VO CE MESSAG NG SYSTEM AND METHOD MAKI NG EFFI CI ENT USE OF ORTHOGONAL
MODULATI ON COVPONENTS 5 Field of the Invention The present invention

0 paging systens, and more particularly to a voice paging system
and "'net*hod utilizing conponents in an orthogonal nodul ati on schene. 10

Bag:"kgrojund of I nvention In a r y (RF) copgpriseedos®n System
suitabl e ?’8?6’2{ nsmitting voice Wﬁmwmmmmmm rtable or other receivers,
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nmodul ati on techni ques are enployed fqor re '1%11.' PpCcY.
Presently, only MESSAG érYSJrE?Yl ﬁﬁﬁéﬁéﬁi@%@%ﬁigr car)r/yi ng
information to the USEEORMORTHRGONARMOPULATIONGOMEONENTS nessage
that is sent Ientzlorgl yhon t he upper or |ower sideband requires that the
recei ver sanple oth the in-phase (1) conponent and the quadrature
conponent bf the signal for the Fdﬁ‘rda?fé}f rI’pef‘ltl‘é’“rnessage on the channeI(.Q)
Bot h si debands are recovered, but the nessage is contained in only one of
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| ( e s ; y carries sage .1s 25 inefficient
use of "air" tppameculadyiteianypire pagingrsystem prdimethodngitiiang forReneRtsiNyned RF
band. Further gBr&rthbgbali ol RitfonCscheineuse of the receiver’ processing
power and Beedlessly consunes battery energy in a portable receiver

devi ce. 33%Bri ef Description of the Drawings FIG 1 is a diagramof a

sel ective call communication s Packgroundcef hen@vestiPRe present inventi on.
FIG 2 is a diagramillustrating a subchannel spectrumin accordance 35

according Lo Che progattos frsaume i PaingfitalbRgy AR EaBIE R T 1 E)

according to the p .’é _ agram of .an anplitude
conpander nodutansmittingevoice anessagasde pardieion ether reRaIVEISe 88 2% nventi on. -~

\r’T\S dglﬁg t2(7)241§ PGI{H5%% 09 HokeiverEGg., Dajzérs smglesidlibagdarvdiilacion or t hogonal
r accottraccﬁnqguésoare employed for reasons of spectrum efficiency. Presently,

only one of the upper or lower sidebands is used for carrying information
to the receiver. Demodulating and reconstructing a message that is sent
entirely on the upper or lower sideband requires that the receiver sample

20 both the in-phase (I) component and the quadrature (Q) component of the
signal for the duration of the message on the channel. Both sidebands are
recovered, but the message is contained in only one of the sidebands. The
information in the other sideband is discarded.

That only one of the sidebands actually carries the message is

25 inefficient use of "air” time resulting in “traffic" inefficiencies on the
assigned RF band. Furthermore, this is inefficient use of the receiver
processing power and needlessly consumes battery energy in a portable

receiver device.
30 ' Brief Description of the Drawings

FIG. 1 is a diagram of a selective call communication system

according to the present invention.
FIG. 2 is a diagram illustrating a subchannel spectrum in accordance

35 with the present invention.
FIG. 3 is a block diagram of a transmitter according to the present

invention.
FIG. 4 is a diagram of an amplitude compander module in the
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transmitter according to the present invention.
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the present invention. FIG 6 is a block diagram of another orthogonal
nmodul atori according to the present invention. 5 FIG 7 is a diagram
illustrating the i npurse response of a Hilbert™filter in accordance with
the present invention. FIG 8 is a polyphase diagramof the interpolation
rr_DduI e of #@&m%ansrn'tter according to the present inverddijieedosfs 9 is a
di agram of an 1 npul se response of an interpolation filter 10 1n the
interpolation nodule. FIG 10 is a block diagramillustrating use of a tine
reverser nodule in the transmtter accordhng to the present invention.
FIG 11 is a plot diagramillustrating a voice nessage. FIG 12 is a

di agr am depi cti ng i gi.tal i VOl . shown
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of two hal vesthefpresentysiveatigBssage of FIG 11. FIGS. 15-17 are tinming

di agranms illustratipig. 8is @4A6E Giagtar ofir@kiedri oithdgopbaadulatoaccor dance
with the present ic{]veqtitgg. r‘3250‘3 'tzljgren]t%er{S a bl ock diagramof a receiver
according to t%&o’b B8 SRt iPVERT iTon "ai | ed Description of the Draw ngs
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comuni cat i on Si&t gMadBddrice SRRWhe prageeigvdtioni th the preferred

enbodi nent of the nt invention,. T radi o j i syskem 100
conprises a massaggfr ﬁgd?a e_ov?'%ezfsesdd(a:%gg%?gq{ceol_rrl‘\?e |g{r?g‘f’tnt° gpleep%:foﬁg 101, a
facsi m | e nmachirarsmi@r gecerding $adhe presentimeantibA? connected 30 through a

conventional sw tchad, bakardiagrniof wariinpuleTilpdAR dhan fReMticfilter
ntroller 102. The system controller 102

t el ephone ] j nks &éé).réo as stemcgq

oversees tte dbel4t} ?Fp&la °’bf‘tﬁ ".f‘r)'ty of radio frequency transmtter/

receivers 103, t hr dilgh 18nea dlockodiagramilinsteatinigovsel ofrik ime| gversghimgdule

tp?épl cally are ith\!h%tt@Slné?ﬁirt]{erLan&@li_ €0 \thé %$es_eﬂf1ﬂ3@¢|@i:ohl Ic<>nal ITK can 35 include
, mcrowave, or er _hi ual i nicatiaon |inks. e system
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addresses into fornEGs 12hae diagravodepiciing e digitsl reprageniation afgbe agiseswi t ch

conput er s.15Them§¥s%%§r§hgg.r,\‘ti&oﬂ:lba_rn_loz al so functions to WO 96/27248

PCTAUS96/ 00410 3 &%%3%9 ﬁche%ul e outdbound n&%ﬁgplee%re%kacih can .i ncl ude

are diagrams epxctmg 10ns of two

such
halves of the voice message of FIG. 11.
FIGS. 15-17 are timing diagrams illustrating an example of a
signaling protocol in accordance with the present invention.
20 ~ FIG. 18 is a block diagram of a receiver according to the present

invention.
Detailed Description of the Drawings

25 Referring to FIG. 1, an electrical block diagram of a radio
communication system 100 is shown in accordance with the preferrea
embodiment of the present invention. The radio communication system
100 comprises a message input device, such as a conventional telephone
101, a facsimile machine 120 or a messaging terminal 122, connected

30 through a conventional switched telephone network (PSTN) 108 by
conventional telephone links 110 to a system controller 102. The system
controller 102 oversees the operation of a plurality of radio frequency
transmitter/receivers 103, through one or more communication links 116,
which typically are twisted pair telephone wires, and additionally can

35 include RF, microwave, or other high quality communication links. The
system controller 102 encodes and decodes inbound and outbound
telephone addresscs into formats that are compatible with land line
message switch computers. The svstem controller 102 also functions to



I nformati on as anal og voi ce nessages, digital nunmeric nmessages, and
response icomands, for transm ssion by the radio frequency transmtter/

receivers 103 to a plurality of selective call receivers 106, also 5 called
sel ecti've call radios to indicate that these devices have a transmt or
"ack- back”, ¢ LITty. The systemcontroller 102 further JciAsdobuaso t O
decode in86Uﬁ§ ssages, including unsolicited and response nessages,
received by the radio frequency transmtter/ receivers 103 fromthe
plurality of selective call receivers 106. 310 Exanpl es of response nessages
are acknow edgnents and designated response nessages. An acknow edgnent is

a response 0 a1 UG B3A0S.AL FidsBh . BhidlErFHRIGaR s rol er 102
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in an out boun nmessage, from t he. sysf.em cani.[. . e of a
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radi o 106, butreceiked byitheradiot frequaricytteansoritter/ rgeeiversal0ddsomiheed r esponse
command i s mg&aﬁi;‘f@gm&ibgCW%&m@gnb@pl | er 102. The desi gnated

comtan n
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response nessdeyigriated oeapONsE atesshgesofn Ackruwyledgingat isaa FespRFSIAB to t he

system cont r ol l8byA@3mesEige IBRQASA HBESFRAARS caHteolltiraRr abh pxirphsod tted at
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w thin the outbound nessage or ,conmand, hut .
al ternati vel y atgHtbound DRRORTIE MEFSIRS HYe (fer‘lg -rsac?'leé%c&vgcf aﬂrrgp 406 sann as.
the ALOHA or 3fumkrit ppage AdSsigeenteosb fromwbhie telephongel0l. ko wramplopbanf

ordinary sig | l,i85uh %n@fc{g m@gbaggsiﬁde.hﬁ'baqgr ARSRaGk: L4l AddibNbeusd vaResage
transmtte bya selective ¢c

I ragi 10 WL‘EIOU& havi ng rr(ra\c&isv&% an
out bound messakRBe %ﬁf'ﬁ?ﬁereé‘&‘ﬂffaefgmﬁt 82?)'83 2 Ane %rn%eéeo 4R nsol i cit ed
message i s an adknbeledgmess agticdteaueresdhibcedeption aif|the suitbouryd niymeric al ert s
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within radio ra e,%f the r.adi o conmuni cati on system,1Q0. An _unsol i,cited
nessage can iﬁé&gﬂé""acarlgmfégtmtISSFE(P"éﬁsf?ﬁatma‘[ma‘égﬁdﬂglt“gﬁgr“e‘saﬁo%%@%gﬂ can
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using an WO 961‘9%53145% rags/ab@?@!: Q%%gke initiated by the selective call radio 106, but

which is not transmitted until after a designated response command is
received from the system controller 102. The designated response
command, in turn, is sent by the system controller 102 after an inbound

25 message requesting permission to transmit the designated response
message is communicated from the selective call radio 106 to the system
controller 102. The response messages are preferably transmitted at a time
designated within the outbound message or command, but alternatively
can be transmitted using a non-scheduled protocol, such as. the ALOHA or

30 slotted ALOHA protocol, which are well known to one of ordinary skill in
the art. An unsolicited message is an inbound message transmitted by a
selective call radio 106 without having received an outbound message
which requires a response. An example of an unsolicited message is an
inbound message from a selective call radio 106 which alerts the radio

35 communication system 100 that the selective call radio 106 is within radio
range of the radio communication system 100. An unsolicited message
can include a request to transmit a designated response and can include
data such as numeric data. Unsolicited messages are transmitted using an



. transm ssion qof a nessa

4 ALOHA or slotted ALOHA protocol. The inbound and outbound nessages are

i ncluded i n outbound radio signals transmtted from and inbound radio
signal s received by, a conventi onal antenna TO4 coupled toThe radio
frequency transnltter/ recei ver 103. The radi o comunication 5 system 100
IS furthe gﬁterlzed as conprising a plurality of f| F%FL 115,
each flxed s e conprising the systemcontroller 102, one © e radlo
frequency transmtter/ receivers 103, the comrunication link 116 coupling
the systemcontroller 102 to the radio freguency transmtter /receiver 103,
and the antenna 104. 10 It should be noted that the systemcontroller 102

i s capabl e of ti rlbute 2N ion, contral, environnent
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i nvention, voithe spgesagesralee 102 tankaradiedréquenme trahsaifpén/redeiter 168,
sub- channel s." BE4GheZardtbhtisigat es a si ngl e sub-channel. In the preferred

enbodi nent,, there are three sub:chan in a radi re (RF)
channel, dfd the R §W§H gF npted thajjt ?ﬁygﬁ?m qoptroslsr EQ% Q%SOf .
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performed prefEEEISBY U AeMetPgRsAT HBTFNdO @ﬁébgtﬁ’u"l}y 0t nativel y
is perfor®8d ddressedpeleetive call radio 106.

In accordance with the present invention, voice messages are
transmitted in one of a plurality of sub-channels. FIG. 2 illustrates a single
sub-channel. In the preferred embodiment, there are three sub-channels
in a radio frequency (RF) channel, and the RF channel has a width of, for

25 example, 25 kHz. Alternatively, seven sub-channels could be used in a 50
kHz channel, and it is readily evident to one skilled in the art that other
numbers of sub-channels cuold be used depending on the bandwidth of
the channel. The sub-channels are separated by 6250 Hz. Each sub-
channel has an upper sideband 500, a lower sideband 510, and a pilot

30 carrier 520. As will become apparent hereinafter, the sidebands 500 and
510 are used to carry portions of a single message, or two separate
messages. The spectrum allocation for voice in one sub-channel is 2500
Hz, which contains the voice bandwidth of 300 to 2800 Hz.

FIG. 3 illustrates the transmission process 600 in accordance with

35 the present invention by which messages, and particularly, analog voice
messages, are transmitted. This process is performed preferably by the
transmitter/receiver 103, but alternativelv is performed by the system

controller 102. In any event, the information ultimately transmitted is



controller 102. In any event, the information ultimately transmtted is WO
96127248 .PC | YUS96100410 5 incorporated within a signaling protocol to be

eScribe erernaiter in__conjunction wth FIGS. 15-17. An incom ng.speech

message S( n) is recei ved through a tel ephone Iline, for exanple, by the
system co 102. If, for exanple, the 5 tel ephone |gcArusesrordioll | i ne,
then the peech I'S encoded usi ng 64 kbps pul se code nodul ation (PCM and
it is converted to linear 16 bit PCMat an 8 kHz sanmpling rate by the A/D
converter 605. Regardl ess of type, a speech nessage on a conventional

anal og tel ephone line is digitized by the A/D converter 605 into an

appropriate digitize £oAic8i td BEHedRibeRasGRinaREP AL i ON 'S
processed by tﬁeorﬁor%ﬁgg{gn&%l tg{?ﬁ%g?—é% affls V\L ﬁ e%c?iters oluta frequenci es

outsi de the’ t yqoniwnctipsi withsHéek rlam7of 300 2800 Hz. The filtered digitized
speech information As ihtRingasech nfidssaghSar) is aedetnat trrogghn eiepthonke ( AGO)

modul e 620 to Con{fﬁgggrﬁglfeo tt}l?e i)gSY&E'C%RUO'HE)’l?f‘ ﬂnmr'etxﬁﬂ'&ﬁe Ghet he i nput

speech, such fllm generate

P exarrp ng er son
. speaks int & a telaphoae ligke iy a TehapHbae, the speAchds eped '6%8 64
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t el ephone, et ceodboMAatiFRAPCM) £DitiiBRonveased tif lhdargibtbit PCM analn 8l so

ensures that t pilot. carpi.er S W a
certain fracti zaem,p{lfggsrp oy ¢ ene{ﬁyconwrglletgpsqs gﬁ&'le 2o éﬁ g Cﬂgnal

An AGC schene miessigetvasa gofiegntionat amdosdekephenebﬁgtl-‘aﬁtgltﬂe% ﬁrtbﬁr"néi’el y 2.5
nmsec, for exanmﬁer@P@O@u%bcﬁN &’ﬁﬁ@ﬁnatd ﬂﬁ;lt@i&iﬁfo&ﬁ{atONe&t she digitizedxanpl e,

S useful | he speech energ | e range
of voices Wt ?%'%’BIF‘?P Ej‘% é°°8ﬁse c ar agl?erl afsgmggﬁ%pyﬁga‘?%%ters are
not neant to bmtemmnfmqueecxewgtsddgmei tpdcad ysicersPeprarmel 3Q9n2409 Hay ¢
time-scal e comppegpereddigidzed sﬁ&raqammmeaﬁ@m pagded mvugﬂtmber of
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conpands at appamabilitt & gmplit@des QthleamPet spmchexw%ﬂectuebom bei agai nst

channel nojge. e&lbrafUNAIMA ap’t@d»h@ﬁ aqfer ST gEEAKE SnePhav@ddt thach compr i ses
30 first and sé o

ort ho dul ati Q.8 nents wth
one enbodi nent E&FPRE: ﬁ?ﬁgﬁtteleﬁ’VQHﬁ?ﬁ%u‘?rhgwp}onf Sd seco&'gfg&ﬁogonal
modul ati on conp2himpeovas entellegibilivy eadrajse ensrrns shasfthe pilohgperierdineggYressage.
According to apgfifipls fiHads rsma s$é1ew d EStaiRFhcE6R Whthe 6 hbp@mgy

Cpecch maosagoRTESER! B (GRS Ae ATG SE s o
20 time constant of approxxmately 2.5 msec, for example, and a slow decay
time constant of 2 sec, for example, is useful in keeping the speech energy
constant among a wide sample range of voices without distorting speech
characteristics. These parameters are not meant to be restrictive.
The digitized speech information is next time-scale compressed by
25 time-scale compressor 630. Any number of time-scale compression
schemes are useful. The digitized speech information is then passed
through the amplitude compander 640, which compands at approximately
a 2:1 dB ratio, for example, to protect against channel noise.
An orthogonal modulation scheme is employed which comprises
30 first and second orthogonal modulation components. In accordance with
one embodiment of the present invention, the first and second orthogonal
modulation components are used to carry segments of a single voice
message. According to another embodiment, the first and second
orthogonal modulation components are used to carry first and second
35 separate speech messages. In either embodiment, the first and second
orthogonal modulation components are, for example, either the upper
and lower sidebands 500 and 510, respectively, or the in-phase (I) and
quadrature-phase (Q) components (also called "channels”), respectively.



ort hogonal nodul ati on conponents are, for exanple, either the upper and

| ower sidebands 500 and 510, respectively, or the in-phase (lI) and
guadr at ur e- phase (Qconponents (al so called "channel s"), reéspectively. WD
96/ 27248 PC fUS96/ 00410 6 Furthernore, no matter which schene is used, the
inVention cont npl at es orthogonal | y nodul ating first an é*ﬁﬁpgﬂnp{thogonal
conponent QPYHM r st and second nmessage portions, respectively, to
generate first and second orthogonal |y nodul at ed conponents. 5 A speech
splitter module 650 is used if a single megsage is to be carried by both
the first and second orthogonal nodul ati on conponents. The output of the
speech splitt e 650 are first and secon ech ssage portions
temporal |y coﬁ%h ?VRPT%8°§55§% “@Vﬂham %ﬁfqgglgg% nessa e portions
are denot ed Sax(am)erapt#teyo(mh;vgm@ib'equ\wéaty\g mwtﬁmﬁewpnduqrthmn@ par at e

messages are tQhso i WalieHring steh@na 'rﬁé&ag?ﬁqﬁortﬁﬁt‘éof@ edtivengasal

nodul ati on conponents, the sgeec tB ag@ g ir—i S npt” used and the
two voi ce nmessEIEEAETITRY ang§ ‘§Zl‘£?r PRORh™ P%8§§8H‘p “ﬁ’“%ar allel, by
_nodul es 60 640 andAGﬁeéchmtte(mtamleéé(D isyuged if msihgle essae6400 bBut  not

shown) before Sé%g whttﬁembﬁmgwona% ¥ mJd\fabRebfip \sabﬁ@ message
S(n) is terrpor |1

nto f and & E@ a port| (n) and
Sb(h) by the. sHRREWHS o theppershPUEEmodi, G50 ARLRR OBF FrU RSfihe 650
in the case of mésgigeglortiohotempomally cosggrasing ¢lse apeeahlségrl StohbhEhe
representing ti]:%epﬂ ﬂ?é?.§§§dp§rﬁﬁ>?\gi}rérﬁ§§§tga %@n)srfrm Sh(¥) OresPeotivaly. a IOOI nt,

such as a zero Crossin anot her conveni ent Bﬁ%ﬁ% chigfe
sonewher e Hbar Hpwever ihbyaserarateyBesiaset atene bes‘ﬁ‘é’ tHeoB ) a“ﬁklext
t he speech nesssgrdpotidgomal Safdlation cSinpone(t: tispepedth smstmgnedtﬂt( n) and

S2(n) as the CaqpTRY J3Ed aRHGhe#Babildt-RUAReaS R BhlinaRNFk pdlul ator 660
whi ch nmodul ates t peech nmessage porti ons é hD([&sﬂ and second
or t hogonal m)dBTO&F?SSﬁ Ebﬂ?)"éHé]ntbé’ m %leSéP?ﬁé%aﬂ 160 g 1y tos

described in nmroaummmlmbebm natff shevwn)Nifore proeeqlihgtto cabsdqaent s added by
sumer 705 %\ put of orthogonal nodul ator 660. The pilot carrier
has an arrp}ltu pproximately 0,15 tinmes t Xi. mum tude in

t he speech |nfornaT|90ﬁ“8 r YOIFe Mest3fesS(Foihtempe ér?? f’?t8rf“5€g’& ssing, the
modul es oper at secahd méssage partphe, Sagn) $rdk bi2(ng dypthie sgeedt splititienodilie $5Ds

ultimately conygg Eﬁgech splitter module 650, in the case of digital information,
separates a table of numbers representing the processed speech message
20 S(n) into two, at a point, such as a zero crossing or another convenient
temporal occurrence, somewhere near the temporal mid-point of the
speech message S(n).

Next, the speech message portions Sa(n) and Sb(n) (or speech

messages S1(n) and S2(n) as the casc may be) are passed through a

25 orthogonal modulator 660 which modulates the speech message portions
onto first and second orthogonal modulation components. The
orthogonal modulator 660 is described in more detail hereinafter.

Next, the pilot carrier is added by summer 705 to the output of
orthogonal modulator 660. The pilot carrier has an amplitude of

30 approximately 0.15 times the maximum amplitude in the speech
information.

Prior to this point in transmitter processing, the modules operate at,
for example, an 8 kHz sampling rate. When this is ultimately converted
to analog information, images occur at multiples of 8 kHz. To eliminate

35 these images, an anti-imaging filter would be needed. Consequently, to
avoid this necessity, the processed signal is interpolated by an interpolator
module 710 to a 16 kHz sampling rate so that the images are separated by



to anal og information, imges.occur _at multiples-of 8 kHz. To elimnate 35
t hese i mages, "an anti-imaging filter would be needed. Consequently, to

avold this necessity, the processed signal is interpolated by an
i nterpolator nodule 710 to a 16 kHz sanpling rate so that the imges are

separ at ed lr%)y %86/27248 PCT/ US96/ 00410 7 16 kHz. Once GipwRbéedid 0 anal og
i nf ormat i o1 ,965 nalog filter is used to elimnate inages. The outputs of

the interpolator are next converted fromdigital to analog using a 16 bit
D/ A converter nodule 720. The anal og outpuy of the 5 D/A converter nodul e
720 is then passed through a suitable anal og reconstruction (anti-inmaging)

filter 730 to.r ve_al |l inmages, .| i . Ih b SSRssh ghal - A
guadr at ure am}F’i eo(@l%’mr"r%g‘fﬂé ?%%ogo%@P%%?Eéﬁgggﬁgﬁg%r t§ost$1e out put
of the reconstelimonhatenithageser 730 to nodul ate the SSB signal to 10 the

proper sub-channel TWaickiiphfs df hesHterpeidtot @reatextobevitted/ BOm Bighal 40
illustrates in detail th [ f ude conmpander ul-g. 640. ' in
the art, anplid@ %ﬂ%ﬁﬁé’ﬂﬁgﬁ}rﬁﬁ?'\}‘éesr[%o%s ?]ﬁ%ﬂbvﬁ‘eaaﬁ%ll?%ég & R

] gd corrponent S
. and conpr eSsi My Aicghventpr inoddée 2¥hischentpassd throughyaguitalle analegt ect s t he

l'ow anpl i t ude coimReNRAbA (BhEMMaBmmA T f1eat730f toafende slmamagés, nedvirg andly t hus
provi des better mtg\lﬁl' Ihjlity and quality. The anplitude conpander 640

|

generates a cdhe barebapaanFesigath or c2(n) by conputing the nean absol ute
val ue of the signalA gquedagec: awplitide €aAM)enodulation moduld Zfkis wupled ng t wo
movi ng aver ag%ftf\le befput [\meef deb SHstrdER¥h Bt VB0aBEMbi L1 1208 tRASSE aigpul &5 t he
mean absol ute val ue I nput 2%,san$l es antg CLhe secogd rm)l/ﬁong aver age
filter 64A40corthaaepehenincRaths! &vhigh 4t Hapsmitted, X120 ANIGI) (W0 “val ues

obt ai ned from the ®Gputilloftratheir et themmpljtuatectomparfder reed @le 6401 n del ay

modul e 643, tDgs [RMwAfNAL o aggh%g@bé%;&\knhiﬁ TR Si9efBPostinpeloMt put

X Conpr eqsor . GNPl GMPYRGESH ARG COUPIESEE MB AAge BRRQRERt of 3 ©
i mpl ement at i onsi@kHWTHi$ pFdtects Ghe Nk GirapiitutieeoGiponenkaliroor the. @ REANy
' bandpad {1 PPERERISEIRaR NP AaE: Sl ihORpil MR o
el i mi nate har noni cstherAPHiYiR cHRRA BT i&?FFBﬁﬁ%é&ongﬁgv?%a%% fding. A
filter simlarc2m bheomPhtingOthe snersedbdolute|v@Bie 6f thedsignal dveraged evend
exanpl es of | 'Q%&H?Qt ‘?qugsacﬂ{evEQ%y using two moving average filters. The first
moving average filter 641 computes the mean absolute value of N input
20 samples and the second moving average filter 642 computes the N sample
average of the mean absolute values obtained from the output of the first
moving average filter 641.
In delay module 643, the input signal is delayed by N-1 samples and
the output amplitude companded signal is computed by the equation:
25 (Delayed Sample X Compressor Gain Factor)/(Control Voltage
2(n)l/2.
In the implementation shown in FIG. C, N=48 and the Gain
Factor=0.140625XN. Preferably, and though not shown in FIG. 4, the
amplitude companded signal is bandpass filtered again with a 300-2800 Hz
30 bandpass filter to eliminate harmonics that might have been introduced
due to companding. A filter similar to the BPF 610 is useful.
FIGS. 5 and 6 illustrate two examples of implementations of the
orthogonal modulator 660. In FIG. 5, the speech message portions
modulate upper and lower sidebands, whereas in FIG. 6, the speech
35 ‘message portions modulate | and Q components.
First, in FIG. 5, the orthogonal modulator 660 comprises first and
second Hilbert transform modules 670 and 680, respectively. The Hilbert
transform modules 670 and 680 each comprise a 33-tap Hilbert filter 672
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orthogonal nodul ator 660. In FIG 5, the speech nessage portions nodul ate
upper and | ower sidebands, whereas in FIG 6, the speech 35 ' nessage
portions nodul ate | and Q@ conponents. First, in FIG 5, the orthogonal
nodul at'or 660 conprises first and second Hilbert transform nodules 670 and

680, resp . The Hilbert transform nodules 670 an conpri se
a 33-tap EHSB@?%h lter 672 THI S SHEET HAS BEEN REPLACEdDP%&gg; ;}’2

PCTI U896/ 00410 8 and 682, respectively, a 16-sanple delay nodul e 674 and
684, respectively, and a multiplier 676 a%d 686, respectively. The 33-tap

Hi |l bert filters 672 and 682 generate t he conponents and the 16-sanple
del ay nodul es 674 __and 684 te t

(of0) e ltipliers 676
and 686 gener &AW &% FESRELHY y’pzh 83?8[]%?%13 én%:osuqng%fgggg:%&wsé%cﬁgeg’
conponent . Thennmpmultlplldle@%w@d 686, jrespectivejendhet BotapyHilbert £iltgraeb72685 and
the |ower sidefgn ndrat@th@ @@&ﬂ ah&ﬂsmﬁdtthe mwam;ﬂe@%& mbdbles678, on

t he ot her hand erent . confi urat t he ort

shown at 660 aqdﬁ6¥4n$‘°s“e6i’)tﬁftf‘§ ] éwentsngr }ﬁ)mm?lﬂheri% Qgﬂq%ﬁeg\%l-ag%
.includes a 5del ¥ydegree pbastOthifts asris mcesxar)@léfl’raghe %qmp@nsrm Theapperti | ber t
filter 701, sighhamdos ﬁ;ﬁl fsegen@med Hhans ReRGHer 688STA0MeNOWet SideBaid] - (or

Si(n)) is pass throu el a e 700 and the speech nessage
* portion Sh(n) i(@rs SE’(‘ Ry bl?fs?é‘é“leﬁ%gégh the Hilbert filter 701. The
out put of the H| I belhtFIGl bt en the othenjland, aaliffexent Somigunapionef .thg02 for a 90

X " K e 700
agg;getg ?ﬁg zﬁﬂfﬁ{’ﬁo ?n?cﬁdmﬁ(or 9"§ho$vh9at%50puin tHis cbhfig ﬁiﬂtﬁ% medul e i's

702 hus e sumrer
703 conpri¥es Q%@Eﬁ!@é&@f@‘ﬂ%ﬁoﬁ oS ar’r‘é)%ﬁ}'é‘?‘eq}‘%??ﬁ 3l alr(ggéi%gaé'nent and
t he nmessage pombtale & and arrlfldbératfﬁtirdﬁl,osnmhler@>ﬁhapé?’ien"tfhe epedch t he case

of the second ,%st%gpgv%nmeaumgﬁ?ﬁ&voe 4590 Frblih TRe demyatloaitedone |

conponent and e portion te 0 FIG 7
i|lustrates, a&hd &NesgagY PP gan ?ﬂ ébBﬁ?@dg}‘ ‘%‘R?S tap

Hi | bert fil terHﬂBérZ hlﬁz&l%&nd’héamtpﬁﬂ o the Hﬂbert mdﬂeymeca@lecém dgyent ati on of

o de’léf‘gp' e15|ofs H\u&'l’;&ﬁé?bi‘oé f%?g'%@t g?é’é ?B e SMAUNE shflnerw3, t}‘félewefdt ra)f;gesﬁgs\h

in FIG 9, eveﬁh)‘? "é?)f W%@; eldstcite‘reecf;“%ﬁ{ Eﬁtll}aefe%ayg@leé utiiPonal
conpl exi ty. | ntheamdpti ohthe hﬂnfrreecﬂ@érmynprwpdheen@{sagmeomdrt 8a(nhas a
pass-band at Om%h%t@@%nto the I component and the message portion Sb(n)
modulated onto the Q component; or in the case of the second
20 embodiment, message portion S1(n) modulated onto the I component and
message portion S2(n) modulated onto the Q component.
FIG. 7 illustrates, as an example, a suitable impulse response of the
33-tap Hilbert filters 672, 682 and 701.
FIG. 8 is a polyphase representation of an example of a suitable
25 interpolator module 710, well known in the art, and FIG. 9 is an impulse
response of the interpolator module 710. As shown in FIG. 9, every
alternate sample is zero, which reduces computational complexity. In
addition, the frequency response of the filter has a pass -band at 0-3kHz and
an attenuation of 60 dB at 5,600 Hz. In FIG. 8, Ho(z2) = hg + z-1h2 + z2hs
30 +..and H] = z'}[h] + z-1h3 + z-2h5 +..]. Taking advantage of the
alternating zeros in the impulse response and polyphase representation,
computations are reduced to 6 multiplies per sample at 16 kHz sampling
rate for one channel (I or Q), which is a substantial improvement over 21
multiplies per sample at 16 kHz in a direct implementation.
35 Optionally, none, one or both message portions are time-reversed
prior to modulation by the orthogonal modulator 660 (or 660°). FIG. 10
illustrates an optional time reverser module 660 which is coupled to the
output of the speech splitter 630 if a single message is transmitted, or to the

THIS SHEET HAS BEEN
REPLACED




an attenuation of 60 dB at 5,600 Hz. In FIG 8, H((z2) = hO + z-1h2 + z-2h4
30+ ...;vand H =2z-11hi + z-1 1-13 +.2z-2h5 +...]. Taking advantage of

The alternating zeros in the inpul se response and pol yphase
representation, conputations are reduced to 6 nultiplies per sanple at 16
kHz sanpl h{\g #’?}xe for one channel (I or Q, which is a SpBgFigeiodad

| nprovene P28, multiplies per sanple at 16 kHz in a direct

i npl enentation. 35 Optionally, none, one or both nessage portions are
tinme-reversed prior to nodul ation by the @rthogonal nodul ator 660 (or
660'). FIG 10 illustrates an optional tine reverser nodule 660 which is

coupled to the e SSGUEe i S
trans toq, el Bt NG ERRS ROl i el BRsBs 78

PCTI US96/ 0041oare9rmﬁnpuqedofThmém§nw'Pfsaa@1 e S0 dempeeplly reversesstBBar at e
nessage porti %%ssa@é?adrﬁ@ﬂ%&thit&d is tFhesrhitteel bakerasds intidie. n8be casmpbr al |y

h
I the case. of VRIRLATRITHIAEARAY ATE drebe *H“m?e‘t#eet?‘r‘ﬁ?‘é??%ﬁ‘:i RS

_reverser 5 Srodumodu8080Q reads aapegeqm@fen@m ﬁ{?rrﬁé@’f"‘slaﬁtr ontirshfro iPEPYt § ¢ om
the output of,ffie s?i@@&?t‘pl&li@r' g50esr the Gn@plitulde c%m]ialnﬂudM@OﬁDﬁaxhianMO For

exanple, the ver ser 00 |s a sof i ng
-fromthe hi ghé&t‘?"ﬁdéxerﬁﬁ(/\HWéﬂ‘Ee ggg\}a f1°° tgﬂ&%gé‘fﬁﬁ?ﬁﬁ%ﬁﬁqﬁgﬁ tinme
reversing the highestjedpodomarveard: dsewilt hasieperiked heseirafted i nf or mat i on i s
"scranbl ed” and thugy hage ?ede%'ngqu@lméa‘saéepufmdns ®e Pahy@ayed vbicehat t he

time reversed partion of the s ch n n
intelligibl® t& ?‘a“P%té%‘? \’/Serscf:aé’éﬁﬁg ﬁﬁﬁr‘ lhaf 3 lowhfe)evgﬁgfnsneecpw}g@gLﬁwaggI
recei vers thatin thapthetime mwetﬂfmrtmheoftthaﬁ@ﬁﬂh gignglovélbnot Reor mation i s

time reversed %Qdmmwmﬂ@m tbenel&remerﬂtc@kixalw Blchitdimg 1&&&%@1 tted

signal. It is appreci.ated jon to 1 rrerever t tine
reverse can beTﬁﬁﬂeorW’trﬁFeri"%'S 'lhdﬁé’l ’I’”Oﬁéj ot g% i ransfmltt%% Y)&C rane basis

based on a pr eirdotrraaten is eqmeeroeriedogan demodalate raadsrremdeemtaﬂtglhke thehe
receiver. %@%h‘?ed’&hﬂaﬁeﬂ%g ?rejémw thft chetdacish H@H\%mebél%é to&@)‘ti t he

receiver is th I nar g ess of ﬁseetlye cal_recgiyer.. 2
Furthernore, i H“’terl'@"ééi?ec madpvith ‘Qn?js'@"é' RIS frée[ AR
si mul t aneous obasis bpgrchon arprepecingecsenuertce lotevmet t}@fttltamrmﬁefc@d gbrtions,

one, or both, EHéTFecERWr Ttk ORI 7S difichid fhbidl BHdth khé Erahstianenl
noni toring receiver ref erb ce to %S.d(}l- 14ft £X %”B S recewer
transnmitting aagﬁé @ feceiver is the binarv encoded address o he selec

20 Furthermore, in the case where the 1 and Q channels are modulated, the
simultaneous overlapping in spectrum on the channel of two voice
portions, one, or both, time reversed, obscures the intelligibility to a casual
monitoring receiver.

With reference to FIGS. 11-14, an example of transmitting a speech

25 message according to the present invention is described. As shown in FIG.
11, a voice message Vm is shown as having a time duration of Tm. When
sampled and digitized by the A/D conversion module 605, the voice
message S(n) is defined by a sequence of digital numbers 1 through N
which are digital representations of the samples shown in FIG. 12. The

30 digital representation of the voice message Vm is split into two by the
speech splitter 650. A preferred point to separate the voice message is at a
zero point at time Ts. Thus, the digital value of sample k is the value of
the voice message at time Ts. The first message portion Sa(n) comprises
the digital values for samples 1 through k and the second message portion

'35 Sb(n) comprises the digital values for samples k+1 through N, as shown in
FIGS. 13 and 14, respectively. Either or both of the first and second
message portions are optionally time reversed and the brackets in FIGS. 13



25 nessage according to the present invention is described. As shown in
FIG 11,- a voice nessage Vmis shown as having a tine duration of Tm Wen
sanpled and digitized by the A/D conversion nodul € 605, the voice nessage
S(n) is defined by a sequence of digital numbers 1 through N whi ch are

‘digital ga;,g*satl ons of the sanples shown in FIG 12 éﬁ‘f pital
represent z??l on of the voice nessage Vmis split into tvvo% %Ql speech
splitter 650. A preferred point to separate the voice nessage is at a zero

point at time Ts. Thus, the digital value @f sanple k is the value of the
voi ce nessage at tine Ts. The first message portion Sa(n) conprises the

digital values f Q ssa ROt on’ 35
Sb(n) conpri s dﬁfl 5{% ?zrllelo;crkﬁeogqﬁ%#ala&%%hﬁ Eﬁﬂ}@%saﬁ&orﬁ%négﬁs own in
FIGS. 13 and r#vewsédpectl vely. Either or both of the first and second
nmessage portions angetHens mahHMowemJeBx@wm ﬂfwstm&elﬂs@&'f@i §ar I GS. 13
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| ower si debanﬁ“"glp @“e tige gEC*WSFI ?fe?:fo'ﬁﬁ r%l‘i?ﬁ%ﬁeeﬁtcaﬁé?‘ﬂ’ﬁéff‘? Uppes sige "é’lfjel ver
normal 'y det eci08 andothk shetelisdhidscarsapbygitbe lowerfsidétande®i®i ver uses di gl taI

si gnal prol%ess' ”9’ &nn 'bQ&%@%p%Q ﬂfhefré}gaﬁgxd%ﬁé‘ &ﬁwér naa'n?alﬂ;eé

time corrpresse}1l out set of S can to transmt a
message i n hal °t}t‘ﬁ f‘?gﬁseﬁPg‘é}f' 15 1fgne regeiveryysgs digitl signal pregsesipg ity er
recei ves t he dgnere2®@neadshgeidebandd.f Iftthe mdssage isdimsecpmpressed apthveer because

the power corbwg@tngm@te&@&sms%ﬁwﬁsreu tbsr;ﬁﬁmxvamsggu@ﬂmtﬂ@'f the
tinme. Likew se, the up ”Bhvﬁw si debands 5Q0 BB“ onally carry

two separate rfé%%sﬁ‘b'é?o I‘H t‘q‘Hr d °Fﬁ§’é§&gt € JRESTSFY Fﬁcel"seSt rP88¥nt ed

20 message in half the time, consuming less power because the power
consuming decoding circuitry is activated for only half the time.

Likewise, the upper and lower sidebands 500 and 510 optionally
carry two separate messages. In this case, message one 51(n) is represented
as IS1 + jQs1 and message two S52(n) is represented as 152 - jQS2, at the

25 output of the Hilbert transform modules 670 and 680, respectively.

In the case of a paging systems, the voice message portions are
transmitted in accordance with a protocol. One such protocol is shown in
FIGS. 15-17. Referring to FIG. 15, a timing diagram is shown which
illustrates features of an example of a transmission coding format of an

30 outbound signaling protocol utilized by the radio communication system
100 of FIG. 1, and which includes details of a control frame 330, in
accordance with the preferred embodiment of the present invention.
Control frames 330 are also classified as digital frames 330.

The signaling protocol is subdivided into protocol divisions, which

35 arean hour 310, a cycle 320, frames 330, 430 a block 340, and a word 350. Up
to fifteen 4 minute uniquely identified cvcles are transmitted in each hour
310. Normally, all fitteen cycles 320 are transmitted each hour. Up to one
hundred twentv eight 1.875 second uniquely identified frames including



as ISI + 1QS1 and nessage two S2(n) is represented as I1S2 - jQS2, at the 25
out put of: the Hilbert transform mdules 670 and 680, respectively. 1In the

case of a pagl ng systens, the voice nessage portions are transmtted in
accordance with a protocol. One such protocol is shown in FIGS. 15-17.

Referring E%gng& 15, a timng diagramis shown which i lpcyrisbaéeafo f eat ures

of an exa a transm ssion coding format of an 30 outbound signaling
protocol utilized by t he radi o conmuni cation system 100 of FIG 1, and

whi ch includes details of a control frame 830, in accordance with the
preferred enbodi rrent of t he present i nvention. Control franmes 330 are al so

classifi egl 3lssc|dl8ﬂ' %Haeé %SQnal%%a%&r@?éagngb%ﬁ%w'ﬁxtﬁlﬂ@l@iéﬂcged into

pr ot ocol FaTE %ﬁ/c e flrames 330, 430
a bl ock 340, #ndlE. Gbate Bawmited ineach of damcyclen 3% Narmaleall Pfent i fi ed

cycles are trangdret adenty 6%(}‘@ thoanés aRlPanditiedl | @ne ayhcHrohizaéonapdd es 320

are transmtte each hour”. e Vi econd

uni quel y i dentFAPEJNIPRIRION ﬁgr lﬁ@qgg{fg%%%f}ﬁsggfm%ﬁgé&%l control
_frames 330 Sancarahbl oge fhuadeed m@v(m §e¢q'wbanweww\tﬂrﬁlee lesksnd0 areo FI G
8) are transmigfaghiRdaAAcRbf tecEEd FearR@d330N0BiTRhey of 3200 bite pehundr ed

i or ati on siSGRARS 435 os AT B AE HraRlk aBRE PealtARN ﬁ?%fﬁ%gﬁ%fs'fﬁ%'

one hundred siratey dotingieseb aodirohiqosl §30 erpnhmiairaichtok thezspdecsive call
transmtted in aﬁgshld?sfd&nﬁ QH’J‘E}FﬁUhrMéHﬁ&n 3hal BB, WatesthefbiB2410 iHB2GO per
SO R e J8e el i Tadss BY st SRR R erLh R 3, o1 b1
radi os 106 durshegvr heFE:}'rfcthztablbmhrasﬂ: oneA0038s, 3%emqeﬂ1\eldﬂrtﬂﬁ€ét3é2 is 3200
10 bps, 16 “”Llflg@\l%dk@n‘?&téhfo'w@g a$@nl;vut.délepmiéacmqotmgwdﬁdeacn Pasihwrack 340,

as shown in rate.i I [ fied
32 bit words ’(tHSQStéﬂwﬁ)aTSr“ée‘i?ﬁ%'l ‘Uﬂ‘erdd‘?tﬁdé%ﬂmgg%’gﬁé? ﬁ% t%‘{g,hoqglg;éb
wor d, at | easirehisetli fos infoemasied, fron reammaT \dell deowomtaoge obordinary akil land 21

bits or m@elﬁ?dﬁf\gmg QEQrWS%O il)Badh memvu% |trdﬁ@ﬁ%ﬂer§ ¢ @ne of
ordlnary S

ts and bl.oc 0 are
transmitt ed i n‘“é?fleﬁ"ﬁfieftaPle'QVe‘éF"Pfaé?‘ﬁh(S‘hq‘ffssl ifé t wn Qo 8s¢ prgt e s igkﬁ g one
of ordinary skinl the drht¢ mpaote the émgrr coreedtion @Iplab’flltt@rfrtb%w@‘@c@lapabl lity of

the protocol. Inf Orm(tnlrﬁﬁléﬁ id ﬂ'f\clld’cf@fjlﬂ @a&ﬁ@&ht@@lnﬁréﬂﬂe jmmrﬂ@ﬁnatl’bn
information fijelds, nsg_g& rane strt#cture bl ock

i nf or mati on @elfiPeF‘EF“PEF)“os eoHEN ST G HY 8"5‘@“%'&5‘ \?eb *Im%’(‘jg}aggges in an
address fizdd fiéld)(B3B332, and comeowrsetastise veld idrisesses m areaddress ifieldi (AEF) 334.

The vector fieksh and one or more vectors in a vector field (VF) 334. The vector field
334 starts at a vector boundary 334. Each vector in the vector field 334
corresponds to one of the addresses in the address field 333. The
boundaries of the information fields 332, 333, 334 are defined by the block

25 information field 332 and information fields 333, 334 which are variable,
depending on factors suchas the type of system information included in
the sync and frame information field 331 and the number of addresses
included in the address field 333, and the number and type of vectors
included in the vector field 334.

30 Referring to FIG. 16, a timing diagram is.shown which illustrates
features of the transmission format of the outbound signaling protocol
utilized by the radio communication system of FIG. 1, and which includes
details of a voice frame 430, in accordance with the preferred embodiment
of the present invention. Voice frames 430 are also classified herein as

35 analog frames 430. The durations of the protocol divisions hour 310, cycle
320, and frame 330, 430 are identical to those described with respect to a
control frame in FIG. 15. Each analog frame 430 has a header portion 435

and an analog portion 440. The information in the synchronization and
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334 starts at a vector boundary 334. Each vector in the vector field 334
corresponds to one of the addresses in the address field 333. The
boundaries of the information fields 332, 333,7334 are defined by the bl ock
25 information field 332 and information fields 333, 334 which are

vari abl e, ep Ing on factors such as the type of syst tlon

I ncl uded Fﬁ’“%ﬁ%gsync and franme information field 331 anthhg nunoer
addresses included in the address field 333, and the nunber and type of

vectors included in the vector field 334.,30 Referring to FIG 16, a
timng diagramis shown which iIIustrates eatures of the transm ssion

format of the utbo d signal.i utilized t he . .radi.
communi cat i on SYCEAR G sighal ;8 3 A8 keml o, e SymiHeo o igna 331,
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franme in FISG da&neE&hﬁvauralm@sﬁgawrm hiasorze beartbogpmaltodulagidn and an
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In accordance W1th the present invention, voice messages

20 Referring to FIG. 17, a timing diagram illustrating a control frame
330 and two analog frames 430 of the outbound signaling protocol utilized
by the radio communication system of FIG. 1 is shown, in accordance with
the preferred embodiment of the present invention. The diagram of FIG.
8 shows an example of frame zero which is a control frame 330. Four

25 addresses 501, 502, 503 and 504 and four vectors 518, 521, 522, 523 which are
in frame zero are illustrated. Two addresses 501, 502 include one selective
call radio 106 address, while the other two addresses 503, 504 are for a
second and third selective call radio 106. Each address 501, 502, 503 and 504
is uniquely associated with one of the vectors 518, 521, 522, and 523 by

30 inclusion of a pointer within each address which indicates the protocol
position of (i.e., where the vector starts and how long it is) the associated
vector. In accordance with the preferred embodiment of the present
invention the vector position is provided by identifying the number of
words 350 after the vector boundary 335 at which the vector starts, and the

35 length of the vector, in words. It will be appreciated that the relative
positions of the addresses and vectors are independent of each other. The

relationships indicated by the pointers are illustrated by the arrows.
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portion of, for exanple, the sane first voice nessage. In accordance with

t he present invention, voice nessages 20 Referring to FIG 17, a timng
diagramillTusirating a control frane 330 and two anal og franes 430 of the
out bound signaling protocol utilized by the radio comunication system of
FIG 1 ISR@’Q’%&Q%HI n accordance with the preferred enbodiptaniseéboside

pr esent The diagramof FIG 8 shows an exanple of frame zero
which is a control franme 330. Four 25 addresses 501, 502, 503 and 504 and
four vectors 518, 521, 522, 523 which are q3in frane zero are illustrated.
Two addresses 501, 502 include one selective call radio 106 address, while

t he ot her two addres £ 50 Jeat gglmtaﬁaa call
radi o 106. Each adg’i’g pleﬁéﬂg&%ﬁ P, %Sﬁl‘?BldfrﬁH\@ é&drg

'S, unj q? X &‘SSOCI ated with
one of the veétZaraseBBS]U%}MSs%E‘ie #Hth Sﬁ%@g%ﬁo‘it’r?@l‘lﬁ‘s NN poi nt er
wi thin each a%’b@ﬁaﬁwﬁ@lﬁ £ b Brsifidally pratacsis peins toi uppesfsidebasd, wher e
t he vect or 3’0?)8 anﬁﬁ}b rﬁ‘\sg?lga?cﬁ an})r %Qfg%?’ﬁg?d iHVS%l Sl&éﬁtn(arSlOI& accor dance

with the pref e pres |nven ctor position
.i's provided bysubdeamnd ¢ithg SirnBanyntrstoroy2] WP&S% ‘{]eé’ia ﬁﬁé’ vect or

boundary 335 agubmmmaz @Gt & tisd adseSof sabohiriel 351Ithagb<b1mpﬂe shaws ect or

I n words. reci ated tha he
' addr esses and%éﬁ‘ﬁ?é’a@& n m@%‘?fﬁilon?gre%%%?%g thg%ﬁﬂgé al??vghshl ps
i ndi cat ed by tdidetpmidst énsher@semﬂa!ﬂbthmf&ﬁil 44y, eehalves,pkone ms?;a@—lEET HAS
BEEN REPLACE &Qﬁoﬁe‘{r%%ﬁe Hésgﬁé&oélrﬂd)loﬁé dxd\eﬁali\els,eoeapmtmghow\us n FIG

17, control_ frane vec oM th a
message potd i dhie; Gngx i%@lm“f H%Ctogsu%]cénigﬂ}u@Pégséll%cmfﬁkz{%rél | cg'% Fldt vect or
518 points to indjmate sildebaubchaboel Gfe., subishaiadéa freguengyy t %6?‘%%“’6522 poi nt's

to |ower sidebgp ?115’ FI orla %HQ@h?d?ﬂ@lmé%ﬂ-ge Sindi 4186 informatibarto SRdicpei nts to
bot h si debands © annel

That i the ca 41, the
exanpl e shows Wbﬁ%i‘tertt%? StTPf‘faé?é‘?ﬁss?@saé éoB’Srrfec%vne§e§rfré)r%§fr\j$?m%he e upper
and | ower si debwhdther Ifirst dred meddfalswmaﬁmgle WEFSABE \REE F&b@égc%ﬁf‘%e
message pgytion arg %%%'&Qh@élérﬂﬂmﬁ’ﬂ%to@@ld thOWRith&d debaadsmitting

respectively. Thus, ntr rame vect | ude
i nformation’ t hEYeE§ases S"Stlaﬁ‘d’l ¥are 8\7\'/?1'?55??’95 UB R ac{dsrfes g B reg&vﬁp Q%c%@migr}(&
frequency) t hetheepeisemt invehtiohdniobes fasthagopelly ene ulatingelics gad %ﬁ‘ier‘ﬁl so

i nformation t Oo}tﬂgé&@h ey wﬂmlﬁ?ﬁﬂﬂﬂe%mmgﬁj&sﬁf J:bm\ktey,rmcover ed

L;grsn a’égeafgb;: ggg‘ge?'ﬁ\@cgvé[ag serc]cmd forth%tgoﬁa ym Moauls tegaclo\fr(la ntd aild'9! €

20 simultaneously transmitting the first and second orthogonally modulated

components in a protocol which includes address information
corresponding to an address of an addressable receiver and
synchronization information suitable for triggering the addressable
receiver to enter a mode suitable for simultaneously demodulating the
25  first and second orthogonally modulated components at a particular
instant of time in accordance with the svnchronization information.

One use for the embodiment where two different messages are
simultaneously transmitted over upper and lower sidebands (or 1 and Q
channels), respectively, is where one message is a direct voice paging

30 message, and the other is a voice mailbox message, which is to be stored in
the pager.

Turning now to FIG. 18, the selective call receiver 106 includes at
least an antenna 840, a quadrature amplitude (QAM) demodulator 850, an
FM demodulator 860, a decoder/controller 870 and, an audio amplifier 872,

35 aspeaker 874, an alert 876, a display 878 and controls 880. The QAM
demodulator 850 performs QAM demodulation on the signal detected by
the antenna 840 in order to recover the voice messages. The FM
demodulator 860 performs FM demodulation recover data and other non-
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15 In terns of the signalling protocol, the nethod for transmtting
messages first and second nessages to an addressable receiver according to
the present invention Tnvolves orthogonally nodulating first and second
orthogonal conponents with first and second nessages, respectively, to

generate f ?g ?&d second orthogonal | y nodul ated conponeny (]s,, 5{3
si nul t aneous nsmtting the first and second orthogona (")]/ nodul at ed

conponents in a protocol which includes address information corresponding
to an address of an addressabl e receiver apd synchronization infornation
suitable for triggering the addressable receiver to enter a node suitable

for (Sl aneouslye RTBduL atnaube: By Lling oA AERIRA0GL L MARPIALEN .

nodul at ed conpone accor dance
t he synchroni zsagmdrmmtrabﬁlme |"6?1Ch lwm«sdetq e deredentroatrebar 8ithand tvvo

different messagegedtiee §1|gmdh @ﬂ@m‘zbylrﬂéﬂﬂ&mr{ Wadctpededodpdbyadhd | over
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direct voice pagl nessage,
_which is t® bemessogesi logate fh\esw&eﬂnemdﬁmgdnbw VoicEIn®ssages, affévatel ecti ve
cal | recelvertLQQkyagyyde§ at |east an antenna 840 a quadrature anplitude
(QAM denodul at or an _FM deem)dul at orr%g%,rog dec rleg/ gon(’grol | er 870
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The FM de ator 8 EM demodul ati o cover, data and ther non
Th's SHEER dopesmp %Eﬁﬁakﬁf'%? B PR AT0Y A BTIORIR) Prsesita OB §Y
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i ncl udes the SI gna gg Prrot ocol . nformat A y the
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5 nessages, | cmmporiemes, shé ohesagt POUl(ﬂEWdUka@rQde@@Cﬁ}é:fﬂageb¢ oatputvat e

the alert g6, J%E QAFK}Pd r%ﬁ@la’?&sz?ﬁgeﬁ eﬂh@r BPBQ%%%QS Qﬁ;l@rﬁ&‘%né‘ w&pl es of

processing no out put of the QAM

Qermaut at or BEUT TREPFbaL COAE AT BEN APe "SR o SoE OB TS 0. 10
for exanpl e, irepersaebackl tdyhe prapwasequence byi tgntaevqsgmdtpem%%m 91Q9r by
As a result, message portion 51(n) is taken at the output of the time
reverse module 900 and message portion S2(n) is taken at the output of
20 the time reverse module 910.

On the other hand, if the message portions were modulated onto
the upper and lower sidebands, then the 1 component is passed through a
delay module 920 and the Q component is passed through a Hilbert
transform module 930. Summer module 940 adds the output of the

25 modules 920 and 930, and summer module 950 subtracts the output of
module 930 from the output of delay module 920. The recovered message
portions are passed through time reverse modules 900 and 910 if they were
time reversed at transmission.

Message portions Sa(n) and Sb(n) are processed by the time

30 sequencing summer 960 which temporally combines the message portions
Sa(n) and Sb(n) to reconstruct the original message S(n).

It should be understood that the additional tunctions of time
decompression and amplitude decompression are preferably performed to
"undo” those processes performed at modulation. Thus, while not

35 specifically shown in FIG. 18, time decompression and amplitude
decompression modules are coupled to the output of the time sequencing
summer 960, for example. Other post-demodulation processing suitable



software stored in the decoder/controller 870. In the latter case, the
processi ng nodul es woul d be perforned by the decoder/ controller 870. |f
The nessage portrons were nodulated onto the I and Q conponents, the
nmessageé portions are recovered directly fromthe output 15 of the QAM
defrodul at or 83?. If either or both nmessage portions were goriReliR¥fy sed at
transmi ssy¥o® Mn the recovered nmessage portions are reversed back to the
proper sequence by tinme reverse nodul es 900 and 910. As a result, nessage
portion S1(n) is taken at the output of thg time reverse nodule 900 and
message portion S2(n) is taken at the output of 20 the tine reverse nodul e
910. On the other hand, if the.ne e _partjons - onto the
upper and Iomé?r§?@@H§Hﬂb¥39ﬂéﬁyfﬁéﬁglggﬁﬁ%%gﬁﬁgﬁgEgagggﬁkﬁﬁggﬂgh a del ay
nmodul e 920 andctdrdaQre wriothmpresenpiyedfionhr ough a Hil bert transform

modul e 330- Sunrer gim?a%bee %chrﬁqﬁﬁ'l ishﬁthefhldEﬁLHy Qﬁytolﬁex&iplﬂﬂ)duﬂyea\@igﬁlcaﬂd
930, and sunmer e 950 subtracts the outp ) t he

out put of del d?teggaalt8 lﬂg.tﬁﬁ'ﬁéesreggzbveern e nrhra‘sasé'g‘ggy SOr e oaﬁss&g?%&%gg‘sed
.through ti e nbevdoBewirgylalaé®s.900 and 910 if they were tine reversed at
transm ssi on. Message portions Sa(n) and Sb(n) are processed by the tine 30
sequenci ng sunmrer 960 whi.ch tenporally combi nes the nessage portions Sa(n)
-and Sb(n) to r econ¥ Pifcks dHE Sgi nal nmessage S(n). It shoul d be understood
that the additional functions of time deconpression and anplitude
deconpression are preferably perfornmed to "undo" those processes perforned
at nodul ation. Thus, while not 35 specifically shown in FIG 18, tine
deconpressi on and anplitude deconpression nodules are coupled to the
output of the time sequencing summer 960, for exanple. O her

post - denodul ati on processing suitable WD 96127248 PCT/ US96100410 15 for
enhancing the quality of the recovered signal are envisioned in accordance
with the present invention. The above description is intended by way of
exanple only and is not intended to limt the present invention in any way
except as set forth in 5 the followng clains. Wat is clained is: WO

96/ 27248 PCT/ US% 00410 16 CLAI MS




1. A nethod for transm,tting a nessage to a receiver conprising steps of:
tenporally splitting tie nmessage into first and second nessage 5 portions;
orthogonal | y nodul ating Tirst and Second orthogonal conponents wth the
first and second nessage portions, respectively, to generate first and

.second or Wﬁ’%@?gl y nodul ated conponents; and si nul taneo%@%@ﬂﬁﬁ tting

the first ond orthogonally 10 nodul ated conponents. e net hod
of claim1l, wherein the step of orthogonally nodul ating conprises
generating an in-phase conponent and a qu?sdr ature conponent, wherein the
i n-phase conponent is nodul ated by 15 the first nmessage portion and the
quadr ature conponent i s nodul ated by aalﬁgond nmessage portion. 3. The
met hod of claim 1, wherein the step of ofthogonally nodul ating conprises
generating upper arnd | é&werethodiédratnaizsmishieg @i message tQ@ rgppiver compHamg i s
nodul ated by t Jbf St nmessage portion and the | ower sideband is nodul at ed
by the second message porlbi on. 4. tThe net hod tOff' ctl aidn 1C, \gherei n the first
and second message ‘RGP HNPILERE DS Inersasn it frEh W REORJRessage s e
~method of & aipertionand further conprising the step of filtering the first

and second nmessage d}ﬁ{déo‘i’lﬂﬁvtrﬁoéﬂﬁ%ﬁmgnﬁis@'ahﬂ Rkbia ) oBEleEMﬁﬁﬁh@r&s out si de
) The net hod of cl aj. t.her

of a normal voic¢ g_ctru 30 8 I m, I, ande{rf
- conprising t heWBRdBE Birst arithsecond apeTRES ROTIaNse FeSPREN VALY 8 BEEFHE TS g
second nessagermbs¢dondsonhogmmatly mediuthted epmponentshegadnal | y nodul ating. 7.

The method of cl ai g6 1MEGRIP tREmilieR: e fitTRnkeRbRY raﬂmo;gonéﬁyappl ied on
a franme by frane bﬁ%lg in a signalling protocol according to a

pre- arrang]@d s‘@&dé g P T HAS BEEN REPLACED WD 96/ 27248
PCT/ US96! 00410 17 8. The nethod of claim11, and further conprising the

step of tine conpressk i ; b gPrior to
said step of ort h?‘ﬁongﬂgy&%&?&l(gﬁl%lg?%&g\%%iﬁéﬁgné'ﬁg&g %?E%$ al n%yﬁ) and
further conpr i%‘PH@ TS QTBPTIFHS generating an in-phase component and a

quadrature component, wherein the in-phase component is modulated by
15 the first message portion and the quadrature component is modulated by
the second message portion.

3.  The method of claim 1, wherein the step of orthogonally
modulating comprises generating upper and lower sidebands, wherein the
20 upper sideband is modulated by the first message portion and the lower
sideband is modulated by the second message portion.

4.  The method of claim 1, wherein the first and second message
portions comprise a single voice message.
25
5.  The method of claim 1, and further comprising the step of
filtering the first and second message portions to substantially eliminate

frequencies outside of a normal voice spectrum.

30 6. The method of claim 1, and further comprising the step of time
reversing at least one of said first and second message portions prior to
said step of orthogonally modulating.

7. The method of claim 6, wherein the step of time reversing is
35 applied on a frame by frame basis in a signalling protoco! according to a

pre—arranged sequence.
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anpl i tude ctonpandi-ng -the first and second nessage portions prior to said
step of orthogonally nodulating. 10. A transmitter for transmtting
Tessages to a receivers 10 conprising: a speech splitter circuit for
tenporally splitting a nessage into first and second nessage portions; an
-orthogonal modul ator circuit for orthogonally modul ati ng plirigbsnedfsd second
orthogonawot? fients with the first and second nmessage Pifgh%orti ons,
respectively, to generate first and second orthogonally nodul ated
conponents; and a transnmitter circuit for ;s nultaneously transmtting the
first and second orthogonally nodul ated conponents on a carrier signal. 20
11. -The transmttef of._claim10, erein th r ) i |t nsmts
the first and secoﬁd oT‘?%Bb%‘}\%‘fOP&Wr%‘Bﬁ‘ré‘é‘ “ééhﬁggﬁ’g%rﬁfgséﬁﬁ%ﬁg S%Poqtf t%:% whi ch
i ncl udes addr esmpiredsongrittel forst end seeqehaiepsp2E POIHORBEFIOS 0 Syl S48P Qtdr essabl e
receiver and gy ggj@%bgmaitmgor mation suitable for triggering the
addressabl e receiver to enter a node suitable for 25 simultaneously
denodul ating the first and second orthogonally nodul ated conponents at a
_parti cul ar 5i nst ant 9of Therenethodof olaimnk e funther kemypriring 8ig 518PiYUn
i nformation. Lg, ﬂtlae%ﬂﬂﬁ%m;?fheoﬁrs@laaa@eé@nd whasfiepéivnerprivegenald 30
nodul at or genera‘%es an i n-phase c? onent and a quadrature conponent,
. wherein the ir?fean%@”EBE%‘b?a hi"g ?r}g?ﬁ” ated by the first message and the
guadrature conponent is nodul ated by the second mnessage. 35 13. The
transmtter of claihp 1Q, Whek gl G a@kes upper and
| ower sidebands, Wr}g?r egntrt he ﬁéﬁgé}q{ Isr?ggggﬁgg{@%hggﬂoa?egaﬁg the first
message and t KEMRIWERSsi deband is nodul ated by the second nmessage. TH' S
SHEET HAS BEEN RERLspebth ViflitdeIdnddsfoPGrpSedly0spliting b8messagd latotfirghsmi t t er
of claim 10, %r;‘% {e%lt‘g%?sg%gpgg?m‘g. atinme reverser circuit for tine

sai

reversing at least one o I rst and second mess?l es. d5l %5. f‘ rtecei ver
for receiving a traRsPithesanad inyPitlatasmraudy &’(j qrthqgonally modulating firs
and second orthogonal components with the first and second message
15 portions, respectively, to generate first and second orthogonally

modulated components; and

a transmitter circuit for simultaneously transmitting the first and
second orthogonally modulated components on a carrier signal.

20 11. The transmitter of claim 10, wherein the transmitter circuit
transmits the first and second orthogonally modulated components in a
protocol which includes address information corresponding to an address
of an addressable receiver and synchronization information suitable for
triggering the addressable receiver to enter a mode suitable for

25 simultaneously demodulating the first and second orthogonally
modulated components at a particular instant of time in accordance with

the synchronization information.

12. The transmitter of claim 10, wherein the orthogonal
30 modulator generates an in-phase component and a quadrature
component, wherein the in-phase component is modulated by the first
message and the quadrature component is modulated by the second

message.

35 13. The transmitter of claim 10, wherein orthogonal modulator
generates upper and lower sidebands, wherein the upper sideband is
modulated by the first message and the lower sideband is modulated by

the second message.
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and second orthogonal |y nodul ated conponents conprising: a denodul at or
circuit for denodulating the transmtted signal to obtain first and second
nmessage portions fromthée first and second 10 orthogonal | y rrodulat ed
conponents, respectively; and a tine sequencer circuit for tenporally

‘seQUencingw%gﬁg [ rst and second nessage portions to genq&ghﬁﬁgmﬁgpgle
16. The

nessage c of the first and second nessage portions.

receiver of claim15, and further conprising a time reverser circuit for
time reversing at | east one of the first apd second nessage portions. 17.
The receiver of claim15, wherein the denodulator circuit 20 recovers the
first and second nessage portions from an in-phase conponent and an

quadr at ur e- conponent, respectively. 18. The receiver of claim 15, wherein
t he denodul at or ci ridui fTherteansreitter phelaimr K} aadfusihep sampaising)a tile ti ons

from upper andrey@VRE cird®it $bdaRRNdSersiriS MERhitvdieyof shid fildtaaridesebn@r of claim
15, and further conprising a nenory circuit for storing an address, and a

decoder/ cont r oMF&¥8E¥rcuit coupled to the nmenory for decoding address
.informatiorb and synchroni zation 30 information fromthe transmtted signa

addr e5s. Stored 0 e HEr s e e 0ot B, darnau Ao 61 cui 1
- to simul taneou%‘?‘{/] s%‘éﬁ?&‘dﬂ{{g?éoqﬂ ﬂold’é‘gategrfgﬂboeo@&ﬁﬁf oTTRBES®al |y nodul at ed
components at a para demoduldtostiaeuit 6ér dempdulatingcthertthnsoutted tsignal do
synchroni zat i ogyihfif AfTBhEYacoddTmesRtFeofidRs BN thEER AR econd
10 orthogonally modulated components, respectively; and
a time sequencer circuit for temporally sequencing the first and
second message portions to generate a single message comprised of the
first and second message portions. '

15 16. The receiver of claim 15, and further comprising a time
reverser circuit for time reversing at least one of the first and second

message portions.

17. The receiver of claim 15, wherein the demodulator circuit
20 recovers the first and second message portions from an in-phase

component and an quadrature-component, respectively.

18. The receiver of claim 15, wherein the demodulator circuit
recovers the first and second message portions from upper and lower
25 sidebands, respectively.

19. The receiver of claim 15, and further comprising a memory
circuit for storing an address, and a decoder/controller circuit coupled to
the memory for decoding address information and synchronization

30 information from the transmitted signal and in responsive to correlation
of the address information with the address stored in the memory circuit,
triggering the demodulator circuit to simultaneously demodulate the first
and second orthogonally modulated components at a particular instant of

time in accordance with the svnchronization information.
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