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45- MR- 00539  TRUNKED RADI O REPEATER SYSTEM Thi s inve

is generally directed to the art of trunked radio, i€épeater systens.

particul ar appli.cation to such systenms using digital control si%nals
transnitted over a dedicated control channel while also ﬁsﬂﬁ‘gooéla

r al

ntion
It has

wor ki ng channel s which are assigned tenporarily for use by.jndividual radio
units. The trunking of radio repeaters. is well-known. EarlV 8 figes =

systens used anal og control

utilized digital control signals. Control signals have been utilized
dedi cated control channel and/or on different ones of the working channels
di fferent reasons and effects. A non-exhuastive but sonewhat
represent.ati ve sanpling ERUNKED RARIQREREATERNSYSHBMpat ents descri bing
typical prior art trunked radi o repeater systens is identified below U S
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are assigned temporarily for use by individual radio
units.

. The trunking of radio'repeéters is well-known.
Early trunking systems used analog control signals
while some more recent systems have utilized digital

control signals._ Control signals have been utilized on

a dedicated control channel an@/or on different ones of
the working channels for variods different reasons and
effects. A non-exhuastive but somewhat representative
sampling of prior art publications and patents
describing typical prior art trunked radio repeater
systems is identified below: |

U.S. Patent No. 3,292,178 - Magnuski (1966) .

U.S. Patent No. 3,458,664 - Adlhoch et al (1969)
U.S. Patent No. 3,571,519 - Tsimbidis (1971)

U.S. Patent No., 3,696,210 ~ Peterson et al (1972)
..U.S. Patent No. 3,906,166 - Cooper et al (1975)
. Patent No. 3,936,616 - DiGianfilippo (1976)
.S. Fatent No. 3,970,801 - Ross et al (1976)
.S. Patent No. 4,001,693 - Stackhouse etal (1977)
Patent No. 4,020,327 - Kobrinetz et al (1977)
.S. Patent No. 4,012,597 - Lynk, Jr. et al (1977)
.S. Patent No. 4,022,973 - Stackhouse etal (1977)
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-2- U S. Patent No. 4,027,243 - Stackhouse etal (1977) U. S. Patent No.
4,029,901 - Canpbell (1977) U. S. Patent No. 4,128,740 - G aziano (1978)

U.S. Patent No. 4,131,849 - Freeburg et al (1978) U S. Patent No. 4,184,118
- Cannalte et al (1980) U S. Patent No. 4,231,114 < Dolikian (1980) U. SJ -
Patent No. 4,309,772 - Kl oker -et al (1982) U S. Patent No. 4,312,070 - '
Coonbes et al (1982) U S. Patent No. 4,312,074 - Pautler et aI (1982) ‘U. S.
Patent No. 4, 326,264 - Cohen et :al (1982) U.S. Patent No. 4,339, 823 -
Predina et al (1982) U.S. Patent No._.4,6 347,625 - WIllianms (1982) U.S. ..
Patent No. 4,360,927 - Bowen et al (- 82) U S. Patent No. 4,400,58S - Kanen
et al (1982) U S. Patent No. 4,409,687 - Berti et al (1983) U S. Patent No.

4,430, 742 | k | No19 3 5 t al

i an . _Pat ent
4,450, 573 - NOb & (1198251 tuNg. #aP@r& e 71%'5?’&8%1 (?S»EBB et al (1984) U. S.
‘Patent No. 4,578 PlBateRts No0W ,1126,9860 3C®£ﬂz£5n6| (u97®)e exanmpl e of

Bontrol channdl- 5+ PAERBE NepPHau{nau T IEFeehed R AT Y BE S or it
controller on w. Sel zadehrl:dm Wiy X anreanhal tecetomlur(X@80pn with the
call ed unit (s)yls, PELLRS.0 LipEetha b8 hepptoBiial and potent o
i nport ant appch&hBasem Nor. ﬂu@QQ:.'é'é?\rrc@-Oker et al (1982)
U.S. Patent No. 4,312,070 - Coombes et al. (1982) i
. U.S. Patent No. 4,312,074 - Pautler et al (1982) <
U.S. Patent No. 4,326, 264 - Cohen et al (1982)
U.S. Patent No. 4,339, 823 - Predina et al (1982)
U.S. Patent No. 4,347,625 - Williams (1982)
'U.S. Patent No. 4,360,927 - Bowen et al (1982)
V.S. Patent No. 4,400,585 - Kamen et al (1982)
U.S. Patent No. 4,409,687 - Berti et al (1983)
U;S; Patent No. 4,430,742 -~ Milleker et al'(1984)
U.S. Patent No. 4,430,755 - Nadir et al (1984)
U.S. Patent No. 4,433,256 - Dolikian (1984)
U.S. Patent No. 4,450,573 - Noble (1984)
U.S. Patent No. 4,485,486 - Webb et al (1984)
U.S. Patent No. 4,578,815 - Persinotti (1985) -

Bowen et al is one example of prior art switched
channél-repeater systems which avoid using a dedicated
control channel -- in part by providing a handshake
with the repeater site controller on a seized "idle"
working channel before communication with the called
unit(s) is permitted to proceed.

There are many actual and potential applications
for trunked rédio repeater systems. However, one of
the mére important applications is for public service
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-3- trunked (PST) systens. For exanple, one netropolitan area may

advant ageously utilize a single systemof trunked radio repeaters to
providg efficient radi o-comunications between,individual radio units
wi t hin mahy différent agencies. Each agency may, in turn, achieve efficient
communi cati on between individual units of different fleets or sub-units
(e.d., the police departnment nmay have a need to provide efficient

communi cati ons between different units of3+ts squad car force, different
port-abl e units assigned to foot patrolnen, different units of detectives or
narcotics agents and, the like Sonetipes it may, be inportant to

conmmuni cat e sﬁﬁﬂﬂ%ﬂﬁﬂﬁ%§§’t5;§FﬁﬂéfingergﬁﬁﬂﬂP¥ﬁ'LﬁW_smfﬁFgP?léFFnunits,

altlh the squad a@@as,méy'ltm@é?xweggeam?am?uﬂ?# £t€inglét s?_beeﬁaﬂ titme,t
ot her agencieg (€..g. i re_departnen ransporf at jon art men
t he matgr depi?&ﬁgkq q?éﬁ%nﬁ?ﬁ%ﬂgﬁffggfb?gﬂgi#?xﬁfgg?%9?£n593g§ i n need

of simlar corammuralcaticns \betweehs indindlduadnaradio vhbte wathinar with
t runki ng t heor & ' y unb _ L O, 1 aters

efficiently sgya\ﬂﬁéza#ﬂ%%(ﬁ h%égmr;lgg%s' V\n%'[%c?;n ara?%%‘g%nﬁ&g)gb ?épﬁlﬁggér ea if
they are trunikehidve effinientosommunicatdatedeticeen fedduak|
potential unitgliteif APFEOEEAR EhER LS otSRRM-AlNYL8dpet 4, eheSpeci al
nobi | e radio (SVR) trunked users. He&g; an entrepreneur naé pravi de a
trunked radi oﬂ%‘%ﬁ feRactrent; mgNc have @ hegd ko prayids gffifient

geographic  communications between different units of its squad car
o force, different portable units assigned to foot

patrolmen, different units of detectives or narcotics
agents_énd the'liké). "Sometimes it may be important to
communicate éimultaneously to predefined groups of
units (e.g., all units, a11 the squad cars, all of the
foot patrolmen, etc.). At the same time, other
ageﬁcies (e.g., the fire department, the transportation
departmént, the wétef deyértménk, the emergency/rescue
sétvices, etc.) may be in need of similar communication
services. As is well-known to those familiar with
truhking theory, a relatively small number of radio
fgpéaters-can efficiently service all of these needs

- within a given geographic area if they are trunked

' (i.e., shared on an "as-needed" basis between all
'pétential units). ' '

This invention also is especially adapted for
special mobile radio (SMR) trunked users. Here, an |
entrepreneur may pfovide a trunked radio repeater
system at one or more sites within a given geographic
area and then sell air time to many different
independent businesses or other entities having the
need to'provide efficient radio communication between



area and then sell air tinme to many different independent businesses or
other entities having the need to provide efficient radio communication
bet ween -4- individual units .of their particular organization. |n many
respects, the requirenents of an SMR user are similar to those of a PS¥™ .
user. In fact, the potential advantages of trunked radio repeater systems
for public services is so well recogoigzed that an organi zati on known as the’
(USA) Association of Public-Saf ety Comruni cations Oficers, Inc. (fornerly
t he Association of Police Comrunications C]flcers) ( APCO) has devel oped a
set of hughaxvdewnahhﬁuaureneierpawioaawsteﬁgsﬁmaunknom as the
"APCO- 16 Reg enent €§§0§2§§ g nd e anatlon of such
requi r eneNP8Y &Y HEFHtmd gren % aﬂ'o kﬂﬁﬁ/ﬁ 58 hose. in the
art. One simiIarAk@Othbseqqfrenﬁarsuserthat any user nust have voice
channel access. within one-half second after engaging a push-to-talk (PTT)

switch. This sane requirement nust especially be met in emergency
situations -- 3ndfiack. ¥heieetentialhadypntagessef btrunked: vadéni vel y

drop |0We{-eBéhQE'rt %y Edihs af 69 Pubii g aeW»eéﬁoié kb eijame. And, of
course, the ability tq?qglckh¥ and eff|C|entI rop channel a55|gnnents as
soon as cheffgriged, fha Fapnizati QPSA“?‘%'EBH&nT—h?or (USK) cj ent usage
of the trnskodiﬁmldn tof e!vwlio-saﬂeeyecgammhﬁiﬂﬁéhenﬁfféé% trunked
.radlo sysiggs ??@@ﬁgéf¥W%ﬁ@ Agsgyigtion of Police COmmunications
Officers) (APCO) has developed a set of highly -~
desirable features for such a system.commonly known as , b
the "APCO-16 Regquirements." A cempiete_listing and
explanation of such requirements may be found in

available publications known to those in the art.

One of the APCO-16 requirements is that any user
must have voice channel access. within one-half”seqond
after engaging a push-to-talk (PIT) switch. This same
requirement must especially be met in emergency
situations -- and that implies that the system must be
able to actively drop lower priority users also_within
a very short time frame. And, of course, the ability
to quickly and efficiently drop channel assignments as
soon as channel usage is terminated is also important
for efficient usage of the trunked facility even in
non-emergency situations.

@

Prior trunked radio systens have: sftempted to more
or less "just meet"” such APCO-16 requirements of
timeliness. For example, published specifications of
one such prior system indicates an ability to achieve
channel update (in a 19 channel systeh) withip 450



or less "just neet" such APCO 16 requirenments of tineliness. For exanple,
publ i shed specifications of :one such prior system. ndicates an ability to
achiewg}channel update (in a 19 channel systen) wi‘thin 450 - 5-

m | Ii s€conds and channel drops within 500 milliseconds. To achieve this, it
utilizes 3,600 bits per second (bps) digital signalling over a dedlcated
digital control channel. Unfortunately, altﬁough theoretlcally 5 the

APCO- 16 requi renent.s of timeliness shoul d. be net by suc& ﬁ%lor system .in
reatity, the AP@®dlidsecands,and channeh«ikeps Wl thind0Qim %isecendSare

met m y at trewwﬁd evel iifd, erﬂulwgz%uirhééles Cﬁnm%lﬁfghﬁdﬂeéé@oﬂgf ects of
sonewhat unreli e digit contro Si lin ich.a t  best,
annoyi ng even igqﬁﬁﬁ-é;ﬁgaﬁﬁui}QQq ré% é#é#m FRFsd éﬁgfg

consi derabl e r ocorftooll mghenrEiant UnﬁnxtuhagplyxeaIthemghspheOreticbkly
present invegti ta fgyé € e b and
pr onpt commﬁl cg:?’leon%dtar%ss zl&?}’ un ed&gﬂgglo repea '?&Qé éslﬂt‘%%%gl\)nén'lné@ 59

digital controlS@W&hﬁemﬂﬁﬂr[ﬁXﬁtﬂmAMiﬂqﬂﬁfliﬁﬂwmﬁhﬁ k@@@hlﬁotkmﬁ ipessnel s
are assi gned foaréqwmuf&dwse&ebwwﬂ \ﬁ&wa&eﬁadi N dBe SHEET bhE§ B¥

g s ot oo he RS iaR. A, A A sy Fse o Ye£se! gnrent s
addressed to a pﬁ@tﬂtswuﬂusbmeuhaxlunﬁeltﬂbréldtgitaﬂ conftoolnit’ s
operation t goan 335{a319% ¢ Yutl 1h Gt 'ﬁbé@spé}ﬂ%&h?g IE3&E5 1R n8h-
. emergency situations). Accordingly, there is
A considerable room for improvement.
According to a first aspect of the present
invention, there is provided a method for achieving
15 reliable and prompt communication within a trunked
' radio :epeater system having a digital control channel
ahd plural working channels, which working channels are
assigned for temporary use by individual radio units
specified by digital control signals on the control
20 channel said method ¢omprising the sfeps of
monitoring the control channel for working channel
assignments addressed to a predetermined radio unit;
shifting said radio unit's operation to an
L assigned morking channel in response to detection of
25 such assignment on the control channel; and
initially, upon arrival on the assigned working
channel, simultaneously monitoring that working channel
for an extended dotting signal representative of drop
channel signalling and monitoring for confirmation
30 signals confirming the aSsignment'of that particular
- channel to said radio unit for a communique.
| According to a second aspect of the present
in?ention, there iefprevided apparatus for echieving
reliable and prompt communication within a trunked
35 radio repeater system having a digital control channel
and plural working channels, which working channels are



25 such assignnent on the control channel; and initially, upon arrival on
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working channel upon initial arrival thereon for a
dotting signal of extehded duration representative of

drop channel signalling and monitoring for confirmation
- signals confirming the assighment.of that particular

channel to said radio unit for a communique.

In a-preferred embodiment, the présent invention
provides substantial improvements both in timeliness
and in:reliability of critical control Signalling in a
digitally trunked radio system of this general type.

To begin with, a much higher digital signalling rate
(9600 bps) is utilised. However, rather than using all
of the increased signalling rate to provide a 9600/3600
= 2.67 improvement factor in timeliness, a large

- portion of the increased signalling rate capacity is

utilised to improve signalling reliability.
Accordingly, the increased timeliness of 19 channel
updating capability, for example, is improved by a
factor of approximately 1.58 (e.g., 285 milliseconds
versus 450 millieseconds) while the rest of the
increased signallihg capacity is utilised to increase
the reliability of control signallihg. At the same
time, virtually all of the increased signalling | '
capacity is utilised to_impro&é the timeliness of
channel drop ability (e.g., 190 milliseconds versus 500
milliseconds).
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and inreliability -of critical control signalling in a 20 digitally trunked
radi @ system of this general type. To begin with, -a much hi gher digital
signalling rate (9600 bps) is utilised. However, father than using all of
the-iﬁt?egsed signalling rate to provide a 9600/ 3600 2.67 i nprovenent
factor in tinmeliness, a large 25 portion ef the increased signalling rate
cdpacity is utilised to inprove signallin eliability. Accordingly, the
increased tineliness of 19 channel updatigazcapabrlity, for exanple, is

i nproved by a factor of approximately 1.58 (e.g., 285 nilliseconds 30
versus 450 mllieseconds) while the rest-of the increased signalling

capacity is utiliseggtorégsbasly idemorsitmitidd tlyyoBelbnSysktemi gnal ling. At

the sane tinme, virtual]ly.all of t i | g [ agt ¥ i s

i1 sed to | EACRLERY FPHEPA S SIS L Tag OAes' EaRRRCTRLY: ° 1o
mlliseconds veysise S&RdNDakiasTxamEenission’, by vAvuetipndonetsalat Eheby
Bel | "System Techpnj cal Jour pal. td e S §§St f@. (8, 9Janval and
Data Transni s:q%ﬁ‘ ,§%§€§Fr gggr!l’g.‘g'deét:i z‘f° 1. éef"Be s gtéémﬁ?egﬁ i gglnv?ggsnal :
Vol . 58, No. J191&nuppy919?9}%%§éﬂd¥9ﬁE§$,d%$§i¥a¥°&a99 d 39 on radio
channel's shoul &, b, g4 BNEHUIEY HeW {tnék veoP D6u! Th. g1 ,2200i paraz) b
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channel ) for cr,j\ggqqa.g £00Ql1 2dEintlee maximhhi hjjghnépeed daitasirgrtels i ng on

the working CH%Q?S.? %gb% bps on the typical 25 KHz bandwidth radio

\ channél) for critical control channel signalling and

control signalling on the vorking channels both
jmmediately before and immediately after the user -
communication interval. - In addition, sub-audible
low-speed digital data is also utilized on the ﬁorking
channel during user communications so as to assure
additionél signalling reliability -- and to also permit
implementation of additional features.

In the exemplary embodiment, all channels (the
control as well as working channels) are fully duplexed
so that there may bé"simultaneous_in-bound and
out-bound signalling on all channels. 1In general, the
embuﬁﬂent.achieves reliable and prompt communication
within a trunked radio repeater system having a digital
cbntrbl channel and plural working channels, vwhich

. working channels are assigned for temporary use by
individual radio units as specified by digital control
signals on the control channel.

Channel assignment is initially requested by a
calling radio unit passing digital request signals to a
. control site over the active control channel. In



i medi ately before and i medi ately after the user communication interval ..
I'n addi ti on, sub-audible Iomfspeed digital data is also utilized on the

- wor ki ng channel during user conmunications so as to assure additional
~signalling reliability -- and to also permt inplengntation of addltlaﬁel
features. In the exenplary enbodi nent, -all channels (the control as well as
morklng channel s) are fully dupl exed so.that there may be sinultaneous

I n- bound and out -bound signalling on.all channels. In general, the

enbodi nent achi eves reliable and pronﬁb comuni cation within a trunked .e
radi o repeater system having a digital¥control channel and plural working
channel s, which mnrking channels are assigned for tenporary use by

di vi dual di_o t Ll trol | s th
Icgnt \r”ol u?hﬁ%%@:rdﬁl SSI g’h‘&reﬁtaph?hgﬁ'gltlyg;orn'e&o I@%‘ 2 2 naI I ?ng :
radi o uni ttbassamg:rmlglsia&ereq&msslgaaesifdcathyn-waislldhaeover t he
active conLE@hiHPWfnndl to ﬂ?&of&%@&ﬁt%tﬁ Matdy ﬂ‘#ﬁol ity, a

controller at the central site assl eciftic then aval | e wor ki ng
channel toPerRSeSqiaital Arsisnpent oblgnal fasutsbousd avess dhennent

signal s oueomm QIRnAdE. comtnlts&aeanxnaomdihewﬁlﬂ Iawa e O unit and
e e N Y R e S M VA
Ther eaf t er andi giwitichaltsimkersngmittenr endgaeneandtabwmtdwn t he
control si 83&-“‘1:&%:1&%?40;9@? \%rftmgréﬂbﬂngi' ts'.l‘hereafter,
digital handshake signals are again exchanged between -/
the control site and at least one of the radio units
(e.g., the calling unit) over the assighed working
channel. In response to a successful handshake on the
assigned working channel,_the central site then '
transmits digital release signals over the assigned
working channel.so as to release the appropriate units
for communication thereover.

As one technique for increasing reliability, the
initial reguest signals may include three-fold data
redundancy (at least for critical data) while the
channel assignment signals subsequently transmitted ' il
over the control channel may include as much as six
fold redundancy of data (e.g., at least of critical
‘data such as that representing the called party and the
éssigned_channel). The'handshake-signals subsequently
exchanged on the assigned wvorking chahnel may also
include three-fold data redundancy of at least critical
data. In this manner, some of the increased signalling
capacity made available by the high-speed data rate
(e.g., 9600 bps) is sacrificed in favor of more
reliable channel allocation and communication functions



(e.qg., the calling unit) over the assigned working channel. In response to
a successful handshake on the assigned working channel, the central site
then transmts digital release signals over the assigned-working -channel -so
as to“rel ease the appropriate units for comunication thereover. As one
technique for increasing reliability, the,initial request signals may
include three-fold data redundancy (at'lZﬁst-for critical data) while the
channel assignnent signals subsequently tnansrittéd over the control

channel may include as nuch as six fold redundancy of data (e.g., at |east
of critical data such as that representing the called party and the

assi gned channelyhitnesﬁéddsﬁakﬁg%tﬁhhix exeeedingt p}leAPFRTI® on the

assi gned mork#ggugggﬁ@ﬂtgmqy al so include three-fol d data redundancy of at
| east critical data. ~In this manner, sane of the increased signalling
capacity made avail abl e by the high-speed data rate (e.g., 9600 bps) is
sacrificed in favoreofinsure nedspoheiceness! tol htgheroprdod itymaalilmmt i on

functi - - whil till., t abl ' . AR 1
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sub- audi bl e dagiet all schanmeismisttednever utbiet 8ssd gpedevoxking shannelsni tt ed

over the assi gjied arld e haRNed 1ANEaENAALFORKRA" $dS1RITAF rkiNHe { hen
channe d if_ a

residing on.. € WorKi ng s. Accor |ngI¥, hi gher” priority cal
is directed twoskimausihanneksdy Ragagdinghya EnduhigheroPriordtynit is
enabl ed to pragRlyl ¥ sS\Wilxdeted to some unit already engaged in a
o communication, that unit is enabled to promptly switch
operations to a new assigned working channel so as to

immediately receive the higher priority call.

:'In additibn, to accommodate late entry,offcalled.
parties to an ongoing communication, digital channel
assignment "late entry” messageg continue to be
transmitted on the control channel even after a. _
successful channel assignment process has been effected
so that late entrants (e.g., those just turning on
their radio; just passing out of a tunnel or from
behind a building or otherwise back into radio _
communication afte: temporary interruption, completion
. of a_higher'ot equal priority call, etc.) may —

nevertheless be switched onto the proper assigned
.working channel as so§n as possible. (The late entry
feature, per se,.is disclosed in US Patent No. 4649567.)

To effect prompt and reliable termination o£
channel assignments, when the PIT switch of a calling
unit is released, it sends a digital unkeyed message on



operations to a new assi gned working channel so as to imediately receive.
the higher priority call. In addition, to accormpdate |ate entry of called
partles to an ongoi ng communi cati on, digital channel assignment "l ate )
entry" messages continue to be transnltted on the control channel even
after, a successful channel assignment process has been effected so that
late entrants (e.g., those just turning on their radio, just passing out of
a tunnel or from behind a buildfng of otherw se back into radio

comuni cation after tenporary interr @ion, conpl eti on of a higher or equal
priority call, etc.) may neverthel ess be switched onto the proper assigned
wor ki ng channel as soon as possible.  (The |ate entry feature, per se, iIs

di sclosed . in US Patept No.,K 4649 To effect pronpt and reliable :
t er ni nat it (ﬁsﬁﬂa‘?ﬁfgl“'%’é#@ﬁnﬁﬁf§“°\*ﬁéﬁq hdPTeSRPREd B a calling unit

i ﬁ rel leaa&ébeﬁtiaerwls thils guhhbyadkmycdfams&agetm contfél a65tdned Wor ki ng
channel an onse c n._Q i Sq uUn message._a
controlfﬂt1§ {kﬁfé? %é%% g.gﬁ ags 3& tQ¥§¥ g@? pRaiges gned

wor Ki ng odvarkioig channed snneal&Deﬁwméddptdﬂytdr¢p ahkraehibm and thus free
that wor kinik %nd %nig aféeenmft wokidg le prestat ed, a given

radi o un autonatlc rt to nonitaring t control channel upon
dropp|ngﬂ?&ﬁﬁ%ﬁﬂ@ﬁﬁﬁgneﬂAﬁDVkFHgth&RR€P?ﬁaﬂﬂﬂsy%tQhYem radiembodi ment is

soneti Meui st WA R aultahied Eul1yr vaked ey HEMPEaHsRgt eneki ng control is
control channel upon dropping from an assigned working v
' channel.) o _ A

The system of the embodiment is sometimes termed a
*"digitally"” trunked syétem because trunking control is
effected by digztal signals passed over a continuously
dedicated "control”™ data channel. All units are
programmed so as to automaticaliy revert to the
predetermined primary control channel upon being turned
‘on or being reset. If the expected control channel
data format is not there discovered, then alternative

~ possible control channels are successively monitored in
. a predetermined sequence until an active control
channel is discovered. In this manner, the usual
control channel apparatus at the central C6ntrol site
‘may be temporarily removed from service (e.g., for
maintenance purposes). This same feature also permits
continued trunked system operation in the event that
the regular control channel unexpectedly malfunctions
or is otherwise taken out of service.

The exemplary embodiment of this invention is’
~designed in such a way that it meets and, in many}{
areas, surpasses all of the existing APCO-16
requirements. It may also support available voice



effected by digital signals passed over a continuous|ly dedicated "control"”
data channel. Al units are programmed so as to automatically revert to the
predet g mi ned primary control -channel upon bei-ng turned on or being reset.
I f the expected control channel data format is not there discovered, then
al ternative possible control channels are successively nonitored in a
predet er m ned sequence until an active control channel is discovered. In
this manner, the usual control channel appapatus at the central control
site may be tenporarily renoved fron1ser§ﬁce'(e.g., for mai ntenance
purposes). This sane feature also permits continued trunked system
operation in the event that the regular control channel unexpectedly

mal f uncti ons encirypatitear vt echhdigae soumobt 1eciigdct a INhdta €x ctpbaiya berbodi nent

of this invenjj 'd'e .t i 0. man
ar easI Sshrgaséageél *ﬁg ﬂaysy 8%&&&%8 Ir]'gqet}'{l r"eﬁ%élggdvoi& al s)c/)
support avai |date mxﬁmq a ctruppedonadéohmograni aation segsion) dat a
termnals (digh gmzd%%?s na%ssdtue bleﬁ‘ic%flﬁnai&&at’%ﬁes ?éa%.du“ ng a

trunked radi o co ni cat1on session) .and/ or avai |l abl e aut omat I'cul ar

| ocati on syst%ﬁﬂfel’r"&"é’ab?yfaﬁlFaGPPFBPEr &ﬁFhér"Gﬁ'E‘é’é? e 9%*%5[95?% see

rel ated copengélate@|dsén@inyo0. applHdH0iGn (R2OBHIN 6% 03 ab22060W8 )t ai n
trunked system operation even if the central processor hapgené to fail at
t he control St radio units

maintain trunked system operation even if the central
UR . processor happens to fail at the control site. 1If
digital data is to be communicated between radio units
and/or the central site, then it may be processed
‘through the system in a manner similar to analog voice
signals. 1In particular, such digital data
communication will be carried cut at a rate
accommodated within the existing audio pass band and
will be trunked just like desired voice communications
(i.e., no dedicated digital data communication channels
are x"equired);. To help increase reliability of digital
data communications, data transmissions (and analog
voice transmissions, as well) may be voted in voting

‘ systems employing satellite receivers connected to the
s‘*“ central control site.

In the exemplary embodiment, digital control
signalling messages of the following types are

utilized
Channel Type Direction - ' Rate
Control Channel INBOUND i 9600 pbs .

-Croup Call
-Special Call



and/or the central site, then it may be processed through the systemin a._
lmanner simlar to analog voice signals. |In particular, such digital data
communi cation will be carried out at a rate acconmpdated within the -~
exi sting audi o pass band.and will be trunked just |ike desired voice s
comuni cations (i.e., no dedicated digital data commnication channels are
required) . To help increase reliability of digital data conmunications,
data transm ssi ons (and anal'og Voi ce \ansn155|ons as well) may be voted
in voting systens enploying satellite'receivers connected to the central
control site. In the exenplary enbodi nent, digital control. signalling
nmessages of the follomﬁng types_are ut|||zed Channel Type
Direction Rat e ¥8HeBol Channel | NBOUND
9600 pbs -G oup Call -Speci al -@Htus R UgQ '?Sh;%t us Request/ Page
-Enmergency Alert/Goup Call -1ndivid géﬂﬁo c Regroup
-Dynami ¢ Regroup - Forced Sel er?§ﬂ§¥1 Ré&/gﬁﬁ“p n Desel ect
-Dynami ¢ Regroup - Option Sel ecindiwfduabycadidc Regroup Acknow edge
-Logi cal 1D Request ~Cancel Dynamic Regroup
. =-Dynanie Begroup'f Ferced Select
-Dynsinic ReqQroup ~ Option Deselect
-Dynamic Regroup - Option Select
-Login/Dynamic Regroup Acknowledge S
~Logical ID Request
-Programming Request

>
n

OUTBOUND 9600 bps
- =Channel Assl,nment

~-Channel Update

-Enable/Disable Unit

-Dynamic Regroup |

-Preconfiguration

-Alias I D _

-Unit Keyed /Unkeyed

-Emergency Channel_Assignment

-Cancel Dynamic Reé;oup' , W

-Dynamic Regroup - Forced Select

-Dynamic Pegroup - Optional Deselect

. -Dynamic Regroup - Optiosnal
~ Select |
-aAssign Group 1D An Alias ID
-Assign Logical ID An Alias ID
-Status Acknowledge/Fage
~-Time Mark s
-Emergency Channel Update

~



- Progr amm ng Request OUTBOUND

Assi ghnment

Channel

9600 bps - Channel

Updat e -Enabl e/ Di sabl e Unit . -Dynam c Regroup

-Prechjiguration -Alias | D -Unit Keyed/ Unkeyed -Energency Channel

Assi gnment

- Dynam ¢ Regroup - - Dy ngyn
-Assign Goup ID An Alias ID -Assign LogiE%;
Acknow edge/ Page -Ti me Mark - Emergency Channel * Updat e

Operat i onal

Assi gnment Wr ki ng Channe

Cance
Opti onal - Desel ect

Mbde -Site Status -Logical

-Initial Handshake - Special Call S.lQQQL

~Site
-Logi

Dynam ¢ Regroup -Dynami ¢ Regroup -

| NES1R® ID

Forced Sel ect
c Regroup - Optional Sel ect
ID An Alias ID -Status o
_ -Site ID -System
| D Assi gnnment - Progranmm ng Channel
_ _ 9600 bps
Lh”_pAQQ%EJd%fTQEJH“ Reverse PTT
Status

cal ID Assignment

~Programming Channel Assignment -

Working Channel

_ ~-Spec
. -Unit

INBOUND
-Initial Handshake

19600 bps

ial Call Signalling
ID-PTT and Reverse PTT

~-Miscellaneous

OUTBOUND

9600 bps

-Initial handshake
-Channel Drop

-Status Messages

INBOUND

-Conf

- OUTBOUND

Loﬁ Speed
irm Unit PIT |
' Low Speed

-Priority Scan
-Falsing Prevention

Some of the general

features of the exemplary

embodiment and expected benefits are summafized below:

" FEATURE

- VERY SHORT AVERAGE

CHANNEL ACCESS TIME

Normal Signal Strength
Areas:
Weak Signal Areas (12dB

280 Milliseconds

BENEFIT

~ Practically instantaneous
access doesn't cut off
syllables. ' |
" Provides operation which
- is faster than most coded
- squelch systenms.



-M scel | aneous OUTBOUND 9600 bps -Initial handshake T

- - Channel Drop -Status Nbssages | NBOUND Low Speed - Confirm
Unit PTT OUTBOUND Low Speed -Priority Scan -Falsing
‘Prevention Sone of the general features of the exenplary enbodi nent aﬁg
expected benefits are summari zed bel ow. FEATURE

BENEFI T VERY SHORT AVERAGE Practically instantaneous CHANNEL

.ACCESS TI ME acce8s dvesn'g cut off syllables. Normal Signal- '
~Strength Provi des operation f.th Areas: 280 MIlliseconds =~ is:.
faster than nost coded Weak Signal as (12dB squel ch systens.

‘Sinad: 500 M IIliseconds LATE ENTRY

, Mnimzes m ssed
Should a nobile turn on conversations,.

Keeps during the period in

~which @inad:u50® Mklhsecerdsits group is involved in mnimzes
call backs. a conversation, the nobile will automatically be directed to
join that conversation. AUTOVATIC CHANNEL SWTCH NG  Frequency

coor di ndsATR ENTRY ‘Minimizes missed

Should a mobile turn on
during the period in which
its group is involved in
a conversation, the mobile
will automatically be
directed to join that
conversation.

AUTOMATIC CHANNEL SWITCHING

Mobiles, portables, control

stations, and consoles
automatically switch to

the appropriate channel.

HIGH SPEED CALL PROCESSING
Processor assigns unit
_initiating the call, and

.all called units, to an

appropriate working channel.

Initial channel assigﬁment
communication between site
~controller and radio units
occurs on the control
channel.

CALL RETRY
Calling unit will
automatically repeat its
request up to eight times
~

conversgtiqns, keeps

police up to the minute,
minimizes call backs.

. Frequency coordination

of the fleets and

subfleets requires

qb action on the part of
any field personnel. .

Dedicated control channel
provides more rapid
channel assignments on
larger systems. System
size does not impact
upon channel acquisition
time. Control channel is
available for additional
functions such as status
and unit 1D.

Eliminates the need for
repetitive PTT operations
by the operator in weak
signal situations.



Mobi l-es, portables, control of the fleets and stations, and consol es

subfl eets requires automatically swtch to no action on the part of

t he apQrpprlate channel . any field personnel. ' H-GH SPEED CALL

PROCESSI N Dedi cat ed control channel Processor assigns.unit _
prqvides nore rapid initiating the call, and channel assignnents on al
cal I'ed units, to an | ar ger systens. Systen1appropriate wor ki ng
channel . size does not inpact Initial chaT assirgnment upon channel
acqui sition comunication between-site _tifre. Control channel is

controller and radio units avail abl e: for addltlonal occurs on the control

functions such as status channel - and unit ID CALL
RETRY if no respopserimmacetkedecd Termipating netrieg also
repetitive PTTRK@%ﬁésO&%nmyﬁuﬁaa(ﬁﬁdﬂ'repeaﬁhbiéens tﬁ¥ BN GPr 1N
weak request up to eight tines signal situations. I f no response is
recei ved. 'RN?H%%?FnﬁeFEPﬂﬁék also Retries ¥¥P®inated upon short ens
the signalling systen1response time. UNIT DI SABLE

I n host age si ked units can be hes uni.t.s _can be
di sabl ed on aw*}%o@fﬁ £’ - assi gmed to a SDEEIE?SBEEFSS RatdoRsp) ed
units group fdl’rlmkﬁdnuoé.msowm nue to nothese vhits can bieh the

crimnals. conigplaGiganeh ai 161V SO akbifnay! e8°R SpR¥UTaYT 10

determ ne their vehi cul ar gsg sfatu t hese
units coul d be basis. ese di 'units group for communication
U continue to monitor the - with the criminals.
-control channel and can be Also, with automatic
polled to determine their’ vehicular location,
status. these units could be

tracked for apprehension.

SUPPLEMENTARY CONTROL - Provides user and system

CHANNEL FUNTIONALITY ~ operator with system
In addition to providing manager features not
channel assignments, the available on other types
control channel is used of systems.

_for: status messages,
) polling, system status,
b logging, late entry,
dynamic-regroupihg,
system testing and other
system functions.

GROUP PRIVACY - Each group has the same

Each group hears only his privacy as having their
own group, unless = own channel with the
specifically programmed additional benefits of
otherwise. Dispatcher - being regréuped with

can override for individual other complementing



tracked for apprehension. SUPPLEMENTARY CONTROL

syst em CHANNEL FUNTI ONALI TY

Pr ovi des

user and

operator With systemlIn addition to”

provi di ng manager features .not channel assignnents, the avai l-abl e
on other types control channel is used of systenms. for: status -
messages, polling, system status, |logging, |late entry, dynam c regrouping,

Systemtesting and other system fun
Each group has the sane Each group
their own group,
pr ogr ammed
regr ouped, s
groups of nobi

unl ess
addi ti onal

uncti ons

oper ati on®t @Y %¥imR4 NG

channel s are

system

order

t he head-gts&negg

be

Egiégcgﬁghﬁi%le.

Unit.

be queued until a channel
becomes available. Unit
requesting a channel will
be notified to prevent
call backs. Members of

Y

benefits of otherw se.

G stk Ioe Rbpi Al d

ener g

procedure for busy busy, cal
s be queued until

ns. GROUP PRI VACY
s only his
channel

Di spat cher
|__,ot her conpl enenting
Hinp Shois,, £oF remerency

privacy as having
with the specifically

bei ng

units or

opexidtiidre ns orderly entry \Wen al

requests wll
a channel

event

~are accepted in the order

groups already in the queue

will not be reentered in
the queue. '

.DATA COMMUNICATIONS

System has the optional
capability of using 9600
bps data on the working
Data
communications will take
place on any equipped
working channel and they
are trunked, jﬁst as
voice communication.

channels,

VOICE ENCRYPTION

System has the optibnal
capability of using
available 9600 baud voice
encryption. (Sée, e.g.

commonly assigned US

they are received except
higher priority users go
to the head of the line.

-

This feature g:eatiy
énhances the value of the
system because it avoids
the expense of additional
RF channels.

Voice encryption offers
the same encrypted range
as for clear voice _
transmissions. Voice can
be passed from each site
through c¢onventional

are accepted in the

t heYladntainmiomieeky epntrpquest i ng a
channel wWhlen all Gileanpél®raty users ggﬂ@ﬁg&ﬁgé|fg¥}5h ent
_'ré&'ac'as?&‘%ﬁ].wenbe@s%eu?f0”. aslla-x[eequeystl-.: e queue .

to

i,



e S @ REALSNRR T AA nlE S

TR e 6T et Sendad e WA LR TN R RN

wi |l .-not ‘be reentered in the queue. DATA COVMUNI CATI ONS Thi s
feature greatly System has the optional enhances the val ue of the
capabi (ity of using 9600 - system because it avoids bps data on the

wor ki ng - the expense of additional channels. Data RF
chgnnel s.”/comuni cations will take place on any equi pped working channel
and 't hey are trunked, just as voice comuni cation. VO CE ENCRYPTI ON

Voi ce* encryption offers System has the ofdtifenal t he sane encrypted
rarrge capability of using as for *clear voice avail able 9600 baud
voi ce transm ssions. Voice can encryption. (See, e.g. be passed -

No 4 622, 6BOPAtent  Noo: C878324880mone | 1 n¥B ISR AR FRERD A ines or
Mneriace equi M DEHSTRE o' Slch Sophigtioaad v Saer ALy
systens. Any npbile can be upgraded to this 'ssg‘["%arré". Ar@crﬂ)etbfﬁ ca% be
: ' - needed to the base
station interface
equipment to accommodate
such sophisticated voice
security systems.
U | Any mobile can be
' upgraded to this systems.
Any mobile can be
upgraded to this
. capability by adding an
external module. No
internal changes to the
radio are required.

L J

UNIT IDENTIFICATION - Each unit on each

All units are automatically transmission is
identified when they ~ identified by the same
transmit. This is true ID regardless of the

! regardless of whether the agency, fleet or

transmission takes place subfleet in which he is
on the control channel ' currently operating.
"or on a working channel. 4095 is more than twice
The system is able to ~ the logical number
accommodate 4095 discrete of users in a fully
addresses independenﬁ of loaded twenty channel
fleét and subfleet. system s0 there is more

than sufficient capacity.



upgraded to this capability by adding an external

nodul e.- No i nter

changes to the radio are required. UNI T | DENTI FI CATI ON

unit on each Al

t hey

channel

nore than twi ce The systemis able t
accommpdat e 4095 di screte

| oaded t

more ¢ hantEAFFRE JEGINEC (5 TRAFFI Statdetics on systen

currently operating.

on systemAll systen iidformationi s

o oup usagiogaPdss FHGH bndf

vi dual

F2ngy,

units are autonatically
. identified by the same transnit.
regardl ess of the regardl ess of whether the

transm ssi on takes pl ace

and i on causes
épadiasu indi

fle

transm ssion is identifi
This is true
agency, fleet or

n a wor ki ng channel .
t he | ogi cal nunber

nal.

Each

ed when
Iy

subfl eet- in which he is on the control

I

of users in a fully addresses i ndependent of

4095-is

systemso there is

Uasage,S mmﬁaﬁakogged.

e units

idual| angds

Statistics

Each

many

ot her fIeemisshanndau&esmﬁhslunitssystegrpapamﬁaycavéﬁgugngimg|st of

el ottty Pl Lo gl L O s WPURRY RSO, | o
portabl es fbeasei E&!Rﬂﬁd ckimeycsite  pysthm ppremuterseare
and list of sites involved available for tabulation
to be logged for manage- and analysis.
ment reports. | o
- . _ | -
TELEPHONE INTERCONNECT All mobiles and portables
Authorized mobiles have in the system can be
the ability to place and interconnected to the
receive calls and patch telephone system. Those
them to individuals or mobiles not specifically
groups of mobiles which eluipped for this can be
may or may not be equipped patched by their dis-
for telephone interconnect. patcher to maintain
-adequate control of
system loading factors.
 GROUP PRIORITY ASSIGNMENT System manager can set v

Eight priority levels are
provided in the system.
Each group (as,well as
each individual) is
assigned a priority.

"~ individual group

priorities according to
the criticality of their
service.

‘The flow of traffic is
more easily maintained
by providing recent users
priority over nonrecent
users of the same
priority level.



the ability to place and I nterconnected to the receive calls and patch
t el ephone system Those themto individuals or nobi | es not
speC|f|éaIIy groups of nobiles which -~ equi pped for this can be may or
may not” be- equi pped patched by their dis- for tel ephone interconnect.
patcher to maintain adequate control of system|oading factors. GROUP

PRI'ORI TY ASSI GNVENT Syst em manager chﬂset Ei ght priority levels are

i ndi vi dual group provided in the system priorities according to Each
greup (as well as the criticality of their each individual) is
service. assigned a priority. _ The flow of traffic is nore easily
mai ntai ned by provi thﬁh'ee‘é@:@mﬂlsﬁff ﬁé@éhtynvmw%@wa feﬂfot he
same priority |evel %g t he exe sé é l} bits are aval eto
det er i ne the @88eERdNgs eumd(dm a'h pafcyithinan agensyYectleatel ve

bits ?_re aval | gl Bule@%ft?rD rrmwe) e bn&vaﬁlgagwﬁarﬂbmd W det@rhinel ar
unit (i , . Y - se 0 | e gr
addresses wt hﬁh aggégéfﬁe\}’,’lr Ii e%#t%u% I %eP “ae%’ d‘]"g{ft 'egi bi ﬂggy
such t hat each"hggﬁc;lnﬁp"haVemhanushféﬁrtntbﬁhmeuhmuﬂexdﬁmining

L ber ! ana” subf PEARPIRARrellds Wi £R' 408Nk, F14d0"d Wil ed T oVl &

ure
provides great flexibility such that each agency may

have many different fleet and subfleet structures.
Furthermore, unit identification is not limited by a
1 particular fleet and subfleet structure. The 4,096
-'unit identification codes can be divided among. the
'subfleets in a manner that best suits a particular
system.

Some features of this exemplary system which are
believed to be particularly unigue end advantageous are
summarized briefly below (order of appearance not
reflecting any order of impertance”—b nor is this list
to be'considered.in any way exhaustive or limiting):

a) Widening the Retry Window

_ Ifﬁa requested working channel assignment is
not achieved, the request is automatically retried
-- and the time window in which such a retry is

_ attempted is increased in duration as a function
of the number c¢f prior unsuccessful retries. This
significantly decreases the avezage channel access
time where noise is the real problem rather than
request collisions -- while still providing a
recovery mechanism for request collision problems
as well. ' '



unit identification codes can be divided anong the subfleets in a manner-
‘that best suits a particular system Sone features of this exenplary system
" which are believed to be particularly unique and advant ageous are W
sumari zed briefly bel ow (order of appearance not reflecting any order of*"
I nportance” nor is this list to be considered in any way exhaustive or
limting): a) W dening the Retry Wndow I f a requested working channel -
assignnment is not achieved, the requ is automatically retried -- and the
time window in which such a retry is tenpted is increased in duration as-
a function of the nunber of prior unsuccessful retries. This significantly
decreases the average channel access tine where noise is the real problem
rather than regyest BgitésiUse of Stibhadibille Al higga recovery :
nmechani sm for request collision problenms as well. ~.b) Bettér Use of
Subaudi bl e Si gnal ling Rather than using subaudible 5|gnaII|ng only to
confirm channel assm_xthmt sthm sising subauedibile sigraklingyenlyo greatly

sinmplify such %{ﬁﬁy £, am’E %*r'eﬂ'ﬁﬁ%% tq t%ié e@oﬁ:t@eimj ority of

t he subaudlble SI ., a prrority scan.
In the exenpl af rﬁwﬂlQNQQM) ﬁrSBSAEUH&RPlkiiwﬂuchleId for a given

channel is 'ncw&a@m WEHECRENG NENELRbRE QRS XINERIE Hfed NAle Channel .
Thus, 1f majority of the subaudible signalling capacity
for other uses -- e.g.. a priority scan. 1In the
exemplary embodiment a two bit subaudible "count” o’
field for a given channel is incremented upon each
~ new working assignment of that channel. Thus, if
f a radio unit observes a change in this field it
is programmed to immediately drop back to the
'control channel.

c) Minimizing_Pribritz gémmnnigge Fragmentations
by Dynamically Altering Scan Functions

After initiating a priority call, a radio
temporarily (e.g., for two seconds) disables the _
usual multipie Qroup-SCanfon the control channel o
-- in favor of looking for the highly probable e
returned higher priority call. This reduces the
possibility of getting diverted momentarily into
an ongoing lower priority communique -- and also
'perhaps miss1ng a fragment of the next higher -
priority communique. A similar temporary (e.q.,
two seconds) scan prefe:ence_(except for priority
calls) for a just-previously involved call group
also helps prevent fragmentation of non-priority
communiques. ' |



a radio unit observes a change in this field, it is programed to

I mredl ately drop back to the control channel. c¢) Mnimzing Priority
Communigue Fragnentations by ‘Dynamically Al tering Scan Functions After
initifating a priority call, a radio tenporarily (e.g., for two seconds)
di sabl es t he usual nultlple group scan on the control channel -- in favor
of l'ooking for the highly probable returged higher priority call. This
reduces the possibility of getting diver nonentarily into an ongoi ng

| ower priority conmunique -- and al so perhaps nissing a fragnent of the
next higher priority comunique. A simlar tenporary (e.g., two Seconds)

scan preference (eggept Usd of i Prah¥migsish-unkdd BitdIigy i cChiehyel nvol ved
call group al so hel ps prevent. fragnentation of non-pri.ority conmmuni ques.
d) Use of Transnissio#gﬁﬂﬁ§¥@§5git i n Channel Assignnment The trunking
system has two trunking nodes: a) Transm ssion Trunked Mbdde in which the

wor ki ng channel is de-al o] C and b)
Message Trunked Mbde in#ﬁ?xﬁfﬁﬁﬁfﬂé Epﬁggc 2%#@?43'¥¥dﬂgﬁnéf$§%?sh
seconds following a unit's unkeying, unless. another "unit keys onto the

channel within such "n" ﬁmsmighbﬁ f2lunied Mod'3H WHIEh -the

working channel is de- allocated as soon as
the calling unit unkeys, and

e _ : ~ b) Message Trunked'Mode in which the working
channel is de-allocated "n" seconds following
a unit's unkeying, unless another unit keys
onto the channel within such "n" seconds.
*"n" is called the "hang time". '

- By dynamically insuring that both called and
calling units "knbw“ that a transmission-trunking
mode is in effect, the calling unit may

immediately revert to the control channel upon PIT
release -- thus immediately freeing the working
channel for drop channel signalling from the
;‘; | cohtrol site. The called units can also be
| positively prevented from ever transmitting on the
working channel - thus avoiding multiple keying of
radio units on the working channel.

e) Automatic Addressing of Immgdiafély Returned
Calls ' ' ' :

_ Both the called and calling units/groups are
identified in the initial channel assignment
signalling. The called unit captures the calling



By dynam cally insuring that both called and calling units "know' that a _
transm ssion-trunking node is in effect, the calling unit may i medi ately
revert to the control channel upon PTT rel ease -- thus i mmedi ately freei,ng
t he wor ki ng channel for drop channel signalling fromthe control site. “the
called units can also be positively prevented fromever transmtting on the
wor ki ng channel - thus avoiding nmultiple keying of radio units on the
wor ki ng channel. e) Automatic Addrg; ng of Imediately Returned Calls
Both the called and calling units/g E%% are identified in the initial e
channel assignnent signalling. The called unit captures the calling unit .
ID and is enabled to autonmatically address a return call to the just .
calling radi o uhithdDPandwiscenabledptesaatonatioald yradthiexsrianed peri od

, 5 : :
0 he Tranem osinEaiiies theC JURLTERT IR UM 42 he mit'c OV O 'S
necessary cal | sWidichprict cdrpressad withinze m@eigstqma pexdiddni ng -

greater applicgll @ 0fg tdecdhds nhggégntﬂgu Igy#? ¢y so increases the:
probability of%suggessful nessa%g chang es -- espe |5ﬁiy i n poor
e

signal | i ng” ar eSOMMUPiqQURSRVER s t§YsEGGSé3 dpmdheoni zati on Use of
hlgher rate 96@%abpmidgivn|Trgnked Mode. Not only does this

simplify the necessary call back procedures and

minimize access times, by allbwing greater

application of the Transmission Trunked Mode it Q).
also increases the probability of successful

message exchanges -- especially in pooi signalling

areas. '

£) 9600 bps Pe:mits-"Loose" ngchrohizatibn-

Use of higher rate 9600 bps signalling
permits simplified bit syhchronization to be
rapidly achieved by simple.*dotting‘ gequences
(i.e., a string of alternating ones and zeros
101010...). Thus, there is no need to keep
information transfers preéisely_synchtonized _
across all channéls. Thus not only reduces o'

hardware requirements s&stem-wide, it also
facilitates a more fault tolerant architecture at
the control site. |

g) Improved Channel Drog'Signaliihg

The drop channel signalling is simply an
'extendéd dotting sequence. Therefore, each radio
may easily simultaneously look for drop channel
signalling and channel assignment confirmations.



permits sinplified bit synchronization to be rapidly achieved by sinple
"dotting" sequences (i.e., a string of alternating ones and zeros
101010...). Thus, there is ;no need to keep information transfers precisely
synehﬁuﬁized across all channels. Thus not only reduces hardware

requi renents systemw de, it also facilitates a nore fault tol erant

architecture at the control site. g) | nproved Channel Drop Signalling The
drop channel signalling is sinply an ext d dotting sequence. Therefore,
each radi o may easily sinultaneously | oo or drop channel signalling and
channel assignment confirmations.  This means that the control site may

nmore i mredi ately c@sigianeansgi that whéi conthalnst tay mayamozef or
reassignment -- ang, 1fss d $qd | Yo Rhahia@1dr op- channel
signalling to issugqﬁégﬁégﬁgiﬁg..gégéggﬁg%?gggnrkgﬁgﬁﬁgn"g?ghals on the
wor ki ng channel (wivsi kelehe | fior vreaasignmenturr anghodd Jdoaded,umyer |y
addressed to it). Asyfedfstély fntbppdst” tRESHedplichannelneivwiald ing sting
channel requests are al ready quegedg'na¥ drog_a WOor |%§n&3ann§! wi t hin
about only 100 msede -igshe| freahfAppnel B8E gnMen ETAHIOR, est .
Radi os that happen gigedl &’ ohatRei wopkilig chehnledi (whidpeadhcan det ect
that fact and propesly, drgp_from,the n C iJity to
o arsouary " odnd; VidBal 2Rut8oWEIE IGhol8 WIS prtpetly !
'~ addressed to it). As a result, a "loaded” system
_ (i.e., one where existing channel requests are
o ' ' ﬁl:eady queued) may drop a working channel within
' about only 100 msec -- and immediately reassign it
to a queued request. Radios that happen to enter
jate into the call being dropped can detect that
fact and properly drop from the channel because of
the ability to simultaneously look for drop
-chanhel signalling and chapnel assignment

confirmation signalling.
' h)" Eeaturé Progf?mmiﬁg'

To a#did cumberédme feature programming (and

'reprogrémmihg to add features) by factory or

e _ distfibution persohnei, novel procedures are .-
employed which safely permit the end user to
perform all such “programming.” All units are
programmed at the factoty to perform all available
functions. A function enable bit map and a unique
physiéal'iD are-tdgethér'ehcrypted at the factory
éhd brovidedrto the_user as "Program Codesf“ When
the user programs-each:device,'its encrypted
"Program Codes" are input to a Radio Programmer
which, in turn, properly sets the feature enable



channel signalling and channel assignnment confirmation signalling. h)
Feature Programm.ng To avoi d cunbersone feature programm ng (and
‘reprogranming to add features) by factory .or distribution personnel, no el
procedures are enployed which safely permit the end user to perform al
such "progranmng.” Al units are progranred at the factory to perfornlal
avai l abl e functions. A function enable bit nmap and a uni que phyS|caI ID are€
t oget her encrypted at the factory and provided to the user as "Program
Codes. " When the user progranms each,dgvice, its encrypted "Program Codes" ..
are input to a Radi o Progranmer V\:hl%% in turn, properly sets the feature
. enabl e bit map in a connected ra unit -- and the decoded physical 1D
-- and a "Just Programmed" bit). The "just progranned radi o devi ce | ogs
into the cent it oRdpr dhl ar c%hacekeaeq-tmto uie .l.ogg,qgl th® -- based on its
appar ent physi opyi of Junc n 1_enabl i ng Program Codes
occurs, then t‘fFec%éﬁT% P%ﬁfé m &sftj}fﬁ °%ﬁ§l"“!‘ﬁa usef ul ness of.
t he radlo\Mtlbit)lmaThenkgdstepcageummeuﬁﬂnauié dﬁwtbé1nb§bed i) :
Doubl e Channel S e KR d Wor ki ng
Channel A fir ’t‘%‘%o EEQEnEgggeF@gzggpér}%m SI nalfe%gﬁesigggg occurs on
t he control cﬁhhmb¢alkgneverba§edonn e iapparént Phwsécehdlhandshake)
1£ 111ega1 copying of function enabling Program
Codes occurs, then the same logical ID will be
assigned -- and the usefulness of the radio within

the trunked repeater system will be diminished.

i) Double ghanne;,Aesiggmentlﬁandshake -- One
Being on the Assigned Working Channel

A first 9600 bps channel assignment
signalling exchange occurs on the control channel.
However, a confirmation (i'.e., a seeond handshake)
then occurs on the assigned working channel.

Thus, it is assured that the desired channel has
been successfully_assigned and locked onto before
the central controller unmutes the called units on
the assigned channei. The signallihg_is such that -
if the channel eonditions are unsuitable for |
voice, the handshake will fail, thus terminating

the call autcomatically.

An embodiment of the present invention, given by way
of example, will now be described with reference to the
accompanying drawings, in which:



t hen -occurs on the assigned working channel. Thus, it is assured that the
desi r-ed channel has been successfully assigned and | ocked onto before the
central_gcontroller unmutes the called units on the assigned channel. The
signalling is such that if the channel conditions are unsuitable for voice,

t he handshake wll fail, thus termnating the call automatically. An
enbddi ment of the present invention, given by way of exanple, will now be
described with reference to the acconpanyj drawi ngs, in which: FI GURE
1 i=s a general explanatory di agram of a.Iéﬁgked radi o repeater system

embodying this invention; FIGURE 2 is a Sinplified block diagramof a B
central control site (as well as a satellite receiver site) in the trunked
repeater system of FI GUREIGUREl GURE & igersersalpekpl adaitbeyk ddiagyammed & he

general site archit 0 ezl roller f scentral control
site; FIGURE 4 is aig%ﬁkgpfﬁégqgioc <ﬁ§§ﬁe§#§f‘?h§“€h§ﬁ%§ architecture
used within each ch&hdsl ioventdodgntral site architecture shown in Fl GURE

3; FIGURE 5 is a sinplified general block diagramof a technical
nobi | e/ portable radio unit to _be utilized for communication within the

trunked repeater system BACHREBURE1S & |sdmmlbfied bipsk Aiagaam Qfcilart of

typi cal ' central control site (as well as a satellite
receiver site) in the trunked repeater system of
FIGURE 1;

FIGURE 3 is a simplified block diagram of the
general site architecture of the main controller
for the central control site;

FIGURE 4 is a simplified block diagram of the
channel architecture used within each channel of
. the central site architecttre shown in FIGURE 3;

FIGURE 5 is a simplified general block _
diagram of a technical mobile/portable radio unit
to be utilized for communication within the
trunked repeater system of FIGURE 1;

FIGURE 6 is a simplified flowchart of typical
call processing seqguence in the exemplary
embodiment from the perspective of a calling unit;

" FIGURE 7 is a simplified flowchart of a call
processing sequence within a called unit;

FIGURE 8 illustrates the trunked channel
dropping procedure and typical required drop
times; '



cal |l processing sequence in the exenplary enbodi nent fromthe perspective

-of a calling unit; FIGURE 7 is a sinplified flowhart of a call processing

sequence within a called unit; FIGURE 8. illustrates the trunked chaanP
Iy

dr oppi ng procedure and typical required drop tines; FI GURE 9 genera
illustrates call initiation signalling within the exenplary systemas well
as typical timng requirenents; FIGJURE 10 is a graphical illustration of '

the control signalling protocol utilized to initiate and term nate trunked
radi o- comuni cati ons on either an in@k dual or group basis in the e
exenpl ary system and FIGURE 11 is a sinplified flowhart of suitable
conputer prograns which mght be utilized at the site controller, the
calling unit and theFIGURE] Qujenexmldy ti] hudteuteisheadilgnal | i ng protocol

of FI GURE 10. . rHﬂh ' egl.er st em dyin
this inventi onpi}%f}ggggrkghyyst:l epl ?I%‘?&%@R@% e%’"?ﬁ'l’ﬁ?ﬁ&%&
i ndi vi dual uni tasowe¥dr asudypinals tdming i xeqeivemensgach ot her (both within
and possi bl e outside of their own group) via shared radi o repeater channels

located at a trunked_repeater control site 100. The dispatch console 102
may be housed direct F§G RO ddhdaraphigabnidlustresion ofy the renvtel y

located via ot hesn€PEUUBHGHAINIiAPrdtdcsl utilized to injtiate
' and terminate trunked radio communications on
either an individual or group basis in the
exemplary system; and S _ -;;

FIGURE 11 is a simplffie& flowchart of
suitable computer programs which might be utilized
at the site controller, the calling unit and the
called unit so as to achieve the signalling
protocol of FIGURE 10. |

~ An exemplary trunked radio repeater system _
embodying ' ‘this invention is generally depicted at
FIGURE 1. As illustrated, individual units of various
groups communicate with each other (both within and
possible outside of their own group) via shared radio
repeater channels located at a trunked repeater control N
site 100. The dispatch console 102 may be housed
directly at the repeater station site 104 or may be
remotely located via other communication facilities
106 as will be appreciated by those in the art. There
also may be multiple dispatch consoles 102 (e.g., one

Sz

for each separate fleet) and a master or supervisory
dispatch conscle for the entire system as will also be
appreciated by those in the art.



106 as will be appreciated by those in the art. There also may be nultiple
di spatch consoles 102 (e.g., one for each separate fleet) and a nester or

supervisory dispatch console for the entire system:as wll also be
appreciated by those in the art. The central site is depicted in
sopewhat nore detail at FIGURE 2 in conjunction with one or nore satellite
recéiver sites 100-1. As will be appreciated, the satellite receiver sites

are displaced spatially fromthe centraI;Sﬂte 100 such that radio reception.
may--tenporarily be better at one or the other of the chosen antenna sites.
Thus, received signals fromthe satellite sites as well as the central

sites are conbi.nedThe 'cesttaral csitei i sydepigtedo iohmmwevwhat reteavai |l abl e

signal for co 0L, +C | [ tral siie, a .
r aneni t 11 ng SeF8110as08TOURE S 08, EATEREEIon by if EEISEINGELE. B b
a conmon ant epateddiger yeceingr peites| 1000w t Ascdddnt®®nal si gnal |
conbi ni ng/ decggpirakidted,CUné gdelLVbeatetelivele sARE it e L1 sPPaEedN t he

art. The transm tti a recei vin F antenna_circuitry 200-206. thus
i ndi vi dual | y §8P§%eggyé¥%QHeﬁhﬁng?E%ﬁgyeitRF1§ﬁhmaﬂ tEradiRceive
circuits inclydedption may diemporarREyrbpchettersiati iomws 'oB0the 30theB04,

08 LS o YPRETLDY, AT Wt B dOpTHER. S ALY £ S bl Ghme.

transmtter af vVer cireurtry isTtypicalrly contro
control shel f£f€em( &hg satelXitprattesoashwedd eontthe ceénmtual)sitess al so

are combined in "voter"™ circuitry so as to choose the
N\ best available signal for control or communication
processes. '

At the central site, a transmitting antenna 200
and receiving antenna 202 (which may sometimes be a
common antenna structure) may be utilized with-
conventional signal combining/decombining circuits 204,
206 as will be apparent to those in the art. The
transmitting and receiving RF antenna circuitry 200-206
thus individually services a plufality of duplex RF
channel transmit/receive circuits included in a
plurality of RF repeater "stations" 300, 302, 304, 306,
" ete. Typically, there may be 20 such stations. Each
station transmitter and receiver circuitry is typically
controlled by a dedicated control shelf CS (e.g., a
microprocessor-based control circuit) as is also
generally depicted in FIGURE 2. Such control shelf
logic circuits associated with each station are, in
turn, controlled by trunking cards TC (e.g., further
microprocessor-based logic control ciréuits) 400, 402,
404 and 406.. All of the trunking cards 400-406
communicate with one another and/or with a prihary site
controller 410 via control data bus 412. The primary



generally depicted in FIGURE 2. Such control shelf logic circuits .
associated wth each.station are, in turn, controlled by trunking cards TC
(e.g., further mcroprocessor-based |logic control circuits) 400, 402, 404
and 406. All of the trunking cards 400-406 comruni cate with one anot he™ .
and/or with a primary site controller 410 via control data bus 412. The

pri mary ‘site controller (and optional backup controllers If desired) may"
be a conmercially avail abl e general purpose processor (e.g., a PDP 11/73
pfocessor with 18 MHz-J11 chip set). Although the major "intelligence" and.,
control capability for the entire sygemresides within controller 410,
alternate backup or "fail soft” coné} functions may also be incorporated
within the trunking cards 400-406 so as to provi de continued trunked '
repeater service evep in the event that controller 410 mal functions or is
ot her wi sesi t&eacotirodfleser{ingd. optionmel deackup ccontedliers $ofe features
may be fq L Q4G0 Nt | L, CaL L . 8813169. 3 (2206019)). An
opt i onal #gg%tﬁggeg‘%ﬁ{ ﬁén%e%#%%&*aﬁ% %%?o?ﬁ%ﬂ' o the public :
swi t ched PUTRPRENPTOSOARIT (89 cal 3 yPDR 11413 precessorteithnk8, printer,
etc., 416ms-3h30chIPY igdRd) f OrADMES t 1005 ' entro

(t oget he?ﬂ\?\fth one ?/nor%élciétpat h‘géﬁcgungoﬁasﬁozg.. E.“;iis ec‘l:gal test and
al ar ni ng 388 FPR§reds capp oF cthecontire system residegnal "voter”

ci rcui ts wHehiR0éonti® 1At HAD Ar el LorNets Wackupicod " £LLPI ¥sgenpl urality
of Input ¢onerol functions may also be incorporatéd within the -
trunking cards 400-406 so as to pfovide continued o/
trunked repeater service even in the event that |
controller 410 malfunctions or is otherwise taken out
of service. (More detail on such fail safe features
may be found 1n'concufrent1y filed application No..
8813169.3 (2206019)). — .~

An optional telephone intérconneét 414 may also be
provided to the public switched telephone network.
Typically, a system manager terminal, printer, etc.,
416 is also provided for overall system management and
control (together with one or more dispatcher consoles
102). A special test and alarming facility 418 may
also be provided if desired. N -

(G

The signal "voter™ circuits 502, 504, S06 and 508
are connected so as to receive a plurality of input
digital or analog signals and to selectively outpﬁt
therefrom the strongest"and/or'otherwiée most reliable
one of the input signals. Thus, received signals from
the central site 100 are input to respective ones of
the channel voter circuits 502-508 while additional
similar input signals are generated from receivers in



di gi tal or analog signals-and to selectively output therefromthe strongest
and/ or ot herwi se nost reliable one of the input signals. Thus, received
signal g_fromthe central site 100 are input to respéctive ones of the
channiel voter circuits 502-508 while additional simlar input signals are
generated fromreceivers in the satellite receiver site 100-1 and al so
input to the appropriate respective voterggircuits. The results of the
voting process are then passed back to t&%. runking card circuits 400-406
where they are further processed as the valid "received" signals. A

ommni vaton $5eSRBSIIIEY Haddtdt | E1EL TRREIARG, dhe Shenth tor theo | <
seen tf) ggmmpagepmimtea rﬁpbdﬁivﬁntotenkcﬂiéu%&? ;Jmieor r%'%dl&@'ﬂtfnhgse
Chdivi dual | chaiiies $Btidg pibadiy e EhélHEEPAPBREN 16 159 runkind
comuni cat e wigardhsimgudts éQQﬁ;ﬁO L]lﬂmc sthey denfhrrrthewobfndcmsisled

di spatch consolg ¢ qu@a'dygégfyggnng Adpg W th the central processor
410 is via 9600 baud I'inks as shown in FIGURE 3. The central processor 410

may include, for exanple, a 128 Kilobyte code PROM 1 Megabyte of RAM and
32 DHV-11/J conpati Al @1RGhAAZLC ntrd detld116d vY@wCalt! ¥hiae satedr anmed using

T mmnage al | SrephgelEirn ok, APitith HAEE STABOPLEas: ot da: cBOMBAB r cal
time basis. FIGURE 3. Eere, the PDP 11/73 controller 410 is seen
U ' to communicate over a 19.2 Kilobit link 412.with up to
25 trunking control_cards TC controlling respective
duplex repeater circuits in,those'individual channels.
Another high-speed 19.2 Kilobit 1link 420 is used to
communicate with the hardware that supports the down
link to/from the dispatch console 102. Other data
‘communication with the central processor 410 is via
9600 baud links as shown in FIGURE 3. The central
processor 410 may include, for example, a 128 Kilobyte
code PROM, 1 Megabyte of RAM and 32 DHV-11/J compatible
RS-232C ports. It may typically be programmed using
micropower-Pascai to provide a multi-tasking,
event-driven operating system to manage all of the
various data communication ports on an écceptablewreal
" time basis. |

<

At each controlled repeatﬂr channel the 19.2
K;lob;t data bus 412 (as well as that from an optional
back-up controller if desired) is monitored by an 8031
processor in the TC module. The TC trunking control
module exercises control over the control shelf CS of

_ its associated repeater with audio, signalling, and
control busses as depicted in FIGURE 4, and méy



At each controlled repeater channel, the 19.2 Kilobit data bus 412 (as wel |
as that froman optional back-up controller if desired) is nonitored by an
8031 processor in the TC nodul e. The TC trunking control nodul e exerck'es
control over the control shelf CS of its associated repeater wth audio,
signal ling, and control busses as depicted in FIGURE 4, and may

typically also receive hard-wired i nputs providing clock synchroni zati on
and a "fail soft" indication (e.g., indicating that normal control by the
central controller 410 is not availabBl@ and that an alternate distributed .-
control algorithm should then be inplenmented within each of the trunking
control nodules TC). The general architecture of a suitable nobile/portable

r adi 0 U“'éﬁégf:catlgfla‘&'éch'zfééé‘f‘véxﬁHP&%yrédsiﬂ Buks Pr3Qlgioppr ocessor

based -as Here, mcropro rovided with
sui tabl e ﬁ%ﬁﬁkysﬁ@Ehﬂ?ﬁﬁ%ﬁﬁﬁ?Qﬂﬂﬁﬁt‘Clfe&1t§°§§l é@q&fﬁﬁiqnnerface\mth

the radi ogangt , disieat iRy Mt t DHSHmA D- é@hkréi’TE& thel Cerrar! | as audio
circuits 556 whi ¢h (tgbas c an?#?g audi uts t he s eaker and
accept - anSPB r&&éﬁgjé%dn 1%m TYd 1o e e é&f over a
nDden1558dﬂstaiﬂugeﬂMeanﬁmuIarbqézdghm shoubdcehenchuptlon vehlcle

| ocati on I gi Ll g0, nj ' Sid y al so be
provi ded f@p%%@\?&e?@ifiﬁ{if %%){:,?S%,E e *’f@“(‘:lﬂr]gu ?%;%gj'ni s‘gﬁﬁesr m t
sui t abl e PEdgr ammed control over RF receiver 560 and transmtter 562 which,
vi a '

The general architecture of a suitable ' o/
mobile/portable radio unit £or;use within the exemplary
system is also microprocessor based -as depicted'fn
FIGURE S. Here, microprocessor 550 is provided with
suitable memory 552 and input/output circuits 554 so as
to interface with the radio unit display, keypad,
push-to-talk (PTT) switch as well as audio circuits 556

- which provide basic analog audio outpﬁts to the speaker
and-accept analog audio inputs from the microphone.
Auxiliary control over a modem 558 as a digital
interface (e.g., to voice encryption, vehicle location
or other types of digital communication subsystems) may
also be provided if desired. And, of course, the 1/0
circuits 554 also-permit'suitable programmed control
over RF receiver 560 and transmitter 562 which, via

: convgntibnal signal combiners 564 permit two-way fully
duplexed communication over a common antenna 566 as
will be appreciated by those in the art.

¢/

A detailed and indepuh descriptzon of all units
and sub-units of such a sophisticated system would
necessarily be extremely voluminous and complex.
Bowever, since those in this art are already generally
familiar with'digitally controlled trunked repeater



conventi onal

signal conmbiners 564 permt two-way fully dupl exed

conmuni cati on over a comon antenna 566 as will be appreciated by those in

the art., A detailed and indept’h description of all-

units and sub-units of

such“a sophi sticated system woul d necessarily be extrenmely vol um nous and
conpl ex. However, since those in this art are already generally fam!|

with digitally controlled trunked repeater

i ar

systens with suitable RF

transmtter and receiver circuits, progrggxed general purpose conputer
a

controll ers,

necessary. |nstead,
enbodi es the invention. Accordin

etc., no such exorbitantly-

the remai nder of this descri

Wil concent r @xstams He th Fiad tah} epagt Srapsniittiers@nd neneivar and

termnate. cal leg peidfe & fl?r&dﬁi:ﬁﬂréel?eﬂekhusﬁu%ptﬁé Repdteconstitute a

5|gn|f|cant | nprove both inre

b t d d i til
facilitating GOYER ’l’ % °man9°th§ﬁ#‘y é§$&§lﬂs’%e’sy)§%ﬂif 5rZsl and

il ed description is believed
it would only serve to obscure the subject matter which

ption

meeting or exckediriptddn ARC®EFi evqdi necerisaryCal I1nytreatiertit hegired by the
calling unit t

dedi cat ed cont ?&r]ysc%e% %%‘?o %‘gﬁgénﬁ‘g tsgk’tj%h nrr']f'ealrtet[ eqll’Jf&S"t Y ggﬁltrgln tsihtee

transnits, outmbodies thethenirventhonnel Acgosdiniglly,dithie atemﬂiatm

assi gnnment  si

to the assigne

'th &@%wewﬂ'hmeeoh%%& e lors W iy

annel where the cent site now sends an

assi gnnent Copﬁqﬁﬁgq ,ptilized to initiate and terminate calls

e

within the system since this is believed to constitute
a significant improvement (both in reliability and
speed) -- while still facilitating the retention of

‘many highly desirable system fgatures and meeting or

exceeding all APCO-16 regquirements.

 Call placement begins by the calling unit
transmlttzng a special digital channel request signal
on the dedicated control channel to the central site.
In return, the central site transmits, outbound on the
control channel, a special digital channel assignment

'signal. The calling unit then responds by switching

immediately to the assigned working channel where the
central site now sends an assignment confirmation
message (also in high-speed digital form). If the
calling unit properly receives the confirming signals
on the working channel, then it responds with an

ately

acknowledgment back to the central site on the working _

channel to complete the second handshake (i.e., the
first one was on the contrel channel and now one has

site releases the called units to begin the requested

communication session on the working channel.

Alternativély, if during this process the calling unit

_taken place on the working channel) before the central



message (also in high-speed digital form. |[If the calling unit properly.
,receives the confirmng signals on the working channel, then it responds
wi th an acknow edgnment back to the central site on the working channe(;;o
conpl ete the second handshake (i.e., the first one was on the control y
channel and now one has taken place on the working channel) before the .
central site releases the called units to begin the requested comuni cati on
session on the working channel. Alternatively, if during this process the
~calling unit recei ves a channel te message on the control channel ..
addressed to it, then the channel rggu st call is tenporarily suspended .
(unl ess the channel request under way is an energency or higher priority

request) and the calling unit then reverts to the called state so as to
recei ve t¥RCeh¥SRi Agchannel ppdate massage omttheceppdsolo response (or an

i rrp(r]I oper Iahsﬁﬂghfhedreet%am% Patndahﬂfe ?afumsxﬁhui t&eaub%:fflkiaqql ! yt w?i t st a
random peyi od before,retryin ccessfu place the call reques up to
a nmaxi nur#%fgﬁmPPFéé')iin S %ﬁf&ﬁﬂ’ﬁ'??ﬁt*’gﬂ?hfﬁgF eFenestst andby
conngw%nmdmrmhﬁyejhtanonmbmmdﬂgylurﬂhighatkpmﬂbgitglr@ﬁ@g@ggs appeari ng
.on the contko u 0 ' i 9 I .t . detects
achannel %&élghﬁeggagéggaégqggpééns?ﬂ%’f?%‘é%é %Eﬂﬂg&l ﬁz}'l’tt)? (or perhaps
as one paoyasfte recedvegthepincaaming iraklhi | elifuthe calddngt el y switches
i ts oper at,hops e 'dyga; réd @gﬁg I € los0 det ects
t he conf ﬁ?ﬂr‘rg?l Sﬁeglgg%lagl "?’s?t bound%gnd%i]hgx\;/\or Iﬁgpg-ﬁrgﬁngfﬁle%eﬁo
response handshake sequence), it automatically waits a s
random period before tetrying to successfﬁlly place the \(

call request (up to a maximum of 8 tries).

The called unit initially resides in a standby
configuration where it continually monitors the digital
messages appearing on the control channel outbound from
the_¢entral site. If it de:ectg g,éhahnel aésignment

~message addressed to it as the called party (or perhaps
as one party of a called group), then the called unit
‘immediately switches its operations onto the assigned
working channel. There, it also detects the
confirmation signals outbound on the working channel
from the central site and,_if successfully confirmed, _ :;
awaits a release or unsquelching signal on the working
channel (e.g., transmitted from the central site in
response to successful completioh of a handshake with
the calling unit on the working channel). The called
unit may also receive a channel update message --
typicaiiy merely ccnfirming that it is already
operating on the correct channel. '

The'programming for a célling uhit is génera;ly
_ depicted in the simplified flowchart of FIGURE 6.
‘Here, upon entry into the calling mode, a call request



from-the central site and, if successfully confirmed, awaits a rel ease or
unsquel ching signal on the working channel (e.g., transmtted fromthe
central_site in response to-successful conpletion of a handshake with the
calling unit on the working channel). The called unit nmay al so receive a
channel update nessage -- typically nerely confirmng that it is already
opefating on the correct channel. The programm ng for a calling unit is

general ly depicted in the sinplified flogggart of FIGURE 6. Here, upon
entry into the calling node, a call requ _ s sent on the contro
channel CC at step 600. A test is nade at 602 for call queuing. If queued,
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transfer is nggpidatiléntoft 8e30akeednd 4 ¥ wr@aéoguhlla?euyfnthen a
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check for a returni channgl: assignment i s d t 612. : recei ved at
t he expect ed Fﬁ’lﬁr{ﬁe‘hpge?gaﬁﬁir?wgi't passed %&3{)"6& BaAYBE ore a test is
made ‘at 616 t gesrd rémenghtot restalrdy &hecicakidimgrgpiotessovlaciexitthi s’
particular_ca%b7)lf so, then the subroutine is exited-at 618. |f net,

~ I1f the call request is not queued, then a test is

" made at 608 to see if thisfparticulér unit has already
previously been requested as a called party. If so,
then transfer is made at 610 to the called mode of
operation. If not, then a check for a returning
channél assignment is made at 612. 1If not received at
the expected.time, then a random wait is interposed at
614 before a test is made at 616 to see if eight tries
have yet been made to complete this p;rticulaf_call.
1f so, then the subroutine is exited at 618. If not,
then the_subroutine is ré-entered at 600.

St 1f a channel asSignment'is successfully detected
' at either 612 or 604, then the unit operation is '~

immediately switched to the assigned working channel at
step 620 and a test for the secbnd'éuccessful handshake
(confirmed signalling) is made at 622. If
unsuccessfully confirmed'on.fhe working éhannel, then
exit will be made and the call is terminated. However,
if the second handshake (é.q., the handshake on a
working channel) is sﬁc;eszully confirmed and |
completed, then the calling unit tf;nsmits an elongated
sequence of dotting at 624 (e.q., répreSenting the



then the subroutine is re-entered at 600. If a channel assignnent is .
successfully detected at either 612 or 604, then the unit operation is"

i mredi ately switched to the assigned working channel at step 620 and gutest
for the second successful handshake (confirnmed signalling) is nade at 622.

| f unsuccessfully confirnmed on the working channel, then exit will be nade,
and the call is term nated. However, if the second handshake (e.g., the
handshake on a worki ng channel) is successfully confirmed and conpl et ed,
then the calling unit transmts an elongated sequence of dotting at 624 -
(e.g., representing the successf uB\gdecond handshake) foll owed by a
transm ssion of voice at 626 (or data-if ,a digital communication session
has been requested) over t he assi gned morklng channel before exit fromthe
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check i s FRbease 9641:1"6 2d switch andepapsmitenpn unkeyed

signal at 627). n
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The protocol followed by a called unit is

generally depicted at FIGURE 7 (e.g, representing a

suitable computer program for controlling the unit in

this mode“of operation).

Upon entry, the control channel is simply
monitored at 700 for any "good™: message (e.g., one
addressed to this particular unit) If such a message
is detected, a check is made at 702 for an "update” .

-type of message. 1If the message is of this type, then
a check is made at 704 to see if it is repeated within
about 1.0 seconds. 1If not, then reentry into the
‘called mode is made. However, if the update of a
higher priority incoming call is repeated within such
period, then an immediate switch to the there—assigned
working channel is made at 706. If signalling is not
confirmed at 707, then an immediate switch to |
unsquelching (716) is made and that channel is
thereafter monitored. If, on the other hand,
signalling confirmation at 707 is achieved it is an
indication that normal channel aseignment is, in
reality, taking place and control is passed to block
714 to look for an unmute message

(;



about 1.0 seconds. If not, then reentry into the called node is nmade.

However, if the update of a higher priority incomng call is repeated
within such period, then an irnmediate switch to the there-assigned working
channel”is made at 706. |If signalling is not confirmed at 707, then an

I nmedi ate switch to unsquel ching (716) is nade and that channel is

thereafter nonitored. If, on the other hagg, signalling confirmation at 707
is achieved, it is an indication that n&b | channel assignnent is, in

reality, taking place and control is passed to block 714 to |ook for an
unmut e nessage. I f no channel update nessage is detected at 702, then

the message i s checkgdnbOck@finel UpdiRe medraye!idssévoceed at 708, |f

not, then return is made to the beg*nn&g& 3f the s r&gtlne. Fbﬁever if a
proper channelthesti thecmesfage a8, checked. fo 5R8, 4f AF ¥as:d ¢hanued; gned
wor ki ng channglsdignmestaat7708andl£ nbéck them prefpern chefmadet tonthe
signalling on.the workingec n ' mMaqg 2.4 f r unmuting
nessage i s th%§§?@§n3I§8 ?ggegégggg% &%ﬁt gg??%ﬁ%%’m%#kfﬂgpéﬁggnel_at

714, then the cleinmel uassignogns bassbgeny rceived, utheni agswitehgtoi s
received at 7l4,q fe#ggfaﬂggﬁ%:&eégacﬂmpﬁew%a& #8010t akdBa thebhiere

wor ki ng channdiox BT eBeELERtaFarsaph Sigmek ¥indrRp tRECKSFEIRRde for the

unmit e Nessagerindy § BOCRER made alte7a2.s ITE dk Qpropesagrmadinghe

high-épeed S”ﬂ?ﬂéégg Q%S 2%%%%t%& Za%bigg%kived on that assigned

o working channel at 714, then the called unit

unsquelches at 716. If no-unmﬁting méssage is received
ét 714, then a check for a drop message is made at 718.
If there is no drop message but high-speed signalling
is still present on the wérkihg'channel (as detected by
720), then a further check is made for the unmute_
message at 714;: Bowever, if there is no drop message
and the high-speed siqnailing has ceased at 720, then
the called unit is nevertheless unsquelched at 716.

At the conclusion of a desired audio call, the
calling radio transmitter.transmité a special release
PTT signal as depicted graphically in FIGURE 8. After

_a suitable transmission and detection delay period, the
assigned working.channel_rpsponds by transmitting a
drop chann§1 signal'on’fhe working channel. As shown
in FIGURE 8, this results in a typical working chanqel
availability in only 167 ﬁilliseconds after the release
PTT signal is initiated.

Typical timing of calling p:ptocol_signals is
depicted gfaphically in'FIGURE 9 where it can be seen
that”typicalncalling protocol can be completed and '



the called unit is neverthel ess unsquel ched at 716. At the conclusion of-a
desired audio call, the calling radio transmtter transmts a special

‘rel ease PTT signal as depicted graphically in FIGURE 8. After a suitapje
transni ssi on and detection del ay period, the assigned working channel )
responds by transmtting a drop channel signal on the working channel . As .
shown in FIGURE 8, this results in a typical working channel avallablllty'
inonly 167 milliseconds after the.release PTT signal is initiated. Typical
timng of calling protocol signals isijdepicted graphically.in FI GURE 9 i
where it can be seen that typical c ng protocol can be conpleted and
comuni cati on begun over the desired mnrking channel wi thin about 290
mlliseconds. Sone bit-level nmaps of sone rel evant nessage formats (and

ot her f@&hﬂﬁinféal&aldd e i NG 6r atHepHesdted) wanrkigighamheY il |l ustrated

at Fl U el nsm ts an out bound conti nuous
transm i?e E&H%h?ﬂlé“mﬂﬁ céﬁ depl cted in FIGURE 10. As will be
seen, each 40 bit nmessage is transmtted three tines (including one

et o0t ansgh bR A Ahdpl Sr26Ene I AE mendie v OF, VoM 22 ANl

there are two chnessages tr per .recurring nessage tinme "slot.
As will tnarmppsdﬁalfb@th% oplatad sdgralidng Sarmats ardd) insures

conti nu%?&.gtgch Cfsrmlgﬁpmbnyesn%%a&@a [ EE dURE U que Bar ker code
permtsrane s c hroni zat'i pn._ so asi O a% uﬁ lgdh (nnugqlggubetmeen the 40
bi t -1 evéfheegen§Eel channel transm nuous
transmission repeating the format 800 depicted in
FIGURE 10. As will be seen, each 40 bit message is
transmitted three times (including one inverted _
transmission where all O's are changed to 1's and vice
versa) and there are two such messages transmitted per
recurring message time "slot." As will be appreciated,
the optional-dotting'prefix (if used) insures continued
bit'synchronizatibn by receiving-units and the unique
Barker code permits frame synchronization so as to
define bit boundaries between the 40 bit-level messages
which follow. Since the control channel transmits
these message slots continuously, no dotting prefix is
needed and but one transmission of the word framing A
. Barker code will suffice for:each'recurrent | | >
transmission cycle. Of course, if desired, a
relatively short dotting prefix may be used to even
further insure continued bit synchronization.

-

Inbound messages on the control channel CC are of
the format 802 shown in FIGURE 10 and may comprise, for
example, group/individual channel assignment requests
transmitted from a calling unit. Here, the dotting
prefix is'considerably longer and the word framing
Barker code is repeated three times so as to insure
that the receiving circuits at the central site are



which follow Since the control channel transmts these nessage slots
continuously, no dotting prefix is needed and but one transm ssion of the
word fyam ng Barker code wi‘l{ suffice for each recurrent transnission
cycle. O course, if desired, a relatively short dotting prefix may be
used to even further insure continued bit synchronization. |nbound messages
on ‘the control channel CC are of the format 802 shown in FIGURE 10 and may °
conprise, for exanple, group/individual channel assignnent requests
transmtted froma calling unit. Here, té§1dotting prefix is considerably

| onger and the word fram ng Barker code ™5 Yrepeated three tines so as to

I nsure that the receiving circuits at the central site are 37 properly
synchroni zed before the 40 bit messages (again with three-fold redundancy)
are transmit tpooperiyesypohronjized keforesthesgdnbitpegsagesuiagaine

utilized so as;{R FRKEeS¥RNd TIUnarep)  #te CbRARASH] BEE@RJES Synchronously
time "slotted” -- neaning that the nessages on thg gnbourd Bg%tlon of the
control chanmreferablyur gvd ¥aRle eansmissiop timing i RGUALSsRAEEs from

the central si¢£)PPe8heoc@s 't male@n@hck adngeneng! tontrdlceharniel dot t ed
expanded scamerragpe pEnciironqis e HERe SBIREERAT TTohebB R WAty e
(the message-tyeemésshgesaorbcthet mblewnd partien- ofgthefaentsrlt o i ncl ude
addi ti onal biéﬁaﬁﬁef‘bhc@%i¥u¥fﬁﬁeﬁﬁ@)saﬁbiﬁimg'EQEEehg bl¥going

_ messages from the central site on the control channel

s ' (as generally indicated by dotted lines in FIGURE 10).

A group call request méssage format is shown in
expandéd scale in FIGURE 10. It includes a two-bit
message type (MT) code (the message-type fiéld-may be
extended in a tree-logic fashion to include additional
bits as will be appreciated). This MT-A field thus

.~ distinguishes a group call from an individual call, for
example. A type of communications field comprising
two-bits indicates the type of communication session
being requested. (If desired, a priority field of
one-bit also may be used to indicate if a highest

&g: priority emergency call is being requested.) The
called identification code of 11 bits (representing
either a group or an individual unit) is followed by a
12-bit field representing the identity of the calling
unit ("logical ID"). The 40-bit message concludes with
12 bits of standard BCH code for error detection and
correction purposes as will be appreciated.

.~ The returning channel assignment message actually
comprises a two message pair also having a format as
shown in expanded scale at FIGURE 10. The first two
bits identify the message type {MT) and the next two



di stinguishes a group call froman individual call, for exanple. A type of
comuni cations field conprising two-bits indicates the type of .
comuni cati on session being requested. (If desired, a priority field Qp
one-bit also may be used to indicate if a highest priority energency call
IS being requested.) The called identification code of 11 bits o,
(representing either a group or an individual unit) is followed by a 12-bit
field representing the identity of the calling unit ("logical I'D'"):. The
40-bit message concludes with 12 bit, ﬁff standard BCH code for error e
detection and correction purposes aig |1 be appreciated. The returning
channel assignnent. nessage actually conprises a two nessage pair also
having a format as shown in expanded scale at FIGURE 10. The first two bits
i denti fy Phesnddentd fiy fdhe Mivperrf armmeni catdon seissd ondadiiidly the type
of commung gagpo ' i . _ a [ 1 f_the
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.such nessa e?ﬁ. ?h%_next one-Mf:fi I iggnt'fhes whet her a group call or
an i ndi viQtiaPPRaFMO BESRAGS, FRIE, YRIRe the R owg sk fd IHLdcANt <
identifidoity ane tolarmmittes Win Lheélhetlhepupfosuchdmeedages)dentity of the
cal | ed unjst L S)ai t 34 4t i ' followed by, 12 bits of
'BCH erro'[h}jéet)é%%‘iéo%ﬁc%oﬁiqu%1?%%&3’5%%4(%%%5??’%% PeFEPUP €&1de assigned
working ©r an individual call is involved and the assigned )

working channel is identified by the following 5 bits.
The group or individual identity of the called unit(s)
is contained within the next 12 bits followed by 12
bits of BCH error detection/correction code.

o’

Once operation reverts to the assigned working
channel, the central site transmits a confirmation
message of format 804 outbound on the working channel.
As will be observed, it is of the same general form as
the continuous transmissions on the control channel CC
except that the message length has been reduced to 32
bits on the working channel. Once again, the message
is sent with three-fold redundancy (one being
inverted). Preferably, the confirmation message is
timed in the working channel so as to be within the
same time slot as messages being transmitted on the
control channel. The format of the 32 bit confirmation
message is also depicted in expanded form at 806 in - R
FIGURE 10. Here, 4 bits are devoted to the message
type code while 2 additional bits provide a subaudible
frame count useful in framing and otherwise decoding
the lower speed subaudible digital data (which'will
subsequently appear on the working channel to be
monitored by units residing thereat). One bit is also

«



channel, the central site transmts a confirmation nmessage of format 804
out bound on the working channel. As will be observed, it is of the sane
general formas the continuous transm ssions on the control channel CC
except\fhat the nessage | ength has been reduced to 32 bits on the working
channel . Once again, the nmessage is sent with three-fold redundancy (one
bei‘ng inverted). Preferably, the confirmation message is timed in the
wor ki ng channel so as to be within the sane tine slot as nessages being
transmtted on the control channel. The D@Amat of the 32 bit confirmation
message is also depicted in expanded forfhat 806 in FIGURE 10. Here, 4 bits
are devoted to the nessage type code while 2 additional bits provi de a
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Once the second handshake (i.e., on the working

channel) has been successfully concluded, the calling

unit transmits 384 bits of dotting followed by audio

(in the case of a requested audio communication

session) as is also depicted at FIGURE 10.

_ The elongated dotted sequence transmitted by the
calling unit on the working channel constitutes an
acknowledgment of the successful. handshake sequence
and, in response, the central site transmits an
outbound digital message on the working channel to

. positively unmute the called unit(s), The format 808
%‘; of such an unnute message is depicted in FIGURE 10..
| Once again, the message type code uses the first four
bits while a subaudible frame count constitutes the
next two bits. The next bit denotes trunked status or
non-trunked status (e.g., regular hang-time) while the
next bit is effectively unused (e.g., preset to zero in
all unmute messages) -- but which may be used for other
optional purposes. The identity of the unit(s) to be
unmuted is set £orth in the next 12 bits followed by 12
bits of stahdard BCH error detection/correction code.



(in the case of a requested audi o comruni cation session) as is also -
depicted at FIGURE 10. The el ongated dotted sequence transmtted by the
‘calling unit on.the working channel constitutes an acknow edgnent of (he
successful handshake sequence and, in response, the central site transmts
an out bound digital message on the working channel to positively unmute the
called unit(s). The format 808 of such an unnute nmessage is depicted in

FI GURE 10. Once again, the nessage type code uses the first four bits while
a subaudi bl e frame count constltutﬁj¢t3e‘next two bits. The next bit i
denotes trunked status or non-trun tatus (e.g., regular hang-tinme)
while the next bit is effectively unused (e.g., preset to zero in all
unmut e nessages) -- but which may be used for ot her optional purposes. "The
i dentity of tH e (eyneduséonnpfit adcommmicationinesatoneed 12 bits
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channel It un nessage I's also shown in
three-fold redundancy {(one 1nverted) -= thus
constituting a 32-bit message characteristic of digital
messages being transmitted on the working channel. The
format of the 32-bit unkey message 810 is also shown in
FIGURE 10. Here, a 4-bit message type code is followed
by 2 unused bits and 2 bits for a block count. The
identity of the calling unit is set forth in the next
12 bits followed by 12 bits of standard BCH error

detection/correction code.

;)

Finally, in response to receipt of the unkey
message at the central site on the worklng channel an
outbound digital message on the working channel of a
super-extended dotting sequence (e.g;, 896 to 2816 . o
bits) is transmitted from the central site as depicted
at 812 in FIGURE 10 -- and in response, all units then
on that channel drop from that particular working
chanhel and revert to the active control channel.

The-sequence of programmed events occurring at the
site controller, the calling unit and the called
unit(s) during a typical call origination/termination
sequence is depicted in the parallel flowcharts of
FIGURE 11. |



FI GURE 10. Here, a 4-bit nessage type code is followed by 2 unused bits and
2 bits for a block count. The identity of the calling unit is set forth in
the next 12 bits followed by 12 bits of standard BCH error

det ect ron/ correction code. Finally, in response to receipt of the unkey
message at the central site on the working channel, an outbound digital
nmessage on the working channel "of a super-extended dotting sequence (e.g

896 to 2816 bits) is transmitted fromthe ‘céntral site as depi cted at 812
in-FIGJRE 10 -- and in response, all unit -hen on that channel drop from
that particular working channel and rever o the active control channel.
The sequence of programmed-events occurring at the site controller, the

calling unit and the called unit( dur a cal |
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audi bl e beep then decremented by one at 1108 (which step is directly
v taken from test 1102 if a retry is in progress). 1If

the retry counter has been decremented to zero as
tested at 1110, then a failed acquisition audible beep
is generated at 1112 and exit is taken back to--the CC
monitor. 'On the other hand, if the maximum number of
retries have not yet been made, then a channel |
assignment request is transmitted on the control .
channel in slot synchronization at 1114 (e.g., at time
_tl)' ' '

Upon detecting an inbound message, the site’
éontroller will receive and store the channel’
assignment reqnest'and'assign_a'free'working channel at
step 1200. In the exemplary system, a response to an
inbound request may be supplied within a predetermined
delay. The outbound ¢hanng1 assignment'messages (i.e.,
a message pair) aré transmitted on the control channel
as soon as possible at step 1204 (time t ). The two
message channel assignment pair is then recelved and
stored from the control channel in the calling unit at
step 1118 (the unit will look for the messages up to
the maximum number of slots). If either message of the
. two message pair is sﬁcqessfully received, this will

suffice. As previously explained, if a channel update



I's generated at 1112 and exit is taken back to the CC nonitor. On the 3
other hand, if the maxi mum nunber of retries have not yet been nade, then a
channel assignment request is transmtted on the control channel in slot
synchroni zation at 1114 (e.g., at tine [err] Upon detecting an |nbound‘i
message, the site controller will receive and store the channel assignnent
request and assign a free working ¢hdynnel at step 1200. In the exenplary
system a response to an inbound r t may be supplied within a
predetern1ned del ay. The out bound channel assignnent nmessages (i.e., a
message r) are.t n the control channel as soon as possible at
step 12 F%ﬁﬁié' éain“nﬁ*h gﬁﬁ’ﬁé?sa&@%eﬂﬁé*&%shgnnbnttphen is then
recelvedtand shéde@fdtﬂtéheaseﬂhlﬁb ¢that @hd "'cal'f £o4lbBE URkh At Step

1118 (t ng | ] 0Qg mes s u the maxi mum nunber of
slots). hﬁ?? tﬁut rre!{s)séz}%ie %?lt‘?ﬁ& wg% s?&é&‘%a?’?a?'ée&uccessf ul ly
recelvedasﬁﬁggmﬂnWIﬂﬁﬁsaQQehassnptebeenstpabaﬁedned testédchennel updat e
IS receiygsloi gnghqﬂentng;mmﬁh&nmggreé t msbﬁitake‘g to a called state '

(assum ng that the call request under way Is n $ERgency). If a valid
channel §ﬂg‘ﬁﬁ‘ént %a'ges\hia%a%? éeényr decidomtiad aeSlma:.nllzo and the
maxi rruméwnbeisoi:n&.le@i S et HeERe Oééef-ﬁé%dtotzh o W egdelay is | oaded
at 1122 a ‘S}( El?otg'(:k t m)nltor!a‘z rom |ch a return
entry to ‘tk %aﬂ‘ i G ‘T"F §BBF°%‘{%1I«&1§* soor. be

taken).

The process of loading in a suitable delay before
retrying mey be thqught of as & preogressive "widening"
of the retry window -- in a consciously contreclied
‘manner. There are three réasons why an inbound data
message from a radio_would not get a response: (1) the
inbound message was nqt succeszfully detected; (2) the
cutbound message was not successfully detected; or (3)
a collision occurred (two or more mcbiles sent in a
request on the same inbound centrol chahnél slotj.

Given that a coll*sion has cccurrﬁd unliess
mobiles ran dﬁmly retrensmit the*r requests, collisions -
will continue teo occur. Consequently, when a radio o >/
faiis to receive a response to an inbound message, it |
waits a "random”™ period of t ne to retranzmit its
reguest. lowever, if case (1) or (2) has occurrad
there is reaily rno reason to randomlze the retry.
Unfortunataly. the radio cannot detevimine the cause of
a fziled response.

But, the longer a mobile waits ﬁo rét:ansmit; the
longer the average access time becomes in poor



The process of Ioading in a suitable delay before retrying may be thought
of as a progressive "w dening" of the retry window-- in a consciously
contrqglled manner. There are three reasons why an inbound data message
fromaTadio would not get a response: (1) the inbound nessage was not
successfully detected; (2) the outbound nessage was not successfully
det-ected; or (3) a collision occurred (two or nore nobiles sent in a
request .on the sanme i nbound control channely slot). Gven that a collision
has. occurred, unless nobiles randomy ret\afsnmt their requests, collisions
will continue to occur. Consequently, mhen a radio fails to receive a
response to an i nbound nessage, it waits a "random period of tine to
retransmt its request. However, .If ca (2) has occurred, there is

e
real |y no reasth@maliingoRFsas; fénce tU#f%r"{’lﬁ‘Fé? cthe maiority ©€annot
determi ne the wegisheoftakéaplader, eslsdm ditlen the {9nNgeIsé &RDIiASLWRI tS tO
retransmt, the r_thg ayer a ime becones in
signal ling aré:a%h(s){]%g%nfh ¥ %ﬁ%reei{i% r‘#a ’oer-’fﬁ‘if’%?"r e'ﬁ'?cg%m{%&&gpl ace.
Si nce often|tretrtzsshsauﬂtantw@aﬂaﬁukww that cause nissed responses,
random zing retries is often wasteful. To correct this problem the present

enbodi nent takes sonme corrective action. First, non-channel -acquisition
messages are causedt® CoEYECE thd# Prokdem.erthe present emRetiRent cquest

nmessages. ACCQgkds 'Foh@ cbbet®if@ aictiddi. ClFfds@] (whereas it

-non-channel-acquisition messages are caused to have a

v much slower retry rate than channel request messages.
Access time for the former is not critical (whereas it
is for the latter). So, if a collision occurs between
a radio sending-in:a'non-channel request message and a
radio sending in a channel request message, the
former's retry rate will be'slow enough to guarantee no
chance of a collision with the latter on the next
retry. | '

Second, the random retry rate varies with the
retry number. The retry algorithm (for channel
acquisition messages only) widens the width of the
retry window with each succeeding retry. This
decreases the average access time in the presence of
noise but still provides a recovery mechanism should
the cause for a missed responée'be a collision.

The preferred embodiment uses the following simple
rule:

1st retry = 2 slot random variability
2nd retry . " -4 slot random variability
succeeding retries 8 slot random variability



is for the latter). So, if a collision occurs between a radio sending in=a
non- channel request nessage and a radi o sending in a channel request
message, the forner 's retry rate will be slow enough to guarantee noy
chance of a collision with the latter on the next retry. Second, the random
retry rate varies with the retry nunber. The retry algorithm (for channel
acqui si tion messages only) widens the width of the retry wi ndow with each”
succeeding retry. This decreases the average access tine in the presence of

noi se but still provides a recovery hani sm shoul d the cause for a nissed
response be a collision. The preferred enbodi nent uses the foll ow ng sinple
rule: 1st retry 2 slot randomvariability 2nd retry 4

slot random vard gy lityeS (s PRI A sl ol _rando ariahility | t
al so i s possi E}Iréea%]ioé.& v%?ﬁ?%ggrggtgr ;/.'B\'NH? wtvﬁ%dtﬂeéy 3’?’6‘%‘]&%‘6*1 t he

recei vedabi @ dungtien cofnthedrecedved bidk iddrox crate iifordency. If a
val i d woglgl Ra G a¥e] 1 §é9£€?nE£?§%ﬁQ% received as tested at 1120, then

the calling unit- swtches imedi ately t "t he assigned working channel at
1124 and waits to receive a proper confirmation nmessage on the working

Qh?nnel ?t %%a&-ﬁ_vfusa gegkﬁ?qahhaanﬁgﬁQ@y%%ﬁwgﬁ%rﬁh$r5g§?jtted by the
over S oaknenediag FRetadcatl \aB. el tpm calfyag Lal L on TeSsae s
switches immediately to the assigned:working channel at

1124 and waits to receive a proper confirmation message .
on the working channel at 1126 -- which confirmation . o’
message is being transmitted by the site controller at '

step 1206 at time t3. I1f the confirmation message is
overridden by a drop message as tested at 1128 or by
timeout of a preset timer at 1130, then the calling
routine is aborted and return is taken to the CC
monitor. On the other hand, if a proper confirmation
message is received at 1126, then the calling unit
begins to transmit 384 bits of dotting on the working
_channel at 1132 followed by voice transmissions (or.
other desired communication session) at 1134.

Back at the site controllgr, @ check is made at
1208 for the acknowledgment dotting of extended
duration on the working channel. If it is not
received, then exit is taken. However, if it is
properly received, then two unit-keyed/nnmute messages
are transmitted outbound on the working channel at step
1210.

While all of the above has been taking place, the
called unit has (if everything is working pfoperly)
received and stored the two-message channel assignment
pair from the control channel at time't2 (at



timeout of a preset tinmer at 1130, then the calling routine is aborted and
return is taken to the CC monitor. On the other hand, if a proper
confirmati on message is received at 1126, then thé calling unit begins to
transntf 384 bits of dotting on the working channel at 1132 foll owed by
voi ce transm ssions (or other desired comunication session) at 1134. Back
at the site controller, a check is made at 1208 for the acknow edgnent
dotting of extended duration on the working channel. If it is not received,
then exit is taken. However, if it is pr |y received, then two

uni t - keyed/ unmut e nessages are transnitted outbound on the working channel
at step 1210. Wile all of the above has been taking place, the called unit

h f | tored,the t

Channel asel Jhubatant ey Ol OBEL ¥lnl kS ¥AY BRT1TRY Hipdle)mg Moo020
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(Once again, ﬁetﬁﬂ ‘E'Htoh%fe§§9§§@- aff iQesﬁ!“Pw?éﬁﬁgﬁ PRy e% g cient.)

I n response, e cal | ed unit a SO swtc € assl gne I ng

channel at 13@2%5& 13ed t“’dbir"ea*ﬁe? fenfrdtehedhtosthegass \meld ng channel
for the propewogRihig’ ENardiel et ePB02t and SPad 3 efeadter momthyed  Only

then | ook T or tARAAPEIENIE M RANG: SARRREL Lo N PEPBAT rom the site
controller oncbh@iwmamim;(ﬁhgwn¢naattstmp[k30§ ¢and at t&mpowse,
~ Only if the proper confirmation message has been
o received does the called unit then look for and receive

the unmute message transmitted from the site controller
on the working channel at time t5 and, in response,
unmutes the receiver of the called unit on the working
‘channel at 1306.

During the ensuing communication session.on the
assigned working channel between the calling and called
unit(s), the site controller (via the TC's) continues
‘to send subaudible new channel assignment (and drop)
data to all units on all working channels at 1212 (thus
enabling higher priority calls to be promptly received

S and accepted by all units). The site controller (via

st the proper TC) also continues to transmit channel -
update messages periodically on the control channel at
1214 (e.g., s0 as to permit late entrants to
immediately go to the proper working channel). The
site controllef.informs all TC's of the channel
assignments and drops and, in response, each TC
generates suitable subaudible signalling for its
channel.

. In.existing-systeme-subeudible signalling
" typically is used as a validity check by mobiles. When



unnmutes the receiver of the called unit on the working channel at 1306.
‘During the ensuing comuni cati on session on the assigned working channel

bet ween the calling and called unit(s), the site controller (via the S)
continues to send subaudi bl e new channel assignnent (and drop) data to all
units on all working channels at 1212 (thus enabling higher priority calls _
.to be pronptly received and accepted by all units). The site controller -
(via the proper TC) also continues to transmt channel update nessages
periodically on the control channel 1214 (e.g., so as to permt late --
entrants to imMmediately go to the proper working channel). The site
controller inforns all TC s of the channel assignnents and drops and, in

response, T C gengrate i I udibl e sd | J for its channel.
In  exist? gct;skyxs? eprrg §%béu§?§l‘eﬁt"§b§§5ﬁ?§gqt‘{/)ﬁ'?%iff% s*%ged as a validity
check by sultgudiblevehgnaldimghitice makeosurendtkibalongsmnes thatonitors the
subaudi bleg, Sl 008! | iPRete EREC atUNGalst ngogg%éghgrig%ﬁgapﬁgio There are

at least two reasons why a radio_could get onto a c I ere it does not
bel ong: BouldHel eRtPAt Fi‘_a\ﬁinﬁﬂi whereo it daak nat PeleRIng channel it

fails to see the 'channel drop and get reassigned; or 2) nonitoring the

control channefy itp}pggr Eoeketed§ 8dEhad TLEHRuNLISE 40 an fnoorrect
working channel,it fails to see the channel drop
and get réassigned: or

_ -/
2) . monitoring the control channel, it
incorrectly decodes a message and goes to an .
incorrect channel. | ' '
Problem (1) is solved by giving a two bit
subaudible count to all radios on the channel. Every
time a call is placed on a chapnel, the channel TC
increments its count. Consequently, if a radio sees
the count change, it "knows"™ it missed a channel drop
sequence. |
As for problem (2), there is a sufficiently high ri:

probability of ‘incorrectly decoding outbound control
messages on existing systems that a quick way to |
réditect radios from channels where they do not belong
is typically provided. To do this, subaudible
signalling typically is used exclusively for this purpose.
However, in the illustrated embodiment, advantage is:
taken of the high information rate on the control
channel, and a mobile is required to see an update
message twice before going to a wofking channel. There
is a negligible increase in the late entry time, but
the probability of going to an incorrect channel is



Problem (1) is solved by giving a two bit subaudible count to all. radios on
the channel. Every tinme a call i-s placed on a channel, the channel TC
incremEDts its count. Consequently, if a radio sees the count change, it
"knows™ it m ssed a channel drop sequence. As for problem (2), there is a
sufficiently high probability of incorrectly decodi ng outbound control
nmessages on existing systens that a quick way to redirect radios from
channel s where they do not belong is typically provided. To do this,.
subaudi bl e signalling typically is used exclusively for this purpose.

However, in the illustrated enbodi nent, antage is taken of the high
i nformation rate on the control channel.,*and a nobile is required to see an
updat e nessage twi ce before going to a working channel.  There is a

negligible ingrease.in the late entry tine, but the_probability of going to
an incorrectV&H§Hﬁ§ﬂyi§1qm¥ﬂqq | A8 8 Faskdl, mubaudible datagaRpl e

data can al salke bectised forotadiRstipes NOGEposet.J. e.q.0 i Pprdosey. At the
concl usi on of _the desired comunicati ons session, the unkeying of the PTT
switch in thﬁcégrling unit is detected at 1136 resulting.in the sending of
an unkeyed nessage on the working channel at 1138 (tinme [err] If in a

Lo channel A S ol ord 98 ¢8| FRL-LITRG ey o ne
response, at5¢888oMh&he ﬁ@’tﬁﬁ%l?%rth%chWeEWﬁﬁsh in the calling o
unit is detected at 1136 resulting in the sending of an
\_ _unkeyed-message on the working channel at 1138 (time
tG)' If in a transmission-trunked mode, the calling
unit may immediately revert to-the control channel --
thus inimediately freéing the working channel, In
'response, at 1216, the site controller receives the |
unkeyed message on the working channel and, at 1218,
sends a super elongated dotting string (896 to 2816
bits on the working channel at time t7).- The called-
unit has, of course, also received the unkeyed message
on the working channel at time ts'and, in response, has f
already muted the receiver at 1308. The called unit
receives the super-elongated dotting string outbound
_ from the site controller on the working channel at time
et _t7 and, in response; reverts to the control channel at
1310.

| A special priority scan sequence is used (in the-
preferred embodiment) to minimize communique
fragmentation. '

When a radio uniﬁ scéns,for hultiple groups and a
‘call is made to its priority group, the radio
automatically disables the multiple group scan (in
favor of a priority group only scan) for a two second
interval upon returning to the coentrel channel. Since



unkeyed nessage on the working channel and, at 1218, sends a super

el ongated dotting string (896 to 2816 bits on the working channel at tine
[err]. - The called unit has, of course, also received the unkeyed nesgage
on the working channel at tine [err] and, in response, has already nuted’

.~ the receiver at 1308. The called unit receives the super-elongated dotting
string outbound fromthe site controller on the working channel at tine t7
and, in response, reverts to the conﬁ& channel at 1310. A speci al

prlorlty scan sequence is used (in t qSpreferred enbodi ment) to mnimze --
communi que fragnentation. Wien a radio unit scans for multiple groups and a
call is made to its priority group, the radio automatically disables the

sme“cf)inﬁl ﬁ]}gs%pieea!tr;]p( iqrdww:ef;asﬂrhemﬁ?réwmﬁglghscan) for a two
priori tf%‘?e%aﬁk%ggg &ss[ thct%#mﬁ%‘égt ﬂétﬁ?ﬁec ny"?!i Qﬁ‘t hat anot her
conmmuni qubamwit.hlia gihdce imtervalhi sifnthe atadié H\med&dltelyn’medl ately

d [ f
ooy o A EHORHE WNREE OrhbHLpRE YR \gldtih CBaby, dahiB! | OV (S Of 2
the radﬂh‘lvﬁﬁ% nﬁ\&épi’aicﬂ)mﬁn!qbe"#ragﬁnfiﬁm @Mnapotbarty group -- and
woul d MpGihifa GO el déders osh ’Eﬁb%k&br&%ﬁ;ﬁ&%ﬁ‘;ntﬂue rdakaved

e o | e fd kR, & pmpNs e cPachant Erom & non-peiority = 00
group -- and would have its entry_into the next .
priority group communique delayed'(priority scan QJ
typically may take between 1.0 and 1.5 seconds to get
the radio into the priority gr;hp). :

Another unique feature used to minimize communique
fragmentation is a preference priority the radio
automatically assigns to a just¥previously'monitored
nen-priority group. 1In essence; if a noh-priority
communique is monitored, for two seconds following the
communique the radio will ignore all other scanned
calls (excépt to the priority group of
course)...eimilarly to priority group communiques. 1In
addition, the radio always remembers the last S P
non-priqrity group monitored. Upon returning from a
priority group communique, the radio will prefer the
last non-priority group monitored over any other groups
being scanned. '

In the examplé below, a '--' means the group is
involved in a communique channel, and it is assumed.
that Group A is the priority group and that its
communiques are separated by less than 2 seconds:



Anot her uni que feature used to mnimze comunique fragnentation is a
preference priority the radio automatically assigns to a just- previously
noni t oked non-priority group.: In essence, if a non-priority comunique is
moni tored, for two seconds follow ng the conmuni que the radio will ignore
al] other scanned calls (except to the priority group of
coufse)...simlarly to priority group conmuni ques. In addition, the radio -
al ways renenbers the last non-priority graup nonitored. Upon returning
frema priority group comruni que, the ral will prefer the |ast
non-priority groue noni Lored over any other groups being scanned. In the
exanpl e bel ow, a YPnBans tHe group™T3 i Mol V&X' ST a communi que channel ,
and it is assunedGtbeap B cup-A<4s-+he-prhokily groupand-that its-

comuni ques are sgpar.at by |ess_than_2_seconds G ou oo ---
SO S e O Y L2 L. 2 S GO A
------------------------------------ Radlo monitors: ~ BBBAAA  AAAA AA
AAAAA  BBBB £6CC There is a bit (i.e., the nessage/transnission trunked
bit) in the morﬁlng o

hannel_confirmation signalling that inforns the radios
as to whet hermenitesmiuni SEBAM t  anBAAPAs| tr‘M@g‘d or' BRBB age-€CCRked.
This unique feature offers greater frequency efficiency. The calling radio
will be on the working channel _

There is a bit (i.e., the message/transmission
U trunked bit) in the working channel confirmation
signalling that informs the radios as to whether the
communique is transmiSsiothrunked or mesSageFtrunked.
This unique feature offers greater frequency
efficiency. ' -

' The calling radio will be on the working channel
and is guaranteed to see the message/transmission
trunked bit. If the bit is set to "Transmission Mode,"
the_calling mobile knows the channel will be removed as
soon as it stops transmitting. 'COnsequently, vhen its
PIT is released the calling radio automatically and

_ immediately goes back to the control channel. This
ot gains channel usage efficiency because the working
channel TC can begin channel drop signalling as soon as
it detects the calling mobile's unkey message. That
is, one does not have to extend the signalling to make
sure the transmitting mobile finishes transmitting,
gets its receiver on channei and then has plenty of
time to be guaranteed that the channel drop signalling
is detected in the calling mobile.

Radios that are called also look at this
message/transmission trunked bit, but for an entirely



and is guaranteed to see the nessage/transm ssion trunked bit. [If the bit
" is set to "Transm ssion Mde," the calling nobile knows the channel w.ll be
renmoved as soon as it stops transnmitting. Consequently, when its PTT ¢3 _
rel eased, the calling radio autonatically and i mediately goes back to the
control channel. This gains channel usage -efficiency because the working
channel TC can begin channel drop signalling as soon as it detects the
calling nobile's unkey nessage. Thatggg; one does not have to extend the .
signalling to nmake sure the transnitting nobile finishes transnitting, gets
its receiver on channel and then has plenty of time to be guaranteed that
the channel drop signalling is detected in the calling nobile. Radios that
are cal | dii tfevenboreasonhi s Iifedhecrommupiuei d® trunked bit, but for an
entirely mes£hdLotpEhpAISadilds ({162 € OWHLE @40 1led FRARE W iyl ed, T adi 05

that were ca be able to key on e a55|gned wor ki ng channel in
case theWinSQYo?Bef-ha pesigmead U@@F%ﬂghﬁhéﬁﬁtﬁ;el nycase B ¥er, if the
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offers t enla t ages BrRLS
to 'Transmission mode, called radios will not be
permitted to key on the working channel. This is a very .;)

useful feature since it prevents radios from keying on
top of each other.

The message/traﬁsmission trunked bit thus offers
three system advantages: It makes transmission |
trunking more frequency (i.e., ghannel) efficient by
decreasing the channel drop tiﬁs (by a factor of three
from typical prior systems), it reduces the dead time
between transmission where users can not key (e.g., on
typical existing systems, if a radio is keyed during
the .5 second drop sequence it must wait until the
sequence is complete), and it offers absolute
protection from radios keying on top of each other on a N

\Ill‘

vorking channel.

To make an Individual Call on ths exemplary
system, the calling radio uses a single inbound slot of
the control channel to identify itself and to specify
the radio being called. Both radios are referred, via
an'outbound control channel message, to an available
working channel where the confirmation signalling takes
place. The unmute message to the called radio (at the
completioﬁ of the high speed confirmation signalling)



trunking nore frequency (i.e., channel) efficient by decreasing the channel
drop time (by a factor. of three fromtypical prior systenms), it reduces the
dead tine between transni ssion where users can not-:key (e.g., on typical
eX|silh§ systens, if a radio is keyed during the .5 second drop sequence it
must wait until the sequence is conplete), and it offers absolute
protection fromradi os keying on top of each other on a working channel. To
make an | ndividual ‘Call on the exenplary éastenl the calling radio uses a
singl e i nbound slot of the control channel’’to identify itself and to
specify the radio being called. Both radios are referred, via an out bound
control channel nessage, to an avail abl e worki ng channel . where the
confirmation silgwaldpemifikestheall. oEhdhenrad ¥l iveg Segdiéd 0 ttﬁecaﬁigddradlo

Speci 1 e the g HrcHart Py EYCRESHaR, HE 1 bE 008 chibhny, edhi

stores the | Dagid,t £ dalMlP@TraUﬁ&Chnof ithe eaiEd smdtdn L6 dépressedd
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station, will automatica ace an in he or1grnal
cal I'i ng. Thlsﬁ&ﬂiﬂﬁﬂthi I “E°@a§}° @Gﬁﬁﬁn%ﬁn1¥¢iwéﬂﬁsblemllrunk|ng,
and t her ef or eHagiié o fﬂ@ﬂt@ﬁwibuecamhamel )nﬁﬁlé%ﬁﬂs:vli ralfows
i ndividual calls. It also al % % cal | irf%radlo ontact .a .called
radi o and conf&ﬁﬁa“ﬁ??l?ﬁpzﬁﬁﬁﬁg Eloma ??é%éﬁﬂih@“@alled radi o
i s not previ okheyeforegrettert freguengye (4 .l dhanbel pabffigiency,
U during_individual'calls. It also allows the calling
’ radio to contact a called radio and converse with no
channel hang time even thoﬁgh the called radio is not
previously programmed to initiate a call to the calling
radio.

The sigﬁalling in the exemplary embodiment is
extremely efficient, minimizindg the channel drop time
_and therefore increasing system efficiency. It is
unique in that, for example, it is high speed
slgnalling as opposed to low speed typically used on
-all other existing systems. 1In addition, the
| signalling is designedﬂspecificaily for minimizing
ggi ' message traffic in a distributed architecture site.

Without such novel channel drop signalling, as the
channel starts droppihg, a message would have to be
sent from the working channel TC to the control channel
TC (via the site controller) stopping all updates on
the outbound control channel (i.e., those that are
referring rédios to the working channel now being
dropped). Once off the air,~the.ch§nne1 TC would have
to send an additional message to the site controller
informing it of such so it can reassign the dropped



radio. The signalling in the exenplary enbodiment is extrenmely efficient,
“mnimzing the channel drop time and therefore increasi-ng system
efficiency. It is unique in that, for exanple, it is high speed S|gnwu i ng
as opposed to | ow speed typically used on all other existing systems. In
addition, the signalling is designed specifically for mnimzing nessage .
traffic in a distributed architecture site. Wthout such novel channel drop
signalling, as the channel starts drgdpi ng, a nessage woul d have to be sent
fromthe working channel TC to the conttol channel TC (via the site -
controller) stopping all updates on-the outbound control channel (i.e.,
those that are referring radi-os to the working channel now bei ng dropped).

Once of f Jdige £ cﬁaen@halwan% :dur@de {Bessadsangadtibhalal message

to the site con roII |nf é; of suc io .t cap reassi-gn the dropped
wor ki ng mmemsﬁ Bicke MLPYIBAa IR EDA508 10 t hin t he

central Siﬂdb%ﬁ&téﬁst.h%uélﬁfpﬁoxdrmmmii a;uehiaeuer techni ques al so

i ncur add.séé td’tal gag ion the ontrol{: 1Anot hg %ngect of the
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down se to enter te onto anne next call
has al reamwsttbeted ﬁeftféwé@ta@m%mﬁehwnpntee that timing

ambiguities don't permit a radio to enter late onto the o
channel once it is down....or even worse to enter late -
onto the channel after the next call has already

started to take place on that channel. '

The exehplary embodiment use unigue drop ehannei
signalling, a unique fadiO'signalling detection
algorithm and timing of when the channel TC sends the
drop channel message to the site controller.

By making the drop channel signalling 9600 bps
dotting, not only can the drop channel signalling be
detected and muted in radios prior to the radio
operator hearing the signalling, but the detection Pt
algorithm places a light enough processor loading on
the radios that they can simultaneously look for the
dotting and for confirmation signalling;

The following rules are followed by a working
channel TC as it drops:

1} Transmit 100 msec of dotting.

2) Without ihterruéting the dotting, send a
channel drop message to the site controller.

3) Transmit an additional 200 msec of



The exenpl ary enbodi nent use uni que drop channel signalling, a unique radio
signalling detection algorithmand tim-ng of when the channel TC sends the
drop channel nessage to the-site controller. By neKing the drop channel
signal I'm ng 9600 bps dotting, not only can the drop channel signalling be
detected and nuted in radios prior to the radio operator hearing the
signal l'ing, but the detection al gorithm places a Iight enough processor
| oadi ng on the radios that they can sinu gﬁeously | ook for the dotting and
for. confirmation signalling. The fol |l ow ules are followed by a working
channel TC as it.drops: 1) Transmit 100 msec of dotting. 2) W t hout
interrupting the dotting, send a channel drop nessage to the site :
controller. 3) Transm dotrtianyli I iBUEL . 208toped toland stalriti mendiBigi.a. stop
it and start sending a foal ' sh a_c assi gnnment
nmessage be received fro%ﬂﬁ%&éﬁ%%f%%ﬁ?éggggf s%ﬁgqpbflgﬂgﬁ§r{nes are’
followed by the site comsilmemdnessagecbevcscaimedp faioam tdie mikenge
froma given channel TC..h (f {@gdiately informthe control channel TC so
tes t

it can stop transnlttlng upda o the working channel TC 2) Consi der
t he channel inmmedi ately avail able for reassignnent.

The. following rules are followed by the site
controller when it receives a drop channel message from
a given channel TC: '

~ 1) Immediately inform the control channel TC so
it can stop t:ansmitting updates to the
-:working channel TC.
2) Consider the channel immediately available
for reassignment
The following rules are £611owed by a radio as it
leaves a working channel:
1) | For 1/2 second ignore all channel updates to
the éroup and channel of the communique being
| left. |
Yt

The following rules are £ollowed by a radio as it
arrives on a working channel:

'1) Look for dotting (i.e., of sufficiently long
' duration to constitute a drop channel signal)
and confirmation signalling Simultaneously.
2)- 1£ drop4chaﬁne1 dotting is seen,_leave'the
channei. ” _ S
3) 1f confirmation is seen then leave the
channel if the ID is not correct,



The followng rules are followed by a radio as it | eaves a working channel:
1) For 1/2 second ignore all channel updates to the.group and channel of
t he conmuni que. being left. The following rul-es are foll owed by a radlqaas

it arrives on a working channel: 1) Look for dotting (i.e., of
sufficiently long duration to constitute a drop channel signal) and
confirmation signalling sinultaneogﬁ#g - I'f drop-channel dotting is

" seen, |eave the channel. 3) If c rnatlon i s seen then | eave the
channel if the 1D is not correct, ot herwi se | ock onto the signalling and
do not unmute until told to do so. 4) I f confirmation signalling stops,

or no signalling ictlherwise 1hekchatneithe clgrizllindoandbde notl unnut e. To'

under stand t he si.Qul.f,L n of these procedures, consider
two cases: (1) whe % nﬁﬁtgglkpgdng% ?%%e I‘atel y reassigned and (2) when

it is immed &ely Haaoongnwatripnu QiQFPI%ll;imltﬁ-QpSoroz‘mradl o to enter
late onto the dropg fRRR0¢ing! @BahlebﬁgolaoQHHS%J;%éPWg g? oi nt .when the

drop channel message was sent tq the site controller’ e channel is
not being reassi griéibaydikle apdepPAYt®adio will see the addltlonal dotting
belng transmtted and w Il know to

To understand the significance of the net effect
of these procedures, consider two cases: (1) when the
channel is not immediately reassigned and (2) when it s
is immediately reassigned. ' o/
It is only possible for the radio to enter late
onto the drop channel signalling 100 msec following the
poeint when the drop channel message was sent to the
site controller. So if the'channel'io not being
reassigned, a late entering radio will see the
additional dotting being transmitted and will know to
drop off the channel. On the other hand, if the system
is 1oaded'(e g, call requests are queued in the site
controller) the channel immedaately gets assigned to
the first group in the queue.. A radio that attempts to
enter late into the call just dropped will see the 5
confirmation message with the group of the next call
starting to take place and will know to drop off the
channel. ' | '

3

The bottom line is that dropping a channel in a
loaded system requires only 100 msec of signalling and
only one message to the site controller. Radios that
happen to enter late into the call being dropped detect
that fact because of the radios ability to look for the



drop. of f the channel. On the other hand, if the systemis |oaded (e.g, cal
reqyests are queued in the site controller) the channel imrediately gets
assigned to the first group-in the queue. A radic:that attenpts to enter
|ate-imto the call just dropped will see the confirmation nessage with the
group of the next call starting to take place and will know to drop off the
channel . The bottomline is that dropping a channel in a |oaded system
requires only 100 nsec-of signalling aqg;ggly one nessage to the site
controller. Radios that happen to enter e into the call being dropped
detect that fact because of the radios ability to | ook for the drop
channel signalling and the confirmation signalling simultaneously. For an

increase in tdfopagdhanielCedgnal 110G and LHRUESHEL HSE1ORYs PGARE Rihg
addi ti onal of hgfgﬂ"featgres" into radi os. The typical prior way to do

this is to bu? PEAYSEEEM or an EEPROM at the factory. One di sadvant age
of this approach is the expense of uniquely programm ng each radio before

custoner subsequortPt 32stPETsase it i, Eaflo, Pt e R5E ek ary
embodi ment pdramufachurey mayrprogramedditionad: ofritheses? featines”each
st oner , 1 oara Falfop]® ThE typledl pRiBiPhey W0 UE LRlE de Yo e
probl emis hRW¥® a unique PROM or an EEPROM at the factory. One
disadvantage of this approach is the expense of
k¢' uniquely programming each'radio before it leaves the
factory -- and it is inefficient to upgrade a radio
should a customer subsequently desire additional
features. ' | o

However, the gxempiary embodiment permits one to
eliminate factory programming costs. Since each radio
is programmed in the field (e.é.;"qrbups, systenms, |
etc.) by the customer, features should be programmed
into the radio at that time. The probiem is how to
control.the'p:ogramming task sufficiently to make sure
the cus?omer only programs purchased features.

Yot : Every shipment of fadibs that goes to a customer
will have a sheet of paper which lists a set of
Ptogrammihg Codes and Physieal'lps (one pair for each
radio). Each Programming Code is an encryptioh of a
"feature enable bitmap" and the Physical ID of the
radio. '

When a customer programs a radio he/she must do
two things. First, he/she programs the radio. To do
this, he/she selects the Programming Code . ' o
representative of the features he/she has purchased for

~



control the programm ng task sufficiently to nmake sure the custoner only:-
progranms purchased features. Every shipnent of radios that goes to a __
custonmer wi |l have a sheet of paper which lists a set of Programmi ng Cpdes
and Physical IDs (one pair for each radio). Each Progranm ng Code is an ~
‘encryption of a "feature enable bitmap" and the Physical 1D of the radio.
When a custoner prograns a radio he/she nust do two things. First, he/she’
prograns the radio. To do this, helﬁg -sel ects the Progranm ng Code
representative of the features he/s as purchased for the radio and -+ .
enters it in the Radio Programmer. He/she then progranms the radi o using the
Radi o Progranner while the Programm ng Code prevents himher from

programthe #adip aad eptaxrs it cteotlle RadigsBrogmammen.he radio onto the

system dgeZBRECtKed PIOGLAHEMKEPEE{o UBENGALhe RaBAYSi cal | D nust be
specified 1 n order t?xé eeL hezéadlo m{o t he’ dat abase. Anytine the Radio -
int

Pr ogr ammeF CHF PREE T Y| rogramping tede pyeventsoBdmMhar bit inside
Lhe ra?iﬂfemppﬁagaahhﬁpgldﬂ%!hmud ﬁe%ﬁdfﬂsls SeesAd, Othe ugdiecks fhat'
it. | radi | | 1s.Physic o request-a Logical 1D
from-t heééﬁfggcgﬁ-rgfﬂgé\r@ lggé?%gr?ﬂélmﬁﬁmi?ét%bgg% t8§80ﬁ'$ﬁfni cate on the-
trunked gygtenmmxnegsrbe‘ﬁhﬂrtﬁ¢é9'm4rhygb¢ab IRemupst be nanager data base
to detere?eeﬂhedma! oded ¢ a@ﬁégeséi%%g?s tAd Qathiddsee that if a

custonmer tries using the same Progranm ng | progr anm ng

L

ey

Anytime the Radiolrrcgrammer writes data into a - N <
radio, it sets a "Just Programmed” bit inside the
radio's personality. Whenever a radio is turned on, it
checks that bit. If set, the radio will use its
Physical ID to request.a Logical ID from the site
controller before allowing its user to communicate on
the trunked system. The site controller will go to the
system manager data base to_detérmine the Logicél’ID to
be assigned to the radio. Notice that if a customer
éries using the same Prograﬁming ID'for programming
different'radios he/sﬁe will end up with the same
Logical 1D in each radio which means unique
identification capability is lost. This is the same
conseguence suffered if a customer copied the PROM:used N/
in existing systems,

. l)

The result is that one has the same level of
protection, -- while avoiding the,heed to program
radios in the factory. Adding features to a radio
involves issuing an updated Programming ID, ambiguities
in programming radios are eliminated (e.g., in existing
systems a radio could be programmed to do something it
was not enabled to do...s0 when a customer programs it
and it doesn't work he/she cannot tell whether the



different radios he/she will end up with the sane Logical IDin each radio
whi ch neans uni que identification capability is lost. This is the sane
consequence suffered if a customer copied the PROM used in existing
syst'ens. The result is that one has the sanme |evel “of protection, -- while
avoiding the need to programradios in the factory. Adding features to a
radi o i nvol ves issuing an updated Programmng I D, anbiguities in
programm ng radi os are elim.nated (e.g., Sﬁzﬁxisting systens a radio could
be« progranmed to do sonmething it was not - led to do...so when a custoner
prograns it and it doesn't work he/she cannot tell whether the radio is
erroneously programed or- the feature is disabled), and no special software
is witten in tadiocobsl| esrongasslyhprigaiamniecd@rmntise . fedbtusel st benefi t

| S Nl ce Since é%éasgea)sogaﬁaas_anc&spaue@%J d SR Y %€98$'95d$ﬁ3b'e
woul d invol ve changing‘tode in juSt a few conputers ratnhéer than tor all
radi os in the mpblgesaesaupﬁdthessﬁﬁépi8m99ﬁammgxeidﬁhﬁsihgsprb@oe§ﬂ§ and

formats invol vegd hicaBBYndef FSkeRy bYBOTtWarebug£&l ReiveNLocELRGRS ar e
sunmari zed bel ow t|0ﬂwa¥o i cal, | D Acgui sition Sequence

1. Rad,o O gi.n
A. The CC traﬁ%ﬁ?@S/QiEBHiFnHBHgdS?P@& FiN9 ERSeER JRPERHA,
i nactive nobi | £ewr e6mpritersheathesaghanifors all tyediessigetheof el msec
frame in the following frane format: Dotting = 32 bits Barker = .16 bits
(e.g., 11 bits Barker code : '
' Detailed descriptions of the signalling protocols

. and formats involved in many different types of call

o |
_ origination sequences are summarized below:

1. Radio Origination, Logical ID Acquisition Sequence

A. The CC transmits a continuous stream of
control messages which all inactive mobiles receive.
The meésages are sent'twq messibes to a 30-msec frame
in the followinq-frame-format:

Dotiing = 32 bits
Barker = 16 bits (e.g., 11 bits Barker code
plus 5 bits dotting preamble)
bt ' Message #1 = 40 bits
| | Message #1 (inverted) = 40 bits
Message #1 = 40 bits
Message #2 = 40 bits
Message #2 (inverted) = 40 bits
. Message #2 = 40 bits

B. When mobile power is turned on, it receives a
site ID message from the Control Channel (CC)in the
following format: '



plus 5 bits dotting preanble) Message #1 = 40 bits Message #1 (inverted)-=
' 40 bits Message #1 = 40 bits Message #2 40 bits Message #2 (inverted) =
40 bits Message #2 = 40 bits B. VWhen nDblle power is turned on, it \
receives a site ID nessage fromthe Control Channel (CC)in the follomnng
formt: MI-A = 2 bits (e.g.11) MI-B = 3 bits (e.g..111) MI-C = 4 bits
(e.g.,1110) Delay = 2 bits Channel =5 bits Priority = 3 bits Honmesite = 1
bit Failsoft .= 2 bits Site ID 6 bi s BCH code = 12 bits Delay specifies
t he maxi mum nunber of control chann | ots before a control channel -
responds to an inbound transm ssion. Channel specifies the channel nunber
for the active control channel. Priority prohibits nobiles with |ower
priority fromtran ting e n control channel. Rone site bit
speci fi es whet her f‘?ek&te ﬁg $+1 &'h'o ’( =0) or. adjacent (=1) ID C I f°
desired, and if prN'é‘rBtfaﬂl% (oigi 11) '

MT-C = 4 bits (e. g.,1110)
Delay 2 bits
Channel = 5 bits
Priority = 3 bits
Homesite = 1 bit
Faileoft = 2 bits
° site ID = 6 bits | -’/
BCH code = 12 bits

-

Delay specifies the maximum number of control
channel slots before a control channel responds to an

inbound transmission. Channel specifies the channel g
number for the active control channel. Priority_
prohibits mobiles with lower priority from transmitting
on the inbound control charnel. Home site bit
 specifies whether the site ID is the home (=0) or
adjacent (=1) ID. L c '
C. 1f desired, and if priority allows, mobile ’i:

optionally transmits a login request on the control -
channel in synchronism with the received control
channel messages. The frame form is as follows:

Dotting = 152 bits

Bafker Code (repeated three times) = 48 bits
(including filler)

'Message = 40 bits _

Message (inverted) = 40 bits

Message = 40 bits

~



optionally transmts a |ogin request on the control channel in synchronism
with the received control channel nessages.. The frame formis as foll ows:
Dotting - 152 bits Barker Code (repeated three times) = 48 bits (including
flller}/wessage 40 bits Message (inverted) = 40 bits Message = 40 bits
The | ogi n message is coded as follows: M-A = 2 bits MI-B = 3 bits Goup ID
=11 bits Logical ID = 12 bits BCH Code - bits If the mobile has no
logical ID, it will transmt the | ogical ‘t equest nessage The logical 1D
reguest nessage is coded as follows: MI-A = 2 bits MI-B= 3 bits MI-C = 3
bits Physical ID = 20 bits BCH Code = 12 bits D. The control channel
responds with a | ogical sage R dwed Sequence -
Radi o Origi nation. Gou?%a?lsﬁmrm%(&)ﬁtgggl ighgﬁhgp tarsazr??mqt s a conti nuous
stream of control nessages which all inactive nobiles receive.

MT-A = 2 bits

MT-B = 3 bits

Group ID = 11 bits
Logical ID = 12 bits
BCH Code = 12 bits

. 1f the mobile has no logical ID, it will |
1N transmit the logical 1D request message The logical ID
request message is coded as follows:

MT-A = 2 bits

MT-B = 3 bits

MT-C = 3 bits

Physical ID = 20 bité

BCH Code = 12 bits
D. The control channel tesponds with a logical.
ID assignment message.

I1. -‘Radio Call Sequence - Radio Origination, Groug
'  call

A. . Control channel transmits a continuous stream
of control meésages which all inactive mobiles receive.
The messages are sent two messages to a 30-msec frame
that has the following format:

Dotting 32 bits
Barker = 16 bits
Message #1 = 40 bits

-



The nessages are sent two nessages to a 30-nsec frame that has the .
following format: Dotting = 32 bits Barker 16 bits Message #1 = 40 bits
Message #1 (inverted) = 40 bits Message #1 40 bits Message #2 = 40~Qyts
Message #2 (inverted) = 40 bits Message #2 = 40 bits B. Mobi | e t hat :
wi shes to originate a group call tradé yts a group channel assignnent
request on the control channel in synthronismwth the received control "
channel . nessages. The frane format is as follows: Dotting 152 bits Barker
(repeated three t| % 3 its Message .= 40 bits Message (inverted) = 40-
bits Message th S?HS of od&qﬁﬁTt?ihuesﬁonﬁééage i s coded as foll ows:
MI-A = 2 bits Type Messugecalli ensi bits Voice, data, interconnect or voice
Ba‘vggé)e izbufsl\ﬁgsgggg ﬂzl-blito %Pug | D 11 bits Logical | D. .12 bits
Message #2 (inverted) = 40 bits

Message #2 = 40 bits . .

~

B. Mobile that wishes to originate a group call
transmits a group channel assignment request on the
control channel in synchronism with the received
control channel messages. The frame format is as

follows:
Dotting = 152 bits
Barker (repeated three times) = 48 bits P
Message = 40 bits -
Message (inverted) = 40 bits
Message = 40 bits
The group call request message is coded as
follows: ’
=D MT-A = 2 bits Py
Type Communications (e.g., voice, data, TN

interconnect or voice privacy) 2 bits
Not used = 1 bit '
Group ID = 11 bits

Logical ID = 12 bits
BCH Code = 12 bits

C. The control channel responds with a
channel-assignment two-message pair. Coding is as
follows: | |



C. The control channel responds with a channel -assi gnnment two-nessage
pair. Coding is as follows: , MI-A Code = 2 bits Type Communi cati ons
(e.g., voice) = 2 bits 1/2 Logical ID =6 MSBs or LSBs G oup/Logical =1
bit Chimnel = 5 bits Group ID = 12 bhits BCH Code = 12 bits D. Al rnobiles
of the*called group switch to assigned working channel and receive a
corfirmati on nmessage. Slotted working cha‘g&l messages are transnitted
‘using the followng franme: Dotting = 32 bits Barker = 16 bits Message = 32
bits Message (inverted) = 32 bits Message = 32 bits The group cal
confirmati on nessage is coded as. follows: MI Code 4 bits Subaudi bl e count
= 2 bits MessagefTransmi Qr%cﬂ%_ﬁ r_'?gt’—"“'is bit Goup/Logical ID=1 bit
Gro]yp ID = 12 bits BCH Cpgpe Cbiuriu rii&‘cd:_t;i_onﬂ(ﬂleaI!'ﬁei&iRI ke 2r paisves
confirmation mas_sgge andlt/EaE’%rgitcsnB%Ab b=lté R%Bgoézt"ﬂgss_t en audl 0.
' Group/Logical = 1 bit
Channel = S bits
Group ID = 12 bits

BCH Code = 12 Dbits

D. All mobiles of the called group switch to
&J assigned working channel and receive a confirmation
message. Slotted working channel messages are
transmitted using'the following frame:

Dotting = 32 bits

Barker = 16 bits
Message = 32 bits ° |
Message (inverted) = 32 bits
Message = 32 bits

The group call confirmation message is coded
as follows: | |

~r " MT Code = 4 bits o
Subaudible count = 2 bits
Message/Transmission ifunking = 1 bit
Group/Logical ID_='1 bit
Group 1D = 12 bits
BCH Code = 12 bits

E. Originating mobile receives confirmation _
message and transmits 384 bits of dotting, then audio.



F. Wor ki ng channel receives dotting and transmts two unit-keyed/ unnute
-messages. MI Code = 4 bits Subaudi ble count = 2 bits Message/ Transm ssi on
Trunking = 1 bit Filler =1 bit Logical ID = 12 bits BCH Code = 12 bigf;
Cal | ed nmobi e receives unnute nmessage and unnutes audio. C Acti ve
nmobi | es on ot her worki ng channel s rﬁkéLye a subaudi bl e channel assi gnnent
nmessage. H. Control channel transnits channel update nessage for |ate
entry nobiles. I. Transm tting nobile unkeys and sends a non-slotted .
unkey nessage, Al pon-slotted negsage formats are: -Dotting.= 384 bits Dat g,
Block #3 = 12K°bit qékib?ﬂfki"ﬁ?izrgEBiBFFsdB&ﬁiﬂyc!md#l = 128 bits Date °
Bl ock #0Otrah2filist twantunftokéyéd/ufiRutéimasgagesdr e i dentical -- except

for a two bit block count -- (each block is repeated four times) and each
has the follow ng format: Dotting = 16 bits '

: ' MT Code = 4 bits :

Subaudible count = 2 bits
Message/Transmission Trunking = 1 bit
Filler = 1 bit
Logical ID = 12 bits

. BCH Code = 12 bits

el

Called mobile receives unMute'message and A
unmutes audio. '

G. Active mobiles on other working channels o
receive a subaudible channel assignment ﬁessage.

H. Control channel transmits channel update
message for late entry mobiles. ' |

I. Transmitting mobile Unkefs and sends a
non-slotted unkey message. All non-slotted message

formats are:

Dotting = 384 bits

Data Block #3 = 128 bits
"Data Block #2 = 128 bits
Data Block #1 = 128 bits

Date Block #0 = 128 bits

| Data Block #3, #2, #1 and #0 are identical --
except for a two bit block count -- (each block is
repeated four times) and each has the following format:

-



Bar ker Code 16 bits Byte 1 = 8 bits Byte 1 (inverted) = 8 bits Byte 1 = 8
bits Byte 2 8 bits Byte.2 (inverted) = 8 bits Byte 3 = 8 bits Byte 4 = 8
bits te 4 (inverted) = 8 bits Byte 4 8bits The unkey nessage is coded as
follows® MI Code = 4 bits Unused =-2 bits Block Count = 2 bits Logical ID
= 12 bits BCH Code = 12 bits J. Wor ki ng channel transmits 896 to 2816

bits of dotting to drop all nobiles fromthe channel. 11l. Radio Cal
Sequence- Radi o Ori gi nation, | ndividual A Control transmts a
coat i nuous stream of control nessages which all inactive nobiles receive.

The nessages are sent two nessages to a 30-nmsec. frame that has the
Nessage 51 (1 nvertod) DACHMEBIEES: 2 40 pics oo h T A0S
Barker Code = 16 bits ' '
Byte 1 = 8 bits
Byte 1 (inverted) = 8 bits
Byte 1 = 8 bits
Byte 2 = 8 bits o
Byte 2 (inverted) = 8 bits -

Byte 3 = 8 bits
Byte 4 = 8 bits |
Byte 4 (inverted) = 8 bits
Byte 4 = 8 bits

The unkey message is :coded as follows:

' MT Code = 4 bits
Unused =2 bits
Block Count = 2 bits
Logical ID = 12 bits
\—’ > BCH Code = 12 bits

- J. Working channel transmits 896 to 2816 bits of
dotting to drop all mobiles from the channel.

111. Radio Call Sequence-Radio Origination, Individual
Call | |

A. Control transmits a continubus stream of
control messages which all inactive mobiles receive.

-



Message #2 = 40 bits Message #2 (inverted) = 40 bits Message #2 = 40 bits
B. Mobil e that wishes to originate an individual call transmts an

assi gnment request on the control channel in.synchronismwth the re&gi ved
control channel nessages. The frane format is as follows: Dotting 152 -
bits Barker (repeat ed three ti rres) (0["3,8 bits Message = 40 bits Message -
(inverted) = 40 bits Message b The individual call request nessage
i s coded as folloms MI- A Code = 2 bits Type Cownunications (e.g., voice) =

2 0L W QoA o, HEud g onkifihck R RIS, Selanll (o 2O Cove

12 bits con chann responds wt anne -assi gnnent
t wo- neddwmfe hasrtheodioddawing formats: M- A Code = 2 bits Type
Communi cations (e. g , Voice) 2 bits 1/2 Logical ID 6 MSBs or 6 LSBS

G oup/Logical ID ="1bit Channel =5 bits Logical ID = 12 bits BCH Code =
12 bits Dotting = 32 bits o

Barker = 16 bits

'Eessege-#l = 40 bits

Message #1 (iﬁverted) = 40 bits

Message #1 = 40 bits

Message #2 = 40 bits

Message #2 (inverted) = 40 bits -
Message #2 = 40 bits : N A

 B. Mobile that wishes to originate an individual
call transmits an assignment request on the control
channel in synchronism with the. received control
channel messages. The frame format is as follows:

Dotting = 152 bits
" Barker (repeated three times) = 48 bits
Message = 40 bits
Message (inverted) = 40 bits
.. Message = 40 bits

()

The ihdividual call request message is coded as
follows: '

MT-A Code = 2 bits |

Type Communications (e.g., voice) = 2 bits
Logical ID (called) = 12 bits

Logical ID (caller) = 12 bits

BCH Code = 12 bits



D. :Both calling (last logical ID) and called nobile swtch to assigned
wor ki ng channel and receive a confirmati on nessage. Slotted working channel
nmessages, are transnitted using the foll ow ng frane;ftbtting 32 bits
Barker = 16 bits Message = 32 bits Message (i nverted) 32 bits Message
32, bItS The individual call confirmation nmessage is coded as follows: M
Code = 4 bits Subaudible Count 2 bits Message/ Transmi ssion Trunki ng 1
bit C?oup/LoglcaI ID =1 bit Logical ID = 12 bits BCH Code = 12 bits E.
Ori+gi nati ng nobil e receives conflrnationtggssage and transmts 384 bits of
dotting, then audio, F. Wor ki ng channel™recei ves dotting and transmts '
two unit-keyed/ unnute nessages: MI Code 4 bits Subaudible Count = 2 bits
Message/ Transmi ssion Trunking = 1 bit Unused bit = 1 bit Logical ID = 12
bits BCH Code = 1€-bi t Theaciontifhishansed; respondn ity s@ge and unnutes

audi o. channel-assignment two-message pair. Coding is as
follows: '

MT-A Code 2 bits _

Type Communications (e.g., voice) 2 bits
1/2 Logical ID =6 HSBs or 6 LSBs
Group/Loglcal ID 1 bit

Channel = 5 bits

Logical 1D = 12 bits

BCH Code = 12 Dbits

D. Both calling'(last logical'ID)'and called
mobile switch to assigned working channel and receive a
confirmation message. Slotted working channel messages
are transmitted using the £olldv1ng £rame-

Dotting = 32 bits
Barker = 16 bits
Message = 32 bits
;;" - Message (inverted) = 32 bits
-»>  Message = 32 bits

The individual ca11 confirmation message is
coded as follows-

MT Code = 4 bits

Subaudible Count = 2 bits _
Message/Transmission Trunking = 1 bit
Group/Logical ID = 1 bit '
Logical ID = 12 bits

BCH Code = 12 bits

~



G Active nobiles on other working channels do not receive a subaudi bl e.

channel assignnent nessage. H. Control channel transmts channel update
message for late entry nobiles. I. Transmi tting nobil e unkeys and sends a
non-sl otted unkey nessage Al'l non-slojted nmessage formats are: Dottin

384 bits Data #3.= 128 bits Date #2 40¥28 bits Data #1 = 128 bits Data #0 =
128 bits Dat a #3, #2, #1, and #0 are identical (repeated four times) and”
each has the follow ng fornat: Dotting = 16 bits Barker = 16 bits Byte 1

8 bits Byte 1 (inverted) 8 bits Byte | = 8 bits Byte 2 = 8 bits Byte 2 ..

(inverted) = gbi tsof‘i/ﬁfnﬁt%ﬁgbhk%i% Tebay el E%n?&&%ﬁ:i(&r&rerted) 0

bits Byte 4 bits e un nessage Is code
bits Lngg&saqgtﬂqg ttansmits 384 b ts of dotting, ‘then sudio.

F. Working channel receives dotting and
transmits two unit-keyed/unmute messages:

MT Code = 4 bits

~ Subaudible Count = 2 bits |
Messagé/TtanSmiséion Trunking = 1 bit
Unused bit = 1 bit

Logical ID = 12 bits
BCH Code = 12 Dbits
Called_mobile receives unmute message and -
unmutes audio. o
G. Active mobiles on other working channels do
not receive a subaudible channel assignment message.
H. Control channel ttansmits channel update
message for late entry mobiles.
I. Transmitting mobile unkeys and sends a Y

non-slotted unkey message. All non-slotted message
formats are:

Dotting = 384 bits
pata #3 = 128 bits
Date #2 = 128 bits
Data #1 = 128 bits
Data #0 = 128 bits



Subcount = 2 bits Logical ID = 12 bits BCH Code = 12 bits IV. Radio Cal
Sequence- Radi o Origination, Energency Goup Call A Control channel
transnlbs a continuous stream of control nessages which all inactive
nobit es receive. The nessages are sent two nessages to a 30-nsec. franme
that has the following format: Dotting = 32 bits Barker 11 bits Message
_#1 40 bits Message #1 (inverted) =-40 qgfb Message #1 40 bits Message
#2 = 40 bits Message #2 (inverted) = 40 brts Message #2 40 bits B.
'Nbbile that wi shes to originate an emergency group call transmts an

assi gnnment request on the control channel in synchronismwth the received
control channel nessage®Patardd  #8e #bs ntnd; #0areddentiand ting = 152
bits Barker (( eaeddt TRrer ttt:[ﬁ?é?é)b-aﬂ@ ©aéR Massetie Told duinyg Vessage
(inverted) dé% gs Message = its The enmergency group call request
nessage is cot®a%:1ol | ons:

Dotting = 16 bits
Barker.= 16 bits
Byte 1 = 8 bits

BYte 1 (inverted) = 8 bits
. Byte 1 = 8 bits ' '
o Byte 2 = 8 bits

Byte 2 (inverted) = 8 bits
L2 . . . . s
‘Byte 3 = 8 bits :

_ Byte 4 = 8 bits - _
Byte 4 (1nverted) = 8 bits
Byte 4 = 8 bits '

The unkey message is coded as follows:

"t |  MT Code = 4 bits | z )
- Unused = 2 bits
Subcount = 2 bits
Logical ID = 12 bits
BCH Code = 12 bits

IV. Radio Call Seguence-Radio Ofigination, Emergency
Group Call



MI-A Code = 2 bits Type communications = 2 bits Status/C =1 bit G oup
ID 11 bits Logical ID = 12 bits BCH Code = 12 bits C. ~ The control __
channel responds with two channel -assi gnment nmessages that are coded \gs .
follows: MI-A Code = 2 bits Type connunlcatlons = 2 bits 1/2 Logical ID 6
VBBs or LSBs Group/Logical ID 1 bl(% Channel 5 bits Goup ID =12 bits .
BCH Code = 12 bits D. Al'l .nobil es t he caIIed group switch to assigned
wor ki ng channel and receive a confirmation nessage. Slotted working -

bi'ts Barker —Rrg b GRPRELLEbREhAr fhARLLE B tPRSLPRBNE B4 2
Message ef3zdnitirolliressaggsndhiplouml banactivermabliesnsecedoe.s coded as

ngL'nmg THE ilfsdods Phte BURIAR Défiibes €oPh' SoMRsaRIC/HaIS™ SSi on

that has the followinq format:

Dotting = 32 bits

Barker = 11 bits

Message #1 = 40 Bits' _

Message #1 (inverted) = 40 bits

Message #1 = 40 bits .
Message #2 = 40 bits ' A
Message #2 (inverted) = 40 bits

Message #2 = 40 bits

B. Mobile that wishes to originate an emergency .
group call transmits an aseignqent request on the
control channel*in synchronism with the received
control channel messages. The frame format is as
follows: '

Dotting = 152 bits
o Barker (repeated three times) = 48 bits
Message = 40 bits
Message (inverted) = 40 bits
Message = 40 bits

(“ﬁ

The emergency group call regquest message is
coded as follows:

MT-A Code = 2 bits
Type communications = 2 bits
Status/C = 1 bit



G oup/Logical ID 1 bit Goup ID 12 bits BCH = 12 bits E. Origi nating
nobi |l e receives confirmation nessage and transmts- 384-bits of dotting,

t heh audio. F. Wor ki ng channel receives dotting and transmts two

uni t-keyed/ unnute nessages. MI Code = 4 bits Subaudible Count = 2 bits
Message/ Transmi-ssion Trunking = 1 bit 1 bit (unused) = O Logical ID = 12
bits BCH Code = 12 bits Called nobile rﬁgﬂives unnmut e nessage and unmnut es
audi o. C. Active Mbiles on other wor g channel s recei ve subaudi bl e
channel assignment nessage. H. Control channel transmts channel update
message for late entry nobiles. |. Transm tting nobile unkeys and sends
two non-slotted unkey rﬁa"s@&be’sp '-'mlrhﬂtm otted nessage formats are:

Dotting = 384 bits Datgdéificall ¥ EtF2 bi¥s Data #2 = 128 bits
| BCH Code = 12 bits "

C. The control channel responds with two
channel-asSignment_messageg that are coded as follows:

MT-A Code = 2 bits o
Type communications = 2 bits
o . 1/2 Logical ID = 6 MSBs or LSBs
- Group/Logical ID = 1 bit
Chanhe1_= 5 bits
Group ID = 12 bits
BCH Code = 12 bits

D. All mobiles of the called group switch to
assigned working channel and receive a confirmation
message. SIOtfed working channel'ﬁessages are '
transmitted uging the following frame:

~ Dotting = 32 bits
ey Barker = 16 bits
Message = 32 bits
Message (inverted) = 32 bits
Message = 32 bits '

‘The emergency group call confirmation message
is coded as follows: '

MT Code = 4 bits
Subaudible count = 2 bits

Message/Transmission Trunking = 1 bit

~



Data #1 = 128 bits Data #0 = 128 bits Data #3, #1, #1 and #0 are identi cal
(repeated four tinmes) and each has the following format: Dotting 16_bits
. Barker = 16 bits Byte 1 = 8 bits Byte 1 (inverted) = 8 bits Byte 1 g/bits
Byte 2 =8 bits Byte 2 (inverted) 8 bits Byte 3 8 bits Byte 4 = 8 bits
Byte 4 (inverted) 8 bits Byte 4 8 bits The unkey message is coded as .
fol lows: MI = dee = 4 bits Subaudpbl Count = 2 bits Logical ID = 12 bits
BCH Code = 12 bhits V. Radi o Cal | SLence-Radio Origination, Status Cal

A. Control channel transmts a continuous steam of control nessages which
all inactive nobiles receive. The nessages are sent tmo nessages to a
30-nsec. frane thatchat‘ipybegiohtlowmg: flotsimt : Dotting = 32 bits Barker = 16
bits Nbssage #1 ﬁ? gﬁéslb 12 bits

BCH = 12 bits

E. Originating mobile receives.chfirmatiOn
message and trdnsmits'384rbits of dotting, then audio.

F. Work;ng channel receives dotting and
tranesmits two unit keyed/unmute messages.

MT Code = 4 bits
' Subaudible Count = 2 bits
'Message/Tfansmissibn Trunking = 1 bit
1 bit (unused) = 0 '
' Logical ID = 12 bits
BCH Code = 12 bits

Celled'mobile receives unmute meésage and unmutes
~audio. )

G. Active Mobiles on other workihg channels

£

. receive subaudible channel assignment message.

H. Control channel transmits channel update
message for late entry mobiles. '

1. Transmitting mobile unkeys and sends two
‘non-slotted unkéy messages. All non-slotted message
formats are:

Dotting = 384 bits
Data #3 = 128 bits



Message #1 (inverted) = 40 bits Message #1 = 40 bits Message #2 = 40 bits
Message #2 (inverted) = 40 bits Message #2 = 40 bits B. Mobi | e t hat

w shes(to originate a status cal | transn?lﬁ a status request on the control
channel in synchronismwth the received ntrol channel nessages. The
frame format is as follows: Dotting = 152 bits Barker (repeated three
times) = 48 bits Messadeatal®2brt 32Rebd&ge (inverted) =40 bits Message = 40
bits The status request SF U [c 0 g2s follows: NW A Code = 2 bits -
MI=B Code = 3 bits M- 8?%%5 §§3 b??g gﬁblts (unused) = 000 Aut o Response
=1 bit (e.g., yes) 4 Pata(#RuScap8-bdss0 Logi cal ID = 12 bits BCH Code =
12 bits C The control channel responds wth a status page nessage that
is coded as follows: NW A Cbg % b MI- B Code = 3 bli yw-c Code= 4
bits . Data #3, ﬂ and #0 are ident ca

(repeated four times) and each has the following

format:
Dotting = 16 bits
Barker = 16 bits
Byte 1 = 8 bits
. Byte 1 (inverted) = 8 bits
N~ Byte 1 = 8 bits '
Byte 2 = 8 bits o :
Byte 2 (inverted) = 8 bits
. | ‘. -
Byte 3 = 8 bits
Byte 4 = 8 bits
_ Byte 4 (inverted) = 8 bits
N Byte 4 = 8 bits ' .
. The unkey message is coded as follows:
W, . _

MT = Code = 4 bits -
Subaudible Count = 2 bits
Logical ID = 12 bits

BCH Code = 12 bits

V. ﬁadio Call Sequence-Radio Origination, Status Call



, 2 bits (unused) = 00 Auto response = 1 bit (e.g.,yes) Status = 4 bits -
Logical ID = 12 bits BCH Code =12 bits D. Called nobile transmts a _
control channel status message that is coded as follows: MI-A Code = R bits
M[*B Code= 3 bits MI-C Code= 3 bhits its (unused) = 000 Auto Response =1
bit (e.g., yes) Status ‘4 bits Logi%l ID = 12 bits BCH Code = 12 bits E.
Control channel responds with a status acknow edge nessage that is coded as
fol |l ows: MI- A Code = 2 bits MI-B Code = 3 bits MI-c Code = 4 bits 2 bits

nused) = 00 Auto nse = 1 bi e.q.: .,yes) Stat = 4 bits Logical ID*+
(iulgs.bi %s BCH (bde = i‘ggﬁ? sa&'l“alf;iaﬁfﬁas )éﬁs?a’ r%%%g.€BB°BFaIPG§%g|sage.
VI. Radi @fCaidntroliovess #3e8 owliichi adli dnacioee ahokil és Arecefoelr ol
channel t&ﬂgﬂgéé%ébéénuféuggﬁtSéégaﬂbssagesrto a 30-msec. frame
that has the fqlloying format:

Dotting = 32 bits

Barker = 16 bits

Message #1 = 40 bits _

Message #1 (inverted) = 40 bits

Message #1 = 40-bits _ -

Message #2 = 40 bits _ L
 Message #2 (inverted) = 40 bits '

Message #2 = 40 bits

B. Mobile that wishes to originate a status call
transmits a status request on the control channel in .
- synchronism with the received control channel messages.
The frame format is as follows:

Dotting = 152 bits
Barker {(repeated three times) = 48 bits
s Message = 40 bits : :
' Message (inverted) = 40 bits Y
Message = 40 bits
The status request message is coded as
follows:

MT-A Code = 2 bits
MT-B Code = 3 bits
MT-C Code= 3 bits

3 bits (unused) = 000

~



of control nessages which all inactive nobiles receive The nessages are
sent.two nessages to a 30-nsec. frane that has the follow ng format:
Dotting,= 32 bits Barker = 16 bits Message #1 = 40 blts Message #1
(inverted). = 40 bits Message #1 = 40 bits Nessage #2 = 40 bits Message #2
(inverted) 40 bits Message #2 = 40 bits B. Mobi | e that w shes to
ori‘ginate a special call transmits a specbgﬁ,call request on the contro
channel in synchronismw th the received coftrol channel nessages. The
frame format is as follows: - Dotting = 152 bits Barker (repeated three
times) = 48 bits Message = 40 bits Message (|nverted) 40 bits Message

40 bits The special call age,i g ed as foII ws: MI-A Code
bits MI-B Code= 3 bits €gg§§égg§§§|t312 g ¢ Fhuse¥§2E 00 Type
Conmuni cat i ons Code 2anttse(gnvsed)e$c6bbett) 1 bit (unused) =0
Logical ID = 12 bits
BCH Code = 12 bits

C. The control channel responds with a status
page message that is coded as follows:

MT-A Code = 2 bits
MT-B Code = 3 bits
MT-C Code= 4 bits
2 bits (unused) = 00 :
Auto response = 1 bit (e.g.,yes)
Status = 4 bits
Logical ID = 12 bits.
" BCH Code = 12 bits °

D. Called mobile transmits a control channel
status message that is coded as follows:

MT-A Code = 2 bits

St s MT-B Code= 3 bits

' | MT-C Code= 3 bits
3 bits (unused) = 000
Auto Response = 1 bit (e.g., yes)
Status = 4 bits ' ' S
Logical ID = 12 bits
BCH Code = 12 bits

E.. .Control channel responds with a status
acknowledge message that is coded as follows:



Priority Code = 3 bits Logical ID = 12 bits BCH Code = 12 bits C The
control channel responds with a channel -assignment two-nessage pair. Coding
is as follows: MI-A Code 2 bits Type Conmunication Code = 2 bhits (e-QH
,intcnt) 1/2 Logical ID =6 MSBs or LSBs G oup/Logical = 1 bit Channel 5
bits Logical ID = 12 bits BCH Code = 12 bits D. Mobi | e switches to the
assi gned wor ki ng channel and receives a confirnmation nessage. Slotted -
wor ki ng channel nessages are transn1r§§€{u5|ng the followi ng frane. Dotting
. = 32 bits Barker = 16 bits Message = bits Message (inverted) 32 bits
Message =32 bits BCH Code = 12 bits The special call confirnation nmessage

I's coded as foll ows = | Subcount = 2 bits Hang/tinme/ Trunked =
1bit MTNK'Eggé 42b$£§s :

MT-B Code = 3 bits

MT-c Code = 4 bitq

2 bits (unused) =

Auto Response = 1 bit (e.g.., yes)
Status = 4 bits .

Logical ID = 12 bits
- BCH Code = 12 bits

Origihating mobile receives status message.

VI. Radio Call Seggence -Radio Origination, Sgecial
Call '

A. Control channél'transmits a continuous stream
of control messages which all #nactive mobiles receive.
The messages are sent two messages to a 30-msec. frame
that has the following format:
Dotting = 32 bits
Barker = 16 bits _
s Message #1 = 40 bits | N
Message #1 (inverted) 40 bits
. Message #1 = 40 bits
Message #2 40 bits _
Message $2 (inverted) = 40 bits
Message #2 = 40 bits

B. Mobile that wishes to originate a special
call transmits a special call request on the control
channel in synchroniém with the received control
channel messages. The frame format is as follows:

~



G oup/Logical ID =1 bit Logical ID = 12 bits BCH Code = 12 bits E.
Originating nobile receives confirmation nmessage and transmts a
mul ti-block special call nessage The nessage franme (shown bel ow) can have
froml to 16 blocks. Dotting = 384 bits Data #3 Block #1 = 128 bits Data #2
Block #1 = 128 bits Data #1 Bl ock #1 = gﬁgglts Data #0 Bl ock #1 = 128 bits
Dat-a #3 Block #2 = 96 bits Data #2 Bl ock 96 bits Data #3, #2, #1, #0
‘are identical in each bl ock (repeated f our tlnes) .Codi ng for Block *1 Data
is% Dotting = 16 b|ts Barker = 16 bits Byte 1 8 bits Byte 1 = (inverted)
8 bits Byte 1 =8 bi t PRing "815?t§1§§te 2 (inverted) = 8 bits Byte 3 =

8 bits Byte 4 = 8 bits Byerkelr ({Pesehaedl fh?e@'%id@6f3‘1485$f¥§5 Data in
bl ocks after bl ock #1 d?q not have
essage = 40 bits
Message (inverted) = 40 bits

Message = 40 bits

The special call request message is coded as
follows: ' S

. MT-A Code = 2 bits
s MT-B Code= 3 bits
' MT-C Code= 3 bits
2 bits (unused) = _
Type Communications Code = 2 bits'(e.g.;
interconnect)

1 bit (unused) = s
Priority Code = 3 bits
Logical ID = 12 bits
BCH Code = 12 bits

C. The control channel responds with a
channel-assignment two-message pair. Coding is as
W follows:

MT-A Code = 2 bits |

Type Communication Code = 2 bits
(e.g.,intcent)

1/2 Logical ID = 6 MSBs or LSBs

Group/Logical = 1 bit

Channel = 5 bits

Logical 1D = 12 bits

BCH Code = 12 bits



dotting or Barker code. - If telephone interconnect is required, block #1-
data is coded as follows: Goup Count = 4 bits Individual Count = 4 bits
Phone-Digit Count = 4 bits Phone Digit #1 = 4 bits MSD Phone digit #2 4
bits BCH Code = 12 bits If no interconnect is required, block #1 is coded
as G oup -Count 4 bits Individual quQﬁ 4 bits Goup/Logical ID= 12
bits BCH Code = 12 bits Subsequent bkecks are coded with. either one group

| D, one Iog|cal ID, or five tel ephone’digits as required to satlsfy t he

bl ock #1 counts. The tel ephone digits first, then the logical 'IDs, then *

the group | D sp,Di giMoloiork Nevi Eclee® eagtﬁepessmbmhex{d}w igt010) . 1D coding
is 8 Bite = 101 1010 bi % C?qg$h*i£hﬁ: ID =12 bits B Code = 12 bits
F.  Wor KRgnpginand ¢ %ﬁ%‘{ﬁ 38 PR MESEAFel Sdotted cal|
receive b&éﬁnnnqeaﬂagmelslmééabwr&wgttmettmsmeﬁ; ahe transmtted

usi ng th ow né;éggggi Dotting 32 bits Barker = 16 bits

Dottingﬁ= 32 bits
Barker = 16 bits
' Message = 32 bits
. Message (inverted) = 32 bits
Messége.= 32 bits
BCH Code = 12 bits

_ The special call confirmation message is
" coded as follows: ”

MT Code = 4 bits  °
Subcount = 2 bits
Hang/time/Trunked = 1 bit
Group/Logical ID = 1 bit
Logical ID = 12 bits
BCH Code = 12 bits

E. Originating mobile receives confirmation N
message and transmits a multi-block special call -
message. The message frame (shown below) can have from
1 to 16 blocks

Dotting = 384 bits -
128 bits

Data #3 Block #1 = |
Data #2 Block #1 = 128 bits
Data #1 Block #1 = 128 bits

Data #0 Block #1 128 bits

-



Message = 32 bits Message (inverted) = 32 bits Message = 32 bits BCH Code =
12 hits The special call receive bit map is coded as foll ows (use of

sim | ay ;acknow edgnent bit maps is disclosed in related copending
application No. 8813167.7 [2206020]): MI Code 4 bits Block #1 bit = 1 bit
(e.g., OK) Block #2 bit =1 bit (e.g., OK) Block #3 bit =1 bit (e.g., 0 =
repeat) Block #4 bit =1 bit: Block #16 bit 1 BCH Code 12 bits G
Originating nobile receives hitmap nmessage_ and transmts a nulti-bl ock
special call nessage. The nessage frane %ﬁﬁgmn bel ow) can have from1 to 16
bl acks. Dotting = 384 bits Data #3 Block #1 = 128 bits Data #2 Bl ock #1 =
128 bits Data #1 Block #1 = 128 bits Data #0 Bl ock #| = 128 bits Data #3
Bl ock #2 = 96 bits Dat ap&8aBeGCBléek= #3236 shiggsbits :

Data #2 Block #2 = 96 bits

Data #3, #2, #1, #0 are identical in each _
block (repeated four times). Coding for Block #1 Data.

3 . is:

" Dotting = 16 bits
Barker = 16 bits
Byte 1 = 8 bits
Byte (inverted) = 8 bits
Byte 8 bits
Byte 2 = 8 bits .
Byte (inverted) = 8 bits

NN e

W Byte 3 = 8 bits
Byte 4 = 8 bits
Byte 4 (inverted) = 8 bits
"Byte 4 = 8 bits

‘pata in blocks after block #1 do not have
dotting or Barker code. If telephone interconnect is
required, block #1 data is coded as follows:

Grou§ Count = 4 bits
Individual Count = 4 bits

Y



Data #3, #2, #1, #0 are identical in each block .(repeated four tinmes). -
"*Coding for block #1 is Dotting = 16 bits Barker = 16 bits Byte 1 = 8 bits
Byte 1 (inverted) 8 bits Byte 1 = 8 hits Byte 2 = 8 bits Byte 2 -
(fnverted) = 8 bits Byte 3 =8 bits Byte 4- 8 bits Byte 4 (inverted) = 8
bits Byte 4 = 8 bits Data in block ter bl ock #1 do not have dotting or
Bar ker code. Only bl ocks that have 0" in their bitmap bit are
transmtted. For exanple in step F, block #3 in step E would be the first

bl ock retransmtte béb P=i § ived within 100 nmsec. after
steps E or G all C# rLs ar P‘r:etrgﬁgmtteggegte s F and G are repeated

until all bl ocks ar@‘qltﬁzé?iﬁtﬁtcﬁ?-recﬁl bits MQMD =1s). H Control

channel transmts ep]ﬁg{g |dﬁg§ #Rreay giegontrol nessages which all
i nactive nobiles r | ve gﬁﬁéiges are sent .two nmessages to a 30-nsec.

frame that has the I‘Eﬁ’ﬁ?lg"f sDottlng 32 bits Barker = 16 bits
Message #1 = 40 bits ' '

| If no interconnect is required, block #1 is
coded as

Group Count = 4 bits

Individual Count = 4 bits
Group/Logical ID = 12 bits ' A
BCH Code = 12 bits '

Subsequent blocks are coded with either one
group ID, one logical ID, or five telephone digits as
required to satisfy the block #1 counts. The telephone
digits first, then the logical ID's, then the group
ID's. Digit coding is one digit per nibble
(null=1010). 1D coding is ' .

8 Bite = 10101010 (8 bits)
Group/Logical ID = 12 bits
BCH Code.= 12 bits T e T

F. working channel transmits a slotted working
channel special call receive bitmap message. Slotted
working channel_’mességes are tra_nsmitted using the
following frame: '

Dotting = 32 bits
" Barker = 16 bits



Message #1 (inverted) = 40 bits Message #1 = 40 bits: Message #2 = 40 bits
Message #2 (inverted) = 40 bits Message #2 = 40 bits. |I. The control
channelxsends fromO to 16 channel - aSS|gnnent t wo- nessage pairs as required
for the special call. Coding for each nessage is as follows: MI-A Code = 2
bits Type Comruni cations Code = 2 bItS 1/2 Logical ID =6 MSBs or 6 LSBs
G.oup/Logical ID= 1 bit Channel =5 b| ogi-cal = 12 bits BCH Code = 12
bits * J. Al'l called nobiles go to th assi gned wor ki ng channel and
unfrute (sane as late entry). Fromthis point the working channel nessages
are the same as a group or individual call. VII. Radio Call Sequence-Radio
Origination, Dynamic-Regroup Call A - Control channel transmts a
conti nuous stream of contMedsagssadd bittaeh all inactive nobiles receive.
The nessages are sent - that has the
foll owi ng format: Dottl\rll\g:ég?%?%eﬁsﬁ%a&k@ r:@:f? blli{ggewlessage #1 = 40 bits
essage = 32 bits
BCH Code = 12 bits

The special call receive bit map is coded as
 follows (use of similar acknowledgment bit maps is
discloséd in related copending application No.
W ~ 8813167.7 [2206020]):

MT Code = 4 bits :

Block #1 bit = 1 bit (e.g., OK)

Block #2 bit = 1 bit. (e.g., OK)

Block #3 bit = 1 bit (e.g., O = repeat)
Block #4 bit = 1 bit. |

*
-

. Block #16 bit = 1
Wt . BCH Code = 12 bits

G. Originating mobile receives bitmap message:
and transmits a multi-block special call message. The
message frame {(shown below) can have from 1 to 16
blocks. |

Dotting = 384 bits |

Data #3 Block #1 = 128 bits
Data #2 Block #1 = 128 bits
Data #1 Block #1 = 128 bits



Message #1 (inverted) = 40 bits Message #1 = 40 bits Message #2 = 40 bits

. Message #2 (inverted) = 40 bits Message #2 = 40 bits B. Mobi | e that -

wi shes to originate a dynam c-regroup call transmts a request on thas .
control channel in synchronismwth the received control channel nessages.
The frame format is as follows: Dotting = 152 bits Barker = (repeated three.
tinmes) = 48 bits Message = 40 bits sage (inverted) = 40 bits Message =

40 bits The dynam c-regroup requ¥st nessage is coded as follows: M-A
Code = 2 bits MI-B Code = 3 bits Goup ID = 11 bits Logical ID- 12 bits °

BCH Code = 12 bits C. The control channel responds wth a dynam c-regroup
nessage that is cdlebas¥#0 Blogk #lv= A2 hits2 bits M-B Code = 3 bits
Goup ID = 11 bit phesi #3! B1Bck W2 & tgg it gode = 12 bits D.  Mbile
acknow edges the qgnanig rg rogp W t h ' : :
ata %2 ock #2 = 96 bits

Data #3, #2, #1, #0 are identical in each
block (repeated four times). Coding for block #1 is

Dotting = 16 bits
Barker = 16 bits

Byte 1 = 8 bits

‘Byte 1 (invetted) = 8 bits
Byte 1 = B bits

Byte 2 = 8 bits = -

Byte 2 (inverted) = 8 bits

Byte 3 = 8 bite
Byte 4 - 8 bits
4
4

L

Byte (inverted) = 8 bitg
Byte 4 = 8 bits

Data in blocks after block #1 do not have
dotting or Barker code.

Only blocks that have a "0" in their bitmap
bit are transmitted. For example in step F, block #3
in step E would be the first block retransmitted. If

~



a login nessage that is coded as follows: MI-A Code = 2 bits MI-B Code = 3
bits Goup ID = 11 bits Logical ID = 12 bits BCH Code = 12 bits E Mobi | e
may re\yest cancel l ati on of the dynam c-regroup wi.th a nessage coded as

fol lows? MI-A Code = 2 bits MI-B Code = 3 bits Goup ID = 11 bits BCH
Code = 12 bits F. Control channel responds with a cancel dynam c-regroup
nmessage ‘that is coded MI-A Code = 2 bits MI-B Code 3 bits Goup ID 11
bits Logical ID = 12 bits BCH Code = 12 hjts G- Mobile acknow edges the
dy-nam c-regroup cancellation with a | ogi -ressage that is coded MI-A Code =
2 bhits MI-B Code = 3 bits Goup ID= 11 bits Logical I D =.12 bits BCH Code
= 12 bits VIII. Radi o Call Sequence-Console Origination, Goup Call A
Control channpb bidnwip 4= redéiveduwithin 100 msec. after steps E

-or G, all blocks are retransmitted

Steps F and G are repeated until all blocks are
received correctly (BITMAP = 1 s).

H. Control channel transmits a continuous stream
of control messages'which all inactive mobiles receive.
(L The messages are sent two messages to a 30-msec. £rame
that ‘has the following format-

Dotting = 32 bits
Barker = 16 bits
Message #l1 = 40 bits
- Message #1 (inverted) = 40 bits
Message #1 = 40 bits. - '
Message #2 = 40 bits
Message #2 (inverted) = 40 bits
- Message #2 = 40 bits

_ I. The control channel sends from O to 16

ot - channel-assignment two-message pairs as.réqﬁired for
the special call. Coding for each message is as
follows: ' ' ) | '

MT-A Code = 2 bits :
Type Communications Code = 2 bits
1/2 Logical ID = 6 MSBs or 6 LSBs
Group/Logical 1D = 1 bit |
Channel = S bite

Logical = 12 bits

BCH Code = 12 bits

. -



stream of control nessages which all inactive nobiles receive. The nessages
are sent two nessages to a 30-nsec. franme that has the follow ng format: -
Dot t.i ng 32 bits Barker 16 blts Message #1 = 40 b|ts. Message #iw .
(inverted) = 40 bits Message #1 = 40 bits Message #2 = 40 bits Message #2
(inverted) = 40 bits Message #2 = ‘ts B. Cbnsole that wi shes to -
originate a group call transmts a d% p call nessage to the downl i nk. The
group call message is coded as follows: MD =1 byte (#0) = 8 bits # bytes
=1 byte (#1) = 8 bits Source destination = bytes #2 and #3 = 16 bits Not °

Used 4 bits A e | [ ID = 12
bits Loglcal JNF: f%eg cilég?lhébIX% Qgﬁr?g %ﬁ&ﬁr gagontrol
channel Féﬂﬁﬂﬁk %W@H“&mﬁﬁ&nﬁéPm&sgﬁgﬂm&ﬁ fEoPathisCoding i s as

fol I ovs: pWinfk @@t WwoRkPhiSchiRfelomdeagals Qe q:li’ebbhﬁe as a
group or individual call.

ViI. Radio Call Se. ence-ﬁadio-Ori ihation
ngamicfkegroug Call

A. COnt:bl channel transmits a continuous stream
of control messagés which all inactive_mobiles'receive. o’
The messages are sent two messages to a 30-msec. frame
that has the following formats:- - .. .-

Dotting = 32 bits

Barker = 16 bits .

Message #1 = 40 bits . :

Message #1 (inverted) = 40 bits

Message #1 = 40 bits '

Message #2 = 40 bits

Message #2 (inverted) = 40 bits

Message #2 = 40 bits
.S. Mobile that wishes to originate a _ . 3:/
dynamic-regroup éall transmits a request on the control
'channel in synchronism with the received control
channel messages. The frame format is as follows:

Dotting = 152 bits | |
" Barker = (repeated three times) = 48 bits
Message = 40 bits

Message {(inverted) = 40 bits

Message = 40 bits



1/2 Logical ID =6 MSBs or LSBs Group/Logical ID =1 bit Channel =5 bits
Goup ID = 12 bits BCH Code 12 bits D. Al'l nobiles of the called
group gwitch to assigned working channel and receive a confirmation
nmessage. Slotted working channel nessages are transnmtted using the
followi ng frame: Dotting = 32 bits Barker = 16 bits Message = 32 bits
Message (inverted) = 32 bits Message = 32 bits The group call confirmation
nmessage i s coded as follows: MI Code :4ﬂ¥ys Subaudi bl e Count = 2 bits Hang
Ti<re/ Trunked = 1 bit G oup/Logical ID = bit Goup ID = 12 bits BCH Code
=17 bits E Originating consol e receives channel -assi gnment fromthe
downlink and switches audio to the specified channel. Console nessage is
coded as follows: M D Thepjynapicyreggopp sequegtehesspgytds (caded 8 bits
S/ID = Bytes #& folYoud: bits

MT-A Code = 2 bits
MT-B Code = 3 bits'
Group ID = 11 bits
Logical ID - 12 bits
BCH Code = 12 bits
\_ _ . _ _
C. The control channel responds with a .
dynamic~-regroup message that 15 éodeqlgé;follows:

MT-A Code = 2 bits
MT-B Code = 3 bits.
Group ID = 11 bits
Logical ID = 12 bité}
BCH Code = 12 bits

D. Mobile acknowledges the dynamic regroup with
a login message that is coded as follows:

ot ..»  MT-A Code = 2 bits
MT-B Code = 3 bits

Group ID = 11 bits

Logical ID = 12 bits

' BCH Code = 12 bits

_ E. Mobilé may request cancellation of the
dynamic-regroup with a message coded as follows:

MT-A Code = 2 bits
MT-B Code = 3 bits

~



Not Used 4 bits MI Code 2 bits Type communi cati ons 2 bits Logical
.ID- 12 bits Not Used = 2 bits GRRL ID =1 bit Channel =5 bits Goup ID =
12 bits Parity = 1 Byte (#9) = 8 bits F. Wrking channel transmts typ _
uni t - keyed/ unnut e messages: MI Code = 4 bits Subaudi ble Count = 2 bits
Hang-tinme/trunked = 1 bit 1 bit (unused) = 0 Logical ID = 12 bits BCH Code _
= 12 bits Call ed nobiles receive ugute nessage and unnute audio. G
Active nobiles on other working chatinel s recei ve a subaudi bl e channel
assi gnment nmessage. H.  Control channel transmts channel update nessage
for late entry nobiles. I. Console sends unkey nessage that is coded as
follows: MD =.1 Bgreup:dD =glhibity Bytes = 1 byte = 8 bits -

BCH Code = 12 bits

F. Control channel responds with a cancel
dynamic-regroup message that is coded

MT-A Code = 2 bits
MT-B Code = 3 bits
Group ID = 11 bits
Logical ID = 12 bits -/
BCH Code = 12 bits |

' G. Mobile acknowledges the dynamic;régroup'
cancellation with a login message that is coded

MT-A Code = 2 bits
MT-B Code = 3 bits
Group ID = 11 bits
Logical ID = 12 bits
BCH Code = 12 bits

VIII. Radio Call SeggencefConsole Origination, ) \\}

Group Call - ST

A. Control channel transmits_a'continﬁous
stream of control messages which all inactive mobiles
receive. The messages are sent two messages to a
30-msec. frame that has the following format:

‘Dotting = 32 bits
Barker = 16 bits
Message #1 = 40 bits




Source Destination = Bytes #2 & #3 = 16 bits Not used = 4 bits MI Code = 4
bits' Not Used = 4 bits Logical ID :2 bits Parity = Byte #7 = 8 bits J.
Wor ki ng_gchannel transmts 896 to 2816 bits of dotting to drop all nobiles

fromthe channel. K Consol e recei ves unkey nmessage: MD = Byte #0 = 8
bi§s # Bytes = Byte #1 = 8 bits Source fgnation = Bytes #2 & #3 = 16
bits, MT-A/B/C =9 bites Drop O 1 bit Used 1 bit Channel =5 bits

Logical ID = 12 bits Parity = Byte *8 = 8 bits | X. Radio Cal
Sefuence- Consol e Ori gi nati on. | ndjvi dual Il A trol channel -
transmts a continuous ?ﬁﬁﬂ?ﬁfgioﬁg?‘ﬁfr%@age§%ﬁ all inactive
nobi | es receive. The nedMegesgar#lsengOtbdteessages to a 30-nsec. franme
that has the follow ng f X tinga= bits Barker = 16 bits
Message #1 = 40 bits Nbggéggsgityén%e39e8$%§ 40 bits

‘ Message #2 (inverted) = 40 bits

Message #2 = 40 bits

. B. Console that wishes to originafe a groﬁp call
transmits a group call message to the downlink. The
group call message is coded as follows:

o . MID = 1 byte (#0) = & bits
# bytes = 1 byte (#1) = 8 bits
Source destination = bytes #2 and #3
= 16 bits
Not Used = 4 bits
MT-A Code = 2 bits .
Type communication = 2 bits
Group ID = 12 bits
Logical ID = 12 bits
Parity = 1 byte (#8) = 8 bits

7 C. The control channel responds with a
' channel-assignment two-message pair. Coding is as
- follows: .

MT-A Code = 2 bits

Type Communications = 2 bits
1/2 Logical ID = 6 MSBs or LSBs
Group/Logical ID = 1 bit
Channel = 5 bits

Group ID = 12 bits

BCH Code 12 bits

~



Message #1 = 40 bits Message #2 = 40 bits Message #2 (inverted) 40 bits
»Message #2 40 bits B. - Cbnsole that wishes to originate an individual
call transmts an individual call message to the dommllnk The i ndi vigual
call nessage is coded as follows: MD = Byte #0 = 8 bits # Bytes = Byte #1
= 8 bits Source Destination = Bytes #2 & #3 = 16 bits Not Used = 4 bits

ID =12 bits Parity Byte #8 = ggb The control channel responds
palr

‘Wi t h a channel -

aSS|gnrrent t wo- nessa

Coding is as follows: MI-A

Code = 2 bits Type Comrunications = 2 bits 1/2 Logical ID =6 MSBs or. LSBs
G oup/Logical ID =1 bit Channel =5 bits Logical ID =12 bits . BCH Code

= 12 bits D

Cal l ed nobile switches to assigned worki ng channel and

-receives a-copfirnAlpmotestegecof Sthet edlled group switch to
assigned working channel and receive a confitmation

message.

Slotted working channel messages are

transmitted using the following frame: -

as follows:

E.

. MT Code = 4 bits .

Dotting = 32 bits

Barker = 16 bits

Message = 32 bits

Message (inverted) = 32 bits
Message = 32 bits

)

The group cali confirmation message is coded

Subaudible Count = 2 bits
Hang Time/Trunked = 1 bit
CGroup/Logical ID = 1 bit .
Group 1D = 12 bits
BCH Code = 12 bits

Originating conscle receives

channel-assignment from the downlink and switches audio
to the specified channel. Console message is coded as

follows:

MID = 1 Byte (#0) = 8 bits

# Bytes = 1 Byte (#1) = 8 bits’
S/D = Bytes #2, #3 = 16 bits
Not Used = 4 bits '

MT Code = 2 bits

~

% .

M- A Code = 2 bits Type Cbnnunication 2 bits Logical ID = 12 bits Logical



morklng channel nessages are transmtted using the follow ng frane: Dotting
32 bits Barker = 16 bits Message = 32 bits Mssage inverted = 32 bits
Nbssage\J 32 bits The individual call confirmation nessage is coded as
foll ows: MI Code 4 bits Subaudi ble Count = 2 bits Hang Tinme/ Trunked = 1
bi® Goup/Logical ID=1 bit Logical ID =, bits BCH Code =12 bits E.
Originating consol e recei ves channel - asstfgninent nessage from the downlink
and switches audio to the specified channel. Consol e nessage is coded as
follows: MD = Byte #0 (8 bItS) # Bytes Byte #1 = 8 bits Source" '
Destination = Bytes #2, Bi?%tKBOSU§e3:bﬂtblts Ml Code
bits Type Cbnnunicationﬁ3§¥t5121@|151209iggl ID = 12 bits Not used

bits GRLID 1 bit Ch%‘nneIUseg ébits
GR/L ID = 1 bit
Channel = 5 bits
Croup ID = 12 bits
Parity = 1 Byte (#9) = 8 bits

2
2

F, Working channel transmits two
unit-keyed/unmute messages:

A _
MT Code = 4 bits
Subaudible Count = 2 bits
Bang-time/trunked = 1 bit
"1 bit (unused) = Q
Logical ID = 12 bits .
"BCH Code = 12 bits
Called mobiles receive unmute message and
unmute audio.’
) G. Active mobiles on other working channels
\55 receive a subaudible channel assignment message.

H. Control channel transmits channel updafe
message for late entry mobiles.

1. Console sends unkey message that is coded as
follows:

MID = 1 Byte (#0) = 8 bits
# Bytes = 1 byte = 8 bits



logical ID = 12 bits Parity Byte #9 = 8 bits F. Wor ki ng channel
transmts two unit-keyed/ unnmute nessages. MI Code = 4 bits Subaudi bl e Cbunt
= 2 bits Hang-Tine/ Trunked 1 bit 1 bit (unused) 0 Logical ID = 12"

BCH Code = 12 bits Called nobile receives unnute nessage and unmnut es audib.
G* Active Mbiles on other workin annel s do not receive a subaudible
channel assi gnnent nessage. H. %B channel transmts channel update

-message for late entry nobiles. |I. Cbnsole sends unkey nessage that is
coded as follows: NID Byte #0 8 bits # Bytes = Byte 3#1 = 8 bits
- Sour ce Destination S # ed.= 4_bits NW Code =
bites Not Used = |ts Oblgggﬁ‘n g:lon ?){€e¥, 'lt\g EsByt d6;bitsg pits J.

Wor ki ng channel trdﬁ%ﬁ1¥§e o8 #0>2886 bits of dotting to drop all nobiles
fromthe channel. WT cé88sal 8 peggi ves unkey nessage:

Not Used = 4 :its
Logical ID = :2 bits
" Parity = Byte #7 = 8 bits

J. -Working channrel transmits 896 to 2816 bits of
dotting to drop all motiles from the channel. .

Cr

K. Console receives unkey message:

MID = Byte #0 = 8 bits

# Bytes = Byt: #1 = 8 bits
Source Design:tion = Bytes'#é & #3 = 16 bits
MT-A/B/C = 9 :ites | ' |
Drop Cr = 1 bit

Not Used = 1 :it

Channel = 5 bits

Logical ID = .2 bits

Parity = Byte #8 = 8 bits

IX. Radio Call SeggenceQCOnsole Origination‘ : EE;
Individual Call ' '

A. Control chanrel transmits a continuous stream
of control messages whz_h all inactive mobiles receive.
The messages are sent tvo messages to a 30-msec. frame
that has_the following format: |

Dotting = 32 *its
Barker = 16 Lt:its



MD = Byte #0 =8 bits # Bytes = Byte *1 = 8 bits Source Destination = Bytes
#2 and #3 16 bits MI-A/B/C = 9 bites Drop Ch = 1 bit Not Used = 1 bit .
Channe|_= 5 bites Logical ID =12 bits Parity = Byte #8 = 8 bits X Radi o

Cal | - Sequence Console Origination, Activate Patch A - Control channel
transmts a continuous stream of control messages which all inactive
nobi | es recei ve. The nessages are -set. A nessages to a 30-nsec. frane
that has the follow ng format: - Dotting = 32 bits Barker = 16 bits

Mgssage #1 = 40 bits Message #1 (inverted) = 40 bits Message #1 = 40 bits

Message #2 = 40 bits |1V t =.40 bits ‘Message #2 = 40 bits
B. Consol e t hat mﬁsﬁ§§§?gﬁggggélis gsgg?ch transmts a patch ID
=3

assi gnment message to Meassagmi®hk(inverted)cw A0 bddisgnnent nessage is
variabl e | ength dependiypg 4R #16= 3§@Upi#gd i ndividual 1D counts

Message #2 = 40 bits :
Message #2 (inverted) = 40 bits
Message #2 = 40 bits

B. Console that wishes to origipaté'an_
- 3ndividual call transmits an individual call message to
g/;' the downlink. The individual call message is coded as

followvws:

MID = Byte #0 = 8 bits

# Bytes = Byte #1 = 8 bits _

‘Source Destination = Bytes #2 & #3 = 16 bits
Not Used = 4 bits |

MT-A Code = 2 bits

Type Communication = 2 bits

Logical ID = 12 bits

Logical ID = 12 bits

Parity = Byte #8 = 8 bits

e

C. ‘The control channel reﬁponds with a
channel-assignment two-message pair. Codipg is as
follows:

MT-A Code = 2 bits
Type Communications = 2 bits

' 1/2 Logical ID = 6 MSBs or LSBs
Group/Logical 1D = 1 bit
Channel = 5 bits
Logical ID = 12 bits

~



MD=29 = Byte #0 = 8 bits # Bytes = Byte #1 = 8 bits Source/Destination =.

‘Bytes #2, #3 = 16 bits Not Used = 4 bits Goup Count = 4 bits |ndividual

Count = 4 bits Logical ID = 12 bits Not Used = 12 bits Logical ID = 12 bhits
Not Used = 12 bits Logical ID = 12 bits Not Used = 13 bits Goup ID = 11 *

bits Not Used - 13 bits Goup ID = 11 bits Not used = 13 bits Patch ID = 11 _
bits Parity = 8 bits C. Console ei ves an acknow edgenent of the patch

request fromthe site controller §ﬁi§ a special group |ID code (1000 0000

" 0000): MD=12 = Byte #0 = 8 bits # Bytes Byte #1 = 8 bits

Sour ce/ Destination = Bytes #2, #3 = 16 bits Not Used = 4 bits MI-A Code =
11 = 2 bits M-B (BCK CodeO=—12 Ibjitss Patch ID . 11 bits Goup ID = 11 bits

- D. 'Calléd mobile switches to assighed working
channel and receives a confirmation message. ‘Slotted
working channel messages are transmitted using the
following frame:

Dotting 32 bits
Barker = 16 bits

. Message = 32 bits o/
Message inverted = 32 bits
Message = 32 bits
The individual call confirmatién message is

coded as follows: '
MT Code = 4 bits
Subaudible Count = 2 bits
Hang_Time/Trunked'= 1 bit
Group/Logical ID = 1 bit
Logical ID = 12 bits
' BCH Code = 12 bits <

E. Originating console receives
channel-assignment message from the downlink and
switches audio to the specified channel. Console
message is coded as follows:

MID = Byte #0 (8 bits) _

# Bytes = Byte #1 = 8 bits

Source Destination = Bytes #2, & #3 = 16 bits
Not Used = 4 bits




Parity Byte #8 = 8 bits D. When consol e wishes to activate the patch it
trarmsmts a patch activate nessage to the downlink. MD=27 = Byte #0 = 8
bits #Lgytes = Byte #1 = 05 = 8 bits Source/Destination = Bytes *2, & *3 =
16 birt s”Not Used 4 bits MI dee = 4 bits (1110) Not Used = 5 bits Patch
D =.11 bits Parrty = Byte #7 = 8 bits E The control channel responds
with alias ID assignment nessages 'C?ozx'ass[gnnent nmessages are coded:
Mr-A Code = 2 bits (11) MI-B Code = 3 bi & (110) Alias Goup ID = 11 bhits
Not Used = 1 bit Goup ID = 11 bits BCH Code = 12 bits Goup alias ID
messages are repeated in the control channel background node and not
acknow edged by the mMTe€oden#i ¢ B4&B ali as 1 D assi gnment nmessages are

coded as follows: M- Axfgﬁg Co%mhhﬁéaﬁlﬁh Yodd @de pieghbits (101) Alias
(}oup ID =11 bits Loglc _bi E
Logi cal ID 12 bits

‘Not used = 2 bits

GR/L 1D = 1 bit

Channel = 5 bits

Logical ID = 12 bits

Parity = Byte #9 8 bits

\“; ' F. Working channel transmits two
un;t-keyed/unmute messages. -

MT Code = 4 bits
' Subaudible Count = 2 bits

Hang-Time/Trunked = 1 bit

1 bit (unused) =0 -

Logical ID = 12 bits

BCH Code = 12 bits

Called mobile receives unmute message and
unmutes audio.

(

G. Active Mobiles on other working channels do
not receive a subaudible chaqnel assignment message.

H. Control channei transmits channel uédate
messagé for late entry mobiles.

I. Console sends unkey méssage that is coded as’

follows:

MID = Byte #0 = 8 bits

~



BCH Code = 12 bits F. Al'l nobil es receive assignment nessages but only .
i-ndi vidual call nobiles acknow edge nmessage. MI-A Code = 2 bits (11) MI-B .
Code = 3 bits (110) Alias Goup ID =11 bits Logical ID = 12 bits BCH e
12°bits G Consol e recei ves patch assignnment/activate nessages to confi¥m
patch. One nessage for each assignnent:: MD=12 = Byte #0 = -8 bits *
~-Bytes = Byte #1 = 8 bits Source/Dequggkion Bytes #2 & #3 = 16 bits Not
Used 4 bits MI-A Code = 2 bits (11) -B Code = 3 bits (100) Patch ID =11
bits Goup I.LD = 12 bits Parity = Byte #8 8 bits M D=13 Byte #0 = 8 bitss
# Bytes = Byte #1 —#8Bjtes SoRyte Bst= igithits = Bytes #2 & #3 = 16 bits Not

T1°bi s Logi cal 15 50950, Pekthalestn (T CR%g § fu'2 48R " 1P

e

Not Used = 4 bits

MT Code = 4 bites

Not Used = 4 bits

Logical ID - 12 bits
Parity = Byte #7 = 8 bits

J.  Working channel transmits 896 to 2816 bits of
dotting to drop all mobiles from the channel. =

K. Console receives unkey message:

MID = Byte #0 = 8 bits

# Bytes = ﬁyte-*l = 8 bits

Source Destination = Bytes #2 and #3 = 16

. bits | |

MT-A/B/C = 9@ bites

Drop Ch = 1 bit

Not Used = 1 bit

Channel = S bites

Logical ID = 12 bits .
Parity = Byte #8 = 8 bits : N N/

X. Radio C#ll Sequence gonsole-Origihation, Activate
Patch ; '

A, Control channel transmits a cbntinuous stream
of control messages which all inactive mobiles receive.
The messages are set two messages to a 30-msec. frame
that has the following format:



B. Console originates a patch call by transmtting a group call nessage
using the patch ID. MD=24 = Byte #0 = 8 bits # Bytes = Byte #1= 8 bits:
Source/{Dgstination = Bytes #2 & #3 = 16 bits Not Used = 4 bits MI Code = 2
bits (00) Type Communication = 2 bits (00) Patch ID = 12 bits Logical ID =
12. bits Parity = Byte *8 ~-1. Control channel transekts group cal
message. Subsequent steps are same as console originated group call. Wile .
only bne exenpl ary enbodinment of this 5 {A%vention has been described in
defail, those skilled in the art will recobgnise that many variati ons and
nodi fications may be nmade in this enbodinent. Attention is drawn to rel ated
co- pendi ng applications, Nos. 8813167.7 (2206020), which describes 10 a

comuni cati ons prot 0copedRd a8 B P B ££206019) , which” describes a fault
tolerant radio repeater architecture, Reference is nmade to Application No.
8813168.5 (2206018), fPaxk&F &h khPIt®sent application is 15 di vi ded. *

According to a first amgfgtaggf-#j'u&!meﬁmtgn claimed-therein, there is
provi ded 2 Tethod 1or e ReRtit S ARGl £ Ry g oot on wthin @
: Message #1 = 40 bits
Message #2 = 40 bits
Message #2 (inverted) = 40 bits

: Message #2 = 40 bits
\./': . .' | . B B |
| B. Console that wishes to establish a patch
transmits a patch ID assignment message to the
downlink. The patch 1D assignment message is variable
length depending upon thé_group and individual ID
counts: -

MID=29 = Byte #0 = 8 bits

# Bytes = Byte #1 = 8 bits

Source/Destination = Bytes #2, #3 = 16 bits

Not Used = 4 bits

Gfoup Count = ¢ bits

Individual Count = 4 bits

Logical ID = 12 bits

Not Used = 12 Dbits

Logical 1D = 12 bits

Not Used = 12 bits

Logical ID = 12 bits

'Not Used = 13 bits

Group ID = 11 bits

(

Not Used - 13 bits
Croup ID = 11 bits
Not used = 13 bits

Patch ID = 11 bits

~



channel and plural

wor ki ng channel s, which working 20 channels are

assi gned for tenporary use of individual radio units specified by digital.

control signals tr

ansmitted over the control .channel, said control chapnel

carrying inbound digital control signals fromsaid radio units to a control

siste, said inbound 25 digital control signals having a tinme-nultiplexed

format defining di

of : (a) requesting assignnent of a-

request signals fr

screte_signallinqaakgts, sai d nethod conprising the steps
i ng channel by passing digital
oma first radio unit 30 to said control site over a *

control channel inbound digital signalling slot; (b) nonitoring said
control channel forP$§%55n§i§ebéﬁ&nnel assignnment signals returned over the

control- channel fr

omthe control site within a 35 predeterm ned expected

response tinme;_and_(c) 1 f no sych responsi ve channel assignnent signal s
are detected, q:‘henc‘é’E;_?i?eﬁﬁﬁfgﬂﬁssﬁéb@’(i%‘)méfﬁg?ﬁf‘eﬁtt mfﬁ theotry time
wi ndow, patdis BYequestasrog the dital icwntafollerrasing amspecidy as a
function of the,*@unb r ﬂi é§t6b§§ goo . .According to a second aspect of
the i nveMEHP IR Fede  f2PRPN! ePR9% 3 ovi ded apparatus for achi eving
reliable and pronpt comunication within a trunked radi o repeater system

having a digital cogipol cgagggk ¥od Dlginy e gor ki ng. channel's, whi ch worki ng
10 channels are assigned for“tenporary use of individual radio units

specified by digit

D.
transmits

E.

& Eykepor ByyeaMd = 8 bits

Source/Destination = Bytes #2, #3 = 16 bits

Not Used = 4 bits N
MT-A Code = 11 = 2 bits | |

MT-B Code = 100 = 3 bits

Patch ID = 11 bits

Group ID = 11 bits _

Parity = Byte #8 = 8 bits

When console wishes to activate the patch it

a patch activate message to the downlink.

MID=27 = Byte #0 = 8 bits |

# Bytes = Byte #1 = 05 = 8 bits
Source/Destination = Bytes #2, & #3 = 16 bits
Not Used = 4 bits - | =
MT Code = 4 bits (1110) |

Not Used = 5 bits

Patch ID = 11 bits

Parity = Byte #7 = 8 bits

The control channel responds with ai;as,ID

assignmenf messages. Group assignment.messagés are

coded:



transmtted over the control channel, said control channel carrying inbound
digital control signals fromsaid radio units to a control site, said

i nbound_]15 digital control signals having a time-nultiplexed format
defining discrete signalling slots, saidagpparatus'conprising: (a) means
for requesting assignnent of a working. chd@nel by passing digital request
signals over a 20 control channel inbound signalling slot; (b) neans for
nonitoring said control channel for responsive channel assignnent signals
returned over the cont MI-AGedel =wet bitsa(3d9det er ni ned expected response

time; 25 -~ (c) neyps -qﬁ Agpaaki ai guest and nonitoring
functions within a retrytérmfﬁfndoa/??t?hégébﬁs no detection of such

responsi ve channel .assifgifstCEPYRafD; =akd bdtsreans connected to said
repeating means for 30 Nd€'QP£&S&i 801t Bgeduration of said retry time w ndow
as a function of the n er 8{ retéheg Reference is nmade to Application
No. 9111269.8 (2244890 MR IR Ti 4&4PEEEm Appli cation No. 8813168.5
According to a first afcRtCodetscll2nbétsi on clainmed 35 therein, there is

rovi ded a nethod for [evi | LRb n r t-.C icafiop.wthin a
Frunked radi o repea?§$h§¥§?gﬁégazﬁnégggagﬁgt%E%E&H§$%¥€5ﬁa%ﬁeghﬁnd
plural wor ki agntrainshannel dhackgkoupdchadec andane thadkmewl édgedebyor ary

use of indivifldalnoiadids Units specified by digital control signals.on the
control . _

S Individual alias ID assignment meséages are
coded as follows: : :

_ MT-A Code = 2 bits (11)
MT-B Code = 3 bits (101)
Alias Group 1D = 11 bits
Logical 'ID = 12 bits
BCH Code = 12 bits

S All mobiles receive aésignment messages but
' 6n1y'individual call mobiles acknowledge message.
MT-A Code = 2 bits (11)
MT-B Code = 3 bits (110)
Alias Group ID = 11 bits
Logical ID = 12 bits

BCH Code = 12 bits

(

G. Console receives patch: assignment/activate
messages to confirm patch. One message for each
assignment:

MID=12 = Byte #0 = 8 bits



5 channel, said nethod conprising the steps of: requesting assignnent of-a
wor ki'ng channel by passing digital request signals froma first radio_unit
to a control site over said control channel; assigning a specific wonking
channel to said first\¥0 radio unit and to at |eag{{sone second radio unit
by passing digital assignnent signals-over said control channel; passing .
digital assignnment confirmation sign%L; over said assigned, wor ki ng channel
bet ween said control 15 site and ast one of said radio units;

rel easing said units for comunicatibn over said assigned working channel T
by sending digital release signals on said assigned working channel in
response to succegsful passi of ,sai d_assignhnment confirmation 20 signals,
wherein said contﬁogy§ﬁﬁuﬂs§§kﬁqﬁ s¥ §i§§§ﬂ% and assi gnnent confirnmation
signal s include tsbpreejDestinatiionc: Bytewai# FMInEelé bigsal s include
si x-fold redundan o] ar nting the called party and the assigned
channel , and 25 kot bgﬁgsnﬂﬁpé?S?tal signals are communicated reliably at
substantially 9608ThAt Coste Sc20ohiitsA¢dd)di ng to a second aspect of the

i nvention cl ai medydshar @i td k$eP lkhded a- system of apparatus for

achi evi ng reIiabIg&agdekggﬁpteggbégﬁnggpg tion wthin a trunked radio
repeater system hBatsd® IRiTidd Pa&B/trol channel and plural working
channel s, which mggbhgg]ghaﬂnftsbgtg assigned for tenporary use of

i ndi vidual radio ynits specgifjed Ry _digital control signals on the contro
channel, said 35 §9§§ 'bﬁ%¥#§'ﬁ§:‘n§ah§tﬁbr requesting assignnent of a
wor ki ng . _ : ’ ' o/

[
i
i
|
i
|
|
1

MID=13 = Byte #0 = 8 bits

# Bytes =_Byte #1 = 8 bits
‘Source/Destination = Bytes #2 & #3 = 16 bits
Not Used = 4 bits -
MT-A Code = 2 bits (11)

MT-B Code = 3 bits (101)

Patch ID = 11 bits °

Logical ID = 12 bits

Parity = Byte #8 = 8 bits

H. Console originates a patch call by
transmitting a group call message using the patch ID:

M1D=24 = Byte #0 = 8 bits

# Bytes = Byte #1 = 8 bits )
' Source/Destination = Bytes #2 & #3 = 16 bits
" Not Used = 4 bits

MT Code = 2 bits (00)

Type Communication = 2 bits (00)

Patch 1D = 12 bits

Logical ID = 12 bits

Parity = Byte #8



100 channel by passing digital request'signals froma first radio unit to a
control site over said control channel; neans for assigning a specific
wor ki ng channel to said first radio unit and to at |l east one second radio 5

uni t~ by passing digital assignment signalg%ozer said control channel; neans
for passing digital assignment confirmatio i gnal s over said assigned -
wor ki ng channel between said control site and at |east one of said radio

units; 10  meang for chaheRa3i Blahfkd ¢rhhEmits geEPICRAN GRsEEYe.Sai d
assi gned wor ki ng channel by sending digital rel ease signals on-said

assi gned morkingubﬁﬁﬁﬁéptiﬁtﬁ@§péﬁ§eS?GesG§c€9§F9ﬂep&§gﬂﬁEQﬁéay§§?up

assi gnnent confgghigtion signals, 15 - wherein said control signals,

edundancy and sai d ABIAENAEHY SN AERRIBRYIE RIS FRadthcy of data
B o e o e bt 10500 5
oo B SRR i il ViR B0 L
and pronpt commodddfiiicart iknshimaya e makded iradihd s @phaddmentsti em '
‘Attention is drawn to related co-pending
applications, Nos. 8813167.7 (2206020), which describes
10 a communications protocol'and 8813169.3 (2206019),
‘which describes a fault tolerant radio repeater
1 . architecture. '
Reference is made to Application No. 8813168.5
(2206018), from which the present application is
15 divided. According to a first aspect of the invention
claimed therein, there is providéd a method for |
~achieving reliable and prompt communication within a
trunked radio repeater syétem havihg a digital control
channel and plural working channels, which working
20 channels are asSigned fdr temporary use of individual
radio units specified by digital control Signals'
transmitted over the chtrol channel, said control
channel carrying inbound7digitai control signals from .
\_- said radio units to § control site, said ipbound
25 digital control signals having a time-multiplexed
format defining discrete signalling slots, said method
comprising the steps of: '
(a) requesting assignment of a working channel by
passing'digital request signals from a first radio unit
30 to said control site over a control channel inbound
digital signalling slot: |
(b) monitoring said control channel for
respbnsive channel assignment signals returned over the
control channel from the control site within a
35 predetermined expected response time; and |

‘(c¢) if no such responsive channel assignment
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having a digital control channel and plural I C
wor ki ng channel s are assigned for tenporary use by individual radio units
specified by digital control signals on the control channel, said netgod;
conprising the steps of nonitoring the control channel for working channel
10 assignnents addressed to a predeterppsed radio unit; shifting said radia
unit's operation to an assigned mnrkingz annel in response to detection of

such assi gnment on the control channel; and initially, upon arrival on the

assi gned ' : L pletel| ' | E@é&i ' %]r[@t rking channel
for an exrgﬁ'ég%qcfé%tﬁg SI Jﬁaﬁ%'ﬂﬁﬂgﬁg’t i&v 0 éig{rdo_pr&c anr*évsoséﬂgdqnal li-ng
and noni t ofPrig Widhigo & inekny dimg gHmdevsoemad (figd) tincreasingngthe of t hat
particul ar ggka#i®n I SHd FAGhY tild Witach GTBIFHE o) of the 2 A
method as in claim.1 wherein said initial nonitoring of said assigned
wor ki ng chBHmPer ff FfdEiesifting radio operations back to the contro
channel 5i f sai d asdordiany dio & isEraal tasieect Pithes idpiedntieh 25 i f

id fi T ' I fi t h i t t hat ticul h I
o sai d raBLB NG TBRGH VIS oA sesr e vorking
channel anachiEwiggrelitghite sirghgirompith sepumintica tronutwitthisaial out put
si gnal upoRAuded SGld:n Apddtidd Yyl HA IS o diYRd NGt s on the

assi gned wor ki ng channel upon “cessat i on sal i rmation signals,
if any, nofhesnelg antke RSN APTING hamnafl Wskehs warkding e signal |ing
and fonounewsinie1d Hrd assiyned fors tempbrEtyAfbeiof NinddtiBuanr 2,

further - ) -
- radio units specified by digital control signals o/

wor ki ng 5 channel s,

transmitted ovér-the_control channel, said control
channel carrying_inboﬁnd digital control signals f:om'
said radio units to a control site; said inbound

15 digitél control's§gnals having a timeemultiple#ed
format defining discrete signalling slots, said
apparatus comprising:

(a) means for requesting assignment of a working
channel by passing digital request signals.over a

20 control channel inbound signalling slot;

(b) means for mOnitoring said control channel for
responsive channel'aséignment signals returned over the
control channel within a predetefmined_expected '
response time; '

25 (c) means for repeating said request and
monitoring functions within a retry time window if
there is no detection of such responsive channel
assignment signéls; and' . _

(d) means connécted to said repeating means for

30 increaéing'the duration of said retry time window as a
function of the number of retries. |

Reference is made to Application No. 9111269.8
(2244890), aISO'divided_from Application No. 8813168.5.
According to a firsf aspect of.the_inveﬁtion claimed

35 therein, there is provided a method for achieving
reliable and pfompf cdmmunication within a trunked



conpri sing: * - C L M- S* upon receipt of drop channel signalling,
dr oppi ng sai d worki ng channel and ignoring any channel updates to the
addresgjand wor ki ng channel just dropped for.a predeternmned time period.
5 4. A method as inclaim1, 2 or &O@[n which, upon release of a
PTT switch at a calling radio, an unkeyed. message is transnmtted to a
central control site over. the then assigned working channel and, in turn,

wherei n the cenradliocaripedtet systempmadingo at hagiQaun&@méotremeuy
transmtting do t|n i_rst gred nlne time periqd-to

si_gna
constitute a dr3p9cRAM ﬁ%ﬁ ¥°§%&Pgt8 2ppet &R9r ERPRPSS Sof e
assi gned wor ki ngsshigmed foandteiporary usnteﬁrdpﬁﬁngdaaﬂdrdddp cindrose

signal and | medbakalet PRy M cataddontand CaRATh B3SHAATReRY! i Tmtion

nessage over th rea requests for further
communi ques §recﬂéé@@d.aﬁaﬁﬁem@@h@ﬂopogpréSiDG the StGPS of:met hod as in

claim1l further CO”p&bﬁdé%ﬂﬂN@ s FnRentTOH BOWORR1iH ?lghggggqobychanne
for a working: channel assi gnnent for a cqnmuni que inifiated a calllng

radio unit; 25 Passing g Fﬁ@“@&@n?#ﬂ?aéﬁ Fﬁ@mcélﬁﬂﬁétriéﬂéouﬁq?
within a'cal | edtbadi comtiriol aitesdWee]eaidl rortrolaichanhe) ;i nitiating a

channel assigning-a specific working channel to said first
10 radio unit and to at least one second radio unit by
passing digital assignment signals over said control
o ' channel; . , _
' passing digital assignment confirmation signals
over said assigned working channel between said control
15 site and at least one of said radio.units;'
reléasing said units for communication over said
assigned working channel by sending digital releasé
signals on said assigned working channel in response to
successful passing of said assignment confirmation
+ 20 signals, wherein said control signals, request signals
and assignmént_confirmation signals include triple daﬁa
redundéncy and said assignment signals include six-fold
redundancy of data representing the called party and
the assigned channel, and

C

25 all said digital signals are communicated reliably
at substantially 9600 bifs per second.

According to a second aspect of.the invention
claimed therein, there is provided a system of
apparatus for achieving reliable and prompt

30 communication within a trunked radio repeater system .
having a digital control channel and plural working
éhannels, which working channels are assigned for
temporary use of individual radio units specified by
digital control signals on the control channel, said

35 system comprising:

means for requesting assignment of a working
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said calling radio unit using said 30 recorded identity of the earlier
said calling radio unit if a PTT switch of the just-called radio is & =
actuated within a predetermned tine period after cessation of the just
earlier conmmuni que. 6. A nmethod as in claiml, -said method further 35 .
conprising the step of: transnitting,\ (Y h channel. assi gnment confirmation
signal s on an assigned working channelr *™a trunked status signal identifying
whet her the usage of the working channel |s to be transm ssion or nessage
trunked. 5channel7 by pasmirid@igital cteguess falgneds domm isifirste steps
of : detect 1ob3(zr{]iec$tt‘. %%Hﬂxf]di‘ri;édl% Ry Céaﬁtv tdY Rtk rn an

assi gned V\D Ing C anne at eac lo unit invo N a conmuni que, sai d

trunked status FeaiigyflT aRSHITNOP FREHGLQ womking shanrdd tRage of t he
wor ki ng chaaie fisdto dadld Qﬂﬁrﬂ EP R latErEge &f&@%n@%dmm ately

reverti g operation of a c ing unit to the contr channel upon PTT
rel ease &:S'né’rﬁ ssding- ‘rq}rt%éd q’(%t‘ﬁ’cﬂrecf . A met hod
as in cla|mbhﬂhﬂﬂiuﬁannumH|S|ng t he step of preventing transmi ssions from

a called unit on the ed wmor kin nnel, i.f transmssion-irunked
status 20 has be"(ﬁ’?n(fet gJCFss1ng ad gq.ttalaflf’Jl assignment contslrmantlotu
signals over sald assigned working channel between said

control site and at least one of said radio units;

10 means for réleésing said”units for communication
over said assigned working channel by sending'digital
release signals on said assigned wdrking channel in
response to successful passing'bf said assignment

' confirmation signals, :

15 whe:ein said control_signals,'request signals and
assignment confirmation signale ihtlude'triple data
‘redundancy and said assignment Signals:include six-fold
redundancy of data representing the called party and
the assigned channel, and ' ' |

20 all said digital 51gnals are communlcated reliably
at substantially 9600 bits per second.



9. Apparatus for achieving reliable and pronpt comuni cation within a
trunkeéd radi o repeater systemhaving a digital control cha and pl ural
wor ki ng ehannel s, whi ch worki ng channel s are assigned for 25 tenporary

con ol "channel - sai d appar atus. compr i ng: gedne. 1ot ront ANGUHN MR
control channel for working channel assignnments addressed to*a S0t & g ' %

pr edet er mi ned raqéﬂl Lt; means for shifting said radio unit's operation to
an assigned morkrng—gﬁgnnel in response to detection of such assignnment on
the control channel; ahd nednsetbodsifoul aghdewing mediabilengndhpramptgned

35 wor ki ng Chahneéomeﬂieak&{;a' withi®?h tDEhkAR 3018 HBbLARGr 55408 Of
extended duration representative o - 104 : *drop
channel signa||id@aﬁgegngnﬁﬁg#tﬁg cenRtEeAT ChaanednasigRANEaL WRTKERGg t he

assi-gnment. of shaénaﬁﬁéhgylaﬁiéhaaaekiha &Rbfnkdi arkNabsighed £6FMUNI que.

10. t | | aim 9 wh ' for. I
moni Lor i g of oai FEMERFRREGUAR, R¥niRaRMAAURL RER3RUnIKEARRSFLFLER BY i ng

radi o operations dbgktad tbateobt shgnatbaoneithef coattodxthanrel dusaidon

dotting signal iqmggﬁgatgghpigs n thgeggg'gogfdetecting said confirmation
signal s; nmeans conneclied 10 sala.getectlng.neans for | ocking radio
operations onto the as®BPghtaringkthg control channel for working. channel

10 assignments addressed to a predetermined radio unit;
U shifting said radio unit's operation to an
assigned working channel in response to detection of
such assignment on the control channel; and
initially, upon arrival on the assigned working
15 channel, simultaneously monitoring that working channel
' for an extended dotting signal representative of drop
channel signalling and mbﬁitoxing for confirmation
signals confirming the assignment of that particular
channei to said radio unit for a communigue.
20 2. A method as in claim 1 wherein said initial
monitoring of. said éssigned working channellincludes:
~ shifting radio operations back to the control
channel if said extended duration dotting signal is
~ detected:; |
25  if said confirmation signals confirm the
assignment of that particular channel to said radio
unit, locking radio operations onto the assigned

4

working channel and muting an output signal;
_' subsequently unmuting said output signal upon

30 detection of further predetermined bnmuting signals on

the aésigned working channel; and
upon cessation cf'éaidﬂconfirmation signéls, if

any, monitoring the assigned working channel for
subaudible signalling and for unmufing signals.

35 3. A method as in claim 1 or 2, further
comprising: o



- channel if said detecting neans detects said confirmation signals; 15 -
means for providing a nuted radi o output and for subsequently unnuting said
output in response to detecting of unnuting signalrs on the assigned wet ki ng
channel, and means for nonitoring the assigned 0 for
subaudi bI e and for unnuting signals upon cessat \m“ﬂ“ﬂumﬁ"ﬂtun rmation .
signals, if any. 11. Apparatus as in 3 n19 or *0, ¢fukther Scorpri sing:
means for dropping said working channel -i'n 25 response to receipt of
channel drop sngﬁpbhlﬁecempd azaasoboehagﬁeileggaaxlmhgnnako@adnbes to the
addr ess and rkln? hannﬁ h 3t droga 3 g g time period
after recei 3e1%%Q Bgnghﬁ AERes; grd Har §€ any € igne AHB PXeSs as in
claim?9, 10torthé addrebscanduponkiageahannelajﬁﬁf droppkdattor @al | i ng

radi o, e tted to a central control site over the
t hen a55|gz€ggé§gﬁgﬁiﬁgﬁ tkEF §§g§3Pn turn, wherein the central ~control
site incdudes nedms 38 Wethpéspgnénnglﬁémthe dnreydd #Bswhdehgonpri sing:

means for ty38ankkibagedal! | anm&l gnalcénf 8t 8 Eam ng rBagdet api ned tinme
period to constitute a drop, channel: iﬁggﬁ to al dio units_then residing
S

on the a55|ﬁﬂ%ﬂYﬁﬂrRPﬁﬁagﬁaﬁﬁeFra&ﬁﬂ to R FﬂPEF?EpFPﬁ§r9&|d dr op
channel si gssteSotet tneedhehehsssgnddngoaningdcnaﬁﬁdlcanameunass|gnnent

turn, wherein the central control site responds to the

10 unkeyed message by:
transmitting dotting signals'fOr:a first -’
predetermined time“pericd to constitutela drop channel
signal to all radio units then residing on the assigned
working channel; and '
15 ~  interrupting said drop channel signal and
immediately sending an- addressed channel assignment
confirmation message over the already assigned working
‘channel if requests for £urther commnniques are queued
at the control site. '
20 5. A method as in claim 1 further comprising the
steps of: - | _
monitoring said control channel for a working
channel assignment for a communique initiated by a _
.calling radio unit. NS
25 recording the identity of the calling radio unit |
within a called radio unit; and_-
subsequently automatically initiating a channel
assignment call request from the just-called radio unit
back to the earlier said calling radio ‘unit using said
30 recorded identity of the earlier said calling radio
unit if a PTT switch of the just-called radio is
actuated within a'predetermined tine period after
cessation of the just earlier communigue.
6. A method as in claim 1, said method further
35 comprising the step of: |
transmitting, with channel assignment'confirmation




confirmati on nessage over the already assigned working channel if requests
for faurther conmuni ques are queued at the control site. 13, Apparatus—as—n

claim 9wfurther conprising: 10 means for nonitori '
channel for a working channel -assignment for a communi qu@ﬂllm" yimmmgmu
Mg TIs %

cakling radio unit; means for recording tmyfidentity of the ea

unit within a called radio unit; and 15

means for subsequently

autonatical ly i yignallishend anhaBsegnadsyepReAy ERbhnéEUUSSErhARrEa!t he

just-call ed

radi o unit bac

k.tqg .the
sai d recorded i&ﬁﬁﬁ“ﬁys&ﬂ“PﬂeQQEPEF§;2§SiHhEEP?FnﬁhPaHFBQQnPf thea PTT

switch of the jugirkddlg ethadheladiso tosbactrahsdivsibhnon nesdegar m ned tinme
period- after, ce§§ati of the just earlier comuni que. 14. Apparatus as in
claim9 further ﬁﬁ 'S _ '
transm ttingSand recéi.vi nd methodi eeqdenciaimgbaferther éampsistingotheo

channel
channel

ol

ing: transceiver neans at a central site for -

and ove%fggsgﬁﬁgrking channel s; and neans for .transmtting with

assi gnnent "co
trunked status signadet@stingyi Ry

channel is to bgrovided oH @h assigneddRorkingceharhel A8t 208K aE8818S | N

claim 14 furthe

35 within the

rmati on signals on an assigned morking channel ,
%ﬁ@meﬂ caefizmpation contral fbgrakg

I RISA O, PoroBPYRIALep ! 8310t UkaY SEFbiod wor ki ng

channel at afch sighal Wdentifydngedhether the then assigned usage of

Y

15

20

25

30

35

the working channel is to be transmission or message
trunked; and

| immediately reverting operation of a calling unit
to the control channel upon PTT release if
transmission-trunl’ed status has been detected.
8. A method as in claim 7 further comprising the
step of: B :

' preventing transmissions from a called unit on the
assigned working channel if transmission~trunked status
has been detected. '

9. Apparatus for achieving reliable and prompt
communication within a trunked fadio repeater system
héving a digital control channel and plural working
channels, which working channels are assigned for
temporary use by individual radio units specified by
digital control signals on the control channel, éaid
apparatus comprising:

means for monitoring the control channel for
working channel aSsignments addressed to a
predetermined radio unit:; _ _

means for shifting said radio unit's operation to

an'assigned working channel in response to detection of -

such assignment on the control channel; and

" means for simultaneously monitoring the assigned
working channel upon initial arrival thereon for a
dotting signal of extended duration répresentative of

lier said calling radig unit using

a



106 C L M S a communi que; neans connected to said testing
means for determining in response to said testing whether the then assigned
~usage of the working channel is to be 5 transnission or nessage trunked,

and neans for immedi ately reverting operation oﬂlmmmlllmﬂ“mnlﬂlto the s
control channel upon PTT release if transm ssio has been

detected. 16. An apparatus as in cla|n1 L}urther cod np |S|ng nmeans for *
preventing transmissions froma called Uunirt on the assigned working channel
|1 tra”S”‘SSH¥$p‘€ﬁﬁﬁﬁﬂ_§&akgilﬁﬁ§_Qﬁ&”mQSEQS}Eﬂg for confirmation g

signals confirming the assignment of that particular
channel to said radio unit for a communique.

10. Apparatus as in claim 9 wherein said means

5 for simultaneously monitoring of said assigned working

channel includes:.

means for shifting radio operations back to the
control channel if said extended duration dotting
signal is detected; ' : . _ |

10 means for detecting said confirmation signals,

means connected to said detecting means for \_)
‘locking radio operations onto the assigned working
channel if said detecting means detects said
confirmation signals:; _ _ '

15 means for psoviding a muted radio output and for
subsequently unmuting said output in response to
detecting of unmuting signals on the assigned working
channel, and o | ' _

means for nonitoring the assigned working channel
20 for subaudible and for unmuting signals upon cessation
of said confirmation signals, if any.
11. Apparatus as in claim 9 or 10, further
comprising: _ | '
means for dropping said working channel in \—)
25 response to receipt of channel drop signalling,'and
means for ignoring any channel updates to the
address and working channel just dropped for a_
- predetermined time period after receipt of drop channel
signalling. : _ | '

30 12. Apparatus as in claim 9, 10 or 11, in which,
upon release of a PTT switch atga calling radio, an
unkeyed message is transmitted to a central'control
site over the then assigned working channel and; in
turn, wherein the central control site includes means

35 for responding to the unkeyed message comprising

means for transmitting dotting signals for a first
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predetermined time'period to constitute a drop channel
signal to all radio unlts then residing on the assigned

‘'working channel; and

means for interrupting said drop channel signal
and immediately sending an addressed channel assignment
confirmation message over the already assigned working
channel if requests for further communigues are queued
at the control site. '

13. ‘Apparatus as in claim 9, further comprising:

means for monitoring said control channel for a
working channel assignment for a communique initiated

by a calling radio unit;

means for recording the identity of the calling
radio unit within a called radio unit; and

means for sucsequently automatiéally initiating a
channel assignment call request from thé just-called
radio unit back to the eariier said calling radio unit
using said recorded identity of the earlier said
calling radio unit if a PTT switch of the just-called
radio is actuated within a predetermined time period
after cessation of the just earlier communigque.

14. Apparatus as in claim 9 further comprising:

transceiver means at a central site for
transmitfing and receiving radio frequency signals over
said control channel and over said working channels;
and

means for transmitting with channel assignment
confirmation signals on an assigned working channel, a
trunked status signal identifying whether the'usage of
the working channel is to be transmission or message
trunked. |

15. An apparatus as in claim 14 further
comprising: _

means for testing said trunked status signal
Qithin the confirmation control signals provided on an
assigned working channel at each radio unit involved in
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means connected to said testing means for
determining in response to said testing whether the
then asSigned usage of the working channel is to be
transmission'or'message trunked; and |

means for immediately reverting operation of a
calling unit to the control channel dpdh PTT release if
transmission-trunked status has been detected.

16. An apparatus as in claim 15 further

.comprising: _ | |
means for preventing transmissions from a called -

unit on the assigned wbrking channel if transmission-
trunked status has been detected.

-

-



