-1- 45- MR- 00539 2244890 TRUNKED RADI O REPEATER SYSTEM Thi s
|nvent|on is generally directed to the art of trunked radi o repeater
systems. It has.particular application to such systems using digital
control signals transnitted over a dedrkated control chatm®R-0#53% al so
usi ng plural working channels which are assigned tenporarlly fogéﬁse by

I ndi vi dual radio units. The trunking of radio repeaters

Earlﬁ\frunklng systens used anal og control signals while some nore recent
systens have utilized digital control signals. Control signals have been
utilized on a dedicated control channel and/or on different ones of the
wor ki ng channels for various different reasons and effects. A

non- exhuasti ve but sonemhﬂBUN&pDexenIatRBEB&&EBIBmgggm prior art
publications and patents describing typical prior art trunked radio
repeat-er systens is |dent|f|ed belomr U S. Patent No. 3,292,178 .- Magnuski
(1966)%~U. S. Patent s sinvention_isggeneradly diresded Sos thmtant ob.
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The trunkzng of radio’ repeaters is well-known.
Early trunk;ng 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 and/or on different ones of
" the worklng channels for various different reasons and
effects. A non-exhuastive but somewhat representative
sampling of prior art pﬁblications and patents |
describing typical prior art trunked radlo repeater
systems is identified below:
v 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)
U.S:. Patent No. 3,936,616 DiGianfilippo (1976) -
U.S. Fatent No. 3,970,801 - Ross et al (1976)
U.S. Patent No. 4,001,693 - Stackhouse etal (1977)
- U.S. Patent No. 4,010,327 Kobrinetz et al (1977)
U.S. Patent No. 4,012,597 Lynk, Jr. et al (1977)
U.S. Patent No. 4,022,973
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4,029,901 - Canpbell
U S. Patent No. 4,131, 849 -

4,430, 742

- Canpalte et al

~ Patent No. 4,309,7
Coonbes et al
Pat ent No. 4,326, 2
Predi na et al
Pat ent No. 4, 360,9
et al

72 -
64 -

27 -

Kl-oker et al
Cohen et al

Bowen et al
(1982) U.S. Patent No. 4,409,687 -

Freeburg et al
(1980) U.S. Patent No. 4,231,114 -" Dolikian (1980) U.S.
(1982) U.S. Patent No. 4,312,070 -
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is one example of prior art switched
channel :epeater 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.

for trunked radio repeater systems.

There are many actual and potential'appliéations

However, one of

the more important applications is for public service

~

o/



the nore inportant applications is for public service -3- trunked (PST)
systens. :For exanple, one netropolitan area may advantageously utilize a
single systemof trunked radio repeaters to provide efficient radio
communi cati ons between individual radio units within many different :
agenci es. - Each agency may, in turn, achieve efficient comrunication between
I ndi i dual units of different fleets or sub-units (e.g., the police
depar%ﬁent may have a need to provide efTYCi ent comuni cat i ons bet ween
different units of its squad car force, dlfferent portabl e units assigned

to foot patro rrenh%g %«g#é;t%g}%ér& of a!g?elt eg’u orgg?(raﬁgﬁgﬁoqggghs and

the like). So npor t taneously to
predefi ned graupa mﬂyundﬂ;ﬂﬁ?ﬁfousﬂy u@ﬁlt;eaﬁlsinglsqexgtsmrgf all of the

foot patrol Meprygkea) radlid hepdiFels e ﬁ’f@ﬁidé%?ﬁ@ieﬁ% faajbhe fire

depart nent, e transportatiqn departnent e_wat er Rartnent t he
energency/reséﬁ@m§§F9P65§n§ﬂ995"?ﬁ®'%RﬂiYﬁﬂ%%H sedipnipdtsc withdncat i on

SeerIt Cesl As inanweahfkemﬁ @ejdrmpeéammas m;éhcyr ual_w nsnt keghy, a
relatively s

nunber ore cien ce all of
t hese needs mFF#FﬁVS §F§3ﬁ (kﬂii %P ?% i??n?ﬁgygﬁpe Féﬂi@ ?
shared on an {astscededi fifarentef leets adtr pobeuni&is {ei.gs). thei s |nvent|on
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Here, an entrBB y provi unke
communications between different units of its squad car

_ force, different portable units ass;gned to foot
S patrolmen, different'units‘OI_detéctives'or narcotics
| agents and the like). Sometimes it may be important to

communicate simultaneously to predefined groups of
units (e.g., all units, all the squad cars, all of the
foot patrolmen, etc.). At the same time, other
agéncies (e.g., the fire department, the transportation
department, the water departménk, the emergency/rescue
services, etc.) may be in need of similar communication
services.. As is well-known to those familiar with
trunking theory, a relatively small number of radio
repeaters 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
potential units).

This invention also is especially adapted for
special mobile radio (SMR) trunked users. Here, an
entreoreneur may provide 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



system at one or nore sites within a given geographic area and then sel

alr time to many different independent businesses or other entities having
the need to provide efficient radio comuni cati on between -4- individual
units of their particular organization. |In many respects, the requirenents
of. an SMR user are sinmlar to those of a PST user. In fact, the potential.
advant ages of trunked radi o repeater Systens for public services is so &gll
~ recogni zed that an organi zati on known as the (USA) Association of

Publ i c- Saf ety Comruni cations O ficers, Inc. (fornerly the ASSOCIation of

Pol i ce ConiryawéhhﬁlisuQ&EsCSESkh@&@C@aP@chTXE' 885dnd AR o 1

desirabl e features sucg a system conmon
Requi r emerP@DY TespegGhS, othe regquig %%&ménam SMRousexyclarer equi renent s

- may be fougﬂmima&vnblahbeepubiup@smnﬁgéﬁomn to those in the art. One of.
the APCO 16 requirenents is that any user nmust have voice channel access
within one-half second after engaging a push-to-talk (PTT) switch. Thi s
sane requi remeninnfisttespbei poltentd aletadrantRggenoey. erﬁu&gao&sdibaand t hat

oS L PbpbREesy BYBNLANC bR pAMIA d G| L8RV 0! gB LRV PYIOTIEY Users

~also within B very s ility to
qui ckly antieepgniped: thagr ap QN‘SMIZGMQ!QM as then @sxhannel usage

s terni nakgdobsadion bn‘pﬁﬁba%-m&&fj ICmRin¥ea08oRE bRitbyaked facility
even in noP rgencg i %ﬁt'ﬁ
nc. (Yformer ssociation of Police Communications
Officers) (APCO) has developed a set of ‘highly -
desirable features for such a system commonly known as o/
the "APCO-16 Requirements." A complete listing and
explanation of such-réquireménts.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 second
after engaging a push-to-talk (PTT) switch. This same
requirement must especially be met in emergency
-situstions ---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 dfop'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 fadio.systems have attempted to more
or 1ess "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 system) within 450



Prior trunked radio systenms have attenpted to nore or less "just neet" such
APCO- 16 requirenments of timeliness . For exanple,. published specifications
of ohe such prior systemindicates an ability to achi eve channel update (in
a 19 channel systen) wthin 450 -5- mlliseconds and channel drops
within 500 nmilliseconds. To achieve this,-§¢t utilises 3,600 bits per second
(bps) digital signalling over a dedlcated digital control channel.

Unf orttinat el y, mdlhisepondsoand i cdnnel drdpes ARGBITH 500 wiilanRcords .

'tineliness shouf.(gi Q&\f@\trebi’hf Chlf?‘n\P{ilofiess}’g | n rSﬁ&le' tyrﬁef’t he APCO- 16 .

tineliness requirements aré ofte t he
expense of suf f@pnl dightahesignebling Qimlemsieﬁn‘m@ @hgsmaavmat
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even in non-_ ener gence/ sl tuati.on Accor I'S consli ra

room for inpto Qe rEraii Tenents raf dinests tﬂi@\ﬁtdemmam\lant i on,
there\is provi dascr sreébﬁarfgys@@hl eMi r&aﬂﬁfyel afd areBl Y liness

conmuni cation within trunke ra |o r epeat er systen1haV|n lgita

control channel %91‘615?’&?% S vRT ki telmet i @F wHTE S H’J’F}rl"ela::'c are
assi gned for teth@rexpense of sxmlfe/r Iwirtadlﬂwrbﬁ»&&mq;l fdabdne di gital

control signals f¥%é@§ 8€néééérgq$chanqﬁjgasaug ngﬁggd coqpr|5|ng the steps

of : requesting a55|gnnen ital request
signals frdf a Slgmllm o(\ulmmhtara, contbrest si drenapderg smed: dontricol -

channel ; emergency situations). Accordingly, there is
U ~ - considerable room for improvement. o
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 repeater system having a digital control channel
and plural working channels, which working channels are
5assigned for temporary'use of individual radio units
specified by digital_édntrol signals on the control
20 channel, said method comprising the steps of:

' requesfing assignment of a working channel by
passing digital requeSt signals from a first radio unit
to a control site over said control channel;

. assigning a spec1f1c working channel to sald flrst
o/ 25 radio unit and to at least one second radio unit by
' passing digitai assignment.signals over said control
channel; | . : : |
passing digital aSsignmént confirmation signals_
over said assigned working channel between said control
30 site and at least one of said radio'unitsﬁ_
releasing said units for communication over said
asSigned working channel by sending digital release
signals on said assigned working_chanhel in response to
successful passing of said assignmenf confirmation

35 signals, wherein said control signals, request signals



assigning a specific working channel to said first 25 radio unit and to at
| east one second radio unit by passing digital assignnent signals over said-
control channel ;. passing digital assignment confirmation signals over said
assi gned wor ki ng channel between said trol 30 site and at |east one of
said radio units; releasing said units’for comunication over said assigned

wor ki ng chagpg| a@é@m@wcﬂhefu.&fagtisheesngign 8188eSgkdpdas! gned Waiking

channel in response-to success passi ng- o assignreht confirmation
35 si gnal sdakRerednngangycandr spidi gasignmentueignalgnancludeand assi gnment

confirmatignxsifgnal %ea@%@%yt bfp&StQai-é pEEELREPAGYtRB-8 8 dgassi gnnent
S|gnals i ncl ude %eﬁ ﬁ%& redun ancgaof data representing the called 5 party
a I

and t he®asBPHHEd asgigngd| cBanBed gPP4l signal s are communi cat ed
reliably at subauantslaaul m@&&elbsngnamg aeeopemmAnCeateagrboiabigcond

aspect of t there |s' rovided a system of apparatu
for 10 ach?gvﬁﬁ& ? éﬁﬁé 889 BﬁSF Bﬁﬁnﬁ PeBFton within a trunked raffio-
repeat er . syst emhlcaoirdgng diogiat secondt aspechaafiethangresenal morklng

channel s, WG VREK! B9 HIATACkS 01 Ae5S! gPEdfob e SIRBLBLNLUBELON

I ndi vi dual 0 uni‘t's Speci Irgrtar-control
controlochaqheBVl@QIGe§y§bd#|©odppr9mpg commupicationguithingaassi gnnent of

a wor ki ng %Pﬁﬂﬂ%h Q%d&%ﬁ%‘ a@bg'sgstéﬁqﬂﬁéinﬁ ?nakalisenbank&Bat radio

unit to a control site ovel sal ntrol
channel and plural working channels which working

-

channels are aSSLQned for temporary use of individual \J
radio units specified by digital control s;gnals on the
15 control channel said system comprising.
_ means_fpr'requesting assignment of a working
channel byfpassing'digital request signals from a first
radio unit to a control site over_said control channel;.
- means for'assigning a specific working channel to
20 saiad first'radio'unitfand_to_at least one second radio
unit by passing digital assignment signals over said
control channel; ' |
means for passing digital assignment confirmation
signals over said assigned working channel between said
25 control site and at least one of said radio units: e
. means for releasing said units for communication A
over said assigned working channel by sending digital '
release signals on said assigned working'channel in
response to successful passing of said assignment
30 confirmation signals, _
wherein said control signals, request signals and
assignment confirmation signals include triple data
redundancy and said assignment signals include six-fold
redundancy of data representing the called party and
35 the a551gned channel, and _
a2ll said digital 51gnals are communicated reliably
at substantially 9600 bits per second.



means for assigning a specific working channel to 20 said first radio unit
and to at |east one second radio unit by passing digital assignment signals
over said control channel; neans for passing.digital  assignnent
confirmation signals over said assigned mork?ng.channel bet ween said 25
control site and at |east one of said radio units; nmeans for releasing said

uni tsk}‘,or conmuni cat i Qi AV YreFiirdeds Snbioad e rw;ecb&@%htbxnsga@aaa
digital rel ease SI 3}5 on said assig qgg)morklnqﬁhgp in reigonse to
successful passi R %Pgﬁép§ Rft&Rei n
said control sigaadsin &qalﬁsﬂbﬂig:yalaf mmlgmttroa.osﬁghaaung sigmal s

I ncl ude tripl d Iy l,anal.s_Lncl six-fold
redundancy of %da a%r étgaﬁieg'cej?% né&ﬁer%?e{% %3% ar n?}lar? i%SSe?\ﬁgggsggg’ﬁ
channel , and al | Toabggdingiwigih,siagmich Mmmid:atle@igelaﬂébhg xate
substantial |y 964Qepig b 5%? 1501 sea.| N HOWRARES! ratHRRO eRRCIEInGN811

present inventi on prow subst ant i al _i_nprovenents bot tineliness and -

in reliability oPfcithg doicreanad signgddinggFate §°SPHPUFFSIPy9§PQﬁ§99°
radi o system of &hi2s 67e Aepriovierent Fadred I’:I.thtilmela.n@s%b ai ghegedi gi t al

the | ner easedOsi SRERLER, 85, g5 3iteg FRNTIsg et EABRREELIERon:
factor in ti rrel | nedd ised drgdmprower tsigmadil inge riedldabddddysi gnal ling rate
capacity is utilhgeddd dgiRY,0O\hes iHd'ddsad 1ahledlineslsY of 19 channel
updating capability, for example, is improved by a
[\ factor of approximatelyll.sa (e.g., 285 milliseconds
15 versus 450 milliseconds)'with'the rest of the increased
signalling capacity is utilised to increase the
reliability of control signalling. At the same time,
virtually all of the increased signalling capacity is
utilised to improve the.timel;ness of channel drop
20 ability (e.g., 190 miiliseconds-versus 500
. milliseconds).



Accordingly, the increased tineliness of 19 channel updating capability,
for exanple, is inproved by a factor of approximtely 1.58 (e.g., 285
mlliseconds 15 versus 450 mil.liseconds) with the rest of the increased
signalling capacity is utilised to increase the reliability of contro
signalling. At the same tinme, virtually all. of the increased signalling-
capacity is utilised to inprove the trneliness of channel drop 20 abil{yy
(e.g., 190 mlliseconds versus 500 nmi<liseconds). As previously
denonstrated by Bell System Techni cal "Journal articles on the AMPS system
(e.g. "Voice and Data Transmi ssion", by Arredondo et al, The Bell System
Techni cal JouAsaprevdlousiy démordstistedrpylBél) Hzggﬁm 122), digital data
>4

rates on.radi annel hqg ei t hey, ve low (e.qg.,, 200 hertz) or as
hi gh as%ﬁ‘gh%ﬁﬁﬁﬂep°§§i‘d cﬁ%%‘%fﬁ?tg’.‘-#hé b&@§eﬁt efr?g'én(?oﬂ-ut_i i )zes t he
maxi num Wagicepand Datta ‘Trtagssnissibon950BybAsredonds tetpigh] Phe KHz ‘J
bandw dt di ngel ' rédl C ol cghagnel sigpalling and
cont rol ﬁs]eligﬁa%glsﬁm‘o;ﬁtc)ﬁg%ar i'%éﬁgﬁ{el%lh(e)?éibopﬁ'i_ , dig‘tg ?lmbﬁfgre and
i mredi at¥999 af ppr 97he J2&) cobdghtahidatai nateealon madidsi ti on, sub-audible
| ow spe L Ob & al ' |lSPepd & & é t r ki : ring user
comgi'%%ﬁgigosggh?g }sé;lure ad*ai{t'lég a?ggi"ggépﬁi'ng@emﬂtgy-- gnd to

al so pera$thighl agsethe e hderndwidthi parmiss. | TheePrsaenbl ary
enbodi Memhveritiibn Chakaalis dd hé Mm% PhuRShIBh! speelOdd el chepgel s) are
fully duplexed ¢c.no bps on the typical 25 Kz bandwidth radio
channel) for critical control channel signalling and &/:
contreol signalling on-the'vorking channels both
immediately before and immediately after the user
communication.interval.' In addition, éub-audible
low-speed digital data is a;sp utilized on the working
channel during user communications so as to assure
additional signalling reliability ~- and to also permit
implementation of additional features.

In the éxemplary embodimént, all channels (the
control as well as working channels) are fully duplexed
so that there may be simultaneous in-bound and
out-bound signalling on all channels. In general, the -
embodiment achieves reliable and prompt communication
within a trunked radioc repeater system having a digital
control channel and plural working channels, which
. working channels are assigned for temporary use by
individual radio units as specified by digital control
signals on the contrel channel. ' '

. A%

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



so that there may be sinultaneous in-bound and out-bound signalling on al
channel s. In general, the enbodi ment achieves reliable and pronpt _
communi cation within a trunked radi o repeater system having a di-gital
control channel and plural working channels, which working channels are
assigned for tenporary use.by individual radio units as specified by
digital control signals on the control channel. -Channel assignnent is
initially requested by a calling radio unit passing digital request signals
to a control site over the active control Y%hannel .. In accordance with
channel availability, a controller at the central site assigns a specific

t hen- avai | abl e wor ki ng- channel to the requested conmunicati on and passes

digital assl OiEN - 4ARE 81 84! thﬂaehozi%sg%mw,ola 3116201t the
calling radio unit and the cal [ed unit(s) detect the working channe
assi gnnent andhei¢entradi BiteaASSionsr aagpecdddic, dhesyavadilafd ver to the

pr opekvor ki ng,&efRg! chihfetatbethedirgigliels tha doaiun iva®adns aji® agai n
exchanged between the gon%rgl site andtat.lea-b on 8%’t e radiqQ.units
(e.g., the caR3sFeBFiFigpd  apRdIIED; gﬁé@’\ﬁéﬁ(ﬁ‘l&_’ éﬁ?ﬁe PVern %% ponse to
a successful Regwishekechanhet . asBoghetheockilld ngharadilo, unlie ase tile site
then transmts djgital_teleas Lagpals . oyer i d re k.. annel so
ns to rel ease GibFaopBhE 8T 8steB B uBxHe, TN, A AL 701
techni que for amtrsaitah tbheizbtkangmitheri and glecedyessopeirgtdions
|n¢lude threeﬂ;&ﬁ ggt@he proper working channel. Thereafter,
o 'qigital handshake signals are again exchanged between

the control site and at least one of the radio units

(e.g., the calling unit) over the assigned working

channel. In response to a successful handshake on the

assigned-Qorking-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 techhique for increasing reliability, the
initial-fequest signals  include three-fold data
redundancy'(at least for critical data) while the
' channel assignment signals subsequently transmitted
A ' over the control channel _ 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
-assigned channel). The handshake signals subsequently
éxchanged_on the assigned working channel_ ~ 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
(i.e.. 9600 bps) is sacrificed in favor of more
reliable channel allocation[ahd communication functions



redundancy (at least for critical data) while the channel assignnent
signal s subsequently transmtted over the control channel I ncl ude as
'nuch as six fold redundancy of -data (e.g., at least of critical data such
as that representing the called party and the assigned channel). The
handshake signals subsequently exchanged on the assigned worki ng channel -
al so include three-fold data redundanfﬂ of at least critical data. In (ﬁis
manner, sone of the increased signalli¥g capacity nade avail abl e by the

hi gh-speed data rate (i.e., 9600 bps) is sacrificed in. favor of nore
reliable channel allocation and comuni cati on functions -- while stil

conf ort abty ehidedsid d-l [coRfer taP ke prceeding. alio APRONIS r esponsi veness

to hi gherpgghrbi¥ntd.l.s, sub-audible digital channel assignnent update
nmessages are al so transnltted over the assigned working channel. These are
monitored in each unit then residing on the working channels. Accordiggly,
if a higher prrerih;umdIrdspdﬁsiuﬂmﬁbsotoohtghebtp&ﬁbﬁﬂﬂyfﬂmﬁnﬂd in

comuni C er at ions to a new
assi gned lF’kf t11gthlanne st(s)a]'arsl'é}gr&:i'lge"I é?gﬁ&' %gcgh?gkteh 4% er priority
call. |n axei alan trom&ﬂaﬁm\eerameeassyqaedcmraxdqmrqhmeb an

ongoi ng g a2k ﬂ%;@o&‘é@'iﬁm'uﬁﬁ' QﬁEﬁ”% '161%%9'8:{3% hd'BSsages

continue to be transmtt on the control .channel even ter a successf ul

channel RRTKIRINFHINGEIE: hACIRRI I ¥ct 28 dohighen prdandt¥ints (e. g.
those jus¢éailrfendidected to some unit already engaged in a

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 addition, to accomﬁodate'late:entry of called
parties to an ongoing communication, digital channel
assignment "late entry” meSsagqp'continue to be |
transmitted on.thé 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 after temporary interruption, completion L
of a higher or equal priority call, etc.) may ' A4
_nevertheless_be switched onto the proper assigned
working channel as soon as possible. (The late entry
feature, per se, is disclosed in US Patent No. 4649567.)

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



their radio, just passing out of a tunnel or from behind a building or
ot herw se back into radi o communication after tenporary interruption
conpl etion of a higher or equal priority call, -etc.) may neverthel ess be
switched onto the proper assigned working channel as soon as possible. (The

| ate.entry feature, per se, is disclosed in US Patent No. 4649567.) To. '
effeq%/pronpt and reliable termnation of channel assignnments, when the PTT
switéhhof acalling unit is released, it:%ends a digital unkeyed nessage on
t he assigned working channel and, in resgense to reception of this unkeyed
nmessage at the control site, a digital drop signal is transmtted over the
assi gned wor ki ng channel so as to imediately drop all units therefrom and
thus free thg} wor ki n ggannﬁg for reassignnent. (As will be appreciated,
a given radi Fhfits$t e YerkiPGachpnnal and.o inoFespeneec ke cont r ol

R e e g e o it i A
trunki ng cont® o‘#)lqéé@fef%’é?%dsb?naﬂg' a|tf§’é%t§'3§§§&r e asgdgresiously
dedi cat ed "covdrkirig e annéhnsel asAltio umntexdiarte Iy driop el Sanftst O '
automati cal | vy aVefiod o.ﬁ@etﬂ‘égdg%?re{nr%e%{%%%%E{lﬁé%ﬁgannel upon

bei ng turned on ‘or being rese RRel. data
format is notredmsignhentyver (s widl die appateciatedssis|givent raBiohannel s

are successi vl PN § etohfeFcBIIP VI LS RIINGT ) {ngn active
' control channel upon dropping from an assigned working
o - channel.) : S

The system of the embodiment is sometimes termed a
"digitally” trunked system because trunking control is
effected by digital signals passed over a'contihuéusly
dedicated "control® data channel. All units are
programmed so as to aﬁtomaticaliy.revert'to the
predetermined primary control channel upon being turned
on or being reset. 1If the expected control channel |
data format is not there discovered, then alternative
possible control channels are successively monitored in
a predetermined seqﬁence'until an active control

&J ~ channel is discovered. 1In this manner, the usual ..

\ control channel apparatus at the central control site
may be tempdrarily removed from'sefvice_(e.q;. for
'maintenahbe'pufposeé); 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 system according to this invention is
designed in such a vay_that it meets and, in many
areas, surpasses all of the éxisting APCO-16
requirements. It may also support available voice



channel is discovered. |In this manner, the usual ‘control channel apparatus
at the central control site nmay be tenporarily renoved from service (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 functions or is otherw se taken out of service. The system according to
this invention is designed in such a y that it neets and, in many areas,
surpasses all of the existing APCI}1¢ equirements. It nmay al so suppo

_avail abl e voi ce encryption techni-ques, nobile digital data termnals

(digital data may be passed in lieu of analog voice data during a trunked
radi 0 cComM@yY G ¢ Pon SesShANquasy/ ﬁébﬂal aaalssaumlamm ar location

t fault,tol tectu d | at ed
copendi ng géae{eﬂ aaaransha Bt Een, Shod e ofansldl otk Gystom
operat|ondaﬁuﬂaufinheaCEnunkbdprndhesoomham&aitidnfs!sstbn)he controlr\l‘th

t | f d | t d/ e
oLie | Lo T Ephte! RubEnt I ARERA M YR AGH, Rl o o
simlar td’mﬁa&mjolm; ce saghul solennpanrcbliltactmndngsedal[m a
communi Cati ém.e'&&' 9@ iﬁgedaﬂﬁb'ii@it?oﬁai& FNSTEYA a2 e09) | he

exi sting audi o pass and be trunked just like desired voice
conmuni cat a—cHA® ¥R on channels are
r equi r ed) maih i ® tﬂﬁﬁnaaesyeltbmbbbeut%ndIe@letralmanae CeeReyarati ons,

data tran%ﬂéggéggr(ﬁggpggglgg fail at the control site. If 3
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 partisular, such digital data
communication will be carried out 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 required). 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 connécted to the
central control site. : | ' _ ; e

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

utilized'
Channel Type Direction | Rate
Control Channel INBOUND _ 9600 pbs

-CGroup Call
-Special Call



voi ce transm ssions, as well) may be voted in voting systens enpl oyi ng
satgl]ite receivers connected to the central control site. In the exenplary
enmbodi ment, digital control signalling nessages of the follow ng types are

utilized: Channel Type .Direction Rat e Contr ol
Channel . | NBOUND ' 9600 pbs -Group Call -Special Cal
-Status -Status Request/Page -Energency Al ert/Goup Call -Individual Cal

- Cancef Dynam ¢ Regroup -Dynam c. Regroup - ébrced Sel ect -Dynam c Regroup -

Option Desel ect -Dynam c Regroup - Optian Sel ect -Login/Dynam ¢ Regroup

Acknow edge -Logical |ID Request -Progranm ng Request OUTBOUND

9600 bps - Channel Assignnent Channfgt date -Enable/Di sable Unit -Dynamc

Regroup -Preconfiguration -Alias | % Keyed/ Unkeyed '
' -Status Regquest, Page

- ~Emergency Alert/Group Call
-Individuai Call

-Cancel Dynamic Regroup .

-Dynanic Regroup - Foerced Select
-Dyvanic Kegroup - Option Deselect
~-Dynamic Regroup - Opfion Select
-Login/Dynamic Regroup Acknowledge
o -Logical ID Request
o -Programmiﬁg Request

OUTBOUND = 9600 bps
~-Channel Assignment

-Channel Update

'-Enable/Disable Unit

-Dypamic Regroup

?Preconfiguration

-Alias I D |

-Unit Keyed/Unkeyed

-Emergency Channel Ass;gnment
-Cancel Dynamic Regroup

-Dynamic Regroup - Forced Select
-Dynamic Pegroup - Optional Deselect

-Dynamic Regroup - Optlanal
Select
-Assign Grﬂun ID An Alias ID
-Assign Logical ID An Alias ID
- =-Status Acknowledge/Fage.
-Time Mark
-Emergency Channel Update

~»



- Emer gency Channel Assignnent -Cancel Dynam ¢ Regroup -Dynam c Regroup -
Forced Sel ect -Dynam c Regroup - Optional Desel ect -Dynam c Regroup -
Qptional- Select -Assign Goup ID An Alias ID -Assign.Logical ID An Allas I D
- St at us Acknow edge/ Page -Time Mark - Energency Channel Update -Site ID
-System Qperational Mde -Site Status gjLogical 1D Assignnment -Progranmm ng
Channel Assignnment Wor ki ng Channel - } NBOUND : 960Q4bps
-Initial Handshake -Special Call Signalling -Unit |ID PTT and Reverse PTT .-

-M scel | aneous OUTBOUND 9600 bps -Initial handshake:
- Channel Drop -Status MessagesskigOuhD ' LOM/Speed Conflrm
Unit PTT OUTBOUND -System‘%pé}é¥aon ég Scan - :

-Site Status

~-Logical ID Assignment W

-Programming Channel Assignment

Working Channel INBOUND 9600 bps
' -Initial Handshake

-Special Call Signalling .
~Unit ID-PIT and Reverse PIT -
-Miscellaneous R A
OUTBOUND ' 9600 bps
-Initial handshake ' '
-Channel Drop
-Status Messages

INBOUND : Low Speed
~Confirm Unit PTT '
OUTBOUND Low Speed

-Priority Scan
-Falsing Prevention

Some of the general features of the exémplary
embodiment and expected benefits are summarized below:

A,

-’
FEATURE BENEFIT
VERY SHORT AVERAGE : ?ractiéally instantaneous
CHANNEL ACCESS TIME access doesn't cut off
' syllables.
Normal Signal Strength Provides operation which
Areas: 280 Milliéﬁ%onds - is faster than most coded

Weak Signal Areas'XIZdB squelch systems.



-Fal si ng Prevention Sone -of the general features of the exenplary

enbqdi nent and expected benefits are summari zed bel ow. FEATURE

BENEFI T VERY SHORT AVERAGE _ Practically instantaneous CHANNEL
ACCESS TI ME - access doesn't cut off sylrables. Nor mal Si gnal
Strength Provi des operation which Areas:- 280 MII'iseconds - S
faste\/than nost coded Weak Signal Areas (12dB squel ch systens.

Si nad™ 500 M I liseconds LATE ENTRY M ni m zes m ssed
Shoul d- a nobile turn on conversatlogés keeps during the period in
whi ch police up to the mnute, its group is involved in m ni m zes
cal I backs. a conversation, the nmobile will automatically be directed to
join that conver,sa JI C NNEL SW TCHI NG  Frequency

coordi nati on I\/gﬁ °éi wmseEB REBol of the fleets and stations, and
consol es subfleets requi.res automatically switch to ~ - no action
on thespart o pri ate channel .- ny, field rsognel . H GH
SPEED CALL PR&%%@%‘P Dedi cat ed control cmiﬁﬁ)dgg%%?aassi gns unit
provides nore Shsiuld ra thekibe - thencen , and conversmtimns askegpsents on’
all called uni S%nt& afhe peri&&rﬂﬁrwﬁ)i%he”spolqyéé %a@&rﬂpélﬁiﬁu%r ki ng

channel . size does not eP _
its group is involved in ‘minimizes call backs.
a conversation, the mobile |
will automatically be
o . directed to join that

conversation.

Frequency'coordination
of the fleets and
subfleets requires

. AUTOMATIC CHANNEL-SWITCHING
Mobiles, portables, control
stations, and consoles
automatically switch to Qb action on the part of

the appropriate channel. - any field personnel.

HIGH SPEED CALL PROCESSING Dedicated control channel

Processor assigns unit provides more rapid

initiating the call, and
‘all called units, larger systems. System
e - appropriate working channel. size does not impact

Initial channel assignment

channel assignments on
to an

upon channel acquisition
' time. Control channel is
available for additional

communication between site
controller and radio units
occurs on the control: functions such as status

channel. and unit 1ID.

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

~»

Eliminafes the need for

. repetitive PIT operations

by the operator in weak
signal situations.



Initial channel assignnent upon .channel acqui sition comuni cati on between

site time. Control channel is controller and radio units avai l abl e for
addi ti onal occurs on the control functions such as status channel.
and unit 1 D. CALL RETRY El i mnatés the need for Calling
uynit wll repetitive PTT operations automatically repeat its-

by the operator in weak request up tqg,eight tines signal situations\y
if no response is received. . Termn ng retries also Retries term nated
upon shortens the signalling systemresponse. time. UNIT
DI SABLE I'n hostage situations, Trunked units can be
these uni 4 GRY Pesgbhisk! 3¢ Fec¥ivedl Vi dpéfmina%%lg@&%ztﬁsa 21 al

basis. These dj sab] ed uyni for c i cati c ntlnue to nonitor
Che Rati encterpapased SR, o crahpEren tha, 89 vith

aut omat i c gyatdeml tespohseni ne their vietmelul ar | ocati on, status _
these units could be tracked for apprehensi on. SUPPLEMENTARY CONTROL o’

Provi des user and systen1CHANNEL FUNTI ONALI TY operator with
system | WNIQRIIDISABLE provi ding’ nanky chostager ed tuatt icrenne

assi gnrrenbﬁ,“f,;% unitaVéhhaRee On ot herﬂ;gpgs ﬁgl&r@ Wnel i s used
of systens status nessages, polling, systenlstatus ging, late
entry, disabled on an individual assigned to a specia |
' basis. These disabled units group for communication _
continue to monitor the ‘with the criminals. _— -
control channel and can be Also, with automatic o

polled to determine their’
status. '

SUPPLEMENTARY CONTROL
CHANNEL FUNTIONALITY

In addition to'providing
channel assignments, the
control channel is used
status messages,
peolling, system status,
logging, late entry,
dynamic-regroupiﬁg,
system testing and other
system functions.

_for:

GROUP PRIVACY
Each group hears only his
own group, unless '
specifically programmed

otherwise. Dispatcher

vehicular location,
these units could be
tracked for apprehension.

Provides user and system
operator with system

‘manager features not

available on other types
of systems.

Each group has the same
privacy as having their
own channel with the
additional benefits of
being regrouped with

can override for individual other complementing



dynam c regrouping, systemtesting and other system functions. GROUP

PRI YACY Each group has the same Each group hears only his
privacy as having their own group, unless |, own channel with the
specifically programred addi ti onal benefits of otherw se. D spatcher
bei ng regrouped with can override for individual other conplenenting

units or groups of nobiles functions fo mergency at any tine.

oper ations. CALL QUEUI NG ' : -IMai ntains orderly entry v%en al

channel s are procedure for busy busy, call requests wl|

system Call uests be queued unt|I a channel are accepted in the
or der becorres“&\} 8 &7 Sreyps of mobijes 5 funsidiont EOX AHNEFIRNEY¥Ling a
channel will at Rirgheyinggjority users go beopairaftiashdé. 0 prevent to
the head of -the line. call backs. Menbers of groups already in the queue

will not be reentered in the queue. DATA COVWUN CATI ONS _ Thi s-
f eat uxe gre'aUAy..IS@ImmNQS t he opti onal Maiorttadmee oxderlyl emtof t he
capabi lity of cusin 0) y m becaus a on the
wor ki ng '#“n gekx%gnés%a%?elgdlﬁ%?onal cha n&ce@{%la%i%@p%g% RF
channel's. combmsiyatdahl nequeshikewhldce onsyptemui Fatl requests
be queued until a channel are accepted in the order
becomes available. Unit
requesting a channel will

be notified to prevent

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

~ call backs. Members of =
groups already in the queue
will not be reentered in
the queue.
DATA COMMUNICATIONS This feature greatly
System has the optibnal enhances the value of the
capability of using 9600 system because it avoids
bps data on the working the expense of additional
channels. Data 'RF channels.
communications will take
_ - place on any equipped
A/ working channel and they

are trunked, just as:
voice communication.

'VOICE ENCRYPTION

System has the optional

- capability of using

available 9600 baud voice
(See, e.qg.
commonly assigned US

encryption.

"transmissions.

Voice encryption offers
the same encrypted range

‘as for clear voice

Voice can
be passed from each site

_ through conventional



wor ki ng channel
ENCRYPTI ON

avai |l abl e 9600 baud voi ce
e.g. .
conventi onal

EP- A-0178608) .

Pat ent
‘or

and they are trunked,

4,622,6

m crowave |inks.
needed to the base station interface equi pnent to accommpdate such

j ust as voice conmuni cati on.
Voi ce encryption offers System has the optional.
t he same encrypted range capability of using
transm ssi ons.
be passed from each site
No .

_ - .as for
Voi ce can encryption.
nly assigned US

voi ce grade phone |i
Only m nor

PN

VA CE

cl ear voice

( See,
t hr ough
nes Qpd

nodi fi cati ons are

sophlstlcated voi ce security systens. Any nobile can be upgraded to this

syst ens. nobi | e can_be_up

ext er nal nt PQPlﬂt%fﬂ%?

| DENTI FI

transm ssi

transmt. This is true. - | D regardl

graded to thi capabléﬁlég ijg
BQmges to Pﬁ e b ?%éﬁl fe UNIT
ST P BSOTPO e they oy ent 11 20 Bt REA AT

mipox. Wi H{15€1BYs! BEeSA™

needed to the base
station interface
equipment to accommodate
such sophisticated voice
secutify systems.

Any mobile can be
upgraded to this systens.

- Any mobile can be

UNIT 1DENTIFICATION

A1l units are automatically
identified when they
transmit. This is true
regardless of whether the
transmission takes place
on the control channel
or on a working channel.
The system is able to

accommodate 4095

discrete

addresses independent of
fleet and subfleet.

upgraded to this

capability by adding an
external medule. No
internal changes to the
radioc are required.

Each unit on each
transmission is
identified by the same
ID regardless of the
agency, fleet or
subfleet in which he is
currently operating.
4095 is more than twice
the logical number

of users in a fully
loaded twenty channel
system so there is more
than sufficient capacity.

[,



regardl ess of whether the agency, fleet or transm ssion takes place
subfleet in which he is on the control channel currently operating.
or dn a working channel . . 4095 is nore,than twice The systemis able to
the |ogical nunber acconmodate 4095 discrete of users in a fully
addresses i ndependent of | oaded twenty channel fleet and subfleet.
syste\/so there is nore than sufficient c C|ty . TRAFFI C LOGAE NG
StatiStics on system All systen1|nfornat|gp usage, such as peak

[

| ogged. Each unit trans- | oadi ng, vi dual and m ssion causes the

units gr oup usage versus tinme, |ID, agency, eret sub- as well
as many otherfﬁa g*c time, site . é; égﬁxand i st
of sites |nvoIve avalla e for tabulatlon to be manage-

and.anal ysis. Mdk S¥peAmsin L RTERCUSREET such as m#a’ﬁmbl | es and

port abl es AuthqegaxhJntﬁéESuhﬁtetrans- in theaaﬁ%@emﬂﬁaléxaditééﬁulIty to
pl ace\and i.nt er connect ed %ﬁgthe ecelve calls and

t el ephone syst BhS EMNBRPL PP HRFBual s GFOUP usaqéixqggyemﬁime,
specifically gn@jpagénephi fEeethi shb- equsi'mead fam nidriy atlede nay or
may not be equi b ei rc ect.

pat cher to mai r@%e& aa%’g{gseﬁtoﬁ?‘&gl' é#qsyst 5&1% d%%m&%é‘gf %!F?l)
PRI ORI TY ASS| Gew\ist oswsitﬁsnﬁnagéweéan geeilable for tabulation

to be logged for manage-
- ment reports.

TELEPHONE INTERCONNECT
Authorized mobiles have
the ability to place and
receive calls and patch

" them to individuals or
groups of mobiles which
may or may not be equipped
for telephone interconnect.

GROUP PRIORITY ASSIGNMENT
Eight priority levels are
provided in the systemn. |
Each group (as well as
each individual) is
assigned a priority.

and analysis.

K11 mobiles and portables
in the system can be
interconnected to the
telephone system. Those
mobiles not specifically
equipped for this can be
patched by their dis-

patcher to maintain

adequate control of
system loading factors.

System manager can set
individual group

-priorities according to

the criticality of their

~ service.

The flow of tra:fic is

‘more easily maintained

by providing recent users
priority over nonrecent
users of the same
priority level.



Eight priority levels are I ndi vi dual group provided in the system

.priorities according to Each group (as well as ~the criticality of.
“their each individual) is : . service. assigned a priority.
The ftow of traffi.c i-s nmore easily naintained by providing recent users
priority over nonrecent users of the sane priority |evel. In the _
exenpl ary system 11 bits are avail ab to determ ne the address of agnit
wi thin an agency, fleet or subfleet. | ve bits are available to
determne the individual identity of a particular unit (i.e., its "logical

ID'). The use of 11 bits for determ ning group addresses w thin an agency,
fleet or subfl pattheoexemplamatsystempilltpisacarehavadidablegaecy nay have

aent 1 11 A Fafmt o8 pA R E e 4 Wl FhenEH S RERRE Y, [ Bl o e
The 4, 096omnsubflenti.f i Gaelore dtks axe svailabledtandefermineubfieets-in a
Syst om whres TR RARNALS S oLty R e TRy SR Ty Adous are.
summar i zeYlegieely IR dow (IreistseiofiphbtpikBcIRs deter@dping any order of
i npor t ancgraapnaidresiddss within Cancagonéyertdetnodnsubdi ethaustive or
"”’t'”g)ﬁrgiideﬁ'3?24¥1£f§§{§?{¥£¥V238ﬁ(tnat each agency may
have many differentlfleet and subfleet structures.
Furthermore, unit identification is not limited by a .
partichlar fleet and subfleet structure. The 4,096 ' o’
unit identification codes can be divided among the
subfleets in a manner that best suits a pafticular,

system.

Some features of this'exemplary system which are
beiieved to bé particularly unigue and advantageous are
summarized brief;y below (Qrder of appearance not .
reflecting any order of importance -- nor is this list
to be considered in any way exhaustive or limiting): -

a) Widening the Retgy Window

I1f a requested working channel assignment is
not achieved, the request is automatically retried
-=- and the.time window in which such a retry is
atfempted ig increased in duration as a function
of the number cf prior unsuccessful retries. This
significantly:decreases the average 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. '



| f a requested working channel assignnent is not achieved, the request is
autonatlcally retried -- and the tine window in which such a retry is
attenpted is increased in duration as a function of the nunber of prior.
unsuccessful retries. This significantly- decreases the aver age channel
access tinme where noise is the real problemrather than request coII|S|ons

- - ile still providing a recovery mechani smfor request collision
probl s as wel | . b) Better Use of<$¢E?ud|ble Signalling Rather than
usi ng subaudi bl e signalling only to conf* channel assignnents, a sinple

counter field is enployed to greatly sinplify such validity checking

functions and to tgys fpgecbbeusB o BubAudiin & 4 D1 engignal ling
capacity for other uUses’-- €.0., a priority scan. In the exenplary

enbodi nent a two bit subaudibie "count” field for a gi ven channel is
i ncremented upon each nnmmrktngnaasiiwmmdim signatiinghonlyi f a

radi onuni't observeg a _ch e | S prog. d ' di at
drop back to the cgﬂtFBPQE%Q 8; s%iﬁ?ﬂﬁﬁfﬁ%ﬁ%r?i@ggghﬁéﬁPtggé ey
Fragnment ati ons by £&a&d1&aléwphbvsd|¢e SmaaﬂlyuximmkiﬁWtsuchnlt|at|ng a
Prionity call. a r3digaiegpengtihigl Subors sesopdss graabiae the

usual nultlple group~scan anneﬁml favor Iooklng for
the highly probab|@ajority o£ the subaudzble signalling capacity

for other uses -- e.g., a priority scan. In the
exemplary embodiment a two bit subaudible “"count"
\ fﬁeld for a given channel is incremented upon each
new working assignment of that channel. Thus, if
| a radio'unit observes a change in this field, it
is programmed to immediately drop back to the
control channel.

'¢) . Minimizing Priority Communique Fragmentations
' by Dynamically Altering Scan'Functions

After initiafinq a priority call, a radio
temporarily (e.g., for two seconds) disables the
usual multiple group écan'on the control channel

o _ -= in févor of looking for the highly procbable
w : returned higher priority call. This reduces the
possibility of getting diverted momentarily into
an ongoing lower priority communigue -- and also
perhaps missing a fragment of the next higher
- priority communique. A similar temporary (e.qg.,
'two seconds) scan preference (except for priority
calls) for a just-previously involved call group
also helps prevent fragmentation of. non-przority
communiques.



returned higher priority call. This reduces the possibility of getting
diverted nonentarily into an ongoing |lower priority comrmuni que -- and al so
'perhaps m ssing a fragment of the next higher priority communi que. A
simlar tenporary (e.g., two seconds) scan preference (except for priority
calls) for a just-previously involved call group also hel ps prevent
fragnentation of non-priority commuri-ques. d) Use of o
Transm ssi on- Trunked Bit in Channel i gnment The trunking system has two
' trunklng nodes: a) Transm ssion Tru Mode in which the working channel
I's de-all ocated as soon as the calllng unit unkeys, and b) Message Trunked"
Mbde in which dje vogki 8¢ mmissadif-ﬂdrgeédedi ninsepandelfol lowing a
unit's unkeylng, unl es eys onto € channel W thin such "n
seconds. "n" is cal$€ By. dynam cally insuring that both
called and calling units "knomf that a transmi ssion- trunki ng node is IE&
effect, the callin | channel pon
PTT rel ease -- thug'r#?m% #'Wesg:teﬁlg)ﬁ%e Woé k%gﬁagﬁgﬁne%dg&’ drop
channel signalling. fron1the control site. The calléd units can also be -
positively prevent eg) ffesh%uﬁrss&wmew MSud NEnVRREERILRRANNE! - thus

avoiding nmultiple keylng
‘working channel is de- allocated as soon as

the calling unit unkeys, and

b) Message Trunked Mode in which the working N
" channel is de-allocated "n" seconds following

a unit’s unkeying, unless another unit keys

~onto the channel within such "n" secohds.

"n" is called the "hang time™. -

By dynamically insuring that both called and
calling units "know" that a transmission-trunking
mode is in effect, the calling unit may
immediately revert to the control channel upon PTT
release -- thus immediately freeing the wotking .
channel for drop channel signalling from the
control site. The called units can also be . N
positively'prevented from ever transmitting on the
working channel - thus'avbiding'multiple keying of
radio units on,the working channel.

e) ég;omafiC'Addressing of Immediately Returned
Calls

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



radio units on the working channel. e) Aut omat i ¢ Addressi ng of

| medi ately Returned Calls Both the called and calling units/groups are
identified in the initial channel assi gnment si.gnalling. The called unit
captures the calling unit 1D and is enabled to automatical ly address a
return call to the just calling radio if the PTT switch is depressed within
a predetermned period (e.g., 5 seconds) after the just conpleted
connuhfque even if the systemis in the I;Egsnission Trunked Mode. Not
only does this sinplify the necessary ca ack procedures and mnim ze
access tinmes, by allow ng greater application of the Transm ssi on Trunked
Mode it al so increases the b|||t .of successfu hanges - -
especially in poor YWt zQQ|$éﬁ Ba®? na jed §800qaﬁ9 9§§i§hi

Synchroni zati on Useeﬁhﬂngﬁiﬁlrtoetﬁéogubmscammtdd|r1§inﬂtttthe|mnrlf|ed
bit synchronization t P e lepces
(i.e.»a string of &%%&ha#? %Q%%gggg d%ggr‘%’ %%11% é%%ﬁi'fﬂé% 5? -=?ae IS no
need to keep’ |nfomﬂHJguutSanecenGSbrefteelyhayduatnﬂqnnﬂQ&#st al |

channel s. Thus not Q'G‘}‘?Q‘ﬁ‘? UCESe A2 $VRHE T Lyer“pq?tﬁ,seﬁ;emw de, it also

facilitates a m)reﬁp er.ant archltect re at e control sjite.
Transmission Trunked Mode. Not only does this

"simplify the necessary call back procedures and
minimize access times, by allowing greater

3‘-

_ application of the Transmission Trunked Mode it
o " also increases the probab*lity of successful
' “message exchanges -- especially in poor s1gnalling
areas._f ' ' ' '

£) 9600 bps Permits "Loose” Synchronization

Use of higher rate 9600 bps signalling
- permits simplified bit syhchronization to be
- rapidly achieved by simpie "dotting” sequences
(i.e., a'string_of alternating ones and zeros
101010...). Thus, there is no need to keep
information transfers ﬁrecisely synchronized
across all channels. Thus not only reduces -
hardware requirements system-wide, it also
facilitates a more fault tolerant archztecture at
the control site.

”*9)' tImgrbved Channel Drog'Signallina

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



9) | proved Channel Drop Signalling The drop channel signalling is sinply
an extended dotting sequence. Therefore, each radio may easily

. simul taneously | ook for drop channel signalling and channel assi gnnent
confirmations. 24 This nmeans that the control .site may nore i mediately
consider a given working channel available for reassignnment -- and, if

"l oaded up," imrediately.interrupt e drop-channel signalling to iss

fresh channel assignment confirmati i gnal s on the working channel (which
each individual radio will ignore unless properly addressed to it). As a
result, a "loaded" system (i.e., one where existing channel requests are

al r eady queueﬂiiﬁ&ﬁedﬁapthammmg:&kwwlswé hh&y abotie only 100 nsec --

enter late | ANPCTESEERY Borkd I SEvSh YEtkiRSTIRERRRE and broper! y
drop from t heavahbablebfozuseassigrmerit |4+ yand, sifiuflaadedsup, Mook for
drop channel i g0al LLogyasdeCiamnnl B EInEANEL " §76h 9m1§hgna' i ng™ h)

Feat ure Progranm ng ersone e ure pro
reprogrann1ngt?oiaadefﬁﬁﬁﬁheSPQQPq @arignnent s¢on FFBH #8rsonnel , nove

procedures argiegpigygg @hbc@diﬂfﬂgldﬁgﬂﬁélt@theg &86R 1O perfornlal
such prograqﬂgggvidéil ggh&% %ﬁﬁl.ignore unless properly
addressed to it) As a result, a "loaded" system
(i e., one where existing channel requests are .
already queued) may drop a working channel within o’
about only 100 msec -- and immediately reassign it
to a queued request. Radios that happen to enter
late into theé call being dropped can detect that
fact and properly drop from the channel because of
the ability to s1mu1taneously lock for drop
channel signalling and chapnel assignment

confirmation signalling. :

h) Feature Programming

To avoid cumbersome feature programming (and .
reprogramming to add features) by factory or
distribution personnel novel procedures are
employed which safely permit the end user to
‘perform all such "programming;”_ All units are
programmed,at the factory to pertorm.all available
functions. A function enable bit map and a unique
physical ID are together encrypted at the factory
and provided to the user as "Program Codes.” When
the user programs'eaoh_deiice,.its'encrypted
"Program Codes"” are input'to a Radio Programmer
which, in turn, properly'sets'the feature enable



programmed at the factory to performall available functions. A function
enable bit map and a uni que physical ID are together encrypted at the
factory and provided to the user as "Program Cedes." Wen the user prograns
each device, its encrypted "Program Codes" are input to a Radio.Programer

which, in turn, properly sets the feature enable bit map in a connected
r adi nit -- and t he decoded physical ID-- and a "Just Programed” bit). .
The "just programmed” radi o device |ogs i"R¢go the central controller with a
request for a logical ID-- based on its, arent physical ID If illegal
copyi ng of function enabling Program Codes occurs, then the sanme |logical ID
w Il be assigned -- and the useful ness of the radio within the trunked

repeater system w |bibanapnini shednneytedDraidic Gndtiet- /and gthent
Handshake -- One BeidWodéd!pRySsehines VOr lindo o Chwoﬁ[‘ r%%% 4§90 bps’

channel assi gnnent S|€nallln exchan e occlTs on the ¢ anne

However, a confirmibhe (iThe $“§§c8ﬁﬁgﬁaﬁﬂ%"ké)aqflﬂerﬁ%¥ﬁsslwsthe
assi gned working chambe|thdheentiali 6oaseulaes Rt he iéo€l gopngel has

been successful Iy signed’ d | acked . ,onto,hefaore the ce controller
unnutes the called ﬁ% g gégfﬁﬂea c R&Fn PP aﬁﬁ?i;ébﬁﬁi R. such
that if the channelIf:cmlﬂ.egahscapgingscft flahe tiom \ﬁnah],ixi@evi‘wchhake will
fail, thus term'““déﬁbérﬁéeﬁ¥§ ath@HPLhE 2 Elatve logical ID will be

assigned -- and the usefulness of the radio within

&; the trunked repeater system will be diminished.

1) Double Channel Aégignment Handshake -- One
Being on the Assigned Working Channel

A first 9600 bps channel assignment
-signalling éxchange occurs on the control channel.
'However, a confirmation (i'.e., a second handshake)

then occurs on the assigned wérking 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 channel. The signalling is such that
;45 if the channel conditions are unsuitable for.
'voice, the handshake will fail, thus term1nating
the call automatically.

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



An enbodi ment of the present invention, given by way of exanple, will now
be described with reference to the acconpanyi ng draw ngs, in-which:

FIGURE 1 is a general explanatory diagramof a trunked radi o repeater
system enbodying this invention;, FIGJRE 2 is a sinplified block diagram of
a central-control site (as well as a satellite receiver site) in the .
trunked repeater systemof FIGURE 1; FIGURE 3 is a sinplified block di agyam
of the general site architecture of %agﬁnain controller for the central — :
control site; FIGURE 4 is a sinplifi | ock di agram of the channel
architecture used within each channel of the central site architecture

shown in FIGURE 3; E 5,ig a sinplified general block diagramof a
t echni cal nobile/mm%éﬁ#%?rﬁd?ﬁ ﬁnFgBFEaﬂeeﬁﬂHQQﬂiPWXNd¥iﬂﬁﬁmi%ét?on

wi thin the trurtmhkedberadiosyepeater EByetlem EmbddydRig6 is a sinplified

flowchart of tyRjigcal cessing sequence in the exenplary enbodi neat
- fromthe perspﬁ#@e‘%%‘tggﬁri ng unit; FIGURE 7 is a sinplified flowcHheft

of a call processing sequence-within a called unit; FIGURE 8 illustrates
the trunked channel g@PRENS PsO&CEYMB1329 ol Bictk BUYLHE S0P i NMes;
_central_conttol'site-(aslwell as a satellite
receiver site) in the trunked repeater system of
FIGURE 1;
FIGURE 3 is a simplified block diagrim of the s
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 architectﬁre 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 sequence in the exemplafy
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;



FIGURE 9 generally illustrates call initiation signalling within the

exenpl ary systemas well as typical timng requirements; FIGURE 10 is a
graphical illustration of the control signalli-ng protocol utilized to
initiate and term nate trunked radi o conmini cati ons on either an individual
or group basis in the exenplary system and FIGURE 11 is a sinplified
flowchart of suitable conputer progranms which m ght be utilized at the site
controller, the calling unit and the calleq unit so as to achi eve the
signalling protocol of FIGURE 10. An exenplary trunked radi o repeater

syst em enbodyi ng this invention is generally depicted at FIGURE 1. As
Il lustrated, individual | vario ommuni cate with each ot her
(both within and p055|md§8qﬁ§; 69%9e5$i}§ g&ﬁ“@&ﬁﬁﬁf’vFéaghared radi o
repeat er channel s ﬁmaauaaiyne;iqnnﬂ&ihgepéhhbn thet eakemplaryl @ystEme

di spatch consol e 1Q: qﬂaffk r r station site
104 o may be rem)té Wocat ed Via éci# hgﬁ“{ ﬁl&gg ?gﬁg?ggl lities 106 as

w || be appreciated by those in the art. There also may, be nultiple
di spat ch consol es 102 (ermuxprrofps & ﬁﬁPé&Qtfiﬁhﬁ%i-)atiB  BfTRMeer OF
supervi sory di spatch consol e for t entire s stemas wll

appreC|ated by t hoSontTFq ;gqall ng protoco utilized to initiate
and terminate trunked radio communications on

either an individual or group basis in the
exemplary system; and

FIGURE 11 is a simplifiea 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
'emboinng' ' this invention is qenerally depicted at
FIGURE 1. As illustrated, individual units of various
groups communicate with ¢ach other (both within and
possible outside of their own group) via shared radio
N repeater channels located at a trunked repeater control
L site 100. The dispatch console 102 may be housed
directly at the repeater statipn site 104 or may be
remoteiy 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
for each separate fleet) and a master or supervisory
dispatch console for the entire system_aé will also be
appreciated by those in the art. |



The central site is depicted in somewhat nore detail at FIGURE 2 in
conjunction with.one or nore satellite receiver sites 100-1. As will be
‘appreci ated, the satellite receiver, sites are displaced spatially fromthe
central site 100 such that radio receptlon may tenporarily be better at
one or the other of the chosen antenna sites. Thus, received sighals fraom
the satellite sites as well as the c:g%gal sites-are conbined in "voterly
circuitry so as to choose the best a abl e signal for control or

conmmruni cation processes. At the central -site, a transmtting antenna 200
and receiving antenna 202 (which nmay sonetines- be a conmon ant enna
structure) nmayThe Gﬁﬂﬁn&ijﬁﬁt¢1iﬁwﬁ%ﬂi¢bﬂdlia|gpmbwhnﬁnmumg/deconblnlng

circuits 30¢ai10@t2¥ 1WURE 2 PR né@ ?thno o uR'H ra'€ transmtting

and rece|V|ng RE antenna cicrcujtry us in Y. services a

 plural i { ySateddite, necedra &1 ?%n%‘?t?ﬂ'fecéﬁv\! éllrb& ts included in a.

pl uralityapprBEiatedit dhe Eatd Nibte 390:.:e§02r g89tes3@te Qii“s 1hdugal |y
t here may_be

t at
ci'reui tryPEtERRIYa kI oY serterel, aftecfed; BHeBoihan rmrqecé'sv?é 0. a
m croproceeeeptliaaed\ayortemponrm the dsettenl at gaecior Ithedeiieed in

FI GURE 2. §u€ﬂecg by ?},@J‘hun | &srcu‘gﬁﬁs ?88 ﬂ’eﬁjwith elach statlon

are, in turn, con ng car
M cr opr ocEEe®r f-b&s%ﬂ%i&%cﬁrﬁtﬁ% asreell s9s4bbe ¢entrald sitesi06. Al |l of

the trunkipg &smBsnd14)6 M cotSuILEP aeaen%hﬁ:—% YheM th a
primary sjite contrcila (ir 410 VIafontroI dal a bus e primary

best avai e signal for control or communzcation ;;

processes .

At the central site, a transmztting antenna 200

and rece;ving antenna 202 (wh1ch may sometimes be a

common antenna structure) may be utilized with

conventional signal combining/aecohbining eircuits 204,

206 as will be apparent to those in the art. The

transmitting and receiving RF antenna circuitry 200-206

thus individually services a'pluralitY'of duplex RF

channel transmit/zeceive circuits_included'in a

plurality of RF repeater "stations® 300, 302, 304, 306,

etc. Typisally, there may be 20 such stations. Each .
station transmitter and receiver circuitry is typically A4
controlled by a dedicated contrdl shelf CS (e.g., a
microprocessor-based control circuit) as is also

generally depicted in FIGURE 2. Such control shelf

logic cifCuits associated with each statiosn are, in

turn, controlled by trunking cards Tc-(e,g,, further
microprocessor-based'logic control circuits) 400, 402,
404 and 406. - All of the trunking cards 400-406 |

communicate with one another and/or with a primary site
controller 410 via control data bus 412. The primary



site controller .(and optional backup controllers if desired) may be a
commercially avail abl e general purpose processor (e.g., a PDP 11/73
processor with 18 MHz-J1l chip set). Al though the major "intelligence" and
control capability for the entire systemresides within controller 410,

al ternate backup or "fail soft" control functions may al so be incorporated
wi thin _yhe trunking cards 400-406 so as to provide continued trunked
repeater service even in the-event that controller-410 mal functions or is
ot herwi se taken out of service. (Mre QEEAiI on such fail safe features
may be found in concurrently filed appli®ation No. 8813169.3 (2206019)). An
optional tel ephone interconnect 414 may al so be provided to the public

swi tched tel ephone netwo ically st em manager term nal, prlnter

etc., 416 is 8Bi%® EPHEFQ éé‘l"or 'd\)‘%r%l’# g?éiehﬂﬁﬁﬁﬂgSM’%%

(toge_t._her Wit Beglfed) MAYCLE WASRRErePAIDYCavaAeTIable _&I;wwutest and
alarming facili he voter"

circuits 502, Pﬁgé°5508r8 g gﬁéaégxhgcgghfgg/g rs%QQ§ﬁ§QE;ki§hLﬁ lity
of input digi b-anlaohﬁpgtgn.al s\houomghsehecmagoh-y'autmudamé'romthe
ecelved st gnard PPHEFHL: CalkHs 1ALy PRoE FHE Sntils sydtent Sldas onos o
t he channel vsﬁ&hio|cen&mgkig;Eiipvmﬁlbeauateubnakuw mﬂzﬂfaﬂﬁntoﬁtgnals
are generatedcaﬁogb&e?eaw¥¥sdd1may also be incorporated within the
trunking cards 400-406 so as to provide 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 in concurrently filed application No.

8813169.3 (2206019)). :

_An optional telephone interconnect 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.

' The signal "voter" circuits 502, 504, 506 and 508
are connected so as to receive a plurality of input
digital or analog signals’ and to selectively output
therefrom the strongest and/or otherwise 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



30 the satellite receiver site 100-1 and also input to the appropriate
respective voter circuits. The results of the voting process are then
passed back to the trunking card circuits 400-406 where they are further
processed as the valid "received" signals. A slightly nore detailed view of
the site architecture for control data comunication is shown in FI GURE 3.
Here, the PDP 11/73 controller 410 is n to conmuni cate over a 19.2
Kilobit link 412 with up-to 25 trunkiégegontrol cards TC controlling
respective duplex repeater circuits-in these individual channels. Another
hi gh-speed 19.2 Kilobit-link, 420 is used to comunicate with the hardware

that suppdih® satebbhbe | Fereiver: SitendQshand absedinputotocther data

comuni cata dsqbfiﬂatbersspééﬁivﬁr voteI0lcduits Vi m%oﬁebaydsl bfks as
shown in Fl The central 3$§ssor 410 mclu%l E anple a
§t ¥rke 150

128 Ki | obykRe 0'6‘3 iw TeRBRD PEI e
'RS-232C paadsd ¢irowmitsy400a406 bhemeogme"mmrelsfmm:rppouesstscal et)

provide a l{ﬁet5§f1§g'r§¥§95 gmlgqg#y¥gailng systemto nmanage all of the

vari ous data comrunicati on £S on acceptable real tine basis. At each
controll ed repeater channel the 19.2 Kilobit data bus 412 (as well as that

froman optionak Pﬁf&hHPycﬂBiéobb‘E’ii‘ﬁe{Qﬂé@d&f.'@hémé‘ié red by an 8031

processor in the g trunki ng control, nodul e exercises

control owFchikechiare of oxhepnteg oﬁﬂﬁﬁsQﬁﬂﬂﬁﬁ%&%ﬁﬁ?%p%ﬁt§h°ﬂptﬂ“audlo
Si gnal | i NEIGURE BNt rBeré)isthe RPPIAL/TEEorntfdI1é¥ 410208 S8En

to communicate over a 19.2 Kilobit link 412 with up to

25 trunking control cards TC controlling respective
duplex repeater circuits in those 1nd1vidua1 channels.
Another high-speed 19. 2 Kilobit link 420 is used to
communicate with the hardware that supports the down
link to/from the dlspatch 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- 2320 ports. 1t may typlcally be programmed using

o

micropower Pascal to provide a multi- -tasking,

eventhriven operating system ﬁo manage ali.of the .
various data communication ports on an acceptabie real '\J
time basis. - :

At each controlled repeater channel, the 19.2
Kilobit data bus 412 (as well as that from sn_optional
back-up controller ifsdesired) is monitored by an 8031
processor in the TC module. The TC trunking control
module exercisesjcohtrol over the control shelf CS of
its associated repeater with audio, signalling, and
control busses as'depioted-in FIGURE 4, and may



typically also receive hard-wired inputs providing clock synchronization
and a "fail soft" indication (e.g., indicating that normal control by the
centFal controller 410 is not ‘avail abl e and. that an alternate distributed
control algorithmshould then be inplenented within each of the trunking
control nodules TC). The general architecture of a suitable nobile/portable
radi o unit for use within the exenplary systemis al so m croprocessor based
-as depicted in FIGURE 5. Here, nicroproég sor 550 is provided with
suitable menory 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 ' Py I k d
accept anal og%& %u‘tjgs???)%e?ﬂgémﬂgfguﬁg%gw;%ﬁ 0%/I.con PS g\r/e?na
nodem 558 as &lmcge teunqhmmaetai?e and po"\feuidemypmmavmcl e

| ocation or oyleerg dymfdpéaeiiﬂgtehaﬁommqabbmmb LeN@) céRyral so be
provided if deS|re

sui tabl e progF ; ‘gioo’ggsgz‘ﬁ t?ggéhlegﬂ%é%‘ at j?’fglnfffgg‘g%é whi ch,
via ConvePfggﬁwsﬁyihuﬁeGOﬂbrﬂroﬁ Ebégpﬁghmtshruldntﬁeﬁiyeduplexed o in
The art. A ot RHRRCIAY ik EoE (Reh; BT Shd, Erutf iy RFLEL RORFRE o "

such a sophi sTiCat ed system woul d necessarily be extrenely vol um nous and
conpl ex. However, since those in this art are already generally

The general architecture of a suitable

o ' mobile/portable radio unit_for-pse within the exemplary
system is also microprocessor based -as depicted in
FIGURE 5. 'Here, ﬁicroprocessor 550 is orovided with
suitable memory 552 and input/output circuits 554 so as
to interface with the radio unit display, keypad
push-to-talk (PIT) switch as well as audio circuits 556
which provide basic analog audio outputs 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 I/0
circuits 554 also permit suitable programmed control

et over RF receiver 560 and transmitter 562 which, via
conventional 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 indepth description of all units
and sub-units of such a sophisticated system would
necessarily be extremely voluminous and complex.
However, since those . in this art are already generally
familiar with digitally controlled trunked repeater



famliar with digitally controlled trunked repeater systens with
suitable RF transnitter and receiver circuits, programed general purpose
‘computer controllers, etc., no such exorbitantly detailed description is
bel i eved necessary. Instead, it would only serve to obscure the subject

matter whi ch enbodi es the invention. Accordingly, the remainder of this
‘description will concentrate on the signalling protocol utilized to
initiate and termnate calls wthin. ég systemsince this is believed to
constitute a significant inprovenent oth inreliability and speed) --

while still facilitating the retention of many highly desirable system
APCO- 16 reqyirenepts. Call placenent

features and neeti pg, or ceedi |
begi ns bfﬁ%%l'ﬂﬁﬂ ; s?'asﬁ 3%&’??&5“?55%’&%? dFgFe4aVefhannel request
si gnal OQﬂﬁ&ntﬁﬁjqpredrammbﬂbbeﬂurutﬂpu 66e cempudérsite. In return, the
central sjit ut r0, h special digita
channel zf?gﬁgxh?rﬁﬂ rgnzti"FE cé"lcq}} J&?ﬁ’?{?ﬂ‘é?ﬁg ggg%%bgabypsw tchi ngJ
1nnedlatdq#dnﬁpt@oasibgbcdiwmddlquﬁsﬁﬁty whinstead, ciktt welildi t e now
sends an £58) GUEDE eansb@@aw&u@%é@'ﬁgte&%ﬂbcﬁpeed digital form.
rm

If the ca |ng uni t. proper recel ves con g signals on the working
channel , enthodiesrespbh&s ﬂWFH@%?Hﬂﬂ«ﬂﬁﬁQ%@#&ﬂ%Yba.hetﬁemﬂéndeﬁtral site

on the wﬁlmgmeehmiwnwﬂue ddifc éfepite F@ﬂdﬁﬁakewhanihae first one
uas on the agngplyenanngl, 307 IAUONS NiSa  BLERIRABE TN WOTKi ng
within the system since this is believed to constitute .
a significant improvement (both in reliability and ' o’/
speed) -~ while still facil1tat1ng the retention of
‘many highly desirable system features and meeting or
exceeding all APCO-16 requirements.

Call placement begins by the calling unit
transmitting a special digital'éhannel 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 confirmatiou'
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
écknowledgment back to the central site on the working
channel to complete the second handshake (i.e., the
first one was on the control channel and now one has
taken place on the working channel) before the central
site releases the called units to begin the requested
communication session on the working channel.
Alternatively, if during this process the calling unit



site releases the called units to begin the requested conmmunication session
on the working channel. Alternatively, if during this process the calling
unit recei ves a channel update nessage on the control channel addressed
toit, then the channel request call is tenporarily suspended (unless the
channel request under way is an energency or higher priority request) and
the calfling unit then reverts to the called state so as to receive the
|ncoﬁfﬁg call. If the calling unit recelv?§3po response (or an inproperly
conpl eted response handshake sequence), i automatically waits a random
period before retrying to successfully place the call request (up to a
maxi mum of 8 tries). The called unit initially resides in a standby
configuration méeeives sochannell pypdatie messdge dinjithe gentrgds appearing

on the controlcchanog! 44 BREEE RO, N HeRD It é&érﬂ\eifré&uﬁgieéiﬂa

channel a55|gnnent message_addressed t'o.it as the call ed artéyéor per haps
as on&_party of8atemperarilyuppsrended Hardassthmicha i B¢ Ewi t ches

its operationsyReée Lh¢ 88ShfnNemewdencid cxhaiyter Bﬁ@nty fégaest)ects
t he confirmation, sjgna s.Ygtboun 0 the_morkiqg channel- %gnéthg Egntral
site and, if SRRALREFRYILBAM dh’aﬁﬁa Teverts Y orcthitdePeh |
signal on the dmwksngochaaaébe(¢hg'AnnumﬁnqtQ&inirohitthzcenll&n93|te in
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random period before retryzng to successfully.place the

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

The called unit initially resides in a standby
conflguratlon where it contlnually monitors the digital
messages appearing on the control channel outbound from
the central site. 1If it detectg_g channel assignment
méssagé_addresSed to it as the called parfy (br perhaps
as one party of a calied 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
channei (e.qg., transm1tted from the central site in
response to successful completion of a handshake with
the calling unit on the working channel). The called
unit may also receive a channel update message -- |

" typically merely cenfirming that it is already
operating on the correct channel.

The prbgramming for a calling unit.is genérally
depicted in the simplified flowchart of FIGURE 6.
Here, upon entry into the calling mode, a call request



operating on the correct channel. The programming for a calling unit is
generally depicted in the sinplified flowhart. of FIGURE 6. Here, upon
entry into the calling node, a call request - is sent on the control
channel CC at step 600. A test is nmade at 602 for call queuing. If queued,
transfer is made.to wait | oop 603 (|nclud|ng a test for a detected

assi gnnent at step 604 foll owed by aég ck for expiration of a 30 secanﬂ
timer at 606 (whereupon control effe ely is passed back to a nmanual

requirenent to restart the calling process via exit 607). If the cal
request is not queued, then a test is made at 608 to see if this particular

unit has 3ly aadyt P6RVERESEYnkeeN chandwlettat mbeelooartx test so, then
transfer i.s nad t he 2glled node of then a

6 perat
check for i ma rﬁﬁgégﬁagﬂﬁlcé PR s %§2 trf?sgﬁf recei ved
at the expgectregiié i te, waNEnlaopaﬁoanuquludingnwrpasedfar 814 before a {est
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oo o areif 8 Rgs bpflle oty winT B0 LIEL RO eygeRPESE (T
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successf Uldop (1 £Cé £deati Pl ol sbphadied tacl NEO ANgaigh) Operation is
I mredi ately swtched to the assig I hg channel at, step,620 and a test
for the s&asmiremenatstel rﬁ&ﬁ&%’ﬁaée( ﬁir’?f%cp'é?‘@ﬁﬁfn’ﬁg) gétmade at 622.

| f unsuccqgﬁjpjly cqnflrned on 't he morklng channel , then

If the call request is not queued then a test is QJ
made at 608 to see if this particular unit has already
previously been regquested as a called party. 1If so,
then transfer is made'at 610 to the called mode of

| operacion.' If not then a check for a returning
channel ass1gnment 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 particular call.
I1f so, then the subroutine is_exlted at 618. 1If net,
then the subroutine is re-entered at 600.

If a channel assignment is successfully detected e
at either 612 or 604, then the unit operation is A d
immediately switched to the assigned working channel at
step 620 and a test for the second successful handshake
(confirmed signalling) is made at 622. If
unsuccessfully confirmed on the working channel, then
exit will be made and'the call is terminated. However,
if the second handshake (e g., the handshake on a
working channel) is successfully confirmed and
completed, then the calling unit traﬁsmits an elongated
sequence of dotting at 624 (e.g., representing the



exit will be made and the call is term nated. However, if the second
handshake (e.g., the handshake on a working channel) is successfully
confirmed and conpleted then the calling unit transmts an el ongated
sequence of dotting at 624 (e.g., representing the successful second
handshake) fol |l owed by a transnission of voice at 626 (or data if a digital
comupi,cation session has been requested) over the assigned working channel
before exit fromthe subroutine is taken at 628 (e.g., to a standard

moni toring routine which | ooks for rel eas f the PTT switch and transn1ts
an unkeyed signal at 627). The protocol followed by a called unit’

generally depicted at FIGURE 7 (e.g, representing a suitable conputer
program f or controllln the u t.hi.,s o f o ation). Upogn entry,
the control cRRRR&FSEY sfﬁﬁlf4%§ﬂ é%*ﬁ?fﬁgaéy ‘gﬁgﬁmsﬁé§§é§9
(e.g., one addfeveédetattﬁﬁ§ mwn|daﬂ§uiinutdigitilsuehmﬁnﬂestaeﬁ is
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repeat ed wit hthaanedt beforeeeaids £aam fde aump\nbianerysmabenhatcénsed
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r epeat ed mﬁthln Such peri zg%l nredj ate swtich to t ere-assi gned
wor ki ng channﬁ?ngsﬁaﬂé e/ &FFT |5 ihuﬁqqrﬁf?%sm%Yscﬁﬂf??hﬁueét 707, then
an i medi at e sighab ae 6@F9uel ching (716) is nade and that channel is

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).

LJ

Upon entry, the control channel is simply
monitored at 700 £or any "good" message (e.g., one
addressed to this particular unit). 1If such a message
is detected, a check is made at 702 for an "update"

'type of message. If 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:.

st 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, 6n the other hand,
signalling confirmation at 707 is achieved, it is an
indication that normal channel assignment is, in

" reality, taking place and control is passed to block:
714 to look for an unmute message.



thereafter nmonitored. If, on the other hand, signalling confirmation at 707
Is achieved, it is an indication that normal channel assignnent is, in
reality, taking place and control is passed to block 714 to | ook for an
unmut e nessage. 36 If no channel update nmessage is detected at 702, then
the nmessage is checked to see if it was a channel assignnent at 708. |If .
not, then return is nmade to the begi nnj of the subroutine. However, if a
proper channel assignment has been reggqgéd then a swtch to the a55|§ﬁ%d
wor ki ng channel is made at 710 and a check for proper confirmation
signalling on the wor ki ng channel is then nmade at 712. If a proper unnuting

nessage i s therqagft,ﬁ; @hsﬁ,gle d’@@e ed§s rKi -fd}annel at
714, then Et e ed unit u Qﬁi &%%97 i? QQQQS‘%%U%(IJ}Q mes’sage i s
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trah§n1tt|ngssage is thereafter also received on that assigned
working channel at 714, then the called unit
_unsquelches at 716. If no-unmuting message is received
at 714, then a check for a drop ‘message is made at 718.
I1f there is no drop message but hzgh-speed ‘signalling
is still present on the workzng ‘channel (as detected by
720), then a further check is made for the unmute
message at 714. ‘However, if there is no drop message
and the high-speed signalling has ceased at 720, then
the called unit is nevertheless unsqﬁelched at 716.

At the-conclusibn of a desired audio call, the
calling radio transmitter transmits a special release
~ ‘PTT signal as depicted graphically in FIGURE 8. After i
a suitable transmission and detection delay period, the -\
assigned working channel responds by transmitting a
drop channel signal on the working channel. As shown
in FIGURE 8, this results in a typical working channel
availébility in only 167 ﬁilliseconds”after the release
PTT signal is initiated. | |

Typical timing of calling protécol signals is
depicted graphically in FIGURE 9 where it can be seen
that typical calling protocel can be completed and



drop channel signal on the working channel. As shown in FIGURE 8, this
results in a typical working channel availability.in only 167 m|liseconds
after the release PTT signal is initiated. Typical timng of calling
protocol signals is depicted graphically in FIGURE 9 where it can be seen

t hat .typical calling protocol can be conpl eted and communi cati on begun
over the desired working channel w thin about 290 m|liseconds. Sone
bit-1eével maps of sone rel evant nessage fﬁ$ﬁqts (and other related
signalling formats and protocol) are graphfcally illustrated at FI GURE 10.
The control channel transmts an outbound continuous transm ssion repeating
the format 800 depicted in FIGJURE 10. As will be seen, each 40 bit nessage

io s transmhtta:brhzhuﬂ'f&chi:ﬁbg beguin.divey aitee idwhseried waensmgs&?%nmere al |
S are chan ! Cce . IS ang there are. two suc nessages
Sifehin pBofR 280 FadTl ity

transmtted per rrng 1." As will be appreciated, the
optional dotting prefix (if used) insures continued bit synchronization by

receiving units an L arker. P roni zati on so
o totine bt noohe pYELIRGCH nile SF B e Pey AR RBKARE 0% o o
Since the corfepratsafprd pthesnined ated signabling| Sormesst andous! y, no

dotting prefiprétos6yedrangraphiena ly AER $6ioredf athE10BRE hb2N Ng
Bar ker code |l suffice for eagh,recurrent transm ssiqQn cycle. O course,
T desired AMeISPRVEPS SRAPPedoTARFTLS AR Ritheundeaonsinvens

transmission repeating the format 800 depicted in
, - FIGURE-10. As will be seen, each 40 bit meséage is
s 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.f As will be appreciated,
the optional dotting prefix (if Qsed) insures continued
bit synchronization by reéeiVing units and the unique
Barker code permits frame synchronization so as to
define bit boundaries_betﬁeen 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
Barker code will suffice for each recurrent
transmission cycle. Of course, if desired, a
relatively short dotting pféfix_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 ﬁay comprise, for
example,'group/individual channel assignment requesis
transmitted from a calling unit. Here, the dotting
prefix is considerably lbnger and the word ffaming
Barker code is repeated three times so as to insure
that the receiving circuits at the central site are



further insure continued bit synchronization. |Inbound nessages on the
control channel CC are of the format 802 shown in FI GURE 10 and may
-conprise, for exanple, group/individual channel assignnment requests
transmtted froma calling unit. Here, the dotting prefix is considerably
| onger and the word frami ng Barker code is repeated three tinmes so as to

I nsure that the receiving circuits at the central site are properlyy
synchroni zed before the 40 bit messages (again with three-fold redundancy)
are transmtted. Preferably, SUItab| ransm ssion timng circuits are
utilized so as to nake such |ncon1n ntrol- channel nessages synchronously
time "slotted" -- neaning that the nmessages on the inbound portion of the
control channel occur during the same:tinme slot.as outgoi ng nessages from

Ithe cent &:E:oﬁefpyoﬁyhhhmﬁieﬂ u&mlutwaueﬁetahbysat@dlscqhﬁéiw dotted
ines in a ues ssage, for,mat is shown in-
expanded é&%l EI é&g% q‘{a’?créq bt% ﬁéssage type (M) wéde
(the ne&ﬁxpf&vﬁbl?ueb@ﬁh@blnatxanauiibiwnatiméaglogrcuﬁ&shnmn to include
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_di stinguishes a group ca man in ) exa e A type of
comuni cMESFAIE S eSYNCHFONCH tW%l'f%J-?h?‘éat es PRaninge

comrgmtcatfnmnéeésge& el Rthe qux?ﬂ ?f'&ioﬂeéfrﬁﬂe aoa&t&ew ty field ofII

one-bit also icate | riori ener gency ca
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(represemesxages from the central site on the control channel e
(as generally indicated by dotted lines in FIGURE 10). N\

A group call_regﬁest message fornat_is'shown in
expanded scale in FIGURE 10. It includes a two-bit
message type (MT) code (the mesSage-type field 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 ca11 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
priority emergency call is being requested.) The
called identification code of 11 bits (representing
either a group or an indzvidual 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.chennel assignment message actnally
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




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

assi gnment nmessage actually conprises a two. nessage pair also having a
forna{fas shown in expanded scale at FIGURE 10. The first two bits:
identTty the nessage type (M) and the t two bits identify the type-
of - conmuni cati on session which is to ta | ace. The identity of the '
calling unit is next represented by a six-digit field (e.g., with the 6
nost significant bits being transmtted in one nessage of the two-nessage
pair while tbat& licderstti &y (thé i type bit‘tsonrnanulcaltansht s dion ehoéher of

h b t 1 whet [ :
o v doats, 5 Sk e ! rhé L ehRERY beindl EalTady dtp 311 O
i dent N ed bpeite repriesgnked l?)Yt% Si’ﬂedgsé@rpfdlelldndle\ugiualwithanthey6of t he
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BCH error detection/correction cod OnCe operation reverts aSS|gned
worki ng chanﬁ@_Fhﬁhéwaaﬂ?§§a%ﬁtEP%FaﬁﬁﬁﬂﬁstéecénﬂPNmaﬁ(ﬁi

format 804 Obtilt@rsd-eortztahﬁsmké@gmhenaebthé& vt |su|%91 Ma\/@h) IS of
e o oA R LA SR AT e P o
t he worki ng ohammeﬁndﬁviﬂugﬁucallhksnﬂavagvedsandnthatdssigﬁzdfold
‘redundancy (QReifld'¢hannel is identified by the following 5 bits.
s The group or individual identity of the called unit(s)
is contained within the next 12 bits followed by 12
bits of BCH e:ror-detection/correction code. -

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'i%
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,eXpénded form at 806 in-
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



inverted). Preferably, the confirmation nmessage is tinmed in the working
channel so as to be within the same tine slot as nessages being transmitted
on the control channel. The format of the 32:-bit confirmation nessage is

al so depicted in expanded format 806 in FIGURE 10. Here, 4 bits are
devoted to the nessage type code while 2 additional bits provide a :
subaudi bl e frane count useful in framng and otherw se decoding the Iowﬁr
speed subaudi bl e digital data (which | subsequently appear on the

- working channel to be nonitored by u s residing thereat). One bit is also
devoted to identifying the communi cati on session as one which is

transm ssion trunked or one which is nessage trunked.. Another bit of the

confirmat aewwaséw i&!&tﬂsﬁinéleﬁetbemﬁahhca&ﬂw e s ildie 'aePlorfe 9r oup or
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calling unit on the working c gnne constitutes an _ackno nt of the
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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 communicatibn
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 unmute 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.qg.., 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
oétional purposes. The identity of the unit(s) to be
unmuted is set forth in the next 12 bits followed by 12
bits of standard BCH error detection/correction code.



positively unmute the called unit(s). The format 808 of such an unnute
message is depicted in FIGURE 10. Once again, .the nessage type code uses
thefirst 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-tinme) while the next bit is effectively unused (e.g.,
presgt ,to zero in all unmute nessages) -- but which may be used for other
optional purposes. The identity of the uzf%(s) to be unnuted is set forth
in the next 12 bits followed by 12 bits standard BCH error

detecti on/correction code. At the conclusion of a comunication session
on the working channel, the calling unit again transmts 384 bits of -

dotting foll owed bat4tﬂat aohl:qalsao%f 0152& R din t%\?%?b‘ﬁgoﬂa& bl ock

i ncl udes 16. ttin g S & Bar ker co sone |ch ts may
be "filler" iYPr "Hpﬁ apng ed) ﬁ&%ﬁ@ﬂgfﬂﬂﬁkwkﬁPkW ErﬁvﬁmbYFes each
of whieh is t3&4\§ﬁitsedfmdbhtﬁhlge€of1dlodie’de dpfatd BrodKye6fetdg- - thus

Cranom {1 ed Bt PRAEPT: rEaehafaer SoFte %5 cntides JEHC0ERe) nessage
810 i s al so Hidtm andFaGUREPi¢. Bapiker cade t(laomaasmgd\iq&pa:i:ﬁdana f
the oalling ﬁmﬁ"éﬁf‘?s;“?ﬁ*?&b?‘ﬁi sFRret A i rti of ffﬁ% $ of
standard BCHBY Pkt R¥tesn eaFheofi whichids mnansmitted retbhanse to
recei pt of thedefor@ssagandanthe (oaet Advetitied Pt d Ry ki ng channel , an
' constituting a 32-bit meséage characteristic of digital
messages being transmittéd,on the working channel. The
format of the 32-bit unkey'message 810 is also shown in
FIGURE 10.__Here,'a 4-bif'me§sage type code is followed

by 2 unused bits ahd 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 cbde.'

o

Finally, in response to receipt of the unkey
message at the central site on the working channel, an
outbound d1gita1 message on the working channel of a
super-exténded dotting'sequence (e.g., 896 to 2816
h/ ' bits) is transmitted from_the central site as depicted
at'alz 1n_FIGURE'10 -=- and in“fesponse{ all units then
on that Channel_drop from that particular working
channel ahd_fevert to the active contfol_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 parailel flowcharts of
FIGURE 11. o



out bound di gital message on the working channel of a super-extended dotting
sequence (e.g., 896 to 2816 bits) is transmtted fromthe central site as
depicted at 812 in FIGURE 10 -- and-in response, all units then on that
channel drop fromthat particular working channel and revert to the active
control channel. The sequence of programred events occurring at the site-
controller, the calling unit and the called unit(s) during a typical calj
origination/termnation sequence is depicted in the parallel flowharts of
FI GURE 11. Each programed unit has ui escent control channel (CC)

moni tor routine where, in a quiescent state, all units and the site .
controller reside. Wen the calling unit enters the calling subroutine

fromthe CC nDnltor at 1100, a tesi is made at 1102 to see if this calling
attenpt is a refdFh Rregramped v FyﬁﬁﬁuﬂtﬁPiP§°§§F eerEnaki num cont ent
of 8 at 1lQhamm@ll r(ezcﬂewmfeﬁohymeewa&ralosn(uh edcht s directly

faken [rompkesle 1A Mol oHN LR ! PuRhOBeRRRba 1k, KRR it o1
audi bl e be&hei s:agdde'rgltwdihtexitgﬁsahueecauingt skbrootdne Exidre tH@ nonit or.
On the of Nee Batdedd d0o1168! MWMtesELeE RhabCht 3108243 Wlle W¥ Deen made,
en a channel assignnment” request s transmtt he “con channel in

sl ot synchitbdisz &alding !HHﬂWPE s azretrye [éfrPOGpoﬁhﬁﬂnﬁﬁﬂrm an i-nbound
nmessage, tR@ubitey is set to a maximum content of 8 at 1106 and

then decremented by one at 1108 (which step is directly g

‘taken from test 1102 if a retry is in progress) 1f o’

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 hade, then a channel

assignment request is transmitted on the control

channel in slot synchronization at 1114 (e.g., at time

ti)' '

Upon detecting an inbound message, the site

controller will receive and store the channel

assignment request and assiQn'alfree working channel at e
step 1200. In the exemplary system, a tespohse to an A g
inbound request may be supplied within a predetermined

delay. The outbbund channel assignment messages (i.e.,

a message pair) are transmitted on the control channel

as soon as possible at step 1204 (time t ). The two |

message channel assiagnment pazr 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 successfully recéiﬁed, this Qill

suffice. As previously explained, if a channel update



controller will receive-and store the channel assignnment request and assign
a free working channel at step 1200. In the exenplary system a response to
an i mbound request may be supplied within a predeternined delay. The

out bound channel assignnment nmessages (i.e., a nessage pair) are transmtted
on the control channel as soon as possible at step 1204 (tinme t2). The two
message channel assignnment pair is then received and stored fromthe

control channel in the calling unit at st 118 (the unit will 1ook for

t he nessages up to the maxi mum nunber of slots). If either nmessage of the
two nessage pair is successfully received, this wll suffice. As previously
expl ai ned, if is mmedlpﬁatﬂ:e ni:Sef'ﬂﬁei thén A ki tfdy Be ttDern exit

may be taken % a calhed stat ssuqhga Sﬁt W caII re uest unde way is . -
not an energef®® ¥ e"\]/a'l"‘i' M (f ﬁent . AR
recei ved as t eetyed satnottl Zn mxwmktrrulrfnanbarli@t cs-lanrsehave been

obserwed, theg ﬁﬂjome\?\ﬁl éjﬁéﬁe'ﬁaéoﬁggdbéknl% q.lq,eed(it i ta%; ngpack to

t he CC nonitor ch areturn eniry t ne will
soon be takenj anst ddhe gnap imyp wRbeF afsﬁlltoé'-lﬁ éiad&,ﬂ daﬁej'ef ore retrying

may be thOUghEh%fﬂ%di REIEH eéssnv:?camdeaema" s Dladedi Tat WIEOWR- 1N a
ree reasons why an 1 nbound dat a

consci ously control ann

message from &%radild %d ﬁl‘ﬁ“‘be’t" at8% §Bn§‘8’“t(’f) (EFeR KA #essage: was
not successf ulrktudet ettad; (Q)tltdnerwmbngndubes&&ge:&mlﬁotsmqﬁssfu| |y
detected or ngen)

~ _ The preccess of loading in a suitable delay before
retrying may be thbught of as a pregressive "widening”
of the retry window -- in a'consciously_contrclled

. manner. There are three reasons why an inbound data
messagé from a radio would not get a response: (1) the
inbound message was not succeszfully detected; (2) the
cutbound message was not successfully detec;ed;'or (3)
a collision occurred (two or more mobiles sent in a
request on the same inbound centrol channel slotj.

Given that a collision has cccurred, unless

mobiles randcmly'retransmit their reguests, collisions

g’; will continue to occur. Cocnsequently, when a radio
fails to receive a response to an inbound message, it
waits a "random” period of time to fe:ransmit its
request. However, if case (1) or (Z) has occurred,
there is 1~axly 0 reazen to randomize the retry.
Usnfortunately, the radio cannot detetvnine the cause of
a fziled response.

Buf, the longer a mobile waits to retransmit, the
longer the average access time becomes in poor



a collision occurred (two or nore nobiles sent in a request on the sane

I nbound control channel slot). Gven that a collision has occurred, unless
nobi | es randomy retransmt their requests, collisions will continue to
occur. Consequently, when a radio fails to receive a response to an i nbound
message, it waits a "random period of time to retransmit its request.
However, if case (1) or (2) has occurred, there is really no reason toyg
randoni ze t he retry. Unfortunately, the radio cannot determ ne the cause
of a failed response. But, the |ongen nobile waits to retransmt, the

| onger the average access tinme becone$ 7 n poor signal ling areas since
that i's where the majority of retries take place.. Since often it is noise

o ten nasttPOAl DL AReAT TEnEe FBRF chF PRECH: DB PARMIdnEE t akes some
correcti veesctiesn take placen- csmncnel ofiteni ittt iesn nodseagard ajet caused to
oY, o TYEBLLAAB ilat Ehsed ETeE0E PELOLRUNE: " SRR NS O350 o

for the forier not criti ereas’ | So, if a
coII|S|onre§Géﬁ§I&a\&i§PQ1W%§W€f%bndlng in a non-channel request message
and a radio sendlng in a channel request message, the forner's retry rate

A e LR S SR e I M ikl
takes some corrective action. First,
non-channel-acquisition messages are caused to have a.
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 collisioh 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 A
noise but still provideé a recovery mechanism should
the cause for a missed response 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



retry nunber. The retry algorithm (for channel acquisition nmessages only)
wi dens the width of the retry window with each succeeding retry. This
decrieases the average access tinme in the presence of noise but still

provi des a recovery nechani smshould the cause for a m ssed response be a
colljsion. The preferred enbodi nent uses the follow ng sinple rule: 1st

retry . 2 slot randomvariability 2nd retry 4 sl ot random
variagility succeeding retries 8 slot rgngdomvariability 1t alsois
possible to vary the retry wi ndow width - function of the received bit
error rate in order to.gain still greater efficiency. If a valid working

channel assignnment has been received as tested at 1120, then the calling
unit-.. switches ingeglisoely posshblestiogvartyiteé nee tlynwibhdew widthand

waits to receive a, propger_copfiymation.res on t he woyKi el at.
1126 - i o ah TUEETOR R bABr e24seRE T, ALY ARES 1 SERRE
contrall er attotenid206ihl greatper effikcierayconfirmti on nessage is
overridden by a drop nmessage 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 nonitor. Onlfhe vakitd wWarking: channglerassignnent i basBeeBge is

recei ved at. Jﬂa?@eitél&naéheeseéai R¢ 11120, baMdif tKe (¢AEMRG S8dehi ts of
dotting on the working, channel at 1132 _fol |l owed by voicge transni'ssions (or
ot her desirexF%iﬁﬁﬁﬁﬁc%ﬁ?ﬁﬂléﬁgiwoif e pgsigned working 3ﬂaénei at
1124 and waits to receive a proper confirmation message

on the working channel.at 1126 -- which confirmation
message is being transmitted by the site controller at

step 1206 at time ta.' 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
meséage is reéeiVed at 1126, then the calling unit
begins to transmit 384 bits of dotting on the working
channel at-1132:£ollowed by voice transmissions (or

"

other desired‘ccmmunication session) at 1134.

Back at the site controller, a check is made at
1208 for the acknowledgment dotting of extended '
duration oﬁ the working channel. If it is not
received, then exit is taken. However, if it is
properly received, then two unit-keyed/unmute 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 properly)
received and stored the two-message channel assignment
pair from the control channel at time tz-(at



Back at the site controller, a check is nade at 1208 for the acknow edgnent
dotting of extended duration on the working channel. If it is not received,
ythen exit is taken. However, if it is properly received, then two

uni t - keyed/ unnmut e nessages are transmtted outbound on the working channel
at step 1210. Wiile all of the above has been taking place, the called unit
has (if everything is working properly) received and stored the two-neggage
channel assignment pair fromthe contrpl channel at time [err] (at
substantially the same tine as the c }ng unit) as depicted at 1300. (Once
again, seeing either nmessage of the two nessage pair is sufficient.) In -
response, the called unit is also switched to the assigned working channel

at 1302 aiithdeentigLe ft% raaiuet CElEeS tarua 95é | GNPYiNe" khig)channel for the
pr oper c flrnat on_ t on step 1304 (and,at tine [err Only if the

pr oper #9&& ot G &? (ﬂﬁ&ﬁﬁﬁﬁeg FHSLCEF 298N t theei
| ook for motxecewemébeawr rigs sAghf §¢ bentl )t ednf peepbhcesite

controll on_t rk| ch e lJE, [£rrlyand, i.n_response, unmnutes |
t he receﬁvb Pfﬁ§DBQF %ﬁ% |$QH$°%ﬁﬁ[F%gl%ﬁaﬂﬁgfggfslgOG During the
" ensuing . mmgachannedsatodm tansd e gduirmftengmohampcledbet ween t he
cal ling a&&g?g €8 L% )ﬁiw%ﬁﬂffef%f fgggrt he [err] continues to
audi

send sub w chann aSS|gnnent (and ata to all units on al
wor ki ng amﬁemaﬁ%cmrbem%a step 1304 (alnd at ‘time t,.

Only if the proper confirmation message has been

received does_the called unit then look for and receive _;;
the unmute message transmitted from the site controller

on the working channel at time tg 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 T€!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
and accepted by all units). The site controller (via .
the proper TC) also continues to transmit channel o
update'messages periodically on the control channel at
1214 (e.g., so as to permit late entrants to
immediately go'to'the proper working channel). The
site controller informs all TC's of the channel
assignmehts and drops'and in response, each TC
generates suitable subaudible’ signalllng for its
channel. o “er
In existing systems subaudible signalling:
typically is used as a validity check by mobiles. When



enabling higher priority calls to be pronptly received and accepted by al
units). The site controller (via the proper TC) also continues to transmt
chanpel update nmessages periodically on the control channel at 1214 (e.g.,
So as to permt late entrants to imrediately go to the. proper working
channel ). The site controller informs all TC s of the channel assignnents
and drops and, in response, each TC generates suitabl e subaudible
signaHing for its channel. In existing systens subaudible signalling
typically is used as a validity check.by-nntiles. When a nobile.is on a
wor ki ng channel it nonitors the subaudibéﬁ' ignalling to nake sure it

bel ongs on that channel. There are at |east ‘two reasons why a radio could

get onto a channel where it does not belong: 1) bei correctly within a
conmuni que on‘_amﬁblillien&’cf%fhrkl",’?’fk’r%?I‘éh?g"’%ieif‘h@%'ﬁg‘ﬁﬁ@l p and get "

reassi gned; oguBhudiBle tsidmgl Iiwg cootmakecareclit bieliomger ractthatiecodes
a nessage and goes to apRsincorrect_ch . o] ' ol y giving
a tvvo\%it subﬁﬂﬁPBFé 'coh&% %f ?gdiggggnt ée%%gﬁgél) .‘Jh%v?r f'y ateéjinelé a cal l
is placed on eoculdnget, drtko chaginahn@l wherentht doess nedudelangrsequent |y,

If a radio sees the count change, it "knows" it m ssed a channel drop

sequence. As for -problem (2), there is a sufficientl high T
q pl) béigg correctly within a coﬁ%und%ne on a

working channel,it fails to see the channel drop
and get reassigned; or '

2) monitoring the contrel 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 channel, the channel TC
increments its count. Conseqguently, if a radio sees
the count change, it "knows"” it missed a channel drop
sequence.

As for problem (2), there is a sufficiently high
Esé probability'of incorrectly decoding outbound control
messages on existing systems that a quick way to
rediréct radios £rom_chahne1s where they do not belong
is typicaily'provided. To do this, subaudible
signallihg typically is QSed 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 goinq to a working channel. There
is a negligible incréése in the late entry time, but
the probability of going to an incorrect channel is



probability of incorrectly decodi ng outbound control nessages on existing
systens that a quick way to redirect radios fromchannels where they do not .
belong is typically provided. To do this, subaudible signalling typically
is used exclusively for this purpose. However, in the illustrated

enbodi nent, advantage is taken of the high information rate on the control
channel, and a. nobile is required to see an update nessage tw ce beforg’
going to a working channel. There is a negligible increase in the late

entry time, but the probability of gang to an incorrect channel is
virtually elimnated. As a result, stTPaudi bl e data can al so be used for
anot her purpose... e.g., a priority scan. At the conclusion of the desired

comuni cat i ons seSS|on "the unkeyi ng of the PTT switch in the calling unit
is detevﬁe&u&ﬂl@&&ﬂmn&mﬂtedg |astbereemdwngsubaudib&eyédtaeesnge on the.

v0r ki 19 GUANAE] Ao 1P (KLUERRE' Plicpolde |1 3 1 215y 55} gpy Lyunked rode,

t he cal |ng uni t I'at’e o t he -- thus\w
i medi aselan.freei ng the morklng channel . I n response, at 1216; the site
controller receives the unkeyed nmessage on- the worki ng-channel and, at
1218, sends a super elongated dotting string (896 to 2816 bits on the
'morklng chanddt the iGerclusion ofthe;desdred copmunigationse, al so

recei vegelga ok auasl urkegagoo st heevmm rsgriahﬂﬂriai thetéarlfrgr] and, in

{ﬁng[};g‘?ﬁ& %géegfd%%%t g é?? 13%@ Tsheen Ilgeglfunlt recei ves
unkeyed message on the working channel at 1138 (time L
tg). 1f in a transmission-trunked mode, the calling - o’/
unit may immediately revert to-the control channel -- '
thus immediately freeing 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 tg). The called
unit has, of course, also received the unkeyed message
on the working channel at time ts and, in response, has
already muted the receiver at 1308. The called unit
receives the superéelongated dotting string outbound
from the site controller on the working channel at time
tj 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. o '

When a radio unit scans for multiple groups and a
call is made to its priority group, the radio |
automatically disables the multible group scan (in
favor of a priority group only scan) for a two eecond_
interval upon returning to the control channel. Since



fromthe site controller on the working channel at time [err] and, in
response, reverts to the control” channel at 1310. A special priority scan
sequence is used (in the preferred enbodinent) to minimze comuni que
fragmentati on. When a radio unit scans for nultiple groups and a call is
made_to its priority group, the radio automatically disables the nultiple
group scan (in favor of a priority group only scan) for a tw second

i nt er'val upon returning to the control channel. Since 49 the priority
group was just communi cating, the probabL#?}y i's high that another
communi que W Il take place within this interval. If the radio i mediately

scanned into-another (non-priority) group call - (which by'defipition Is of a
| ower prioritele PPflo2leyNgiroup Wad Just RvmPERsEatoRg heneri ority group,

t he radi o woul d ,hear co i,que  frggnment . Jroma non-priori roup -- and
woul d have i (R ¥R §/1?ﬁyog1tsmhgi%§<téﬁqﬁg&’}??ﬁoﬁﬁmﬁ'ﬁﬁﬁ'ﬁﬁf’qﬂéigel%%
(priotity scpldgyei whthinmthisaimteatvaden 110 thd fabiscdmmédiatedyt the -
radio into the. priogki r _!Hq afure u t.Q. M:NhiTi Ze
comuni que fpgaﬁéﬁgétﬁéﬁgigggkgfé?g%gﬁé pw#%?#%i @?SgPaggglaﬁrgﬁ% lcally
assigns to abysdebinitdon ¢smof wodevern Ppieovity).gandpanpthessence, if a
non- pri ori ty SGHEHALGHS kheRP Bkl of Ahd P SEEQRYS grBUPOEAL
comuni que the ra |%&aﬁlrﬁfgﬁore alltgther g@%nneg § qEB b,WEBQT&Q%io
would hear a communique fragment from a non-priority
group -- and would have its entry into the next
priority group communigue delayed (priority scan
e typically may take between 1.0 and 1.5 seconds to get
' the radio into the priority group).

Another unique feature used to minimize commuhique
fragmentation is a preference priority the radio
automatically assigns to a'just-pfeviously monitored
non-prio:ity group. In gssencé, if a non-priority
commdnique is monitored,'fbr tﬁo seconds following the
communique the radio will ignore all other scanned |
calls (except to the priority group of
coufse).;.similarly to priority group communiques. In
addition, the radio always remembers the last o

Coa non—priorify group monitored. Upon returning from a
priority gréup communique, the radio will prefer the
last non-priority group monitored over any bther groups
being scanned. ' .

In the exﬁmple 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:



~calls (except to the priority group of course)...simlarly to priority
group communi ques. In addition, the radio always remenbers the |ast
'non- priority-group nonitored. Upon returning froma priority group
communt que, the radio will prefer the last non-priority group nonitored
over any other groups being scanned. In the exanple below, a -- neans the
group is involved in a conmuni que channel, and it is assuned that C?ouQ%ﬁ
is the priority group and that its d%ﬁauniques are separated by less than 2
seconds: Goup AGOUP B ---- - m e G oup C -
------------- Croup A ----Radi 0 nBRREOr = -BRBAAA AAAA  AA  AAAAA BBBB
CCCC There isg3 <§R§ =&...the_nmessage/transm_ssion trunked bit) in the

|

wor ki ng channel rnation signalling that inforns the radios as to

whet her the cEmeME e is transntssion-tromkedt o Tessage=trunked. . Thi s

uni que feature offers greater frequency efficiency. The calling radio wll
be on the mnrklng channel .and is guaranteed to see the nessage/transm s&ion
trunked bR®AiPr the bit is set to "Transm ssion Mdde,"” the calling nobile

‘knows t hemphameais Wi | IBEBBAARNOVEAAS SAAN AAAAA St O[BBBBansnEtEtng.
Consequently, when its PTT is released, the calling radio.- automatically and
| mredi ately goes back to the .control - channel. This _

There is a bit (i.e., the message/transmissioh
trunked bit) in the working channel confirmatzon o
signalling that informs the radios as to whether the \;
communique is transmission-trunked or message-trunked.
This unique feature offers greater £reguency
efficiency. ' '

The calling’tédio Qill.be on the ﬁotking channel
and is guaranteed to see the méésage/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. 'Conseguently, when its
PTT is released, the calling radio automatically and
immediately goes back to the control channel. This
gains channel usage'efficiéncy because'the working | v
channel TC can begin channel drop_signalling as soon as N\
it detects the calling mobile's unkey message. That
. is, one does not have to extend the signalling to make
sure the transmztting mobile finishes transmitting,
~gets its receiver on channel 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



gai ns channel usage efficiency because the working channel TC can begin
channel drop signalling as soon as it detects the calling nobile's unkey
messdge. That is, one does not have to extend the signalling to nake sure
the transmtting nDblle finishes transmtting, gets its receiver on channe
and then has plenty of tine to be guaranteed that the channel drop
signakling is detected in the calling nobile. Radios that are called al so
| ook at this nessage/transm ssion trunked hit, but for an entirely _
different reason. |[|f the comrunique is dage trunked, radios that were
call ed must be able to key on the assigned working channel in case t hey
must offer a response before the channel drop. However, if the comuni que

is transm ssio Lunke e of t Lled radlos squld ever transmt on
t he assi-gned mngFﬁﬁeE%aﬁﬁg Prhere FPRPRRigME 48 st to

"Tr anskrgn/' ssi on' mndageetlma&eldadmmﬂ/wt | that wereccalilieatl musk dye cablée

wor ki Ny’ channe S v I | I te. Or di os
from keyi ng on&:?o%hgf oh tﬁ:e %h*ila%e Yr%gg%g f?’gr%g‘%lssjitp "E%lr unﬁhéﬁbl t thus
offers three s¥§§§n¢§§9§nFa§e§PQQ39nh£§°¥¢aﬁbsl9&&&&&# g nore

frequency (1. CHoveDaRICAE the @oemmbyq@ecua%ms&msm{w&umw time (by
a factor of three frgwﬁg¥ |or ﬁ% QSBL redyces the dead tinme .
bet ween transnPeBLOR e € $ R2p Eé gveq) ranseiy enjtheng
systens, if a agdigned ber&d@mhmﬁb 5'1'59&&%:@(1[! KHp BLE {8 st
wait unti| theto *"Transmission™ mode, called radios will not be '
o permitted to key on the working channel. This is a very
useful feature since it prevents radios £rom keying on
top of each other.

The meésage/transmission trunked bit thus offers
three system advantages: It makes transmission |
trunking more frequency (i.e., phannel) efficient by
decreasing the channel drop time (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

o sequence is complete), and it offers absolute
Y protection from radios keying on top of each other on a
working channel.

To make an Individual Call on the exemplary _
gystem, the calling radio uses a sihglé inbound slot of
the control channel to idéntify itself and to specify
the radio being called. Both radios are referred, via
an outbound control channel message, to an available
working chahnel wvhere the confirmation signalling takes
place. The unmute message to the called radio (at the
complefion of the high speed confirmation signalling)



sequence is conplete), and it offers absolute protection fromradi os keying
on top of each other on a working channel. To nake an Individual Call on
vthe exenplary system the calling radio uses a single inbound slot of the
control channel to identify.itself and to specify the radio being called.
Both radi os are referred, via an outbound control channel nessage, to an
avai l'abl-e wor ki-ng channel where the confirmation signalling takes placgs

The unnute nessage to the called radi ;iat'the conpl etion of the high speed
confirmation signalling) al so speéﬁ es the ID of the calling radio. The
called radio automatically stores the ID of the calling radio and, if the
PTT switch of the called radio is depressed wthin 5 seconds of the | ast

PTrlrglegggcoﬁfduigxtilﬂgeslatoﬁnthaIdak&ﬂnqatadably Theceaadedndi vi dua

tq t r

Eger consatiaautanttida 50 prBtes e PTRE the Buii¥pgtiniie . o

(i.e., candeldf dite G?'Eﬂcgvitith ng  alkedcuatiio 1kt dapsesaleuows t'wb
||' d h

ST ooeh SR b $Eidiap Ja MhRC f‘?*n?iﬁ?'éﬁ?gﬁgf’?‘%m ERLL8REE L 10D,

a call tetatdom mhblra\atematnsaéulghahm an ipdi EiéﬁﬂllaFylénbodl ment is

extrenel yaehf itd e awcnhalneanuamanrm:drea kbniwd-new‘ore _
i ncreasi ng systemeffic IS uni E for .exanple, it is

hi gh spe@@sf HEETTFHRPY §n§5§8s§aﬁﬁfﬁ%ﬁ$ etr?y ?93? #nsed on

therefore better frequency (i e., ~channel) efﬁciency,
during.individual calls. 1t also allows the calling
radio to contact a called radio an¢ converse with no
channel hang time even though the called radio is not

- previously programmed to initiate a call to the calling
radio.

The signalling in the exemplary embodiment is
extremely efficient, minimizing the channel drop time
_and therefore increasing system efticiency. . It is
unigue in that, for exanple, it is high speed |
s:gnalling as opposed to low speed typically used on
all other existing systems. 1In addition, the
signalling is designed specifically for minimizing )
message traffic in a distributed architecture site. -

Without such novel channel drop signalling, as the
chanﬁel starts droppinq. 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 radios to the working channel now being
dropped). Once off the air, the channel TC would have
to send an additional message to the site controller
informing it of such so it can reassign the dropped



all othér existing systens. 1In 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
droppi ng, a nessage woul d have to be sent fromthe working channel TC to
the control channel TC (via the site controller) stopping all updates on

t he qutbound control channel (i.e., those that are referring radios to the .
wor ki ng channel now bei ng dropped). Once_okf the air, the channel TC woul d.
have to send an additional nessage to thefi e controller informng it of
such so it can reassign the dropped wor ki ng channel when appropri ate.
Besi des additional nessages within the central site slow ng the channel

drop process, such prior techniques also incur additional |oading on the
site control | Wworking nehanhedc (Whan (appIaRmiate: s Basidescaddipienatinel

signal ling thalessadédnaiithlisy e (dent i Kisit€ haleak nglthebenghneyf fi ci ent
duratkon to guyarantee that t|n139£§g¥éu¥tles don't Sernlt a radio to enter
late onto t heSEIRRRYCORER i BU T teghniqieqoplBo 40sHEer |ate onto
t he channel ahdeitivnaixiocadingan dhemlitestcontrdolderakeAnbtheron t hat
channel . The rNe€ d?@gﬁ rﬁﬁg@ o n Lgnalling, a
uni que radio g%%?l‘ynﬁ ggtge tionléﬁgioérli m an t?%gﬁgeg%n\%#gn t.he channel
TC sends the sigmahbing thadsdfe transnd tted onnthel Wworking ahannelt he
drop lC'lha“ne'b FuTRBé NG £I8UT FIRH ¢lok tduEat I6h €6 JusPEnktle €haR €IRINS'
signalling be R _
g gn ambiguities don't permit a radio to enter late onto the
U 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 exemplary embodiment use unique drop channel
signalling, a unique radio.signalling detection
algb:ithm 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

et algorithm places a light enough processor loading on
‘the radios that they can simultaneously look for the
dotting and for confirmation signalling. '

The folldwing'rules are followed by a working
channel TC as it drops: o ' '

1)  Transmit 100 msec of dotting. .
2) Without interrupting the dotting, send a |

'~ channel drop message to the site controller.
3) Transmit an additional 200 msec of



detected and nuted in radios prior to the radi o operator hearing the
signalling, but the detection algorithmplaces a |ight enough processor

vl oading on the radios that they can sinmultaneously | ook for the dotting and
for confirmation signalling. The followi ng rules are followed by a working
channel TC as it drops: 1) Transmt 100 nsec of dotting. 2) W t hout

interrupting the dotting, send a channel drop nessage to the site | -t
controller. 3) Transmt an additioqg 200 nmsec of - dotting...BUT..
stop it and start sending a confirmat?0oh nessage shoul d a channel

‘assi gnnent nessage be received fromthe site controller. The foll ow ng
rules are followed by the site controller when it receives a drop channel

nmessage froma gi vegoglp_iigae.l_ Bor.L. n’gé% 2%;4 g’%ﬁpﬁiﬁfﬁt r ol

channel TC so it cah stop°transmtti annel TC.
2)  Consider the coaenfirmatiom message showld & ghanneki gnnent. The

fol | owi ng rul es- ar e, 5k LAKRMK thYhes gl B réded Ve Fro ik ge&hannel 1)

For 1/2 second ignore al'l .channel updates to the group and channel of the
comuni que bei ng | efPNLTRL Lt lowing rules are followed by a radio as it

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

1) Immediately infogm the control channel TC so
it can stop transmitting updates to the
working channel TC. '
2) Consider the channel immediately available
for reassignment. ' '
The following rules are followed by a radio as it
leaves a working channel: '
1) 'Fér 1/2 second igﬁore all channel updates to
the group and channel of the communique being
left. e
Nt

The folloﬁinq rules are followed by a radio as it
arrives on a working channel:

l) L§ok for dotting (i.e., of sufficiently long --
" duration to constitute a drop channel signal)
and confirmation sigﬁalling simultaneously.

2) 1f drop-channel dotting is seen, leave the

| channel.

3) 1f confirmation is seen then leave the
channel if the ID is not correct,



arrives on a working channel: 1) Look for dotting (i.e., of sufficiently
| ong duration to constitute a drop channel signal) and confirmation
signalling sinmultaneously. 2) | f drop-channel dotting is seen, |eave the
channel . 3) If confirmation is seen then | eave the channel if the IDis
not cerrect, ot herwi se |l ock onto the signalling and do not unnute until
told to,do so. 4) If confirmation signalling stops, or no signalling is
seen .on the channel, | ook for subaudi bl d unnmute. To understand the
significance of the net effect of these Procedures, consider two cases:

(1) when the channel is not inmediately reassigned and (2) when it is

I mredi ately reassigned. It is only possible for the radio to enter late
onto the drop channel stghekwise 1ogeknoptof dheowigmalldimyi ahd vdemotbe drop

channel nmessage was Se”ﬁnhﬁtkhﬁni&ﬁe gggt&glug’SOSO i f the channel is not
bei ng reassigned, a |ate enter & see the additional dotting

bei ng ¥ ansmi tted 4hd WEI cmﬁ/mtdpaoswmtlﬁénmms, Glm:'tlhe ot her hand,

if the systemis Ioadedsgeng11ngl 18°Geen! dnP el

controller) the channel | y qets aSS|gned tot e Tlrs? group in the
queue. A radio that atFBPﬁPQ‘gG°EMﬁ§ upmMEe.nt o the call just dropped will
see the conflrnatlon message with the group of the next call

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
is immediately reassigned.

It is only posszble for the radio to enter late
onto the drop channel signalling 100 msec following the
point when the drop channel message was sent to the
site controller. So if the channel is not being
_reassigﬁed, 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 systenm
is loaded (e.g, call requests are queued in the site
controller) the channel ihmediately gets assigned to
the first group in the queue. A radio that attempts to

e enter late into-the call just dropped will see the

confirmation message with the group of the next call
starting to take place and will know to drop off the
channel. -
_ . 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



starting to take place and will know to drop off .the channel. The bottom
line is that dropping a channel in a | oaded systemrequires only 100 nsec
tof signalling and only one nessage 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 channel signalling and the.

confirmation signalling sinultaneously. For an increase in the radio pQLpe,

t he PST radi o manufacturer may progr, dditionhal of these-"features" into

radi os. The typical ‘prior way to do S is to burn a unique PROM or an _

EEPROM at the factory. One disadvantage of this approach is the expense of
" uniquely programmi ng each radio before it |eaves the factory -- and it is

inefficie o] e [ I C q I jre

addi ti ona ?%afit}rggé.aqmﬁm@veﬁ,ﬁtﬁe%g'grﬁiﬁeary e% odalgir#;ﬁﬁ gg%.%igqg‘?e to .
eIininatesimnlﬁﬂyeppééﬁbnning-costs. Since each radio is programmed in. the
field (e.g., groups, systens, etc.) by the custoner, features should bes

progranmed intg the radio at -that tinme. _The oblemis_how to control the
programmi ng t aERTs &P 3&"&'&?? Bd‘ ﬁ&!?e_rﬂ"ri@- Hﬁi‘%‘st r P8R Fadd®yr ans
pur chasednigafucturery may Pricyran additidmel (ditlyese *Lfeatayeis™er will

e (one TaFPFARIBH,, 2R syelchi piiox wa¥ B BEBRLEREAR ) 0n of &
burn a unique PROM or an EEPROM at the factory. One .
disadvantage of this approach is the gxpensé of
uniquely programming each radio before it leaves the
factory -- and it is inefficient to upgrade a radio
should a customer subsequently desire additional
featuréﬁ._:' ' S

However; the exemplary embodiment permits one to
eliminate factory programming cpsts. Since each radio
is programmed'in the field (e.é., groups, systens,
etc.) by the customer, features should be programmed
into the radio at that time. The problem is how to
control the programming task sufficiently to make sure
the cus?omer only programs_purchgsed features.

Every shipment of radios that goes-tb_a_customer e/
will have a sheet of paper which lists a set of
Programming Codes and'Phystcal'IDs (one?pair for each
radio). Each Programming Code is an encryption 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
representative of the features he/she has purchased for

RS



"feature enable bitrmap" and the Physical ID of the radio. Wen a custoner
prograns a radi o he/she nmust do two things. First, he/she prograns the
radip. To do this, he/she selects the Progranmm ng Code representative of
the features he/she has purchased for the radio and enters it in the"
Radi 0 Programmer. He/she then prograns the radi o using the Radi o Programrer
whi'l-g the Programm ng Code prevents hinm her from programm ng di sabl ed
featules. Second, the‘user enters the ra@ET? onto the system database via -
the system manager. The radio's Physical D nust be specified in order to
get the radio into the database. Anytine the Radio Programmer wites data
into a radio, it sets a "Just Programmed" bit inside the radio's

personal i ty. tiéepaded aadad‘nte‘a tdk nknl the RadibePirogrmiméxs. |f set, the

cont rol | er HRRGPDS,EPER REomrant $H¢ FE818 HBTRGE the AR Lnked system
The site conProbrammoklthdﬂnthéu?:@gtummﬁnqagodedpwaﬂanﬁ;thﬁuéhornine

the Loglcal £Poho gbsgaimasgqﬁmﬁaammwg Cegelind, PheghoEer Lries

usi ng the saie rogranmm n rfférent ra she will

end up with en&esamshmg# |° oD, mhsyaepa ﬂm‘-el??sseanrstmm :
'dent'flcat'QQsﬁéﬂahhhh S e . rime'ssrhbsiealzemomme suffered if

gnguE;gn?Leco gfés§|18ford£¥ﬂko é éﬁon9a§¥5tiwio-gkaré%éhboég.that

: Anytime the Radio Programmer 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. 1f set, the radio will use its
Physical ID to request a Logical ID from the site
controiler before allowing its user to communicate on
the trunked system. The site controller will go to the
system manager data base to detbrmine the Logical ID to
be assigned to the radio. Notice that if a customer
tries using the same Programming ID for programming
different radios he/she will end up with the same
Logical ID in each radio which means unique
identification capability is lost. This is the same
N consequenco suffered if a customer copied the PROM-used
in existing systems. '

The result is that one has the same level of
protection, -- while avoiding the need to program
radios in the factory. Adding features to a radio
involves issuing an updated Programming 1D, 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...so wvhen a customer programs it
and it doesn't work he/she cannot tell whether the |



protection, -- while avoiding the need to programradios in the factory.
Adding features to a radio involves issuing an updated Programming ID, .
‘anbiguities in programmng radios are elimnated (e.g., in existing systens
a radio could be progranmed to do sonething it was not enabled to do...so
when a customer prograns it and it doesn't work he/she cannot tell mhether
t he radio i s erroneously progrannEdEfr the feature i's disabl ed), aanno
special software is witten in.the bld es. . . just the Radi o Progranmer.
This last benefit is nice since fixing a software bug relative to feature
enabl e/ di sabl e woul d i nvol ve changi ng code in just a few conputers rather
than for all radios in the field. Detailed descriptions of the signalling

t I |1 i gi nati
CequencesrapEo, SR olbelinty ibsFiadle o he ¥RERuPR £3, 0" " O
Acqui si t |dil88bd,cehoe and ﬁm@mhhmqt‘tyaa:e:ch iwpbttent ipathef control
Messages ybhg Eg@' S ietfa mi@%iﬁﬁﬁ-hﬁﬁte{ he 'ﬂ?fﬁaﬂﬂ?taggpgﬂtt twosd
nmessages 10 a rane I n ow ng frane fornma 32
bits Barkis nice lﬁit"?’( £ixing @ foktwarscpugpeelrtive ot §ea&meng

pr eambl e)e%ﬁi%ﬂéﬁlﬁe‘l@dﬁﬁcﬁ IPsspee ékaﬁiﬂtﬁit@&!e—iﬂo thS.%ssage #1 =
40 bits ngag%m%%ters ra I\/Pé,salgeféfxz_ ‘I rivertifig’ 401:R i‘ield.

Detailed descriptions of the signalling protocols
and formats involved in many different types of call

origination sequences are . summarized Below:
1. Radio Origination;_bogical 1D Acggisition Sequence
A. The CC transmits a continuous stream of ' -

control messages which all inactive mobiles receive.
The messages are sent two messages to a 30-msec frame
in the £ollowinq frame format:

Dotting = 32 bits

Barker = 16 bits (e.g., 11 bits Barker code

"plus S bits dotting preamble) ' .

Message #1 = 40 bits | ' BN

Message #1 (inverted) =-40 bits | '

Message #1 = 40 bits

Message #2 = 40 bits

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

40 bits

B. When;mobile-powet is tnrned on, it receives a
site 1D message from the Control Channel (CC)in the
following format:



Message #2 = 40 bits B. \When nobile power is turned on, it receives a site
| D message fromthe Control Channel (CCOin the follow ng format: MI-A =
2 bits (e.g.,11) MI-B = 3 bits (e.g.,l11) MI-C = 4"'bits (e.g.,1110) Delay =
2 bits Channel =5 bits Priority = 3 bits Honesite = 1 bit Failsoft = 2
bits-Site ID 6 bits BCH code = 12 bits Delay specifies the maxi mum nunber -
of cqurol channel slots before a control channel responds to an inbound
transm ssi on. Channel specifies the channel nunber for the active control

channel. Priority prohibits nobiles with | r priority fromtransmtting
on the inbound control channel. Hone sit t specifies whether the site ID
Is the hone (=0 or adjacent (=1) ID. C If desired, and if priority

al l ows, nobile optionally transmts a |ogin request on the control channel

in synchronlsnlmnth th egelved | ch nmessages. The frame form
Is as foll ows: Dottlngei!fl 2 bﬁt?c%aékg ggffrepeated three tines) = 48

bits &ncluding filler)MI-B = 3 bits (e.g.,111)
MT-C = 4 bits (e g. 1110)
Delay = 2 bits
Channel = S bits
Priority = 3 bits

" Homesite = 1 bit
Failsoft = 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
number for the active control channel. Priority .
prohibits mobiles with lower'priority from transmitting
on the inbound control channel. Home site bit
specifies whether the site ID is the home (=0) or
adjacent (=1) ID. |

) ' c. 1If desired and if priority allows, mobile
optionally transmits a login request on the contrcl -
.channel in synchronism with the received control
" channel messages.' The frame £orm is as follows:

Dotting 152 bits

Barker Code (repeated three times) 48 bits
(including filler)

Message = 40 bits

Message (inverted) = 40 bits

Message = 40 bits

~



Message = 40 bits Message (inverted) = 40 bits Message = 40 bhits The

| ogi n nessage is coded as follows: MI-A = 2 bits MI-B = 3 bits Goup ID =
'11 bits Logical ID = 12 bits BCH Code = 12 bits if the nobile has no -
logical ID it will transmt the logical ID request nmessage The logical ID
request nessage is coded as foll ows: NW A =2 bits MI-B= 3 bits MI-C = 3

- bits Physical ID = 20 bits BCH Code = bits D. The control channel i
responds with a logical 1D assignnent« ssage. Il. Radio Call Sequence -
Radio Origination. Goup Call A Control channel transmts a continuous
stream of control nessages which all inactive nobiles receive. The nessages

are sent two messageg,éo;_g gif- m{l\%@rﬁ té@&e&_aés g@ﬂ@“:?"“ ng format:
Dotting = 32 bits Barker 16 bits ssage #1 40 bits
MT-A = 2 bits ' o
MT-B = 3 bits e
- Group ID = 11 bits
Logical ID = 12 bits
BCH Code = 12 bits

. If the mobile has no logical ID, it will
transmit the logical ID request message The logical ID o/
request message is8 coded as follows:

MT-A = 2 bits ) _
MT-B = 3 bits = - | 5,
MT-C = 3 bits | ' |
Physical ID = 20 bitd
" BCH Code = 12 bits
D. The control channel responds vith a logical.
ID assignment message.

I1. -Radio c:11 Seggence =_Radio Origination. Groug ' e
Call '

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

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

Y



Message *1 (inverted) = 40 bits Message #1 40 bits Message #2 = 40 bhits
Message #2 (inverted) = 40 bits Message #2 40 bits B.  Mbile that

wi shes to originate a group call transmts a group channel assignnent
request on the control channel in synchronismwth the received control
chanfiel nmessages. The frane format is as follows: Dotting 152 bits Barker
(requEed three tines) = 48 bits N@ssage&f]40 bits Message (inverted) =40
bits ssage = 40 bits The group call request nessage is coded as follows:
MI-A 2 bits Type Conmmunications (e.g., voice, data, interconnect or voice

BoH Oofib = 12 bits © %%a‘eén?h&«%h”%%)eiésﬁdtﬁ sn o oo
channel - assi gnment 't wo-Message #di = 4hdiysis as foll ovvs
| Message #2 = 40 bits )
L/ ~ Message #2 (inverted) = 40 bits
' Message #2 = 40 bits

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

s follows: |

Dotting = 152 bits

Barker (repeated three times) = 48 bits
Message = 40 bits | '
Message (inverted) =;4O bits

Message = 40 bits

The group call request message is coded as
follows: '

. -} MT-A =2 bits : : : sy _ .
gag | : - Type Communications (e.g., voice, data,
_ interconnect or voice privacy) =2 bits
'Not used = 1 bit
Group 1D =_11_bi§s |
Logical ID = 12 bits L - , -
BCH Code = 12 bits

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



MI-A Code = 2 bits Type Communi cations (e.g., voice) = 2 bits 1/2 Logi cal
ID =6 MSBs or LSBs Group/Logical =1 bit Channel =5 bits Goup ID = 12.
bits BCH Code = 12 bits D. Al'l -mobiles of the called group switch to

assi gned wor ki ng channel and receive a confirmation nmessage. Slotted
wor«ki ng channel nessages are transmitted using the followi ng frane: Dotting
= 32 bits Barker = 16 bits Message = ,3% bits Message (inverted) 32 RLts
Message = 32 bits The group call conf# tion nmessage is coded as follows:
MI Code 4 bits Subaudi ble count = 2 bits Message/ Transm ssion Trunking =
1 bit Goup/Logical ID=1bit Goup ID = 12 bits BCH Code = 12 bits E
Originating mobil e r a¢Pi KeGodenki 2nbiiten nessage and transnmts 384 bits of
dotting, then audio.

hann receiv otti d transmts
two unit-keyed/ unmut é’mss%@g’“gibrrg&g %-QresVoOic Cs 2'bits
1/2 Logical ID = 6 HSBs or LSBs o

Group/Logical = 1 bit
Channel = S bits
Group ID = 12 bits
BCH Code = 12 bits

D. All mobiles of the called group switch to
#ssjqned 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
Méssagg = 32 bits

The group call confirmation message is coded
as follows:

MT Code = 4 bits | TN
Subaudible count = 2 bits |
Message/?ransmission.Ttunkinq = 1 bit
Group/Logical ID 1 bit
Group ID = 12 bits

- BCH Code = 12 bits

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



Subaudi bl e count = 2 bits Message/ Transm ssion Trunking = 1 bit Filler =1
bit Logical ID = 12 bits BCH Code = 12 bits Call ed nobile receives unnute
nmessage and unnutes audio. G Active nobiles on other working channels
recei ve a subaudi bl e channel assignment nmessage. H  Control channel
transm ts channel update nessage for late try nobiles. |I. Transmtting
nobi | @ unkeys and sends a non-slotted un »nessage. All non-slotted
nmessage formats are: Dotting = 384 bits Data Block #3 = 128 bits Data Bl ock
#2 = 128 bits Data Block #1 = 128 bits Date Block #0 = 128 bits Data Bl ock

#3, #2, #1 and #0 gpre | depking chaﬁﬁ@lﬂ%eéé!véhtdﬁt@ib?Phaak c?unt .
oW ng ormat :

(each bl ock is repeated, four ti@E? zayieach has the fo
Dotting a 16 ¥WaRSBAEE-tWe HRiIt-keNpd/unante megsage€-pytec 1 (inverted)
8 bits Byte 2 = 8.bits Byte 2 = 8 bits Byte 2 (inverted) = 8 bits :
w MT Code = 4 bits |
' Subaudible count = 2 bits

Message/Transmission Trunking = 1 bit

Filler = 1 bit :

Logical ID = 12 bits

BCH Code = 12 Dbits

S\ - Called mobile receives unmufe message and
unmutes audio. '

G. Active.mobileéfon other.wofking channels
. receive a subaudible channel assignment message.

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

1. Trahsmitting mobile unkefg and sends a
non-slotted uhkey 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 43, 42, tl.andlto_are identical --
except for a two bit block count -- (each block is
repeated four times) and each has the following format:

-



Byte 3 = 8 bits Byte 4 = 8 bits Byte 4 (inverted) = 8 bits Byte 4 = 8bits
The unkey message is coded as follows: MI Code = 4 bits Unused = 2 bits
wBlock Count = 2 bits Logical ID = 12 bits BCH Code =12 bits J. Wrking
channel transmts 896 to 2816 bits of dotting to drop all nobiles fromthe

~channel.. I11. Radio Call Sequence-Radio Origination, Individual Call A |
Control transmits a continuous stream of control nessages which all
i nactive nobil es receive. The ne es 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 bits Message #2 (inverted) = 40 bits Message #2 = 40
bits B Mobi | e t HRettinges 16 bitginate an individual call transmts an
. assignnment request pirk&e €08e"L! 18NBeRg! 1N synchronismw th the received
control - ; _ .
Byte 1 = 8 bits - (>
Byte 1 (inverted) = 8 bits
Byte 1 = 8 bits ot
Byte 2 = 8 bits
Byte 2 (inverted) = 8 bits

NN -

Byte 3 = 8 bits

Byte 4 = 8 bits
Byte 4 (inverted) = 8 bits —
Byte 4 = 8 bits ' - o

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 o | -

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

111. Radio Call Sequence-Radio Origination,.lhdividual
Call S :

A. Coﬁtrol transmits s continuous stream of
control messages which all inactive mobiles receive.

-



channel

messages. The frame format is as follows: Dotting = 152 bits Barker

(repeated three tines) - 48 bits Message a 40 bits Message (inverted) = 40
bits Message = 40 bits The individual call request nessage is coded as
follows: MI-A Code = 2 bits Type Commruni cations (e.g., voice) = 2 bhits

Logi cal
bits U

ID (called) = 12 bits Logical IDgﬁaller) = 12 bits BCH Code = 12'

The control channel responds™w th a channel - assi gnnent

t wo- neésage pair.. Coding is as follows: MI-A Code = 2 bits Type

Communi cat i Ofize (ﬂegsmdé@ gl)e sgnb' olﬂ%sls%ecﬁlt»{,[)._s?z';@%c. HF'ELﬁSgZ

C?oup/LoglcaI ID =

12 bhits

annel cal

thet b&FIﬂh}(ﬁ?&ﬁ°?§§9cﬁprﬂﬂﬁ-and called nobile switch to

assi gned morklng channel and receive a confirmation nessage. Slotted
wor ki ng channel  nessag s re tran 1jted using the following frame: Dotting
= 32 bits Barker = 16 ing = 37 bits '

o/

Barker = 16 bits

Message #1 = 40 bits

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

Message #2 = 40 bits

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

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 féllows:

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

The individual call request message is coded as
follows: '

MT-A Code = 2 Dbits o
Type Communications (e.g., voice) = 2 bits
Logical ID (called) = 12 bits '
Logical ID (caller) = 12 bits

" BCH Code = 12 bits |



Message = 32 bits Message (inverted) = 32 bits Message = 32 bits The
individual call confirmation nmessage is coded as follows: MI Code = 4 bits
Subaudi bl e Count = 2 bits Message/ Transm ssion Trunking = 1 bit ’
G.oup/ Logical ID =1 bit Logical ID =12 bits BCH Code = 12 bits . E

Originating nobile receives confirmti message and transmts 384 bits of
dotting, then audio. F. - Wrking cha receives dotting and transmts’;
two unit-keyed/ unnute nessages: MI Code = 4 bits Subaudi bl e Count 2 bi
.Nbssage/Transn1SS|on Trunking = 1 bit Unused bit | bit Logical ID= 12

bits BCH Code g, 12 hees coait roil rmhuhmerlecaspsndanuuwmsage and unnut es
audi o. Act | blles Oy h r hann ot receive a
subaudi bl"é‘%ﬁ e? gpﬁ'ﬁr?e%t % §55§%# %ﬁt ro&oéﬁg‘ﬂng‘l & %nsnits
channel gsBlewsessage for late entry nobiles. I. Transmitting nobile
unkeys and sends a non- slotted unkey nessage Al'l non-slotted nessage

-

HT-A Code = 2 bits '
Type Communications (e.g., voice) = 2 bits
1/2 Logical ID = 6 MSBs or 6 LSBs
Group/Logical ID = 1 bit

.  Channel = S5 bits
Logical ID = 12 bits | -
BCH Code = 12 bits - w

D. Both calling (last logical ID) and called
mobile switch to assigned working channel and receive a
confirmation meséage. Slotted working channel messaqes
are transmitted using the £olldwing frame:

Dotting = 32 bits
"Barker = 16 bits
Message = 32 bits
Message (inverted) = 32 bits
s Message = 32 bits

The individual call confirmation message is
coded as follows:

MT Code = 4 bits

Subaudible Count = 2 bits
Message/Transmission Trunking = 1 bit
Group/Logical ID = ] bit

Logical 1D = 12 bits

BCH Code = 12 bits

-



formats are: Dotting = 384 bits Data #3 = 128 bits Date #2 = 128 bits Data
#1 = %28 bits Data #0 = 128 bits Data #3, #2, #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 (i rted) = 8 bits Byte 1=8 bits
Byte 2 = 8 bits Byte 2 (inverted) =8 bits ¥yle 3 =-8 bits Byte 4 = 8 bits
Byte 4finverted) = 8 bits Byte 4 8 bits The unkey nessage i s coded as _
follows: MI Code = 4 bits Unused 2 bits Subcount 2 bits Logical ID= 12"
bits BCH Code = 12 bits |1V, Radio Call Sequence-Radio Oigination,

Ener gency G oup Calfi- Originating mobile receives confirmation

message and'trnnémits 384 bits of dotting, then audio.

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

MT Code = 4 bits _

Subaudible Count = 2 bits _ :
Message/Tranemission Trunking = 1 bit
. Unused bit = 1 bit |

o 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 channel assignment message. .

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

1. Transmitting mobile unkeys and sends a
non-slotted unkey message. All non-slotted message
formats are: ' o

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

~



A Control channel transmts a continuous stream of control nessages
which all inactive nobiles receive. The nessages are sent two nessages to a
"+ 30-nmsec. frame that has the following format: Dotting = 32 bits Barker = 11

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

bits B.

Mobil e that wishes to orig

bi‘ts Message #2 = 40 bits Message #Zb%nverted) = 40 bits Message #2 = 40

-an assi gnnment request on the control-channel in synchronismwth the
recei ved control channel nessages. The frame format is as follows: Dotting

152 bits Barker (repeated three tines) =48 bits,Message = 40 bits
'-Dgg‘_bﬁSs Weas#de ang #Q are h&%ﬁ%

request

Message (inverted)

2

bits

cy group call

VT;?E?GQG&! cooat timea) and eWEh Ah@alalre XXdlléwinge conmunications
{ )
o] .

g}ngi/f:lblt | _

Dotting = 16 bits

Barker = 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
. By‘Ee 4 (inverted) = 8 bits
Byte 4 = 8 bits | )

The unkey messa.ge' is coded as follows:

MT Code = 4 bits
Unused = 2 bits
Subcount = 2 bits
Logical ID = 12 bits
BCH Code = 12 bits

IV. Radio Call Segg ence-Radio Originatlion.. Emergency
Group Call ' "

‘-t

ey

te an energency group call tranggits



Goup ID =11 bits Logical ID = 12 bits BCH Code = 12 bits C The
control channel responds with two channel -assi gnnent nessages that are
coded as follows: MI-A Code = 2 bhits Type communications = 2 bits 1/2
Logical ID =6 MSBs or LSBs Group/Logical ID =1 bit Channel =5 bits G oup
ID = 12 bits BCH Code = 12 bits D. All iles of the called group switch
to a si gned wor ki ng channel and receive &Yconfirmation nessage. Slotted
'morkl g channel nessages are transmtted using the follow ng franme: Dotting

= 32 bits Barker. = 16 bits-Mes ﬁ 3 Q:ts- sa eéﬁﬁ?ﬁﬂﬁéﬁﬁ; 32 bits
Nbssage 32 bits The ed%?@%ﬁ%i g 8hp $EE@Mcd as
follows: M Cggecorftinl &n&bﬂgdsbhhicwrﬂl‘ i&d@ﬁi&rthwgfdd'rmmimxon
g{?gklng =1 gkg meé%gg éngéchnthwo ké%saéggn€%|43§0 ﬁggé”tfrfﬁti_ 12
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

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

B. Mobile that wishes to originate an emergency
group call transmits an assignment request on the
- control channel in synchtonism with the received
control channel messages. The frame format is as
follows: o

Dotting = 152 bits
uf Barker (tepeated three times) = 48 bits
: Message = 40 bits ' :
et | Message (inverted) = 40 bits
| ' Message = 40 bits

The emergency group call requést message_is
coded as follows: ;

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



E. Originating nobile receives confirmation nessage and transmits

384-bits of dotting, then audio. F. Wor ki ng channel receives dotting and
transmits two unit-keyed/ unmute nessages. MI Code 4 bits Subaudi bl e Count
= 2 bits Message/ Transnmission Trunking = 1 bit 1 bit (unused) = 0 Logical

ID = 12 bits BCH Code = 12 bits Calle b|Ie recei ves unnmute nessage and
unnmut es audio. G Active Mobil es on er wor ki ng channel s receive -
subaudi bl e channel assi gnnent nessag H. Control channel transmits
channel update nessage for I at e entry nobiles. 1.  Transmtting nobile

unkeys and sends t IOt ey nessages. Al non-slotted nessage
W%r% d;m?qD}[qkt%3 = 128 bits Data #2 = 128 bits. .

formats are: Dottin _
Data #1 = 128 bits- %@tﬁicﬂl AD1 =B 12 ki tamt a #3, #1, #1 and #0 are |dentical

(repeat ed f.our tlﬂEi&n@. ¢h follomnng format: Dotting = 16 bits
Barker = 16 bits E%d@a 1&a§ﬂ€E3
L

C. The control channel responds with two
channel-assignment messages that are ooded as follows:

MT;A Code = 2 bits

Type conmunicutionh = 2 bits

1/2 Logical 1D = 6 MSBs or LSBs -
CGroup/Logical ID = 1 bit hd
Channel = S bits

Croup ID = 12 bits

BCH Code = 12 bits

D. All mobiles of the called group switch to
assigned working channel and Teceive a confirmation
message. Slotted workinq channel messaqes are.
transmitted using the followinq frame:

Dotting = 32 bits

s Barker = 16 bits
Message = 32 bits : ﬁ *
Message (inverted) = 32 bits '
MesSaqe = 32 bits

)

The emergency group call confirmation messaqe
is coded as follows:

MT Code = 4 bits
Subaudible count = 2 bits
Message/Transmission Trunking = 1 bit

-



Byte 1 = 8 bits Byte 1 (inverted) = 8 bits Byte 1 8 bits Byte 2 = 8 bits
Byte 2 (|n erted) 8 bits Byte 3 = 8 bits Byte 4 8 bits Byte 4
(inverted) = 8 blts Byte 4 8 bits The unkey nessage is coded as follows:
MI = Code = 4 bits Subaudi ble Count = 2 bits Logical ID = 12 bits BCH Code

= 12 bits V. Radi o Cal | Sequence-Radi o Origination, Status Call A
Control channel transmts a continuous am of control nessages which al
i nactTve nobiles receive. The nmessages sent two nessages to a 30-nsec.

frame that has t he follomdng format: Dotting 32 bits Barker = 16 bits
Message #1 = 40 bits Ne nvert.ed bits Message #1 = 40 bhits
Message #2 = 40 bits Nb &?Zi?éﬁ ‘Qx% Qgtblts Message #2 = 40 bits
B. Mobile that W shes moup gpDhat amlsivius call transmts a status
request on the control B neai'%its ' -

o/
E. ‘Originating mobile receives confirmation
ne§Sage and transmits 384-bits of dottinq. then audio.
F. ﬂorging qhannei receives'dottinq and
transmits two unit-keyed/unmute messages.
~ | MT Code = & bits o
Subaudible Count = 2 bits
Message/Transmission Trunking = 1 bit
1 bit (unused) =
- Logical ID = 12 bits
BCH Code = 12 bits
Called mobile receives uhhute message and unmutes
audio. | L | )
G. | Active Mobiles on other working channels
'receive subaudible channel assiqnment message.

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

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

Dotting = 384 bits
Data #3 = 128 bits



synchronismw th the received control channel nessages. The frane format is
a$ follows: Dotting 152 bits Barker (repeated three times) = 48 bits

" Message = 40 bits Message (inverted)” 0 bits Message

40 bits The

status request nessage is coded as follows: MI-A Code = 2 bits MI-B Code =
3 bits MI-C Code= 3 bits 3 bits (unused) =000 - Auto Response

(e.g., yes) 4 bits (Dutsc#2 = 22380biey cal
h a status page nessage t hat

C. The control ch?e]lr\g Zigs’goi%?_ gii

as follows: MI-A Co

12 bits. BCH Code = 12 bits D.
status nessage that is coded as foll ows:

its

1 bit-

ID = 12 bits BCH Code-= 12 bits

i s coded

de = 3 bits MI-C Code= 4 bits 2 bits
(unused) = 00 Auto Datmr#@ = 128i bite. g.,yes) Status = 4 bits Logical I'D ="

Data #3, #1, #1 and #0 are identical
' (repeated four times) and each has the following

format:

Dotting = 16 bits
Barker = 16 bits

‘Byte
Byte
Byte
Byte
Byte
Byte
Byte
Byte

-} Byte

b |

1l
1
2
2

3
4
4
4

= 8 bits
(inverted)
= 8 bits
= 8 bits
(inverted)

= 8 bits
= 8 bits
(inverted)
= 8 bits

8 bits

8 bits

8 bits

The unkey message is coded as follows:

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

V. Radio Call Sequence-Radio Origination, Status Call

Called nobile transmts a.control channel



MI-A Code = 2 bits MI-B Code= 3 bits MI-C Code = 3 bits 3 bits (unused) =
000 Auto Response = 1 bit (e.qg., yes) Status = 4 bits Logical ID = 12 bits
BCH (Code = 12 'bits E. Control channel responds with a status acknow edge
nmessage that is coded as follows: - MI-A Code = 2 bits MI-B Code = 3 hits
Mr-c_Code = 4 bits 2 bits (unused) = 00 Auto Response =1 bit (e.g.; yes)
Staty$ = 4 bits Logical ID = 12 bits BCH Code = 12 bits Originating nobile

receives status message. VI Radio Calts guence- Radi o Origination,
Special Call A Control channel transm a continuous stream of control
messages which all inactive nobiles receive. The nessages are sent two

nessages to a 30-npgc. do@dlndhdraselherapidntit §0af eoMtinudds igteam32 .

bits Barker = 16 bits Message #1 = 4? glti N§§sa e #1 |g&§rted = 40 bits
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

. Message #1 (inverted) = 40 bits

\_ ) Message #1 = 40 bits

Message #2 = 40 bits

Message #2 (1nvérted) = 40 Dbits

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
Lo Meséage = 40 bits

e . Message (inverted) = 40 bits ¢
' Message = 40 bits

The status request message is codgd as
follows:

MI-A Code = 2 bits
MT-B Code = 3 bits
MT-C Code= 3 bits
3 bits (unused) = 000

-



Message #1 = 40 bits Message #2 = 40 bits Message #2 (inverted) = 40 bits
{Message #2 = 40 bits B. Mobil e that wi shes to originate a special cal
transmts a special call request on the control channel in synchronismwth
t he received control channel nessages. The frane format is as follows:
RQotting = 152 bits Barker (repeated three tines) 48 bits Message = 40

bits Message (inverted) =40 bits Mssage 40 bits The special - cal

request message is coded as foll ows: -A Code 2 bits MI-B Code= 3 bi 1€
M- C Code= 3 bits 2 bits (unused) = 00 Type Conmuni cations Code = 2 bits
(e.g., interconnect) 1 bit (unused) = 0 Priority Code 3 bits Logical ID

= 12 bits BCH Code A =h tr hannel responds with a
channel assi gnment txgﬁégéa.éhsglr 1 §§§|§¥| as fﬁploms: MI- A Code = 2
bits _ 4 bits (unused) _ : -

Logical ID = 12 bits

BCH Code = 12 bits S
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 o
MT-C Code= 4 bits
2 bits (unused) =
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
..s  MT-B Code= 3 bits &
N

MT-C Code= 3 bits o : '
3 bits (unused) = 000 |

Auto Response = 1 bit (e g.. yes)

Status = 4 bits

Logical ID = 12 bits

BCR Code = 12 bits

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



Type Communi cati on Code 2 bits (e.g. ,intcnt) 1/2 Logical ID = 6 MSBs or
LSBs G oup/Logical = 1 bit Channel =5 bits Logical ID = 12 bits BCH Code =
12 bitt's D. Mobil e switches to the assigned worki ng channel and
receives a confirmation nmessage. Slotted working channel nessages are
transmtted using the followng frane. Dotting 32 bits Barker = 16 bits
Message = 32 bits Message (inverted) 32 bits Message = .32 bits BCH Code =
12 bits The special call confirmation nessgfle is coded as follows: MI Code
4 bits Subcount = 2 bits Hang/tine/ Trunked < 1 bit Group/Logical ID =1 bit
Logical ID = 12 bits BCH Code = 12 bits E.~ Oiginating nobile receives
confirmation nessage and transmts a nulti-block special call nessage. The
nmessage frame (shown belgplaAcgodease Z nefng to 16 bl ocks. -

MT-B Code = 3 bits
KJ MT-c Code = 4 bits f
. 2 bits (unused) =
‘Auto Response = 1 bit (e. g.v yes)
‘Status = 4 bits
Logical ID = 12 bits
BCH Code = 12 bits

Originating mobiie rqcéives status message.

VI. Radio Call Seggence Radio Origination. Sgeciai
Call

A Control channel transmits a continuous 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
St . 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. Mobile that wishes to originate a special
call transmits a Sbecial call request on the control
channel in synchronism with the received control
channel messages. The frame format is as follows:

o~



Dotting = 384 bits Data #3 Block #1 = 128 bits Data #2 Block #1 = 128 bits
Data #1 Block #1 = 128 bits Data #0 Bl ock #1 = 128 bits Data #3 Bl ock_ #2
'= 06 Bits Data #2 Block #2 = 96 bits Data #3, #2, #1, #0 are identical in
each bl ock (repeated four tinmes). Coding for Block #1 Data is: Dotting =
I6 bits Barker = 16 bits Byte 1 = 8 bits Byte 'l = (inverted) = 8 bits Byte
1 =8 bits Byte 2 = 8 bits Byte 2 (i-ﬂ‘g ted)- = 8 bits .Byte 3 = 8 hitsByte
4 =8 bits Byte 4 (inverted) = 8 bits Byte 4 = 8 bits Data in blocks after

bl ock #1 do not have dotting or Barker code. |If tel ephone interconnect is
requi red, block *1 dbvatingcedddb2aabite|l ows: G oup Count = 4 bits

Individual Count = 4gRi§3y (repeated three times) = 48 bits
| Message = 40 bits '
Message (inverted) = 40 bits
Message = 40 bits

| The special call request message is coded as
follows: |

MT-A Code = 2 bits .
MI-B Code= 3 bits | Y,
| MT-C Code= 3 bits
. 2 bits (unused) = 00
Type Communications Code = 2 bits (e.g.,
. interconnect) '
1 bit (unused) = 0 :
‘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
follows: ' '

'MT-A Code = 2 bits
Type Communicatidn'Cod§ = 2 bits
(e.q.,intcht) _ | _ -
1/2 Logical ID = 6 MSBs or LSBs
Gtoup/Logical = 1 bit
Channel = 5 bits
Logical ID = 12 bits
BCH Code = 12 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 Gsr'oup Count = 4 bits Individual Count = 4 bits G oup/Logical ID= 12
bits BCH Code = 12 bits Subsequent bl ocks are coded with either one group

I D, one logical ID or five telephone digits.as required to satisfy the

bl ock #1 counts. The tel ephone digits fi then the logical ID s, then -
t he gHup IDs. Digit coding is one digit r ni bble (null=1010). 1D coding
is 8 Bite = 10101010 (8 bits) Goup/Logical ID = 12 bits BCH Code = 12 bhits
F. Working channel transmts a slotted working channel special call
receive bitmap mesddge. Bbbiledswitiheg toathel assdgaeds warkinginsnitt ed

usi ng the fol |l Qw r : ' ' a B3Pl ] Ehesshdel | $1¢ Message
0500, e B LT, <BRhSRS, o fnPLiaaEReyohersidel ' B1onedd
o working channel messages are transmitted using the
L/ following frame. '

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

. The special call c.onfinnat;oh-mg'ssage 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

Ve _ E. Originating mobile recei\_res confirmation
message and transmits a multi-block special call
message. The message frame (shoim_bglow) 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
Data #0 Block #1 = 128 bits

-



BCH Code = 12 bits The special call receive bit map is coded as fol |l ows
(use of simlar acknow edgnent bit maps is disclosed in related copending
application No. 8813167.7 [2206020]): MI Code =.4 biits 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 )
OJginating nmobile receives bitmp ngigfge and transmts a nmulti-block -~ -
special call nmessage. The nessage fra (shown bel ow) can have from 1 ¥ 16
_blocks. Dotting = 384 bits Data #3 Block #1 = 128 bits Data #2 Bl ock #1 =
128 bits Data #1 Block #1 = 128 bits = Data #0 Block #1 = 128 bits Data #3
Bl ock #2 = 96 bits Data #2_Bl ock #2 96 bits Data #3;, #2, #1, #0 are
i dentical .in eachtﬂQRﬁ?aé?eﬁlaFBd*zoﬁr9§ibﬂ&).-Coding for block #1 is.
Dotting = 16 bits Bapkts #21B818cks#Bykcg pigghits Byte 1 (inverted) = 8
bits ' ' S
. o _ <

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

Dotting = 16 bits

Barker = 16 bits

Byte 1 = 8 bits

Byte 1 = (inverted) = 8 bits
Byte 1 = 8 bits

Byte 2 = 8 bits .

Byte 2 (inyerted) = 8 bits

Byte 3 = 8 bits o | -~
Byte 4 = 8 bits
Byge 4 (inverted) =8 bifs
Byte 4 = 8 bits

Data in blocks after block #1 do not have
dotting or Barker code. 1If telebhong-intérconnect is
required, block #1 data is coded as follows:

Group Count = 4 bits .
Individual Count = 4 bits

-



Byte 1 = 8 bits Byte 2 = 8 bits Byte 2 (inverted) 8-bits Byte 3 = 8 hits
Byte'4 - 8 bits Byte 4 (inverted) = 8 bits Byte 4 8 bits Data in bl ocks
after' bl ock #1 do not have dotting or Barker code. Only blocks that have a
"0" in their bitmap bit are transmtted. For exanple In step F, block #3

in step E would be the first bl ock retran-s?tted. | f 'no bit map is

recei yed within 100 nsec. after steps E GG all blocks are retransnitted. -

St eps\ﬁ and G are repeated until all blocks are received correctly (Bl TMAP

= 1's). H Control channel transmts a continuous stream of control '

messages whi ch all i nacPhoaenbiigits Coaurek 2.4 Thbteessages are sent two

nessages to a 30-nsec. theg f ' format: Dotting = 32
VEDBHE DAFLE R e Rl ediaB

bits Barker = 16 bits ssage bits #1 (inverted) = 40 bits

Message #1 = 40 bits Me¥bope Migiti®di=* <4 Nettege #2 (inverted) = 40 bits
Message #2 = 40 bits 1. pcrlkodel™ @ wiwgnel sends fromO to 16

If no interconnect is required, block #1 is
coded as o -

Group Count = 4 bits
. Individual Count = 4 bits
W, ' Group/Logical ID = 12 bits
' 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 lbgical ID's, then the group
ID's. Digit coding is one digit per nibble
(nul1=1010). ID coding is B :

8 Bite = 10101010 (8 bits)
‘Group/Logical ID = 12 bits
BCH Code.= 12 bits . J

sy

F. Working channel transmits a slotted working
channel special call receive bitmap message. Slotted
-working_channel'messages are transmitted using the
foliowing frame:

Dotting = 32 bits
Barker = 16 bits



channel - assi gnnent two-nessage pairs as required for the special call.
Codi ng for each nessage is as follows: MI-A Code 2 bits Type

. Conmuni cations Code = 2 bits 1/2 Logical ID "6 MSBs or 6 LSBs

G oup/ Logical ID = bit'Channel = S'bits Logical = 12 bits BCH Code = 12

bits J. Al'l called nobiles go to the assigned working channel and-

unmute (sane as late entry). Fromthis point the working channel nessage:

are the sane as a group or individu all. VIl. Radio Call Sequence-Rallio
~ Origination, Dynam c-Regroup Call A Control channel transmts a
continuous stream of control messages which. all inactive nobiles receive.

The nessages are SEEt t WO nesgi ﬁﬁ to a 30-nsec. frane that has the
foll owi ng format: TITRge=" §'Barker = 16 bits Message #1 = 40 bits
Message #1 (invert dddssag® [pinvelited)ge 312 =b14€'sbi ts Message #2 = 40 bits

Message #2 (invertqﬂgssaég Di§s Nﬁiiage #2 = 40 bits B. Mobi | e t hat
W shes to originate _ o

BCH Code = 12 bits

The special call receive bit map is coded as
follows (use of similar acknowledgment bit maps is

disclosed in related copending application No.
. 8813167.7 [22060201):

o/
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
BCH Code = 12 bits G
N\

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



dynam c-regroup call transmts a request on the control. channel in
synchronismw th the received control channel nessages. The frame format is
as fdllows: Dotting = 152 bits Barker = (repeated three tines) = 48 bhits
Message =40 bits Message (inverted) = 40 bits Message = 40 bits The
dynanic regroup request nessage is coded as follows: MI-A Code = 2 bits
g?pe = 3 bits Goup ID = 11 bits Logtgi ID - 12 bits BCH Code 12
brts The control channel responds w-th dynanrc regroup nmessage that
is coded as follows: MI-A Code = 2 bits B Code = 3 bhits
Goup ID =11 bits Logical ID = 12 bits BCH Code = 12 brts D.. Mbile
acknow edges the dynan194§ﬁﬁfﬂbB%PF# #] ®ile8dbttge that is coded as

follows: Mr-A Code = 2 ipgdtca W3 BBf8ER #23 Dig¢ Ky ! D = 11 bits Logi cal

ID = 12 B = k2
bits BCH Code Da talif Block #2 = 96 bits

lv: L ]
L4

Data #3, #2, 41, #0 are identical 1n each
block (repeated four times) Coding for block #1 is

A Dotting = 16 bits

Barker = 16 bits

Byte 1 = 8 bits : _
(inverted) = 8 bits

Byte 1
Byte 1 = 8 bits
" Byte 2 = 8 bits .
Byte 2 (inverted) = 8 bits
Byte 3 = 8 bits
@) ' "~ Byte 4 - 8_b1£s _

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

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

Only blocks that have a '6'.1n their bitmap
bit are transmitted. For example in step F, block #3
in step E would be the first block retransmitted. 1If

-



E. Mobi | e may request cancellation of the dynan1c regroup with a nessage
coded as follows: 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 nessage that is coded MI-A Code -2 bits MI-B Code 3 bits
Goup ID =11 bits Logical ID =12 bits BCH Code = 12 bits G Mobi | e-
acknow edges the dynam c-regroup cancellation with a | ogin nessage t{ is.
coded MI-A Code = 2 bits MI-B Code = 3 bits Goup ID 11 bits Logical ID =
12 bits BCH Code = 12 bits VI II. yadi o Call Sequence: Consol e '
Origination, Goup Call A Control™ channel transmts a continuous stream
of control nessages which all inactive mobi | es receive. The nessages are

sent two nessages to a 30 e I § t has the follownng f ormat :
Dot t i ndh@ Bitpmap ée&l?eﬁc ved,wi gﬁ‘s MR steps E

or G, all blocks are retransmitted. QQ.

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

'H. Control channel transmits a continucus stream
of control messages which all inactive mobiles receive.
The messages'are sent two messages to & 30-msec. frame | ;;_
that ‘has the following format: ' '

Dotting = 32 bits

Barker = 16 bits T

Message #1 = 40 bits LT

Message #1 (inverted) = 40 bits

Message #1 = 40 bits -

Message #2 = 40 bits -

Message #2 (inverted) = 40 bits
Message #2 = 40 bits ' B

I. The control channel sends from 0 to 16 /S

channel-assignment two-message-pairs as required for ' «*“
the special call. COding for each message is as T |

follows:

- MT-A Code = 2 bits
Type Communications Code = 2 bits
1/2 Logical ID = 6 MSBs or 6 LSBs
Group/Logical ID = 1 bit | -
Channel = § bits |
Logical'é 12 bits
' BCH Code = 12 bits

-



Message #1 (inverted) .= 40 bits Message #1 40 bits Message #2 = 40 bhits
Message #2 (inverted) = 40 bits . Message #2 40 bits B. Consol e that

wi shés to originate a group call transnmts a group call nessage to the
downlink. The group call nessage is coded as follows: M'D =1 byte (#0) =
8 bits, # bytes = 1 byte (#1) = 8 bits Source destination = bytes #2 and #3
= 16 bits Not Used = 4 bits MI-A Code = 2%3;5 Type comuni cation = 2 bits -
Group\'rD = 12 bits Logical - ID = 12 bits Parity = 1 byte (#8) = 8 bits C
The.control channel responds with a channel -assi gnnent two-nessage pair.
Coding is as follows: MI-A Code = 2 bits Type Communi cations = 2 bits 1/2
Logical ID 6 MSBsJor LIkl radpedoppbilepDge toptheciasfigned waxkings oup

ID = 12 bits BHLGALY anld Phihdte (same as late entry). From this

. point the workinq'chamel messages are the same as a
17 ~ group or individual call. '

ViI. Radio Call Segquence-Radio Orig ihatfbn_,
. Dynamic-Regroup Call

A. Control channel transmits a continuous stream
of control messages which all inactive mobiles receive.
The meséages are sent two messages to a 30-_mse‘c. frame
that has the following ?formatz_'- S R

Dotting = 32 bits

Barker = 16 bits" _

Message #1 = 40 bits .

Message #1 (inverted) = 40 bits

Message #1 = 40 bits ' ' .

‘Message #2 = 40 bits B

Message #2 (inverted) = 40 Dbits

Message #2 = 40 bits

\\_{ _ B Mobile that wishes to originate a ' *

dynamic-regroup call transmits a reguest 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



D. Al nobiles of the called group switch to assigned working channel and
receive a confirmation nessage.- Slotted working channel nessages are
transnitted 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 is coded as follows: Ml Code 4 bits Subaudi bl e
Count = 2 bits Hang Tine/ Trunked 1 bi{ Goup/Logical ID =1 bit Goup ¢5):
12 bits BCH Code = 12 bits E. C}igiﬁalfhg consol e receives :
channel - assi gnnent fromthe downlink and switches audio to the specified

" channel Consol e nessage is coded as follows: MD =1 Byte (#0) = 8 bits #

Bytes = 1 Byte (#1) = 8 bits S/D = Bytes #2, #3 = 16 bits Not Used = 4 bits
M Code = 2 bits ThgpaysemiGmirearonps requeisitt message is coded

as follows:

- 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 is coded as follows:

MT-A Code = 2 bits R o
~ MI-B Code = 3 bits

Group ID = 11 bits

Logical ID = 12 bits -

BCH Code = 12 bits

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

o> MT-A Code = 2 bits
MT-B Code = 3 bits : ’
- Group ID = 11 bits
Logical ID = 12 bits .
BCH Code = 12 bits ' -

C)

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

MT-A Code = 2 bits
MT-B Code = 3 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 two unit-keyed/ unmute nessages: MI Code "< 4 bits Subaudibl e Count
- 2 bits Hang-tine/trunked 1 bit 1 bit (unused) O Logical ID = 12 bits
BCH Code = 12 bits Called nobiles receive unnute nessage and unnute audi 0. °

G égtrve nobi | es on ot her worki ng cha@z S recei ve a subaudi bl e channel
assi gnment nmessage. H. Control channel tr@dSmits channel update nessage for
| ate entry nobiles. |I. Console sends unkey nessage that is coded as
follows: MD = |-Byte (#0) = 8 bits #Bytes = 1 byte 8 bits Sour ce
Destination = Bytes #2 &neup- H¥ Hilk Bitsused = 4 Bits MI Code = 4 bits

Not “Used = 4 Bits Logi CgicH Rcde P12 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 Sequence-Console Origination
(A Group Call -

A. Control channel transmits a continuous
stream of cdngrol messages which all inactiﬁq mobiles
receive. ' The messages are gent two messages to a
30-msec. frame that has the following format:

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



Parity Byte #7 = 8 bits J. Wor ki ng channel transmts 896 to 2816 bits
f dotting to drop all nobiles fromthe channel. K Consol e recei ves
unkey nmessage: M D = Byte #0 = 8 bits # Bytes = Byte #1 = 8 bits Source
Designation = Bytes #2 & #3 = 16 bits,NW-A/B/C = 9 bites Drop Cr =1 bit
Not Used = 1 bit Channel = bits Logi ID=:2 bits Parity = Byte #8 = 8
. bits I X Radio Call Sequence-Consol e glnatlon I ndi vidual Call A
Control channel transn1ts a continuous stream of control nessages mhlch\ﬁIL
i nactive nobiles receive. The nessages are sent two nessages to a 30-nsec.
frame that has the Hesbewnnglfddmumrﬂ&ﬂt|=mﬁ& B2teits Barker = 16 bts
Message #1 = 40 bi a ed) = 40 bits Message #1 = 40 bits
Message #2 = 40 bi tfgall\s/ls\méé§ QQ |Q)| \Q/,\ei;":ged) 40 bits Message #2 40 bits
B.  Console that mﬂsﬁésqso*Gng bdtm individual call transmts an

i ndi vi dual calf TeSHaggage #2 (inverted) = 40 bits ]
' Messaqe 02 = 40 bits L. ' B

B. Console that wishes to 6riqinage a group call
transmits a group call message to the downlink. The
group call message is coded as follows:

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. Codinq is as
follows:

)

'MT-A Code = 2 bits
Type Communiéitions = 2 bits
1/2 Logical ID = 6 MSBs or LSBs
Group/Logical 1D = 1 bit
Channel = 5 bits
Group ID = 12 Dbits
BCH Code = 12 bits

~



t he domnlink The individual call nessage is coded as follows: MD = Byte
#0 = 8 bits # Bytes = Byte #1 = 8 bits Source Destination = Bytes #2 & #3 =
16 b1ts Not Used 4 bits MI-A Code = 2 bits Type ‘Comuni cati on 2 bits
Logical ID = 12 bItS Logical ID = 12 bits Parity Byte #8 = 8 bits C
The control channel responds with a channel -assi gnnent two-nessage pair.
Coding’'is as follows: MI-A Code = 2 bits Fype Conmunications = 2 bits 1/2
Log|éa1 6 MSBs or LSBs Group/Logica )13 = 1 bit Channel =5 bits"
Logi<cal ID = 12 bits BCH Code = 12 bits D. Call ed nobile switches to
assi gned wor ki ng channel and receives a confirmation nessage. Slotted .
wor ki ng channel nessages are transmtted using the follow ng franme: Dotting
= 32 bits Barker = 16 bits Message = 32 bits Message inverted = 32 bits

- ' D. All mobiles of the called group switch to

w assigned working channel and receive a confirmation
message. Slotted vorking 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 group call confirmation message is coded
as follows: ’
" MT Code = 4 bits .
Subaudible Count = 2 bits
Bang Time/Trunked = 1 bit
CGroup/Logical ID = 1 bit
Group ID = 12 bits
" BCH Code = 12 bits

Nt | E.. Originating console receives :
channel-a ssignment from the downlink and switches audio
to the specified channel. Console message is coded as
follows: '

MID = 1 Byte (#0) = 8 bits

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

MT Code = 2 bits.

~



Message = 32 bits The individual -call confirmation nessage is coded as
follows: MI Code = 4 bits Subaudi bl e Count 2 bits Hang Tine/ Trunked = 1
bit Goup/Logical ID=1 bit Logical ID= 12 bits BCH Code = 12 bits E
Originating consol e receives channel -assi gnment nessage fromthe downlink
and switches audio to the specified channel. Console nessage is coded as,
follows: MD = Byte #0 (8 bits) # Bfﬁﬁi Byte #1 = 8 bits Source . - -~
Destination = Bytes #2, & #3 = 16 bits Not Used = 4 bits Ml Code 2N\
bits Type Communication Code = 2 bits Logical ID = 12 bits Not used =2 bits
GRL ID= 1 bit Ch¥ype commphicatignsal= (D bits bits Parity = Byte #9 = 8
bits F. Wor ki ng c@@ayﬂ.irgpsn1§§ gyidnnt keyed/ unnmut e nessages. MI Code

4 blts Subaudi bl e Count =
Not Used 8 2 bita

GR/L ID = 1 bit . _ K
Channel = 5 bits - S , ~
Group ID = 12 bits

Parity = 1 Byte (#9) = 8 bits

F, WOrkinq channel transmits two
unit-keyed/nnmute_mesSages:

MT Code = 4 bits
Subaudible Count = 2 bits
Hang-time/trunked =-1'bit.
1 bit (unused) =
Logical ID = 12 bits .
BCH Code = 12 bits
_ Called mobiles receive unmute message and
ﬁnmute audio.
G. Active mobiles on other working channels
receive a subaudible channel assignment message. =
| N

H. Control channel transmits channel update
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



Hang- Ti me/ Trunked = 1 bit 1 bit (unused) = 0 Logical ID = 12 bits BCH Code

= 12 bits Called nobile receives unnute nessage and unnutes audio. G
Actiwve Mobiles on other working channels do not receive a subaudible
channel assignnent nessage. H. Control channel transmts channel update
message for late entry nobiles. I. Consol e sends unkey nessage that 'is
coded*as follows: MD= Byte #0 = 8 lmiﬁa # Bytes Byte #1 = 8 bits
Sourée’Destlnatlon = Bytes #2 & #3 = s Not Used = 4 bits MI Code = 4
bi t.es Not Used = 4 bits Logical ID- 12 bits Parity = Byte #7 = 8 bits J.
Wor ki ng channel transnits 896 t0.2816 bits of dotting to drop all nobiles
fromthe channel . K (boagte Destilmetioney Byteagé2 B3 =B\¥6 bts 8

bits # Bytes = Byte #1 8_.hit stlnatlon = Bytes #2 and #3 = 16
bits M-A'B/C = 9 5 bi t eNekoPE Bt = %Hitetpe . -

MT COde = 4 bits
“ | Not Used = 4 its
Logical 1D = .2 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 = Byte #1 = 8 bits

' Source Designitioh = Bytes #2 & #3 = 16 bits
'MT-A/B/C = 9 tites

Drop Cr = 1 bit

Not Used = 1 :it

Channel = 5 bits

Logical ID = :2 bits

Parity = Byte #8 = 8 bits

IX. Radio Call Seggence-Console Origination,
Individual Ca11

K

A. Control channel transmits a continuous stream
of control messages whi.h all inactive mobiles receive.
The messages are sent tvo messages to a 30-msec. frame
that has the following Zormat:

Dotting = 32 *its
Barker = 16 kits



Not Used = 1 bit Channel =5 bites Logical ID = 12 bits Parity = Byte #8 =
8 bits X Radi o Call Sequence Console Origination, Activate Patch A
Control channel transmits a continuous stream of control nmessages which at
i nactive nobiles receive. The messages are set two nessages to a 30-nsec.
frame that has the following format: Dotti ng 32 bits Barker = 16 bits
Message #1 = 40 bits Message #1 (inverted) = 40 bits Message #1 = 40 bits .
Message #2 = 40 bits Message #2 (inWﬂqged)_ 40 bits Message #2 = 40 bi e
B. Consol e that wishes to establish a patch transmits a patch ID
assignnent nmessage to the downlink. The patch |ID assignnent nessage is
vari abl e .l ength dem’ﬂgggeuagngt % q;iqyﬁ and individual I'Dcounts: M D=29
Byte #0 = 8 bits # Bytes = E te #1 = its Source/Destination = Bytes #2,
#3 = 16 bits Not sage, is(éﬂﬁﬂfﬁﬁﬁdn=-4q Bits | ndividual Count = 4

bits Message #1 = 40 bits
Message #2 = 40 bits o e
Message #2 (inverted) = 40 bits -
Message #2 = 40 bits o

B. Console that wishes to originate an
individual call transmits an individual call message to
the downlink. The individual call message is coded as o
follows: : ' ) ) : .

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

«)

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 1D = 1 bit
Channel = S bits .

Logical 1D = 12 bits

~



Logical ID =12 bits Not Used = 12 bits Logical ID = 12 bits Not Used = 12
bits Logical ID = 12 bits Not Used = 13 bits Goup ID = 11 bits Not Used -
13 bits Group ID = 11 bits Not used = 13 bits Patch ID'= 11 bits 95
Parity = 8 bits C. Consol e receives an acknow edgenent of the patch
request fromthe site controller using a special group | D code (1000 0000
0000 i MD=12 = Byte #0 = 8 bits # Bytes 5 Byte #1 = 8 bits

Source/ Destination = Bytes #2, #3 = 16 bi Not Used = 4 bits MI-A Code =
11=-2 bits MI-B dee = 100 = 3 bits Patch ID = 11 blts Goup ID =11 bits
Parity = Byte #8 = 8 bits D. Wen console w shes to activate the patch it

transmts a patch actlv@@gr@&g@gﬁ gg bRegdownl i nk. M D=27 = Byte #0 = 8
bits # ‘Byt es = Byte #l = 05 = |ts

D. Called mobile switches to assiqned working
channel and receives a confirmation message. Slotted
working channel messages'are transmitted using the
following frame: '

Dotting = 32 bits
. Barker = 16 bits
\ o Message = 32 bits
' Message inverted = 32 bits
Message = 32 bits

The individual ca;l-cdnfirmation'message is
- coded as follows:

MT Code = 4 bits .
Subaudible Count = 2 bits -
Hang Time/Trunked = 1 bit
Group/Logical 1D = 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 ' )



Sour ce/ Destination = Bytes #2, & #3 = 16 bits Not Used = 4 bits M Code =
4 bits (1110)- Not Used = 5 bits Patch ID = 11 bits Parity. = Byte #7 8

bits E The control channel responds with alias |ID assignnment nessages. .
G oup assignnent nessages are coded: - MI-A Code = 2 bits (11) MI-B Code =
3. bits (110) Alias Goup ID = 11 bits Not Used = 1 bit Goup ID = 11 bits :

BCH Code = 12 bits Goup alias ID rrrrgxges are repeatéd in the control
channel background node and not ack edged by the nobiles. |ndividual o
alias I D assignnment nessages are coded as follows: MI-A Code = 2 bits (11)
MI-B Code = 3 bits (101) Alias Group ID = 11 bits Logical ID = 12 bits BCH
Code = 12 bits F. MT Atdgedi2 gsj¢g£cei ve. assi gnnent. nessages but only

i ndi vi dual call m)bi_} es a knovvliedgte nessage. MI-A Code = 2 bits (11) MI-B
Code = 3 bits (110)*YPe Communica ion Code = 2 bits '

- Logical ID = 12 bits :
Not used = 2 bits | N
GR/L 1D = 1 bit '
Channel = 5§ bits
Logical ID = 12 bits
Parity = Byte #9 = 8 bits
F. Working channel transmits two
unit-keyed/unmute messages. :

MT Code = 4 bits
Subaudible Count = 2 bité
Hang-Time/Trunked = 1 bit
1 bit (unused) =0 -
Logical ID = 12 bits’

BCH Code = 12 bits

Called mobile receives unmute me_ésage and
unmutes audio. |

G. Active Mobiles on other working channels do A2
not receive a subaudible channel assigﬁment message.

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

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

MID = Byte #0 = 8 bits

b Y



Alias Goup ID = 11 bits Logical ID = 12 bits BCH Code = 12 bits G
Consol e recei ves patch assignnent/activate nessages to confirmpatch. One
nessage for each assignnent: MD=12 = Byte #0 = 8 bits # Bytes = Byt e
#1 8 dits Sourcel/Destination = Bytes #2 & #3 = 16:bits Not Used = 4 bits
NW A Code = 2 bits (11) MI-B Code 3 bits (100) Patch ID = 11 bits G oup
(g 12 bits Parity = Byte #8 8 bit D=13= Byte #0 = 8 bits # Bytes =
Byte 1 =8 bits Source/EEstination = Byt #2 & #3 = 16 bits Not Used = 4
bits M- A Code = 2 bits (11) Mr-B Code = 3 bits (101) Patch ID = 11 bits

Logical ID = 12 bits Fhfgtyyf;§W£eB§§,—QQ ki gspdets Console originates a
patch call by transmittin rou ssage ,usi t atc M D=24
= Byte #0 = 8 bits # Byt%‘g ure gﬁg L"‘8“ m%£§f ilﬁngj'q!yt es
#2 & #3 = 16 bits Not Used = 4 bits

' MT Code = 4 bites

N\

Not Used = 4 Dbits
Logical 1D - 12 bits
Parity = Byte #7 = 8 bits
'J.  Working channel transmits 896 to 2816 bits of
dotting to drop all mobiles from the channel.
s _ | '
K.  Console receives unkey message:
MID = Byte #0 = 8 bits
# Bytes = Byte #1 = 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 = 5 bites
Logical ID = 12 bits
_ Parity = Byte #8 = 8 bits
) . _

'x. 'Rédio.Call Sequence Consoleﬂbrigination, Activate

Patch -

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



Not Used = 4 bits MI Code = 2 bits (00) Type Comrunication = 2 bits (00) -
Patch ID = 12 bits Logical ID = 12 bits Parity = Byte #8 .- Control
channel transmits group call message. Subsequent steps are sane as consol e
originated group call. Wiile only one exenplary enbodi ment of this 5
i nvention has been described in detail, those skilled in the art wll
recogni se that many vatiations and nodificati-ons m§“be made in this
gnbodi‘ment. Attention is drawn-to rel d co-pendi ng applications, Nos.
8813167.7 (2206020), which descri bes a conmuni cations protocol, and
. 8813169. 3 (2206019), which describes a fault tolerant radi o repeater
" 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 inveDottdng = AR biksein, there is “provided a nethod for
achieving reliable r nication within a trunked radi o repeater
system having a diS??gfgb%ﬂpﬁ%l channel and plural working channels, whigh
wor ki ng 20 channeMessageadd FhekP fktsenporary use of individual radio
units specified bymdisgalzal #30#ibesteds! s Ebag?gited over the control

[

channel, said control channel carryin nbound Istal control signals from
R Message #1 Oybigs g g '

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

C

B. Console that wishes to establish a patch
transmits a patch ID assignment message to the
downlink. The patch 1D assignhent message is variable
length depending upon the group and individual ID
counts: o |

MID=29 = Byte #0 = 8 bits

# Bytes = Byte #1 = 8 bits o
Source/Destination = Bytes #2, #3 = 16 bits

Not Used = 4 bits

éroup Count = 4 bits

Individual Count = 4 bits o 3
Logical ID = 12 bits N/
- Not Used = 12 bits |

Logical 1D = 12 bits

Not Used = 12 bits

Logical ID =12 bits

Not Used = 13 bits

Group ID = 11 bits

Not Used - 13 bits

Group 1D = 11 bits

Not used 13 bits

Patch 1D = 11 bits

b Y



said radio units to a control site, said inbound 25 digital control signals
having a tinme- nultlplexed format defining discrete signalling slots, said
nmet hod conprising the steps of: (a)” requesting assignnment of a morklng
channel by passing digital request signals froma first radio unit 30 to
said.centrol site over a control channel inbound digital signalling slot;
(b) nitoring said control channel for Qﬂﬁponsive channel assi gnnent
signa s returned over the control channel mthe:control site within a 35
predet erm ned expected response tine; and (c) if no such responsive
channel assignnment signals are detected, then (cI) repeating steps (a) and.
(b) within a retry tinme Randty, =aﬂdb(i¢@ i ncreasi ng the duration of the
retry time window as a function of .the nunber of retries. According to a
second aspect of the invention clainmed therein, there is provided apparatus
for 5 achievi ng reI¢abIG°aﬁelpr seseivemnan cacknowiiedgement r afktlier adi o
repeater systg maeedtgr&eh el it *@aﬁekoqmwldmhgw kggeiu
h wor K1

channel s, n annel s are assiqgned for tenporary use
i ndi vi dual raﬁﬂ9QFu¥§ cpee; (2000,000,Q °lbntrol signals 10 transmtted
over the control channel, said control channel carrying inbound digital

control shanal’s {rom o3l gebatorii Wh % oTbEge o' te, defi ning di screte
signalling slots, said # Bytes = Byte #1 = 8 bits

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

Not Used = 4 bits

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

s

D.  When console wishes to activate the patch it
transmits a patch activate méssaqe to the downlink.

MID=27 = Byte #0 = 8 bits

# Bytes = Byte #1 = 05 = 8 bits

Source/Destination = Bytes #2, & #3 = 16 bits
“rt, Not Used = 4 bits
' ' MT Code = 4 bits (1110)

Not Used = 5 bits '

Patch ID = 11 bits

Parity = Byte #7 = 8 bits

E. The control chanhel responds with alias ID.
assignment messages. Group assignment messages are
coded: '



15 apparatus conprising: (a) neans for requesting assignnment of a working
channel by passing digital request signals over a control channel inbound
'signalling slot; (b) neans for nonitoring said control channel for 20 =~
responsi ve channel assignnent signals returned over the control channel

Wi thin a predeterm ned expected respé time;. (¢) neans for repeating
said request and nonitoring functiong thin aretry tine windowif 25 -
there is no detection of such responsive channel assignnment signals; an

(d) “neans connectﬂ%_g\o%g ;egeggitr;g (ritqans for increasing the duration of -
ndo f e '

said retry tine w w as a functiron o nunber of retries. 30
Reference is made W8-BoflodetFod RAtso(1B098. 0 (2244889), also divided from

Appl i cation No. 88&3;@%Ebrégﬁpggi291§053€frst aspect of the invention

clainmed therein, there_is rOV|deg a nmethod for achieving reliable and
pr onpt conmuni cat i §rtwUSRT ﬁ.!rh_ﬁed 35 radi o repeater system having a
digital control chggoap AD $| ¥dabive ki ng channel s, which Wor Ki Ng

channel s are assigﬂéﬁbkg#%ggﬁpgﬁg£¥3use by individual radio units specified

by digital control™S _ ft rol " channel ; sai'd met hod conpri sing
the steps of 5 GroupnialtasgiDhmessagea adtenrepeiveddnkithg channel
assign r 130 ] a4 it eShitti,ng,said radio
assi Sﬂg%gxfta{ﬁl@ginf@%ﬁgﬁz BadkGLobAE B a3 it dexsblibiaglac Rl

e mo es. .

_ Individual alias’ID assignment messages are %N
coded as follows: _ . _ ' o/

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

_ F. All mobiles receive assignment messages but
only individual call mobiles acknowledge hessage.
' 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



assi gned wor ki ng channel in response to detection of such assignnment on the
conty ol channel; and 10 initially, upon arrival on the assigned
wor kY ng channel , sinultanepusly nonitoring that morkinqgﬁhannel for an

ext ended dotting signal repiesentative of drop channel ‘sfgnalling and

nmoni toring for confirmation signals confirmng the assignnment of that
particular 15 channel to said radio unit r a communi que. According to a -
secoﬁd’aspect of the invention clained thérdin, there is provided apparatus
for achieving reliable and pronpt communication within a trunked radio
repeater systemhaving a digital control 20 channel and plural working
channel s, which working gigeel=s Bytea#d @l ¥iist enporary use by

i ndi vi dual radio units_specifi.ed - di.gi tal trol,signgls on the control
channel , said appar at u§°§5ﬁ&f-ﬁg¥“ﬁgﬁ§ 1‘=orcBO t‘bfiﬁgi:{ He £%r‘kf5¥

channel for 25 worki njothdlsed ®s4i pdtwnt s addressed to a predeternined

radi ounit; neans for ”jtiﬁgh aldo adis iy S operation to an assi gned
wor ki ng channel in resggag%. 0 %etegtﬁgﬁgbﬂnghh assi gnment on the control

channel’; and 30 MIx®s Gorde sFnd bd@oIO0 honitoring the assigned
wor ki ng channel upon i piakicd FHr&vah pieeeon for a dotting signal of
extended duration representative of _drqop channel signalling and nonitoring
for confirmation signaF§QHﬁﬁ1?nfnézthgt&bsignnEnt of that particular 35

channel to said radio paditypr=oBgtens ¢@ bitsLA M5

MID=13 = Byte #0 = 8 bits

# Bytes = Byte #1 = 8 bits
Source/Destination = Bytes #2 & #3 = 16 bits
Not Used = 4 bit; |

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

MID=24 = Byte #0 = 8 bits
# Bytes = Byte #1. = B bits -
 Source/Destination = Bytes #2 & #3 = 16 bits
Not Used = 4 bits - |
. MT Code = 2 bits (00)
~ Type Communication = 2 bits (00)
Patch ID = 12 bits |
Logical ID = 12 bits
Parity = Byte #8

(¢



BRSBTS i i S N NN S et a0 M

1. =~ A method for achieving reliable and pronpt communication within a
trunked radi'o repeater systemhaving a digital control channel and plural
wor ki ng 5 channel s, which working channel s are assigned for tenporary use

of individual radio units specified by digital control signals on the
control channel, said nethod conprisind?%?e steps of: requesting assignnment
of a working channel by 10 passing digit request signals froma firs{y
radio unit to a_control site aqver said control channel; assignin a

speci fic wor ki nd *chafRAItE}L <chappel SFrangpiFs, groumFa Ae53R28¢% - one

second r adsabgeiqueit FAEPLOare Osdme &S SEEIHIY origidisteay egrsapd control
15 channel ; gﬁssing'digital assignnment confirmation signals over said

assi gned Weia iMg channel between said.control site and at |east one of said
radio units; remWrdsiengrsiy obm!ememn»laqorm\m:djatérm af/eths=i d 20 assigned
wor Ki g sChanteln e il edh ol ibLEAne R S Glosdl depppbgned vorking
channel “i n“response to successful passing of said assignnen conf i r mat 8n
si gnal s, wi&r dhe @t wohl reecegpihse sthatqianyt vAiatonsieR@si gnnent

confirmati quagisdRalSidis | mele bé | Rhde 08k aerdhs IGiloWiatsye and sai d assi gnnent
signals include six-fold redundancy of data representing the called party

and the assi gne®tARIHHAIN 10952V kP Kol FABICHIRARAENGr e comuni cat ed
reliably atgppiid=iidrig | INOSD08B1 856 PET7 622080R0 B0 which @escrfb@st hod as

R G N e
which describes a fault tolerant radio repeater -
architecture. _ o ' o/

Reference is made to Application No. 8813168.5
_ (2206018), from which the present épplicatibn is
15 divided. According to a first aspect of the invention
claimed therein, there is provided a method for
"achieving reliable and prompt dommuhication within a
trunked radio repeater syStem_having a digital control
channel and plural working cﬁannels, which working
20 channels are assigned for temporafy use of individual
radio units specified by digital control signals
"~ transmitted over the cOntrol'channél, said control
channel carrying inbound digital control signals from
said radio units to a control site, said inbound

25 digital control signals having a time-multiﬁlexed
format defining discrete signalling slots, said method.
’ cémprising the steps of: .
| (a) regquesting assignment of afworkihg_channel by
passing digital request signals from a firsfnradio unit
30 to said@ control site over a control channel inbound
digital signalling slot; -

(b) monitoring said control channel for
responsive channel assignment.éignals téturngd over the
control channel from the control site within a

.35 predetermined expected response time; and

(c) if no . such responsive_chanhel assignment
signals are detected, then (cl)'repeating steps (a) and
(b) within a retry time'window, and (c2) increasing the



rel ease signals are sent fromsaid control site. 35 4. A net hod as
inclaiml, 2 or 3, wherein a *C L M S * certain priority is
associated with said working channel assignnent and said nmethod further
conprises the steps of: transmtting digitgﬁ subaudi bl e new channel 5

assi gnnment updat ed nmessages on the_ assigne gering channel , said new
channel assignment updated nmessages having priorities associated therewth;
and \eoni t ori ng dardtipdabd :fohes xetsy tieacvinddwoasniat fandtiespofsitha v

dr oppi ng of f tﬁﬁuﬁﬁékgeﬁd gQgﬁggg 10 channel if the priority associated -
with a new channél "tGpdated message directed to said each radio unit is
hi gher than the certAcrogdimg ttp. a5secondnespedtaofi kthel dinventijoer ei n: said
assi gning Step ¢gyhdas thidzeikeh hbrtS 1sNEEEURREApRaaALdR,2 S gnal || ng
count val ue each tine said working channel is aSS|gR 3; and sai d subaudi bl e
nessage transni 3¢higvingp reddiabdes anda pIempti femawnd catd oBmiitdd ne dunt

val ug yi thin eaghufikeS2irddiePdedeiterupdalan MBYIRGES d38d teanidomaldly 20
transmtting said subiudlﬁle up %ted nessages over said working channel. 6.
A nethod as in SParRed apfePdura s&P&k&§§igﬁ?ﬁ@e§§epWPﬁEPu&@§ step of

increnenting a ¢mManhel ss areudisyigneidgfelrl itegpordrly se Wil unddadidudlme said
working channel 13, 353 9nedis 204 (8 n3 B3040 TRRIAYC AT i ng step
10 transmitted over the control channel, said control
channel carrying inbound digital control signals from
_ said radio units to a control site, said inbound
N digital control signals having a time-muitiplexed
format defining discrete signalling siots, said
15 apparatus comprising: o
(a) means for requesting assignment of a working
channel by passing digital':equest signals over a
control channel inbound signalling slot; |
(b) means for monitoring said control channel for
20 responsive channel assignment signals returned over the
control channel within a'predetermined expected
response time; |
(c) means for repeating said request and
monitoring functions withiﬁ a tetry time window if
25 there is no detection of such responsive channel

(

assignment'signals: and
(d) means connected to said repeating means for

increasing the duration of said retry time window as a
function of the number of retries. |

30 Reference is made to Application No. 9111268.0
(2244889), also divided from Application No. 8813168.5.
Accofding to a first aspect of the invention claimed |
therein, there is provided a method for achieving
reliable and prompt communication within a trunked

35 radio repeater systém haviﬁg a digital control channel
and plural working channels, which



the step of transmitting said increnented count value within each of said
subaudi bl e updat ed nessages. 7. A nethod as in any preceding claim

- further 30 conprising the step of: subsequently transmtting digital
channel assignnent late entry nessages on he control channel to permit the
late entry of a called unit specified b} idinitial digital assignment |
signals to an ongoing 35 working channel connunication 8. A nmet hod as | n

any precedlm@nﬁﬁugncﬁaﬂﬁémiiare(asﬁﬂgnadﬂrdﬁ“tém k ng fromt
calling uni ssi_gned wo, ne éi un message,
and regponsr vgltv&%g’ﬁ%d e%#ﬁ%s%beé&afgﬁdj tﬁ'g étﬁﬁ%‘s quﬁont rol site
on said aserg.rgmlha)rdn rm\e:rmmm‘ql ahdirgialy| s#ich method ocnipxisimgses al |

units to drep %gyaégmwla55|gned wor ki ng channel thus freeing it for
I medi at e further ssignnment. 9. A nethod as in any preceding claim

wherein $0 sai d MeIORing therairal shennel fop wenkdng channel rst
radio unit b@s3gemnty sddredbed tda FrdetiertlIHEE radi®f RSeS| gnal s

sync. b a predliathIes %’ﬁ“e&?‘é”s LS AP R0 80 ros, and ¢, o
request mes asgd gifed} (rdrking axtesrired tihr&@stpom tﬁﬁ‘deﬁ%&:i@@ﬁdfﬂd uding -
such assignment on the control channel; and

10 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
signals'confirming the assignment of that particular

15 channel to saidgradio unit for a communique.

C

According to a second aspect of the invention
claimed therein, there is provided apparatus for ,
'achieving reliable and prompt communication within a
trunked radio repeater system having a digital control
20 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, saic apparatus comprising: .
means for monitoring the control channel for
25 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 '
30 . means for simultaneously monitoring the assigned
working channel upon initial arrival thereon for a
dotting signal of extended duration representative of
drop channel signalling and monitoring for_confirmation
signals confirming the assignment of that particular
35 channel to said radio unit for a communiqﬁe. |



20 i.. 4 bits identifying the nessageTij?Tmn$%jﬁx;4ﬁ____

request ed communication, ii. 11 bits identifying the c

iii: plural bits identifyi ng the calling unit, and:iv. W! ﬂ"!mnFH
error detection and correction data; said Tgf‘gnlng step

B. + sending, fromsaid control site to sai irst radio unit over sai
~conftrol channel, assignnent signals including a. a predeterm ned mord
sync~code, b. CBAIMS of assignnent nessages, each 35

belng r epeat ed three tinme Vi d
QD rppealrd JeP i o ARt g St ddditide ot branas
request ed commqpmmaﬁuon wd tihiifns aprtowindied) mmandpetmﬁ system

identity of thehgqllldqq la’i\?t ,téll '°°"]t‘tad1ent“§ﬂféf yétli{ué gggaqaug gr oup

call or |nd|V|duaI gne
channel, 10 5 channels, whn«f;:h working cmameleﬁemer \asaigned cfm ed group

or 'QgJV'dua| U%bhpd%%iy use of individual radio units specified by
digital control signals on the .control channel, said
method compr1s1ng the steps,of:
'~ requesting assignment of a working channel by
10 pa531ng digital request signals from a first radio unlt
to a control site over said control channel;
assigning a specific working channel to said first
o radio ﬁnit_and to at least one second radio unit by
_ passing digital assignment signals over said control
15 channel; - '
passing digital assignment confirmation signals
.over said assigned working channel between said control
site and at least one of said radio units;
| _ ieleasing said dnits for communication over said
20 assigned working channel by sending digital release
signals on said assigned working channel in response to
. successful passing of said'assignment confirmation
signals, wherein said control signals, request signals
and assignment confirmation signals include trip}e data
" 25 -redundancy and said assighment signals include six-fold
redundancy of data representing the called party and
the a551gned channel and
all said digital signals are communicated reliably
at substantially 9600 bits per second.

30 2. A method as in claim 1 wherein said
assignment - c0nf1rmatlon 51gnals are passed to sa1d
first radio unit. L

" 3. A method as in claim 1 or 2, wheérein said
release signals are sent from said control site.

35 4. A method as in clalm 1, 2 or 3 wherein a



vi. plural bits of BCH error detection and correction data; said passing
step conprises, 15 C. sending, fromsaid control site over the

assi gned wor ki ng channel, confirpation signals

predeterm ned word sync code, and b. a confi er“BmllmﬂgmH”m 32 bits 20
repeated three times including i. FD identtfytng tte sype of nmessage,
ii. 2 bits providing a frame count fol ‘use in subsequently recei ving &y

Cdent 1 1y1 nohpEbRe PERGRIEH BfchaBPEheles, VPG a0 80, 1 Gent i rying
whet her a gcbapnéd assignment and said methodnfurthenl comprisesbei ng nmade,

V. plural Rbt srbggnbetyi ng the called group or individual unit, and vi.
plural bits ? C}perror detection and correctjon data; and_ 35 D.

in response to rtEenppisring; digakals naubandipl@new ckamnel, from said
first ungt g¥eighhént ugaateaeﬁleseébeggoﬁhﬁméeéssﬂgseaahoﬁnmgw edgenent

o onal s Tneluding 2 o18 hehaLhEhL: | Q09PgnRLil "Gpdle e AL0GLLS: oI Tued

having priorities associated therewith; and
monitoring said update messages in each radio unit
, and responsively dropping off the assigned working
10 channel if the priority associated with a new channel
'updated message directed to said each radio unit is
higher than the certain priority. _ g;)
5. A method as in claim 4 wherein: '
said assigning step includes the step of
15 incrementing a subéudible signalling count value each
time said working channel is assigned; and
'said subaudible mesSége'transmitting step includes
transmitting said incremented count value within each
of'said subéudible updated mességeé, and continually
20 transmitting said subaudible.updated-messages over said
working channel. _ _
6. A method as in claim 4, wherein:
said assigning step includes the step of
increménting a two-bit subaudible signalling count
25 value each time said working channel is assigned; and ' \g/
said-subaudible message transmitting step includes
the step of.transmitting said incremented count value
within each of said subaudible updated messages.
7. A method as in any preceding claim, further
30 comprising the step of:
subsequently_transmitting digital channel
assignmeht léte éhtry messages on the control channel
to permit the late entry of a called unit specified by
said initial digital assignment signals to an ongoing
35 working channel communication. _ _
8. A method as in ahy preceding claim, further



5 b.  communi cations over the working channgL_LQ_Lﬂg_Eﬁthg‘_‘
group or individual unit, and said releasing step conprises

response to step D(a) and prigor to step 10 D(b), sendi

control site over the assigned working chann eg di gital rﬁmﬂ "ﬂfgﬂﬂ Hm

I ncl udi ng a. a predeterm ned word sync ¢ and b. tWwo ¢

uni t-keyed/ unnut e nessages, each repeated three times and belng 32 b|t 15
nmessages of the ¢Qmmri$ing4thetsteusnmffy|ng t he type of nessage ii. 2

bits providing a frai
subaudi bl e di gital n2§%§ %@ésééﬁmggg? %%?ﬂﬁgfkln anne |||I%% bi t
i dentifying mhetW@?kiﬁﬁnﬁhﬂn%%bra§|Q¢91Eﬁlrpnﬂﬁxﬁﬂ messags&nanéﬁ filler for

optional other 25 responsive to said W3&Syed mesdigl dlsdndng deftéhmYi Ng
the called unit, olural bits of BCH error. detection and correction

and vi .
data. 30 1391d COREIRY site PR S P9shaNRd wFkiNGichpMRlst®p of :
subsefuent to std:gftasemﬂmpgssgﬁﬁauhﬁdchc&anéeé sSignaistoves Gwopl essi gned

moni tored by 35 SRErtaR eI g B3 AR e e e+ ofer
prlorlty caIIs(ﬁmnnﬂtnkecfmtmmetnnSStgnmaqtedef|ned
: - A method as in any preceding claim, wherein

10 said requesting step comprises:

A, sending, from a first radio unit to a control
site over the control channel, request signals
including |

a. a string of dotting bits to establish
15 . bit sync, '
b. a predetermined word sync code repeated
three times, and
c. a request message of 40 bits repeated
o three times, each message including
20 _ i. 4 bits identifying the message type
' and type of requested
communication,
ii. 11 bits identifying the called
_ R unit, |
w 25 o iii. plural bits identifying the calling
unit, and
iv., plural bits ‘of BCH error detection
~and correction data; '
. said assigning step comprises,

30 B, sending, from said control site to said first
radio unit over said control channel, assignment
signals including

a. a predetermined word sync code,
_ b. a pair of_assignment messages, each
35 . _ being repeated three times and having 40
bits including .



106 . 111111 11111 11111 11111111111 CL M S* group i ncl udi ng such
‘unit. 11. A nmethod as in claim10, further conprising the step of:

subsequent to step E, sending a channel assignnent over
said control channel fromthe control gj to permﬂ“lmmlgmmﬂﬂ“l

additional called units to the assigne rklng chanmel ¢ 12. ® Aspmethod as;
in claim1l, further conprising the step of: at the concl usi on: of

comuni cation by said firs{, unlé,bfgg %&@gﬁpﬁg§ﬁ ntﬁéoﬂkgggﬁgl%§b gunit er

sai d assi gned worki ng channel o an unke gg nc a string
of dotting bits, 15 and ﬁP%I%%kr%$“§§ dits repeated f our
ti mes, each data bl ock being Cﬁcéﬁﬁuﬁiﬁﬁ&ign a string of dotting bits, ii.

a predetern1ned word sync code, f our tes ac E transmtted 20
with triple redundancy andtdefii tFrJg 8 BO 'ﬁf‘?i)ﬂ%sg ﬂa(g kg4 pits -
identify ng the type of nessageidéhtutp of thélcalinngophieﬁal ot her use, 2
bits providing a frane cound 5* e_in -

b

subsequent|y receiving subaudl eP%ﬁ i?e?t%egsa eghe c%gi d Elng channel ,
plural bits group call_or individual call,

iv. 5 bits identifying the assigned
- working channel,
10 v. plural bits identifying the called
' group or individual unit, and

vi. plural bits of BCH error detection

and correction data; ~/
said passing step compriSes, _
15 C. sending, from said control site over the
assigned working channel, confirmation'signals
including | I |
T a. a predetermined word sync code) and
b. a confirmation message of 32 bits
20 | _ repeated three times including
i. 4 bits identifying the type of
message, _
~ii. 2 bits providing a frame count for
_ use in sybsequently receiving _
25 . subaudible digital messages sent = g;j

over the working channel,
iji. 1 bit identifying whether trunked
operation is in effect,
iv. 1 bit identifying whether a group
30 ' o or individual call is being made,
" v. plural bits identifying the called
group or individual unit, and
vi. plural bits of BCH error detection
and correction data; and
35 - D. in response to receipt of said confirmation
signals, sending, from said first unit over the




identifying the calling unit and plural bits of BCH error detection 30
and correction data. 13. A nethod as in claim 11 further conprisin

step of: responsive to said unkeyed message, sending, fro '
site over said assigned working channel a 35 bstantialli"” ﬂ"ﬁﬂﬂ&"ﬂi""ﬂg
of detting bits, and all units then assigndgg t he wor ki ng channelsn s =

dropping therefromand reverting to the contifol channel in response to said

el ongat ed StrinQé&ldﬂ&&iﬁ&iﬂ%ﬁ¢i§¥%ﬁﬁgiyK§#3{¥ﬁrjgauﬁaﬂ%ﬁégﬁﬁéﬂ@thOd as in

any preceding claim wherein step el easi ng I ncl udes
detecting sai d GRS dNGIMAINGhd unnuting comuni cation over the assigned

wor ki ng channel in respongs to &atdlfetrsteddijeasfesinad s ddeti met hod
as in any preceding claim furg'h_r 10%:@1“ I% the steps of: sendi ng,
fromthe calling unit on the a q’gﬁe(f ?‘fg annel, a digital unkeyed
nmessage i n r&sponse to relbaase commurica tsloris pvean ety opgprking f¢hariee 1

t hen- assi gned wor ki.ng channel i% 1!51% %ﬁ%ﬂ%‘% glfgiuiﬂi‘;i{&pafim on

sai d worki ng channel, thus freeing I er assignnent. 16.
A method as in any preceding claidn further including the steps of: 20

scanni ng the control-changgidl}éaégglﬂgugggb comprises,
E. in response to step D(a) and prior to step
10 D(b), sending, from said control site over the assigned
working channel, digital release Signals including
a. a predetermined word sync code, and
'b. two unit-keyed/unmute messages, each
“repeated three times and being 32 bit

15 messages of the form _
i. 4 bits identifying the type of
message ' }

ii. 2 bits providing a frame count for
_ use in subsequently receiving
20 subaudible digital messages sent
over the working channel,
"iii. 1 bit identifying whether trunked
operation is in effect, _
iv. 1 bit of filler for optional other
- 25 . uses, _
' v. -plural bits identifying the called
unit, and '
.vi. plural bits of BCH error detection:
_ " . and correction data.
30 10. A method as in claim 9 further comprising the
step of: o '
subsequent to step E, sending subaudible digital
-signals over said assigned working channel including
new channel assignment messages which are monitored by
35 each unit residing on that working éhannel for higher
priority calls directed to that unit or a predefined '



qui escent state for channel assignments to each of plural predeternmn ned
~call groups and conducting a communi que on the working channel with other
radio units of simlar call group in response to detection of 25 such.
control assignnent; and upon term nation, of a co a gi ven
call group, tenporarily suspending sai b:annl ng%ﬂ“’lﬂ“"“‘ﬂ"ﬂlmg ect to_ .
all ot her non-priority caII groups for a Predeterm rredct 1 e persi o

17. A nethod as * ﬁ gk m?ereln said predetermned call groups are‘tﬁ
differing p9e2iRihEHY B?lﬁPF t18. A system of apparatus for achieving
reliable and probpt cAmmethodt asnim chadmalOr;, ufkethezdcomprisdmgat er system
having a digidales énégol channel and plural working channels, which working-
channel s are as néd for tenmporary use of individual radio units

speci fied by d|g$¥§$e@BﬁEFoF°sS§ﬁ§IE'oﬁepﬁénsoﬁtﬁbﬁnaﬁénﬁ§5199w6®t5ysten1

conpri sigg: ypRaes ﬁ.@éssgauseérngaaaswa@ai 2hafnW®’ ErBa theChannel by
passing digital request signals froma first radiqQ unit to a control siyg

over said FRYEPLcRLEReFO Hﬁﬁﬂ%tfBPtSs§P§ﬁ¥nQfaaQSéEFPpélePQ#ﬁg channel
to said fi nmitadte thetassdghedaworRiny enanaemond radio unit by passing

di gital assignmepi sign said ] rol nnel f or passing
di gital assignnen coﬂfﬁ%ﬁa@ és ?n gigi 2? sguﬁt $§|8988 %Sﬁ?Phg channel
bet ween saitheosteplofite and at Ieast one of said radio units;

10 ~ at the conclusion of communication by said first

unit, the transmission from the first unit over said
assigned working channel of an unkeyed message

- including E e
a. e string of dotting bits,
15 b. a block of 128 bits repeated four times,
' each data block being of the form
i. a string of dotting bits,
ii. a predetermined word sync code, _
iii. four 8 bit bytes, each transmitted
20 : ' ‘with triple redundancy and defining
" a 32 bit messége having 4 bits
identifying the type of message, 2
bits of filler for thional other
_ use, 2 bits providing a frame count
25 for use in subsequently receiving : \n;

subaudible digital messages in the
working channel, plural bits
identifying the calling unit and
plural bits of BCH error detection
30 o S ‘and correction data. .
13. A method as in claim 11 further comprising
the step of: ' ' -
responsive to said unkeyed message, sending, from
said control site over said assigned working channel a
35 substantially elongated string of dotting bits, and
all units then assigned to the working channel



means for releasing said units for communication 15 ové._EETH“EEEﬁZﬁﬁRT““'

wor ki ng channel by sending digital rel ease: sighals on s

charinel in response to successful -passing of sai d assi gﬁm"mlﬂum mu[

signals, wherein said control signals, req 31 signals arfd 20 Bsstgrmen
{8

confi rmation signals includetriple data r ancy and sai d assi gnnment
signal s include six-fold redundancy of data representing the called party

and tffe assi gnedropping therefnom Aandi xeveREingtthiahe sqn

reliably 25 at &lxhb&teaélidr?éé Yed Gl i d Forf t SE Etihngl Hf Aimynss forel ai m
18, wherein said_ worKki cheﬁpel %55|gnnent has a certain priority
associ ated t her &he ¥ further conprises: neans for

transmtting digital ,14s.ubaudnéa&tmdmea/s 3h g Etecmbing dainp i inessages

on the assigned n aﬂg? t
nmessages hav:%ng s\é&% r‘%pesc' szg%lcel a%ai% Pﬁﬂ rew nﬂ rreqxzin%ssgf or rmnl torsl%nkgd said

updatie, nessages rielesesh signglsmnd unmykkng COREELGREION QX he tor i ng

means for det eC%tsfbg,q L saud’d'q{die'%d Ch&HinsPi th TEIHAY P detBsEaDeS;

and neans connec ect1 ng means for responsively dropping off
the assigned womiglepsshatanals. the priority associated with a new channel
updated 5 nessage di rgs} edh tmetiiodl i@mﬁcﬁmﬁgpmmﬁngs diiagivey furtheni d

certain prlarltcompr151ng the steps of:
sending, from the calling unit on the assigned
working channel, a digital.unkeyed message in response

o to release of a PTT switch, and

dropping off the then—assigned working channel in

15 response to a digital drop signal on said working
channel"thus freeing it for immediate further
assignment. o | |

16. A method as in any preceding claim, further
1ncluding the steps of:

20 - scanning the control channel in_a non-called
quiescent state for channel assignments to each of
plurel_predetermined call groups and conducting a
communique on the working channel with other radio
units of similar call group in response to detection of

25 such control assignment; and - '

upon termination of a communique involving a given
call group, temporarily suspending said scanning
function with respect to all other non-priority call
groups for a predetermined time period.

30 17. A method as in claim 16 wherein said
predetermined call.groups are of differing
predetermined priorities.

"18. A system of apparatus for achieving reliable
and prompt communication within a trunked radio _

35 repeater system having a digitallcontrol channel and
plural working channels, which working channels are



20. A systemas in claim 19, wherein: said assigning neans.includes neans
for incrementing a subaudible signalling count value each IO Tine said .
wor ki ng channel is assigned; and said subaudible ting
neans i ncl udes nmeans for transmitting.,s&hd incre gaﬂﬂi"mlniﬁﬂl mnthln
each of said subaudi bl e updated nessadé%h and nearns orLcom EE
transmtting said subaudible 15 updated nmessages over said mnrklng chagsdel .
21. A syst gBagyridd ¥ Nepordey ee.& S&i %gﬁi&%f%@f@%ﬂegudes means
for incrementing a two-bit ‘subaudi bl e si count val ue each tine said
wor ki ng chmlﬁlse%s%\fgiw ghcomtrol mgra«ws s%atm enkesdage

transm tti RehaFRAS, | ¥ 3 A8ps faRSohPF igiﬁ?sn1tt|ng sai d increnented count
val ue within each of ééflSUbaUdlbl %g ed nessages, and neans for
[

continual I'y trafEAMSiTRF KBEISTHRRI BFEI SR PHeR MBI RIer said wor Ki ng
channel 5 2hannel fﬂy pﬁ% e:migx:s'can neq‘_xeé';céﬁgmmd&fm% flfwsther
conprising: neans for subse sm.ttin i ne ssign

| at e ent ry sad‘&l%n T % ¥ %‘ﬁé%n At Xoxd %’e(?nﬁg? ﬁ:l%f GPareR ry of a
called unit 30 smslﬁnirl@ssmldimmla spedifii¢ avodsbngnoieamnelgtal s to an
ongol ng Wor, iréﬂ F£A006] 5 $AITIN £ A&’“tozgt 1éa$¥5&“r‘<§”h€é z]Q?OPSd% claims 18

to 22, furt conpri sing: neans rom ing unit on the
35 assi gnedﬂwd'r mmcpmldlml‘aabu@a$1gme9‘édsm3hgeovandsald

10 control_channsl,

means for passing digital assignment confirmation
signals over said assigned working channel between said \_}
control site and at least one of said radio units;

means for'réleasing said units'for communication

15 over said assigned working shannel by sending digital

| release signals on said assigned wofking channel in
response to successful passmng of said a551gnment
conflrmatlon signals, _

whe:eln sald_control signals, request signals and

20 assignment confirmation signals_inciude triple data
redundancy and said'assigﬁment signals include six-fold
redundancy of data representing the called party and
the assigned channel, and '

all said digital signals are communicated reliably

25 at'substantiélly 9600 bits per second.

19. A system as in claim 18, wherein said wofking
channel assignment has a certain priority associated
therewith and said system further comprises:

_ means for'transmitting digitél subaudible new

30 channel ass;gnment updated messages on the assigned

working channel, said new channel assignment updated

messages having priorities associated therewith;

. means for monitoring said update messages in each
unit; . _ '

35 means connected to said monitoring means for
detecting the priorities of said moni tored update



111112112121211111121121121121 *C L M S means responsive to said unkeyed
nmessage, for sending, fromsaid control site on said assigne
chartnel, a digital drop signal which causes all units to 1umﬂ"a

t hen- assi gned wor ki ng channel~ 5 thus freeing it for.-i med ’m m””m
assi gnnent. 24. A systemas in one of cl arlﬂé 8 to 23, wher*xeln s
requesyi ng neans conprises: A . neans for sending, froma first radlo uni t

to a control S|mes§agés§hanaontrol channel , request 10 signals including a.
a string of dotting

its to esta E b|t ayg " t redeterm ned word
sync code repeated tTPERS; PRBESC ﬁ g said’detecting mé?n% Et message of
40 bits repeatedespossiVehysdrepphngeeﬁﬁgthenas-ﬂbmgdiworkﬂn@ichannel
identi-fying they a9 ' n r S t
o 1 b Ps. 1 asht ERa ReLdREeR nbdBEatha  GHASL LG ROMNGE llared |
calling unit9 a!nqssage iueatedi te spi@cppeiteringtmeansnipchigher

and cserection €R4A; sggﬂdcgggggnfgfig§§t nlng conprises, B. means for
sending, fromsaid cgatro site to sa {8d|0 unif over said contro
n © aim

channel’, assignnent éPgnafsSYREPBPRg wherein:
said assigning means includes means for

incrementing a subaudible signalling count value each
10 time said working channel is assigned; and
- said subaudible message transmitting means
includes means for transmitting said incremented count
value within each of said subaudible updated messages,
and means for continually transmitting said subaudible
15 updated messages over said working channel.
21. A system as in claim 19, wherein:
said assigning means includes means for
incrementing a two-bit subaudible signalling count
value each time said working channel is assigned; and
20 said subaudible message transmitting means
includes means for transmitting said incremented count
-value within each of said subaudible updated messages,
and means for continually transmitting said subaudible
'.updated.messages over said'working channel.
o 25 22. A system as in one of claims 18 to 21,
further comprising:
means for subsequently transmitting digital
channel assignment late entry messages on the control
- channel to permit the late entry of a called unit
30 specified by said initial'digital assignment signals to
| an ongoing working channel-communication.
'23. A system as in one of claims 18 to 22,
further comprising. )
means for sending, from the calling unit on the
35 assigned working channel, a digital unkeyed message,
and '



30 - a. a predeterm ned word sync cord, b. a pair of _
~assi gnnent nessages, each being repeated three tinmes and having 40 bits

including i. 4 bits identifying the nessage ty )
and type of requested communicati on, ‘t : nmnﬁmmm”"g"cl!# half the
1 bi ‘tﬁ

identity of the calling unit; |||. entifyrnge
call or individual call, 5 I V. 5 bItS I denti fyi ng the

assi gned wor ki ng channel V. r al S |den the call ed group\ﬂ
SRRV ok s o S rorf o

i ndi vi dual unit,
~and correct |semd:laiga, fza:nd saaahs:oﬁmrqjaﬂtegormsarﬂdsessi@ned neans for

sendi ng, from 34 % 1 Sid %f%‘i‘tralt %?-‘0?%1??1%(1 WL aur%[%e%”wd sync

confirmation sig Shct udln a prede
cbde, and bun1t§ denfdnamiafdh %M-@SS@E!’I@& workieg ethannele times

including i thust fli‘ée?.rigd@tt iflor Rthmield] altdP FudtheRS 33 n?t%
li. 2 bits prOV|d|ng frame count for use i.n subseq nt glrece|V|ng -

subaudl bl e di git A4 -nedfyStem@s in one of claims 18 to 2
wherein said requesting means comprise5°

A. means for sending, from a first radio unit to
a control site over the control channel, request
10 signals including ' '
a. - a string of dotting bits to establish
bit sync, : _ . W
" b. a predetermined word sync code repeated
| three times, and
15 c. a request message of 40 bits repeated
three times, each message including
i. 4 bits identifying the message type
and type of requested

- communication,
20 : ii. 11 bits identifying the called
~ unit,
iii. plural bits identifying the calling
o unit, and -

iv. plural bits of BCH error detection o
25 ' and correction data; N/
said means for assigning comprises,
B. " means for sending, from said control 31te to
said first radio unit over said control channel,
assignment signals including
30 a. a predetermined word sync cord,
b. ' a pair of assignment messages, each
being repeated three times and having 40
bits including '
'i._ 4 bits 1dentifying the message type
35 | o  and type of requested
communication,



over the working channel, iii. 1 bit identifying mhetheF*FFGﬁkéd‘25~————~—~

operation is in effect, iv. 1 bit identifying whether a Lvi dua
call is being made, v. plural bits |dena ying the call mnm,w ””m
i ndi vidual unit, and 30 . - iy plural bits=0

detection and correction data; and D. means opérative in response to
recpjpt of said confirmation signals, for sending, fromsaid first unit
over~t he assi gned wor ki ng chaasdel , 6dbgtsabr6§1dan§nonbeﬁgbﬂeﬂhesignals

i ncl udi ng a. a relatlvely Ionger d 112
11111111111111111111111 * kEQK %f %ﬁ% Egllﬁ"% apits
communi cati ons over the morkiﬁgichénhet ﬁdenhefwéhgeuhgroebloa5|adividual
unit, and 5 sai d rel easing sgggusogg h56§’iﬁhiv1§E§fsc?P§rat'Ve in

response to said | onger strlng otting |ts for sending, fromsaid
control sit® over the assignedVwor Ri RdtehaAsBEifyingt therapsageedi gnal s

i nclwdi ng 10 a. a pred@&gﬁﬁgngqawgég sync code, and b. t wo
uni t - keyed/ unnut e nessages, each reqe t.hree tlﬂE% and belng %g glt
messages of the form bits identifying the Ca

group or individual unit, and
vi. plural bits of BCH error detection
10 : and correction data; '
said means for passing comprises,
_ C. means for sending, from said control site
N over the assigned working'chanhei,-confirmation signals
including
15 a. a predetermined word sync code, and
b. a confirmation message of 32 bits
repeated three times including
i. 4 bits identifying the type of
message,
20 ~ ii. 2 bits providing a frame count for
| use in subseqguently receiving
subaudible digital messages sent
over the working channel,
iii. 1 bit identifying whether trunked
U 25 operation is in effect,
iv. 1 bit identifying whether a group
or individual call is being made,
v. plural bits identifying the called
group or individual unit, and
30 : vi. plural bits of BCH error detection
' and correction data; and
D.  means operative in response to receipt of
said confirmation signals, for sending, from said first
unit over the assigned working channel, digital
35 acknowledgement signals including - '
a. a relatively longer string of dotting



. 4 bits identifying the type of 15 nmessage, ii. 2
bits providing a frame count for use in subsequently receiving subaudible
« digital nmessages sent over the working channel 20 i, 1-
bit identifying whether trunked oper at| s in ﬂ“‘ nll“l“‘mllﬂuﬂt of
filler for optional other uses, v. plural bits Iﬂ: call ed 25
unit, and vi. plural bits of BCH error detection*anfl clorrect’i ofi data. ;
A systen1as in one of clainkidd, tgbfibwé&rsyer i ncl uding: 30 neans
for detecting said release signals, and neans responsive to said detected
rel ease signals for ufuti éhﬁﬁﬁﬁﬁ?%ﬂ??ﬁPYﬁ%rt?ﬁewﬁﬁﬁigaeﬁhﬁbﬂﬁlng
channel . 26. A system as |rtanmheﬁcairédﬁgﬁéhﬁ0Q£5in§§v1éUélhﬁﬁitnC|Ud'ng
means for scanning the contt A channel, in a non- al l ed qui escent state
for channel assignnents to each of pIuraI predetern1ned call groups and for
conducti g a comaaid)relensing \@lep repmprdses, with other radio units of
simlar call groyp in g&HONSGe fé%fU%‘¥H(fgﬁgénéeSﬂshsgfénfskgéés'9””9”“’

and neans for tenporaril uspendi ng sal
stri Ag)of dog%ingriits or sending, from said control

site over the assigned working channel, digital release
signals including

10 a. a predetermined word sync code, and
b. two unit-keyed/unmute messages each
- repeated three times and being 32 bit W,
messages of the form '
i. 4 bits identifying the type of
15 g _ . message,
ii.'_z bits providing a frame count for
use in subsequently receiVing
.subaudible digital messages sent
over the working channel,
20 o iii. 1 bit identifying whether trunked
'operation is in effect,
iv. 1 bit of filler for optional other

uses,
| v.  plural bits identifying the called
25 _ - unit, and : .’

vi. plural bits of BCH error detection
_ and'correction data.
25. A system as in one of claims 18 to 24,
further including'
30 means for detecting said release signals, and
means responsive to said detected release signals
for unmuting commnnication over the assigned working
_ channel. ' |
26. A system as in one of elaims 18 to 25,
35 further including;
means for scanning the controi channel, in a non-



function with respect*to all other non-priority call groupsf#e%—a—‘____;___

pregleterm ned tine period upon termnation of a connuniq @”invoIV|n

gi ven call group. 10 . 27. a systemas in claim 26, mwﬂﬂu&"m"m’

predetern1ned call groups are of dlfferent‘pggdeternlned i
~ called quiescent state for channel assignments to each
of plural predetermined call groups and for conducting
a communigue on the working channel with other radio
_ units of similar call group in response to detection of
5 such channel assignment; and _
ig means for temporarily suspending said scanning
function with respect to all other non-priority call
groups for a predetermined time period upon termination
of a communique involving a given call group.
10 27. a system as in claim 26, wherein said
predetermined call groups are of different
predetermined priorities.




