NGRUDZIEEKY, Réhalt)l 1. [t €. BirfkS Doane, | Publishldt er nat i vel y by w deband
si gnalls andverker fdabiadd-PsP.Pak 104 slewendvia ¥4 . With internarional searchyeport. 5 fj 1 st
narrov?band 2Y5HeEPver for transmitti ng first narrowband si gnal s;

(54} Title: DUAL-MODE RADIO RECEIVER FOR RECEIVING NARROWBAND AND WIDEBAND SIGNALS

(87} Abstract

A radio receiver for a radio operable in a radio communication system utilizing either a wideband standard such as GSM or a
narrowband standard such as IS-54. The radio receiver has a wideband mode for demodulating wideband signals and a narrowband mode
for demodulating narrowband signals. The radio receiver uses a wideband filter apparatus having a wide filter bandwidth adapted to the
wideband sxgnals for filtering both the wideband and narrowbans signals, When in the namowband mode, a digitizer digitizes the filtered
sfgna!s containing 'thc narrowband signal and produces digital signals baving amplitude and phase signals corresponding to the filtered
signals. A digital sigmal processor is used to frequency-shift the digital signals so s to shift the narrowband signals to the center frequency
of the wideband filter apparatus. The frequency-shifted narrowband signals are then filtered to select the centered narrowband signals and
the parrowband signals are then demeodulated. The digital signal processor is adapted to frequency-shift a plurality of different namowband
signals at different radio channel frequencies and to demodulate the different narrowband signals to provide for diversity combinaison.




b. a second narrowband transceiver for transmtting second

narr owband si gnal s; C. ~a W deband transcei ver for
transmtting wi deband signals; and 10 d. a radio including a
radi o recei veWaR3R40d a w deband node for recei vi ng r agi-Qusvisdsnasd S
cont ai ni ng wi deband signals and a narrowband node for receiving radio
signal s cont ai ni ng narrowband signals, the radi o receiver i ncl udi ng:
i) a downconverter for downconverti bff the radio signals to 15 generate
downconverted signals; i) wi deband filter neans
for filtering the downconverted signals with a wide filter bandw dth
adapted to the w deband signals and generating filtered signals
cont ai ni ng the w deband signal -s or narrowband signals, wherein the
filtered signals containing the narrowband signals have a 20 first
subband containing the first narrowband signals and a second subband

contai ni ng the second narrowband signals; i) a

wi deband denodul at or nmeans for receiving— — rhe--L — Hi+tered signals
cont ai ni ng w deband si gnal s and denndulqting t he wi deband | signal s
contained in the filtered signals; 25 | a digitizer
for digitizing the filtered S|gnals contjai ni ng the n rrbmbgpd signal s

and generating digital si
frequency-shi fting neans |for shftlng the digital signal§s

shift the first narrowband ngraIs to a prechELnLdi :ggt
and generate first frequ ng&shfted si dnal g; kaj 32403
PCT/ US96/ 03069 o | 8% S OR7-

R & | o
Rgng means for shifting t
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Vii) narrowband filter means for filtering the frequency-shifted 5
signals with a filter bandwi dth adapted to the narrowband signals so as to
extract the first and second narrowband signals; and

viii) a narrombamnssolenodul at or neans for denodul ating the pcrrusegosbésact ed
first and second narrowband signals and generating denodul at ed

si gnal s. 10 34. The radi o receiver of claim33, wherein the
digital signals rtepresenty t he r&ddi o signals in polar form and
i ncl ude phase signals and agp--tude ignals ~ wherern the& first
frequency-shifting nMeanggsy fts the digitall signalp by addi ng &
first phase slope to thewghase sl gnals. I 35. The radilo
receiver of claim34, furtHer &ncluding a pol ar e Cartesian |
converter for ceRvesyl ng e afipl i t ude signals and phpse signals of the
frequency-shicgt@;%gn‘als to readl signdl s qnd i ragikgiaf y igqgls |
representi ngThe {5 f requendy-shi f tled si §a g&a o—wher épn t he
narrowband filterRfedns filters ithe 't Tequeliey-[shi-if e®signal b to
extract the nariaWbaund signals Qy procéssing the ré&ul and i nmpgi nary
signal s representi$ng tihe frequer]cy-shi fit edsi gnal s. 20 36.
The radi o receiver of clal gy 34, furthern includes anplji t ude pcal er
means for normalizing l eguecy-shi fted |si gnal sing the
anplitude signals. g o | 37. The radi o_recei ijm 83,
wherein the first and*g@ > nagr owband signal s K n i
i nformati on content, dndk&ge iq the 2j arrowband de jjoi lntIy
: i
processes extracted filrst #nd&econd narrowpan
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- 28- signals to extract a common information content and provide

diversity conbi nati on. " 38. The radi o comunication
system of claim 33, wherein the first and second narrowband
transcei ver swenesisoxated in different satellites. 5 PCT/US96/03069
The-radi o comuni cation system of claim 37, futher including means

for making a soft handover for a radio noving through a border zone

between two cells, wherein the first 3®3d second narrowbagd transceivers
transmt narrowbanc§§ nal s havi ng the sane info@ tion content to
the radi o receiver ¥Ren the radio is in the hanfdy¢r zone and wherein
one of the narrowband 10 g§ anscei vers di sconti nues §r§ smtting

narrowband signals to the i 0 which has m)vedgm of the border
zone and real | ocates the ¥&] o channel frequency of t®X nar r owband
signals no | on ' ' e by T TadTo:
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