. DATA AND VO CE COMMUNI CATI ONS APPARATUS Background of the Inventiprr 5
This invention relates in general to data and voi ce conmuni cati ons
apparatus for operation in a standardized channel access protoc
argnt application is divided.out of patent appllcatlon 10 hb agg

h relates to_a shared data/v0|c- conmmy at S mrunf’cat i on
systens whi ch prDAsEA AN ' GRS nDre common in
the industry. In p0|nt of 15 fact systens mhlch handl e data only are
relatively : ) such radi o data systens conprise a base
station wRes ; £y, a network control processor (NCP),
front end to a systenthost conputer and a pIuraIity of portable radio data

ternt S oper ted sui tabl e
chann accessizbgagb%?ﬁgbbagggkgﬁggqgﬁe reqU|re %E term na

i nt er f er coommthicasions apparatusober ergmmnoq@ﬁm é&k%ﬂn this
end, a prQ&@ég h&oggpn devel oped whi ch has enJ oyed wi de spread 25
appllcatlon erre tointhe literature as "non-persistent busy tone
(bit) nultlple access". Basically, the protocol pernits channel contention
bet ween radi o Tis @tenmapphd&mOnasedebd eutiofspatennapplicatdonaccess

Syt it f’ﬁ%ﬁﬁ?ﬁ% o Rl TRfAGR o 3 SaRl i biegy, Bos 1S, O e

pr edet er ncomimunigAtioNSs @yspesLt i ons in the out bound data stream Wen a
data term nal encounters these inhibit bits, it waits for a randomtine
before contending again for access t

CMD0421H - Dl GMMHAICIHOLHS Xémg‘é’iﬁﬁeh%}%&ﬁem& infGrmatiof dre .,
oNdér |y pbeeeshing merakindhebreocontmarinitheridustryat In point of
15 fact, systems which handle data only are relatively wide spread.
- Typically such radio data systems comprise a base station with
full duplex capability, a network control processor (NCP), front
end to a system host computer, and a plurality of portable radio
data terminals operating in half duplex mode.

20
As may be expected, suitable channel access protocol

arrangements are required to minimize terminal interference and
keep the system operating with optimum efﬁc1ency To this end,
a protocol has been developed wh;ch has enjoyed wide spread

25 application, referred to in the literature as "non-persistent busy
tone (bit) multiple access”. Basically, the protocol permits channel
contention between radio data terminals. When one such terminal
gains channel access and'be'gins to transmit data, the base station
informs/advises the other system data terminals of such by way

30 of setting "inhibit bits" at predetermined locations or positions in
the outbound data stream. When a data terminal encounters
these inhibit bits, it waits for a random time before contending
again for access to the channel. In this



terminals in the systemto utilize the avail abl escapacity.«05 l4*«sifoul d be

not ed t hat
is in fact
not conpati

in such radio data systens, the information being comruni cat ed

data. Wttmut nore, voice, or analog infermation, as such is=.

ble. There-are occasions, however, 10 and |ncreaS|neg SO¢ gg

B

where voi ce comuni cations is very nuch de5|red In sone cases, it is _
essential. O course, the user can-comunicate by voice with a

absol utely

separate nobile or portable unit operatir®y-on a conpletely dEMbedeAH -Di
channel and/or comruni cation systen1 15 As w.ll be readlly recogni zed,
such option is quite expensive an at_the ‘same ting, €%f|0|ent Ther e

are, of coufd¥s &P& S¥ETH4: °REE é(’t‘é:hod‘llﬁ‘%’rnbeng?ﬁir

TENGR ARG SZhe

system andoxderlyhprsames80is elsanalhdlishdd)\mterall heeset e kpat i mgr ldlay:a/m ce

systens adaeém h%l@ a&ggggg%g&glt oth’eH %Lﬁ{gﬁa‘;;fléﬁfgsm ssion of

data. They are prinari

annel nEnagenent with

sui t abl e voFRBaEA&Nocol arrangenents mhlch are not efficient for data

managesent .
system w | |
conmuni cat i

25 Mor eover, such systens have no neans of. guaranteei ng the
be used for a nj mum | evel a .transm ssjon. . Voice
on can %’%{% %ﬁu@ﬁw m%n ﬂé’l ‘i?s% RatRtirely. 30

What is neesipdtenst,he:méniqurmatadd beinyg esanmumg:as&éd cisnihyfap:er at ed

Gat s comunkell on AR Le-ear by cif Aaes HmLGEILAT 35 1) |

acces$ pro

voi ce or data

15

. both voice and ‘data on the same system, and even the same

20

25

30

35

much desired. In some cases, lt is -absolutely essential.
of course, the user can communicate by voice w1th a
separate mobile or portable unit operating on a
completely different channel and/or communication system.
As will be readily recognized such option is quite
expensive and, at the same time,_inefficient..

There are,_of course, systems that accommodate

channel. However, these are primarily voice systems
adapted to also accommodate in limited terms the. :
transmission of data. They are primarily designed to~]~
effect channel management with suitable voice protocol
arrangements which are not efficient for ‘data management.
Moreover, such systems have no means of guaranteeing the
system Wlll be used for a minimum level data
transmission. Voice communication can and does
frequently dominate system'usage entirely.

What is needed'is thexabilitygtoﬁadd;to an _
existing efficiently operated data communication system
the capability of voice communication as well, without
changing the data access protocol being used therein.

The addition of the voice communicatlon capability should

not ~ increase the level of 1nterference on such
channel when units are operated in either voice or data

AT 8%4ddi ti on
of the voi ceuchnignined: icpmpapible.t y Thiesd @135 ocgpgions, howevease the

| evel 108 | ikaf hERER ML Ns6] ARRRIre R ¥ dolmitizfl QRIS & U1 Envakiher



.-3- node. 5 Summary of the Invention In accordancg wth this inveatien
there is provided data and voi ce conmuni cati ons apparatus for operation in
a standardi zed 10 channel access protocol over a comrunications channel in
a .gommuni cations system conprising a portable radio data term nal capable
of perating in voice node, wherein the term nal cofpri ses: neans arranged
to seek access to the communication 15 channel and request voi ce node for
t he conmuni cati on system by transnittjgg_a predet ermi ned data packet; neans
arranged to respond to a command granting access to the channel transmtted
on an outbound data streamfroma centrally |ocated base station; and 20
neans aprﬁpg?g.to initiate a voice nmessage upon receipt of a subaudible
code sjignal fromthe base station by retransnmtting said code signal in
conmbi Mation with the intended voice nmessage; and wherein the apparatus
further cSunhsesy ofalse Invengikshto termnate said voi ce node operation in
25 response to the occurrence of any set, predeterm ned conditions. In a
preferred enbodi nent of the invention, a shared data and voice

communi cati on Insaeeordancewithdthis invendon teere is pyovidededatagand at i on
controll e@ogﬁ!es i c4&H0H! Pﬁlﬁtrs.ﬁ& Eg?szs?xéaﬁoﬂﬁﬁ adtapdirdized vy of

data term VoI Ceé ca moperates wth a
tdonsshanrel iR i n dat a

pr edek®r nf %ﬁ‘é?%@@%@gg ovEL# C _
priority roniuhitdtednsNystent| c@m&)ﬁsw tableeratliodatat termigal The

SYStem 35.4pablé 6f operating in véi rtodé, Wherein the terminal

comprises:
means arranged to seek access to the communication

15 channel and request voice mode for the communication system by

transmitting a predetermined data packet; .

means arranged to respond to a command granting access to
the channel transmitted on an outbound data stream from a
centrally located base station; and '

20 means arranged to initiate a voice message upon receipt of a
subaudible code signal from the base station by retransmitting
said code signal in combination with the intended voice message;
and wherein the apparatus further comprises _

means arranged to terminate said voice mode operation in

25 response to the occurrence of any set, predetermined conditions.

—

In a preferred embodiment of the invention, a shared data
and voice communication system is provided which hasa
centrally located base station controlled by a network control

30 processor, as well as a plurality of data terminals with voice
capability. The system operates with a predetermined channel
access protocol in the data mode and wherein data priority is
maintained for a set but programmable level of data usage. The
system ' o

35



I ncl udes neans in each of the data termnals for requesting voice node for
t he communi cation syst®m And in the network control processor, suitable
means are included for granting such requests, inhibiting all other ‘05 =
systemtermnals fromsending data nmessages during the pendency of the
requesting terminal operating in the voice node, as well as means for
termi nating the voice node operation.a+ an-appropriate time emdosetw +idng
the base station to data node only operation. The network 10 cont rol

processor al so includes neans for maintainin set rogranmabl e | evel of .
data traf fi dncdudese meansinine each efsthm Pt aky 68y voice node
requests V\h%@(ﬂstﬁ% W%odéefaroﬁhéﬁ%iﬂtﬁﬁ%a@ioﬁaéﬁstéﬁf fiargs not
been reacheq a d. 15 Brjef. Descri tlon e .Drawings Figure 1
's & bl ock 4PadtEmENeT RRRTFOhaPTRSEESER Y SHHARTE BLBRESHEEm whi ch

mra:y bg cons igelededs ﬁomwgr:amtihg auth Peghegirs:: Zi.nlsibi'bingkamu.agutmed rof _a
ooy o on AR VIR £8b ODeRUTHE WMV bt diEs NaGRRRET HEES, 111
bl ock di agr pendenayr e:mlemelrequee'emgmmmdmlommgmm@f ini ghee 2 _
show ng a Wbidée%d{,d éé‘tv‘?éaffnﬁscgéﬂﬂsb%‘ie%ﬂﬁ&@iﬁg'éﬂ&”b ogkgment s

t her eof ; lagram c representatton of a request by
a portabl e BEAe eRenak @g#férﬂnb?PPﬁepé’éﬁFﬁalt% W& Eekrrping the |

processor /' baages sHdtAbr ¥b ta&aSﬁeaeabadypweieﬂidmr OpIgs ahkegoRe

connunigatl%g%e%g?wggéégggggeafbo inc?udes means. for maintaining a _

set programmable level of data traffic for the o U

communication}system by not ‘granting any voice mode E

requests_wherever-and wheneveritheiprogrammed level of

data traffic has not been reached as programmed. '

Brief Description.of_the Drawings : : :
Figure 1 is a block diagram”of'a'conbentional'data o

only communication system which may ‘be- considered as

known in the art. : ' - '

20 . . oL
Figure 2 is a block diagram of a‘Shared voice and

data. communication system which has been constructed in

accordance with the present invention,-” '

25 . - Figure 3 is a further block diagram in more detail'
of the communication system of Figure 2 showing a more '_
detailed interconnection between the constituent elements
thereof, : o B

30 - Figure.4'isja diagramic representation of a
request by a portable terminal for a:grantfby the central
network control processor/base station and the associated
protocol for operating the communications system in voice
mode. |

35



., =-b- , C\MD0421H D1 Flgure 5.is a flow chart of the channel
~access procedure effected by the systen1rad|o data terninals in data voice

and data nodes; 05 Figure 6 is a flow diagram of the voice cal

assi gnnment procedure effected by the NCP for granting or not granting a

vafce request; Figure 7 is a state diagrapof a portable radi t

termnal operating in the data and voice g%des wth tranS|t|o§M$8421%aT%

t herebetween; Figure 8 is a state diagram of the network control processor

and base station OPEAHLAS 5nikhg daba BRdrtSor CHaRumNice vhbBebiansiti on

t her ebetween; Bri ef cription Preferred Enbodiment Referrin now
to the dramﬁEﬁ?CQQQS&nQ§§3?5ﬂ¢obHaFHeoﬁV?t@Hnﬁﬁﬁ¥ﬂmQQﬁ?s FE%P

may be 20 cara A5tk aend n@abai olagzart, is illustrated in bl ock forn1|n
Figure 1. The system has a centrally | ocat ed base station 12, conprising a
transmtter 14 and receiver -operating in full duplex nDde whi ch

communi 0&tes with, (Bigucens 18$ anfilowy dgmgmm of he Fokreoealls

control procg ggﬁcia‘ﬂf’ 039 cegafeNQEfb Bl B %ﬂwrwacc?}ﬂé Virtindifgslor

conput er 22 as | urality o por Tabl e ata termnals 24
are also a paﬂ#(ﬂrﬁﬂﬁiégs%éﬁPiee 5pERgStig in hal f dupl ex node. 30
As previously nentioned, a standard channel access protocol has been

devi sed for nmanagin Ihe dat a,.conmunpi cati_qn s 10 of the. abov
described. The radi ’c%"?’éeta%rﬁ?nﬁl §%§§‘ Féﬂ‘aﬂr% %&%%ﬁﬁe? §é’é’éss by
transm L0i ng ddttan tEankinal oopékatingoind theadada afd: B5ice bmedest atiitin/ NCP
20 'nfOr”B/w@géﬁﬁi{{EhFQQSLeQQEQeEh§ten'ng) systemtermnals 24 of this

fact by setting
.

_ Figure 8 is a state diagram of the network control
processor and base station operating in the data and
15 voice modes with transition therebetween;

Brlef Description of the Preferred Embodiment
Referring now to the drawings, a typical radio

data only communication system 10, which_may be .
20 considered as known in the art,-is illustrated in block
form in Figure 1. The system has a centrally located
base station 12, comprising a transmitter 14 and receiver
16, operating in full duplex mode, which communicates
with, by modem 18, and is controlled by, a network

-~ 25 control processor (NCP) 20. The NCP in turn communicates
with a host computer 22 as indicated. A plurality of
portable radio data terminals 24 are also a part of the
system 10, operating in half duplex mode.

30 i As previoﬁsly-mentioned; a standard channel access

protocol has been devised for managing the data
communication system 10 of the above type described. The
radio data terminals 24 individually seek channel access
by transmitting data packets on the inbound channel. The
35 base station/NCP 20 informs/advises the other (and '
listening) system terminals 24 of this fact by setting



- 6 - CMD0421H-D1 bits |ocated at predeterm ned positions in
t he out bound stream These bits my be referred to as “Tnhibit bits" and
correspond to a conventional busy tone. |f another termnal has a data # -
nessage to be sent, it first nonitors 05 t he channel and wl | sense"t'hé@,&"
inhibit bits when set. Upon such occurri n% the termnal waits_.a rando

time after which it nmonitors the channel ga This random WW i
referred to as the inhibit delay tine and is unlforrﬂy di stributed between

£ B el Dol oS AU U chby s (o

t he average |n ou engt sone. pol nt ter

a
repeat ed att &fjraamy heTﬁl%?ﬁrEﬁEEdWr FenFeffuyed |"?Rj ¥ 'g%ﬁgé AS ks ¢
bi tts angow I |aﬂ113 &6ﬁ§eépoﬁd?ﬂ6”h}£ ]cbhﬁenltt]fi%mg hiﬁya t{t&ssflgexaaahstheﬁ glhe
system In ur e erategs,erricren and e Cllye | apabl e
of *data onl y SEAIAL SRS A HAFS, RESRARE,FO B Fastn 1 ThESha
secti onogr ewtheslqhamineleand wmlicaspnsnslthecemlab:decbits whenesé@:. _
capability a 1305{' EPgE?g{ e 320l nfa [ wies a?az?fx%l:ht ¥.1‘an

essentially a system eS|g processi ng dat'a and VI.C€ VEers It

i s not a systafhemtwintich rmoni&:erso#h&nsé@mmis asrinat Thisi n‘sagnnbn
“and, subsequqﬁtﬁd b€ rbgepprbabbi b hel ANt Hebay 9%& ahgadded.

The data syste ‘the esen ention, which. pe ts I| I'C

comuni cat i oﬁ’é‘ié) &%?E"ﬁl%}‘gﬁéa een AP5h A e 9 FEh% &m- has

been 30310 conxsuan:lpdset Eoceuﬂstaat\itaﬂh.yt omiempand b tllne averagle =

I nventi on. S E %g] e tEtgig of

Figure 1 in fh a ce raIPy&Fggaggg base EAﬁéﬁg 'S gggﬁ 8 r%sedhj

of a recei verreppatediathsnpteer the. rq@smsmss@;ﬁsﬂnxaal Will flnd or -
sense no inhibit bits and will be free to transmit its

intended data _messa_;ge' packet.

o The system lo in Figure 1 operates efflciently and
effectively, but is capable of data only commnnicatlon._
'For the reasons set forth in the\background section
prev1ous1y, there xs in many instances a need for voice
20 capabllity as well. Note that it is a need for voice
' capability in essentially a systen designed for o
processing data and not vice-versa.'~1t'is not a system
_ intended for voice communications only at the inception o
and,_subsequently, where the capabllity of processing ' *;J
25 data 1s added. : -

The data system of the present invention, which
permlts llmlted voice communlcations, is set forth
diagrammatically in Figure 2, which system has been

30 constructed in accordance with the precepts of the
present 1nventlon. In broad terms, the system 30 of
Figure 2 is much like that of Figure 1 in that a
centrally located base station 32 is provided comprised

_ of a receiver 34 and transmitter 36. Modem 38 permlts

35 communlcation with the NCP 40 which in. ‘turn communicates

with a host computer 42. A plurality of portable/mobile" '



. 35 communi cation wWthethe NCP 40 which in turn cormum,aates w th a host
conputer 42. A plurality of portable/mobile - 7 - CMD0421H -
Dl radio data terminals 44 are also in integral part of the system In this
case, radio data terminals 44 are al so capabl e of voice transnission and

s

havé a mi crophone (not shown) with a push-to-talk $Witch. Further
part of 05 the arrangenent for effecti ng;vm ce capability, tGPE0 ?6%%3 D
renote console (TRC) 46 and renote console 48 is prOV| ded A nore detail ed

represental | oo io! B88Y 1eeRiIUIS & ardhRylol EnF Grin dd-ekiERn 1o

the previously referenced conponent parts, system
di stgnce nodetESEern) Ep $his Qasey m%qa@ataoﬁgryémé@ 4hanreralsgoand

host conput S rcdﬁaﬁne aoifukrbld!ép ! Q')!;é?ﬁéhh ﬁsé‘i@n a&ﬁd?ha%e a %ﬂiﬁ:xfé(%ﬁ:g@ c ?ﬂoés
HDLC ABM node rating.,w a Ity |

gener al mnﬁr??s%‘ﬁm oﬂé goﬁ‘t P ?‘E"*’Oca@ﬂtglert'hé%&ep%ﬁ"@f_

i nter coQﬁI ed tlmet@nr&ﬁ@emhntugbmmmhdg nedioe. chbdbmlaﬂ:y),f theUtéend | s

- shown as a paﬂ.im?é%r?sﬁ 1kN (wr%%\/ |§&ng{:g gbﬁg gf C ABM type

with 9.6 20 capabi’l ITheS ITndrca constitute a
four-wire TER¥®Yidedit to pernit full dupl ex conmmuni catlons bet ween base
station 32 and NCP 40. A two-wire, voice grade, line 56 connects the TRC 46
with the renote consgle 48. _Fingl a scroll m)etermnal 25 58 is

ly
provi ded which is cobpPeye b?egﬁlﬂeﬁd’z3"?9’?‘?&3’6'63?6°Ph9fN€Fe4@Y§3ﬁ”h 30 is
i nf or mafLloon ishquas sin Eﬁguremt.henmm'ﬁmhtte bnéep&bﬁrﬁ.wsl%;? via nodens

i spat cher - ait SEeEepdel SoBoRERRO TN EE A PBe by BOTHRTGRY 1 ikl coy
Tecti nal 58 piskancemodengalZAs) 59 iesmitbingotommunications
between the NCP 40 and host computer 42 on a full duplex
basis and are of the type referenced as HDLC ABM modems
15 operating with the capability of 9.6 kilob;ts. A general
communications controller (GCC) 54 is located at the base
site intercoupled to the NCP through associated modems.
Modem 38 of Figure 2 is shown as a pair of modems in
. Figure 3, which are also of the HDLC ABM type with 9.6
20 kilobits capability. Wire lines indicated at 52
constitute a four-wire TELCO circuit to permit full
duplex communications between base station 32 and NCP 40.
A two-wire, voice grade, line 56 connects the TRC 46 with
the remote console 48. Finally, a scroll mode terminal
58 is provided which is coupled by an RS-232 1link 60 to
the NCP 40. Data information is passed betwéen the NCP
40 and the base station 32 via modems 38 and wire line 52
while_voice communication is processed by the dispatcher
at console 48 over wire line 52 to the base station 32.
30 Terminal 58 permits the dispatcher to keep track of:the
data or voice mode the system is operating on as well as
the identity of the user ut11121ng the system at any
particular moment in time.

35 - It will be recalled that system 32 is primarily
designed to process data. Further, it operates with a



data or voice node the systemis operating on as well as _t he .identity of
the user utilizing the 'systemat any particular nonent in:tinme. 35

It will be recalled that system32 is primarily designed to process data.
Further, it operates with a CMD0421H D1 specific channel access protocQl

as previously described in managing the dgta traffic over the ste ven
t hough system 32 has been given the capé'biaqt'ity of voice trans%ﬂ“@ﬁlfﬁg‘
accordance with the present invention, it 05 " is to retain such channel

access proto . j the, _é¥gt§gg¢, OV1-Si,9 REN| and
managi ng Vvoi %??é%’flgg&géhﬂv\g?’l Qﬁc%%tcsg “di ng y_,fi-én)é‘ %ié.a??rggtgg?ngtgaénggteiﬁ%ﬁe '
portabl e radii® manaaingi tae dataudratddeevenitHoei SESFER-t oBy®rate in
the voi ce nddigH Osystenss2SRAE Baeh IFIHAP Ithe EaPYDIRIEY OF Wiider m of
a data packet, essentially in the saggﬁmagﬁ.._lt does-for data. . Upon |,
recei pt at tHFINERLIIFLPN AN 33CCITIARGH 6%}/ the REeSSBtabVeRsifltye 1t
whet her 050 grigntte ucéta bauesath thanheélhactidss nptotvecod fort hahdldirmt ocol
arrangenent 1! er#%ﬁt be'i&é&iﬁqi%gé%;%rarg %ﬁe{é%&ai%agg n?%%%;ﬁ‘&e
ensui ng voi ce Co 7'(:%??.0 [ ¢ 61 r?g Sther o radr o gt_ fie_ _ S From
attenpting t vaigentratficdasi wglihe poaterdinglysuith thec€imstsage. 20
Thi's is dep %f‘éicé}{@é)hifﬁé'%otﬁaﬁhﬁu&%d‘los*H%i/’éé'gtéf‘ﬁiﬁﬂeiiahﬁs%t eps to
initiate voice 001%y2;$€$$$%ﬁa¥ﬁghp§%é{Cular raﬂ[qﬁﬂgt§9igéghnal igrand t he
ensui ng pr ot FRIULIE - SR2ERENS A qgﬁfﬁﬁﬁ1f FHE : ofge B¥adi o
gat a teryo nﬁlfﬂﬂs& _ru';é__xii;@mg- a_he,eq&que_s-ttcby-}afaac (RTBH &8 ﬁh_éOiEGQ';nr eFuest .
utton on t termn t st i gy ect ransni-ssiQn of t -
appropriate aﬁtaa %\%‘%&?{?i ﬁ?%%ﬁ?gg%wag‘q‘a%%%uéeéé t‘ggfg% é %ﬁT‘?fes %g)(ﬁy \/
recei pt at data. Upon receipt at the base station 32, a decision by
the NCP 40 must be made whetper~to grant such request.
If in the affirmative, a suitable protocol arrangement
s ﬁust'bg'initiated-to_graht-the«request and manage the
~ensuing voice communication while keeping other radio
data terminals from attempting to communicate during the
pendency of_such_?oice_messagé.._-- '

20 o ;This-is_depic£§d graphica11y-in Figqure 4 showing
the necessary_steps to initiate inGE'dommunicatidn by a
pafticularlrgdio data terminal 44 and the ensuing
protocol to estabiish_ﬁhe samézand mahage the systen.
The radip_dat§ terminal 44'iﬁitiates.thé:request by \;J

25 pushing a voice request button on the terminal at step 62
which éffects tranémissionfof the_apprOpriate data packet

_interpréted as a_request-to talk”(RIT);"Upon receipt at
the base station and routed to the NCP a decision is made
by'it wheﬁher or not to;assign-the"syétem channel to

30 vqice.' The,factdrsﬁfqr_making;this.decision will be
discussed subsequently. If the decision is in the
affirmative, the grant is made at step 64. Upon receipt
by the portable radio data terminal 44, it acknowledges
back the grant at step 66. '

35



t he base station and roeted to the NCP a deC|5|on i S made by it whether or
not to assign the systém channel to B0 ‘voice. The factors for naking
this decision will be discussed subsequently. If the decision is in the
akfkrmative, the grant is made at step 64. Upon receipt by the portable
rdeH o data terninal 44, it acknow edges ba§k the grant at steQng$ ?ﬁHJDi'
-9 - CNDO421H—D1 The data Tefnmnal then waits for r
action by the NCP 40. The NCP ends all data act|v1ty on the channel and

then initiates VO'Cengdﬁ4§gf%§¥H ﬁé¥”§ﬂ%ﬁ ggg?e§ggegﬂf%ygh Se184dbY e

code signal (SC) 05 S may be either a
tone or a di gthel NEPgAAl. a%@lqlbcﬁn‘iﬁ)oﬁlleééFﬁt ackdvddy I8P tHReradi o data

terL“ nal 4|4k dRA ﬁﬁhiommtgﬁd G i@ﬂa@@gwaiéeaﬁddbsbgffﬁw upon the
push-to-talk swtc shown |n activ . This ra t he
voice 10 netEapeni &tﬁegt a q %ﬁ"%hg Sj’ aﬁrﬁ’i %&ﬁ% lﬁleg%%ﬁ l(Igsznal .
I f the le§pathsﬁest&pslaeis L mmhm—aammleeeeagemagcbet @itther ali bodat er
termnal's, the i.kewi.,se tr ed e de
signal as |nd?c§ig§t§ﬁ §5§§a*2 %_ %}%%rceﬁ§§9?§g?3q€bn§?%%§%yﬁﬁ?#|tﬁg
conpl eted or radierdaltatd:cémirmledm ermneel commumimiqm WA cFAMMENGRce

t t t th
a0V TR g 5T i Slnd "BalRLLEU AR G eRHE! B4t Bhbuh§ng

time limt beln excee elnact|V|tyt|meo el ng

reached; (c) beung activiehed) at ﬂﬁﬁpdb?ronTB#Stﬁéuéﬁ§béﬂﬁu¥°%ﬁehls or her
discretipy;, Ohek8hglY Pl t¥Huii©edyaPong RithneheCHubaudible code

_ - signal. If the dispatcher wishes to send a voice message
N\ back to the radio data terminals, the same is likewise
. transmitted along with the subaudible code signal as
indicated at step 72.
15 .
The voice activity continues until completed or is
- terminated by predetermined conditions. In general,
voice activity may be terminated by any of the following:
(a) overall eall length time limit being exceeded; (b)

20 _voicé inactivity time out being reached; (c) being B
terminated at the option of the dispatcher at his or her
discretion; or (d) by being preempted by an emergency
call. '

25 In this manner, the overall system 30 dperates
with either data or voice, but continues to function
effectively using the standard data channel access rules.
The system radio data terminals 44 may not transmit voice
until a request is made to do so using a data message

30 indicating such request. When, and only when, such
request is granted, may the reduesting terminal transmit

- voice, and even here, only after the NCP converts the
system to voice mode operation and indicates such by
transmitting a supervisory, subaudible code sigﬁai. The

35 other radio data terminals in the system are prevented
from accessing the channel during the pendency of either



25 In this manger, the overall system 30 operates-with either data
or voice, but continues to function effectively using the standard data
channel access rules. The systemradio data termnals 44 may not transmt
voice until a request is nmade to do so using a data nessage 30 |nd|catuug
such request. Wen, and only when, such request is granted, t he
requesting terminal transmit voice, and e here, only afterc¥%84ﬂéﬁ -Di
converts the systemto voice node operation and indicates such by
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fl ow chart own In Flgure 5 herei n en a nessage is ready
to be. sent bFYaQ§hﬁ¥)¥E§ teerminplajattenpsingoacaess mufel | s moni t or gd

to determ nene‘céésarm tbé Ibﬁéjeﬁrﬁhéﬁttnb 89sten A %erééiﬁQSwlth

I ndi cating the.channel ntf Of
voice ccmmunica on. In other words, the inhibit times
should be 1onger for voice operation than for data. This

15  is depicted in the flow chart as’ shown in Figure 5.

As shown therein, when a message is ready to be
~sent by a radio data terminal 44 at step 8o, the channel
is monitored to determine if the inhibit.bits are set at

20 step 82. If yes, indicatingthe channel is in use for
data operation, the'standard (Shdrt)frahddmfinhibit timer
is activated'at step 84, such'timer being in'the'range of
0 to 250 milliseconds. The . terminal seeking access waits

‘ a randonm time within this range at step 86 and attempts &‘)

25 channel_access again at step 80. COnversely..if inhibit
bits are not detected as being set (sﬁépfszj'the'terminal
determines if voice is on the channel at step 88'ahd, if
not, sends its message in'the“usual manner. If the voice
is detected, the terminal sets the long (voice) random

30 timer at step 92, in the'range-ofﬁoftovlo seconds, and
waits a random time within thatprahgeﬁatzstep394 before
again attempting channel access_at“Step 80.

| In this way, the number of.meSSages'that may
35 otherwise be lost due to repeated collisions for channel
access may be significantly reduced“when the systenm is



.data operation, the standard (short) random'inhiBit *$imet i$ activatded at
step 84, such tinmer being in the range of 0 to 250 nilliseconds. The

term nal seeking access<waits a randomtime within thi's S-range at step 86
and- attenpts 25 channel access again at step 80. Conversely, if inhibit
bi-t< are not detected as being set (step 82) the ternminal deternmines if
voice is on the channel at step 88 and, if not, sends its nmessage in the
usual nanner. |f the voice is detected. e termnal sets th (@i, ce)
random 30 timer at step 92 in the rang%ilof 0 to 19 seconds&Mbggg\%/akY?s a
randomtime within that range at step 94 before again attenpting channel
access at stepeftinyg tin sthayvolibe mdades hcawmssages YhahgtainBibit
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rather than be soadard, Qﬁuéﬁoého%@? g Rurdt o echakiefoisedat a node
since the data nmessages ‘are normally nmuch shorter in duration than voice.

di scusS¥ in parent QalRidsaPM 3ot Naat89023B814caklion No. 8902896 .4,
one of the advantagegss of .the syst@m describedone of the advantatkest dft

mai ntai ns a ¥RE' s’%ic%gl ed naw per cent utili zait'é Q&‘Q{ ? ﬁglggag_g%

channel . Thi ST gua will be - 10 resérved
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traffi &0 O ¥8g§eI¥eq hﬁ%’-’ ratgdvennlgyels of é’r?é’rﬂge}f’%%v E¥eledASr a8 npl y
preferred. TékamplesCli®Hrewé wekimie bhivdum iof afoittd att&Ffic is chosen

. not to exceed 15 percent, the system will be éonditioned

to guarantee that 85 percent of the available time will

be devoted to data traffic. Of course, this ratio can be

15 chang_ed as needed or simply preferred.

This selection of setting the ratio of data to
voice utilization is an important aspect in the decision
by the NCP 40 in determining whether or not to

20 immediately grant authorization or voice communication
when a request is received from a system radio data
“terminal 44, or, if not, to queue the request for later
U grant on a first in, fi;st out basis when the request may
be honored. ' '
25 .

This decision-making process and procedure is
depicted in the flow chart as shown in Figﬁre 6. The
algorithm as therein contained determines the voice call
assignment procedure as well as maintainihg the'specified'

30 ratio of data to voice traffic. When a period of voice
activity ends, the NCP 40 temporarily stores the duration
of the voice méssagé. It then computes a "data interval"
based on this voice message duration and the desired or
specified maximum utilization of the channel for voice.

35 This data interval may be determined as follows: '



voice utilization is ap inportant aspect in the decision By the NCP 40 in
det ermi ni ng whet her or not to 20 i medi ately grant authorization or voice
comuni cati on when a request is received froma systemradio data term nak
44, or, if not, to queue the request for later grant on a first in, first
out basis when the request nmay be honoregds, 25 This deci si on- pg ¥ QGess
and procedure is depicted in the flom/chg?t as shown in Figu?ghgg%l$ﬁgﬁ
algorithmas therein contained determ nes the voice call assignnent '
procedure apats! IntasvaBi=At@ AiMek.t beicepoeiljes Vdice Maddagreobudidiianl 0 Voi ce
traffic. When a period of vMax.eVaide OtLY. ends, t-he NCP 40 tenporarily
stores the duration of the voice nessage. It then conputes a "data

interval " based on £, SyX@aCpiasS SATE § 1 (Eﬁﬂg; gLred.ar cified
maxi mum utilizati 'oni'.'lg* Yﬁ§b§h§m| ? ori@l\%dl’ﬂcde 3‘? - Thi s‘éﬁg?agﬁﬁé‘er val may
be det er mi nd®%ePS o}PBns104) isithen queued, step ARP42EIPFDIaBETA | nterval
ol e RIT e e e (alims G esed! hen
vVoi ce r i ved, during this data_i,nt.erval, (steps, 102, ° i s en
queued, stegﬁ’ﬁ%e, 3%y ?gt gpugse, ﬁrm%]té?ﬁl% --§i'sé€ﬁ5n voice is
permtted. Timterval® obfcseveralasecondsmtcelpnile dine dataaacttistivat " of
several sec _ - I e act ity WL Vo b ding a
result of vgilige %éﬁg%ﬁ?ﬁg&%ﬁgﬁlﬁg] % %ﬁ%ﬁtn&u&n@ﬁ?ge?ﬁge?&a@}an be a-
fixed 10 |chapnebascBhis minimumedagn tdnterwal ganflhe anfixedsystem or

It mayibe dyagoRlbasad Uh! edtinated ¥E thd MR AEEFIB! 8nOfne!r - rent
"penned- up" data trafflif This may, for, exanple,, be derived fromthe NCP .
out bound S¥Ystem, or it may be dynamically adjusted acceording to o
the_NCPugétimgte of current "penned-up" data traffic.
This may, for example, be derived from the NCP out bound

message queues, .

It will be.appreciated-thét; if the situation is
such that voice may be allowed at step 104, the NCP 40
then checks to see if any data message is in progress at

. step 108 aﬁd; if so, will.delaY-until the current data

20  pessage iéffiniéhed at step 110. If there is no data
message in process, the assignment of?the channeI-to'
voi¢e qué méy_then be made at 112 as described |
previously. The start call duration timer may be then _
initiated at step 114 if there is no portable or NS

25  gispatcher transmitting voice at step 116. The voice
communication continues until such time as the repeater
times putnqx'the.call duration limit has been exceeded or
the dispatche:_sends=an abort command to-terminate.
Following;the ceSsation'qf voice communication, the

30  channel is_fhen':eturngd to data mode again at step 100°'.

The portable function on voice mode is depicted in
the state diagram of Figure 7. As shown, the portable
while in the data mode at step 120 may assert the PTT to

35 request permission_for voice communication at step 122



. message queues. 15 It will be appreciated that, if the situation is such
that voice may be allowed at step 104, the NCP 40 then cfecks to see if any
data nessage is in progress at step 108 and, if so, will delay until the
cyfrent data 20 nmessage is finished at step 110. |If there is no data

age in process, the assignnment of the channel to voice node nmay then be
made at 112 as described previously. Theigaft call duration cH0oDr20ByDbe
then initiated at step 114 if there is no-portable aor 25 di spat cher
transmtting voice at step 116. The voi ce comuni‘cation continues until
such tine as ahd edphesreredeiesufron the centralla leecatedibage been
exceeded or tge?e § SRALSNGY m%ﬁalééeiancemn@ﬁa% Hremate Eehkewing

t he cessation of volce conmunicati on, % channel 1s then reggrned to
data node agabasgt stakiorFor PRIMEFE BFetPuHé"ﬁ 3{?1&? wmmndgation.
depicted in the state diagramof Figure 7. As shown, the portable while in

Vo1 ce cdfunt cati on 3 & Sy Andicatitn 1S Hlrit IR, D11 Re
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VOi ce conmuni C ication 1S I rst recel ved It
will be underthé&dtiﬂ#atglﬁl‘é: Ay, bermadear Wm sQuailt ¥l ReRadecin ne
after which tfgeNmRrHe élﬁi&myediaaﬁbaa grqrft ﬁnw digneefrbh the it

will be made in_the mannér v ous | SCT. om.the 10
NP 40" chnot MBE ADo SRTRPEIRE rocected 357 Brpeseaio st Mt pFoRAREY be
initiated. Asipddcatidry willl dse einitiated. As previously indicated,
/ the portable waits for a subaudible coding signal in the
outbound message stream to authorize transmission by the
portable of voice communication as ihdicated at step 124.
15 The portable may receive voice by releasing the PTT and
monitoring the76hanne1 at step 126 and may reassert the
PTT to further transmit voice communication by reverting
back to step 124. If, however, the portable, in
monitoring the channel for voice transmission, fails to
20 receive the same within a specified period of time as
indicated at step 128, it simply returns to the data mode
as indicated at step 120°¢.

kaj A state transition function diagram for the fixed
25 end is indicated in Figure 8. Assuming that the channel
for system 30 is in the data mode at step 130, it will
remain in such mode until a request to voice communicate
is received from one of the system radio data terminals
44. Upon deciding that such. voice may be allowed at that
30 point, the NCP 40 sends out the grant and upon receiving
an acknowledgment back initiates the clear down data
- function at step 132 where it may complete any current
outbound message, cause the GCC 46 to be put in the
"inhibit-on" mode as well as sendlng any queued
35 acknowledgments ‘and ensure that the subaudible coding is
activated and transmitted on the outbound stream. It



the portable waits for a subaudibl e coding signak i-d t'he out bouifd wBssage
streamto authorize transm ssion by the portable of 'voice comuni‘cat’i on as
indi cated at step 1247 <15 The portable may receive Veice by rel easing the
PTT and nonitoring the channel at step 126 and may reassert the PTT to ‘.
further transmt voice comunication by reverting back to step 124. If,
however, the portable, in nonitoring the channel for voice transm ssion,
fails to 20 receive the same within & ggeei fied period of teMEOES1IH-D;

i ndicated at step 128, it S|rrply returns to the data node as indicated at
step 120'. A state transition function diagramfor the fixed 25 end is
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cod| ng or | Wl‘o‘?nﬂpc é‘gterFat‘”i anﬁ%FeF?aGJé’SP]\M't H%oi ce
as indi cat eadfiterstdptédtingThveies! toar ﬁﬁe clﬂnneﬂayabesﬂbpr 1sd byardieche

o ISl A0 L el G RPIELT,
to the dat a%é@O%ﬁ@pchgﬁnﬁﬁenatﬂ% ﬁtmﬂl@img coding or no line
PTIT is detected, the inbound channel will be determined
as not busy and may either, after a repeater drop out
time has expired, revert to the clear down voice. mode at
15 step 138, or, if the subaudible coding is received before
~ that time, revert back to step 134 where the inbound
channel is determined as active and voice is on the
channel. Assuming that step 138 has been reached, the
repeater will then be turned off and the system w:.ll wait
20 for any voice in a pre_deterx_nined_ wi_ndow after which it is
returned to the data mode at step 130. |

Accordingly, data and vo:Lce communications apparatus U
‘has been described wherein interference between
25 . data and voice mode operation is effectively minimized

The apparatus
operates w:.thout change on standard data channel

access rules or protocol at all times except when a voice
" 30 transmission has been authorized and 1s in fact taking
place, wherein the specialized vOice management protocol
- takes effect. Long and short de lay timers -are 1ncluded
in the portable radio data terminals regarding ‘random
times the terminals are to wait, depending on whether the
35 system is in voice or data mode, before attempting
channel access and thereby minimize message interference



~terminal is no longer on the channel. Alternatively, if after detecting
voi ce on the channel at’ step 134., and the 10 call is Not specifically
aerted the NCP 40 will nonitor the inbound channel, and if subaudi bl e
cgding or no line PTT is detected, the inbound channel will be determ ned
as not busy and may either, after a repeat er drop out time has exgl red,
revert to the clear down voice node at IT515 &tep 138, or, if bl e
coding is received before that time, revert back to step 134 where the
i nbound channel is dete r%d as active afﬂ ice lg Q"I nnel
Assum ng t hat®®t3pF$38 tra8h SXFIRRRYR O :es?‘gﬁﬁa’f' anla rb% $9fRed
off and the syctesswi | InwdhisPGray f anyngysteneradie gatde ttemiirell whayow
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appar at 0% opeﬁsaéeabret E@!bdﬂlwfbmﬁwabd dateisbannals enasuagul es or
protocol at a

tinmes en a voice. 30 ransni ssi Qqn .has been
aut hori zed arRPFEagi Sefltﬁém?g WR c%%?elﬁg'?ﬁé teher gﬁ YR ce
' _managerrent preéDectitvekealafs, e@ispdﬁlgeﬁﬂianﬁhﬂ&tede@npupi e1lsre incl :Jded
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- 15- 10 the chann@WQézjilﬂ' Doiase andgsll t of excessive collisions when
attenpting such access. hi's way, any systemradio data term nal may

request, and when grant_ed com‘rum cate a voice message to the central base
station. In |ike nmanner, portable-to- :
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05 portable selective calls may be initiated as ael ds ds epofet abl € .| ntdiated

group calls, dispatcher initiated selective calls, di spatcher initiated

group calls, portable initiated emergency calls when the channel is in data
node, and portabl e initiated energency calls when 10 the channel is ins/

voi ce node. 15 20 25 30 35 -16 - 5 1. Data and_voice comruni cati ons

apparatus for operation in a standardijged channel access protocol "over a .

comuni cati ons channel in a communi cations system cm bl e
radio data term nal capalgﬁl e of operating in voice nmo "mm E" n
term nal ChiMSes: © means arranged t o seek. actes$s tio twhes =

comruni ca'l-l-U'H-ehanneI and request -voi ce node for the comuni-cation system

by transmttl n&g predeterm ned dat a packet means._arranged to respond to a

comma®d glant i Pataciedsveire cemmumigations apparaius fox-operationiin s a
st r eam f r g dRdizeR tharnel 266é&p ba&scél aw?a c@ﬂﬁﬂiﬁﬁ&&tﬁiﬂé‘nged to

initiate VOl Ce .MeSSag

base statf AR AL Er'ill ieadons SYen; LRmp Péué%r%PF?gF Ot he

i nt ended damtemmmapamwr@emmngamﬁomwmdde;meMees 20
nmeans arr Céﬁiﬁﬁ}% £ said :voi ce.node: operatlon in response to t he
occurrenc tlet er mi ned conditions. 2. -Conmuni cat i ons
apparl us in ameaunsarranged waeelqamtmtbemommumaan@med to seek

ggfgffn tng lft?ﬂlnn%g | t r‘g%{dé&’t @éméﬂ?@ﬂé'fdﬂ‘ﬂié’ééﬁﬂﬁﬁiﬁa%idﬁ@%@eh?ﬁy rst
transmitting a predetenmned data packet;
means arranged to respond to a command granung access to -
the channel transmitted on an outbound data stream from a
15 centrally located base station; and .
means arranged to initiate a voice message upon rece1pt of a
subaudible code s1g_na1 from the base station by retransmitting
said code signal in combination with the intended voice mé_ssage;
and wherein the apparatus further comprises |
20 means arranged to terminate said voice mode operation in
response to the occurrence of any set, predetermined conditions.

2. Communications apparatus in accordance with claim 1

wherein said means arranged to seek access to the communication
25 channel includes means arranged to first determine if inhibit bits

are set in the outbound stream on the communication channel,

and if so, to 1mt1ate a short random inhibit umer, and if not, to

either initiate a long random inhibit timer, 1_f voice is dete_cted on

the communication channel, or send its intended message if voice
30 is not detected on the communication channel.

3. Communications apparatus in accordance with claim 2
wherein the short random timer is in the range of 0-250
milliseconds.

35
4. Communications apparatus in accordance with claim 2 or 3
wherein the long random timer is in the range of 0-10 seconds.

upon | re.cel pt of a subaudi b code sb nal romthe
R B FA

v/



;are set in the outbound stream on the comuni catrinn‘é:han‘helj and Ef $o, to
initiate a short randominhibit tinmer, and if not, to either initiate a
| ong randominhibit tiner, if voice is detected on_t i ion

C @_nel, or send its intended nessage if voice 30  is not d on the
oS gﬁ@

ni cation channel. 3. Communi cations appar at \w
claim2 wherein the short randomtiner is in the Eﬂm“
mlliseconds. 35 4. Conmuni cations apjt ppratus in actor dance with C‘| aim2 or
3 wherein the long randomtinmer is in the range of 0-10 seconds. . - 17 -
5.  Communi cati ons apparatus in accordance with any one of 5 clains 1 to 4

wherein s3@.d nEemraursieatibiappraratas dnvaccsrdadee wihehhyno ne%ﬂfles
bei ng xcauauns £ 16% ylhuelh SERFARRARY g, 2 Erila WOl o  cd i on
t he base sadeoaperation inchidesimé¢ans arvanged to operate in response to
either of a call duration limit being exceeded, the base station
timing out or a dispatcher associated with the base station
transmitting an abort command.




