220601 8 TRUNKED RADI O REPEATER SYSTEM This invention is generally directed
to the art of trunked radio repeater systems. It has particular

appl i_cation to such systens using digital control signals transmtted over
a deditated control channel while al so_jusing plural working channel s which
are assigned tenporarily for use by individual radio units. The trunking of. -
radi o repeaters is well-known. Early trunking systens used analog control
signals while sonme. nore recent systens have utilized digital n?

signals. Control signals have been utilized on a dedicated contr £L€£GE1
and/ or on different ones of the working channels for various different
reasons and effects. A non-exhuastive but somewhat representative sanpl i ng
of prior art publlcatlons‘T o - f.-bﬁal prior art trunked
radi o repeater systens i R Be-Sw—oor t No. 3,292,178 -
Magnuski (1966) U.S. Patent No. 3, 458 664 - Adlhoch et al (1969) U. S

Patent N, 3,071, e Tovdichon (497dunt 11 poienbobla 388020 o |
Patent No. 3, d%é?é%ﬁg %ﬁi&eﬁﬁ???ﬁ&ﬁ EYSTRYSY sItpgg@nt No. 3,970, 801 -
Ross et al (lsiidi.)tidnﬂaPap@micd‘onn4 ©01s6EB sysStemshasiagetidlgicadd’77) U. S

Dk, are et SOy =il ot sfbnteLAoGTLeh St kg Bantll” 307

channel wh1le also using plural working channels which

are ass;gned temporar;ly for use by individual radio
&J units. '

The trunking of radio repeaters is well-known.
Early trunking systems used énalog 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 working channels for Vafiods different reasons and

_effects. A non-exhuastive but somewhat répresentative
sampling of prior art publications and patents |
'describing typical prior art trunked radio repeater
systems is identified below: '

| U.S. Patent No. 3,292,178 - Magnuski (1966) |
' U.S. Patent No. 3,458,664 - Adlhoch et al (1969)
U.S. Patent No. 3,571,519 - Tsimbidis (1971)
U.S. Patent No. 3,696,210 - Peterson et al (1972)
_.U.S. Patent No. 3,906,166 - Cooper et al (1975)
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. 4,022,573 - Stackhouse etal (1977)

-~



-2- U S. Patent No. 4,027,243 - Stackhouse etal (1977) U. S. Patent No.
4,029,901 - Canpbell (1977) U S. Patent No. 4,128,740 - Graziano (1978)
U. S. Patent No. 4,131, 849 - Freeburg et al (1978) U.S. Patent No. 4,184,118

- Cannalte et al (1980) U.S. Patent No. 4,231,114 - Dolikian (1980) U. :
Patent No. 4,309,772 - Kloker et al (1982) U.S. Patent No. 4,312,070 - :
Coonbes et al (1982) U. S. Patent No. 4,312,074 - Pautler et al (1982) U S.
Patent No. 4,326,264 - Cohen et al (1982) U.S. Patent No. 4,339,823 - -
Predina et al (1982) U. S.: Patent No-24,347,625 - WIllianms (1982) U. S. :
Pat ent No. 4, 360,927 - Bowen et al (1982) U. S. Patent No. 4,400,585 - Kanen
et al (1982) U. S. Patent No. 4,409, 687 Berti et al (1983) U. S. Patent No.
4,430, 742 -M IU.gkerPatent ¥9984)OZV524Pateﬁtamkh0¢§¢30tias(Jgﬂédlr et al

(1984) U.S. P3jant gPre ﬁ%@;ZE%zg%ikLaeaﬁégﬁg% lélé\ggﬁa;tental N?1984) U. S.

4,450, 573 - hbble %§?8ﬁ%g . Pat ent
Patent No. 4,37 e noky $281948) - Bﬁﬁéﬁiép°aK19§86ne exanpl e of
prior art sw tu:rsa.d rdeent| No epsa1 81, s;stensru/ebﬁ&gaw @1ugi1eyey dedi cat ed

controf Shame) < s{BRENEY RLRNULIG, 2 Kandalale ) (ippspeater site

called unit(slU.s. Ratent e\slot 04 p23tckil4 Ihboa:ikliarm(rmamt ual and potenti al

applications y s patent No. 4,309,772 - Kloker et al (1982)

| U.S. Patent No. 4,312,070 - Coombes et al (1982)

U.S. Patent No. 4,312,074 - Pautler et al (1982) =
U.S. Patent No. 4,326,264 - Cohen et al (1982) |
' U.S. Patent No. 4,339,823 - Predina et al (1982)
U.S. Patent No. 4,347,625 - Williams (1982)
U.S. Patent No. 4,360,927 - Bawen et al (1982)
U.S. Patent No. 4,400,585 - Kamen et al (1982)
U.S. Patent No. 4,409,687 ~ Berti et al (1983)
'U.S. Patent No. 4,430,742 ~ Milleker et al (1984)
U.S. Patent No. 4,430,755 - Nadir et al (1984)
U.S. Patent No. 4,433,256 - Dolikian (1984)
U.S. Patent No. 4,450,573 - Noble (1984)
U.S. Patent No. 4,485,486 - Webb et al (1984)
U.S. Patent No. 4,578,815 - Persinotti (1985)

%

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

There afe mény actual and potential applications
for trunked radio repeater'systems. However, one of
the moré_important applicatidné is for public service

~



for trunked radio repeater systens. However, one of the nore inportant
applications is for public service - 3- trunked (PST) systens. For
exanpl e, one netropolitan area nmay advantageously utilize a single system
of thuhked radio- repeaters to provide efficient radio communications

bet ween i ndi vi dual radio units within nmany different agencies. Each-agency
may, I turn, achieve efficient comrunication between individual units of -
different fleets or sub-units (e.g., thegwlice departnent nmay have a need
to provide efficient communications between different units of its squad
car force, different portable units assigned to foot patrolnen, different
units of det eﬁi-hiﬂi&dolPsaoceyistemgenmraled;drdﬁd | lone nEctedpoleistan may be

tant t t [
(oo 2al1 anfres B pRuBbilasRlEly" Wt g S Tedie Wbk Be U0 05,
t he sanme tinetronked agdm0|esp§ctgrs tnepmqvid}ﬂﬁﬁﬁxqﬂﬁntt#ﬂﬂio
transportati OE?QﬁBﬂEEQEEant Qgt% F IFAVIGRN rddi® UG YRAFCUE

services, etc e in nee sim.lar “conmuni cati on serV|ces As is
wel | - known tomﬁhﬁsélfﬁﬁFPpﬁraﬂﬁpﬁiﬁﬁunkﬁﬁfhtﬁﬁﬂ%FYePﬁ¥ﬂeﬁq TR sl

gumﬁer of radh@lﬁiSQSaE!E‘iciéﬂteEBhﬁiu@ﬁUa\)tzﬁﬂf Bexwedn iidiviahealeeds within
basi 5 bet weonuBFSpBECRLEZRTaRE eokn &5 TSI Gb T s Sofhcially
adapted for police department may have a need to provide efficient
| - communications between different units of its squad car

gwg £orce,'different portable units assigned to foct
patrolmen, different units of detectives 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
‘agencies (e.g., the fire department, the transportation
department, the water departmen%, 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 eff1c1ent1y service all of these needs-
. within a given geographic area if they are trunked
&t (i.e., shared on an "as-needed” basis.between all

potential uhits)-

This inventibn also is especially adapted for
. special mobile radio (SMRi trunked users. Here, an
entrepreneur 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



special nobile radio-(SVR) trunked users. Here, an entrepreneur nmay
provi de -a trunked radio repeater systemat one or nore sites within a given
geographic area and then sell air tine to many different independent | °,
busi nesses or other entities having the need to provide efficient radiG‘f
communi cati on between -4- individual units of their particular

organi zation. In many respects, the=dequirenments of an SMR user are similar
to those of a PST user. In fact, the potential advantages of trunked radio
repeater systens for public services is so well.recognized that an
organ|zat?BﬁlﬁhéﬂﬂlaEnﬁﬁé ehskheiZs pariicnd agt qqﬂﬂﬂ%%%ﬁﬁ%ﬂy muni cat i ons

O ficers, mafig. réégsémesl ythbermamm &t Ral isMR Gosepind€@t i ons Officers)
(APCO) has, de eIo set de5|rable features for such a system
"

conmonl y &HB aﬁs §ﬁ°ﬁﬁcﬁ- SFents.” A conplete listing and
expl anation of such reqU|renents nay be found in avaiiable publications:

known to those hn LQE Akhe gggegkighed@%gﬁ#qaégﬁﬂx”é¥ﬁg¥é |§ éﬂgt any user

nmust have v0|ce c annel access W thin on engagi ng a
push- t o- t B®ReRPEY) s¥RLeER. £oThPybddre sexyicamd® sruNeldspecial ly be net in

emer gencyrétbyat 0ASthataBel bR FaniZAltidh tlﬁﬁiwﬂ hes setd eQUBWIt be able to
actively dro in ayvery short tine frane.

And, of c%ﬁ?g‘é aV\ﬁ@naBF |- % P&Xligs %&%&%:Yi %éﬁ’fﬂ'“é’fifci a(,trié?ﬂél Hi P TSannel

-assignnenlﬁcas(fo:merly the Association of Police COmmunications-
Officers) (APCO) has-devéloped a set of highly
desirable features for such a system COnﬁbnly known as o/
the "APCO-16 Requirements.” - A complete listing and
explanation of such requirements may be found in

S
.

available publications known to those in the art.

One of the APCO-16 requirements is that any user
must have voice channel access.%ithin one-half second
after engaging a push-to—talk'(PTT) switch. This same
requirement must eépecially be met in emergency
situations -- and that implies that the system must be
able to actively drop lower priority users also within
a very short time frame. And, of course, the ability
to quickly and efficiently 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 radioc systems have a*tempted to more
or less "just meet” such APCO-16 requirements of
timeliness. For example, published spec1f1cations'of
one such prior system indicates an ability to achieve
channel update (in a 19 channel system) within 450



soon-as channel usage is termnated is also inportant for efficient usage
of the trunked facility even in non- ener gency situations. Prior trunked
radi ogsystens have attenpted to nore or less “just neet" such APCO- 16
requirenents of tineliness. For exanple,’ publ i shed specifications of one
such prior systemindicates an ability to achi eve channel update (in a 19 .
channel systen) within 450 -5- millisecohds and channel drops within 500

mlliseconds. To achieve this,-it utilises 3,600 bits per-second (bps)
digital signall Pidldpecondseand,ch@nmeli CRORS,WALHLN: SO ALl 1dFesandft el v,

alihgugh tEeoretbcabhie?ethhiAPCGH%@?ﬁﬂgfﬁﬁﬁﬁgﬁb@ ®fitd PRIr restorsdioul d bet
met by such a prior. .s i n,reali e ess Iequirements
are often not #’ @.g(i??& 1};{‘3[ PrE &Cgsg?gé’a&fﬁsé}ﬁ‘%% with the
obvi ousl y adversenetbdcchanhedoneWhébnmundteabLeadm@nhgh.mmmnndtiﬁhlly
signal ling (¢hi ghea oﬁﬁ6b%§hu£¥¥maﬁt%95§¥§%Fb&1R%%s SHUIY De met by

situations). Accordln re s consi room f or | nprovenen

According to a ﬁPF§t3a§Eé9F §V5¢R@rpﬂ@séﬁ@1ﬂﬁvenﬁh9nAﬂgﬁahﬁ|ﬁ#ﬂﬁlﬁﬂ@§§iza
net hod for achi euigad rément's! a&@%mw%&oma&cabw méltl i1y d¢ unked
radi o repeater stem havi ng .a di co chapn and pIuraI wor ki ng
channel s, which rﬁﬁﬁ&néﬁa%ﬁeﬁ¥é£Q§ %;#gj rog ﬁﬁ
i ndi vi dual radi effects sﬁEtheaﬁabyuWn@ﬂwdhLeonﬁgdkaalgmdtrdﬂransn1tted
over 10 . s1gnalling (which are, at best, annoying even in non-
emergency_situations) Accordingly, there is
~ considerable room for improvement.
According to a first aspect of the present
invention, there is provided a method for achieving
15. reliable and prompt communication within a trunked
radio repeater system having a digital control channel
and plural working channels, which working channels are
assigned for temporary use of individual radio units
specified by digital control signals transmitted over
20 the control channel, said control channel carrying
inbound digital control signals from said radio units
to a control site, said inbound digital control signals
having a time-multiplexed format defining discrete
%;f signalling slots, said method comprising the steps of:
25 (a) requesting assignment of a working channel by
passing digital request signals from a first radio unit
to said control site over a control channel inbound
digital signalling slot:; ' _
(b) monitoring said control channel for
30 responsive channel a851gnment signals returned over the
control channel from the control site within a
predetermined expected response time; and
'(c) if no such responsive channel assignment
signals are detected, then (cl) repeating steps (a) and
35 (b) within a retry fime window, and (c2) increasing the
duration of the retry time window as a function of the



20 the control channel, said control channel carrying inbound digital -
control signals fromsaid radio units to a control site; said inbound
digital control signals having a time-nultiplexed format defining discrete
signalling slots, said nethod conprising the steps of: 25 (a) N~
requesting assi gnnment of a working cha | by passing digital request
signals froma first radio unit to saidfctontrol site over a control channel
i nbound di ghtuabesi gfaketegeslot; (b) rmonitoring said control channel for

30 responsive: cggggghig shgngeggcéhgegﬁﬁﬁggtgrn% Feﬁgasgg% control channel

fromthe control h|n a expec response tine; and
(c) if no sunhent$90nsthereh&nnprouédegnnpparstgsaﬁgran@hdswdérbd then

(cl) rep@ﬂfﬁmgwesaﬁa) pi\aﬁlﬁéf?c&mumemoa ge%mnt hn%r%w and (c2).

|ncreaS|ngt uration of e retr time wndowas -a .function of the
number of r%@¢i@sreEEEBPH|ﬁgsFﬁmah§¥éBEdaa§59éFaéfcPﬁ§r$ﬂe§@ﬁPﬁeHvent|on,
there is praﬁadgﬂuﬁamawatusnaoehaﬁhezalnﬁhicnrebrghhg ananaaa@phre

t t hi di di gital
control _chaRRETSnRY EPE HENRBF RFRGUBRLARCALALNAREA LASRBLRY SEHhel o ar e
assi gned fospeeﬂtmedrbyuéégmtalndontdoalsigdaﬁsutransmptteﬁledehy di gital

cont 01181 90RkSchhERsH EhafingY o' sdfa LBReEBY! EfbnAlINRBkryaRL. cOnt ol

channel carryln oun contro g rom sai dio units to a
cont rol sut%nbsund ¢ﬁ96§ﬁa epgtral sdgnpds frgmapaid radio units

to a control site, said inbound digital control signals
having a time-multiplexed format defining discrete
signalling slots, said apparatus compriSing-

15 (a) means for requesting assignment of a working
channel by passing digital request signals over a
control channel inbound Signalling slot,

(b) means for monitoring said control channel for
responsive channel_assignment_signals_returned_over the

20 control channel within a predetermined expected

- response time: | .

(c) means_fOr_repeating said request and
monitoring functions within a retry time window if
there is no detection of such responsive channel '

25 assignment signals; and |

(d) means connected to said repeating means for N\
increasing the duration of said retry time window as a

function of the number of retries.
According to a third aspect of the present
30 invention, there is provided a method:for achieving
reliable .and prompt communication within a trunked
radio repeater system having a digital control channel
and plural working channels, which working channels are
assigned for temporary use of-individual radio units
35 specified by digital control signals on the control
channel, said method comprising the step of:
transmitting a given set_of channel assignment



having a tinme-multiplexed format defining discrete signalling slots, said
appar atus conprising: 15 ~(a) means for requesting assignnment of a
wor ki ng channel by passing digital request signals over a control channel

i nbound signalling slot; (b) neans for nonitoring said control channel for
responsi ve channel assignnent signals retysned over the 20 control channel
within a predeterm ned expected response tifne; (c) neans for repeating

sai d request Lt G L PO hUNEL] £ D tiNad Lpdow i f there
IS no detecti%ﬁg% syJﬁvégé%%%s?égegééﬁ%%?hggf'%Es%%%%%ﬁ%eg%gngp%; and (d)
means connect detertien. efpaachagnetanssignment reeguesttwbighr #8fon of said

retry time w ngoyk asufihgnat £88ryf tihe purbss, Odndetries. According to a
third aspect of the present 30 _i1nvention, there is provided a method for
achi evi ng r¥liabl e HRMFPRSHPE EBRNERTEY: PRFLGH t HP rAWr2E4AReBSr &di 0 repeat er
system havi ng surti¢li el of obheochumbBapnek eived! sich ¥WakheY &8a8ngaAMEntwhi ch
wor ki ng channel s are assigned for .tenporary use of individual radio units
35 specified IRAWEHFt ?sggﬁ??owagﬁgnals on the control channel, said

net hod conpri sing thAecstépngf tot aafieurthi agpecyi ve£ntiset ppésehannel
SSTLOTEN o SRRt cbnebhe B PLESLoB Rk b e ERRCRRIAGLNEC,
time peridd) arelliable and prompt communication within a trunked
radio repeater system having a digital control chaﬁnel
and plural working channels, which working channels are
s .~ assigned for temporary use'of_individual radio units
-specified by digital control signals on the control
15 channel, said apparatus comprising:
transceiver means at a central site for
transmitting and'receiving radio frequency signals over
said control channel and over said working channels;
means for causing transmission of a given set of
20 channel assignment signals over the control channel in
response to the detection of a channel assignment
request which was made during a refry time period, and
means for increasing the retry period in duration as a.
function of the number of times such channel assignment
25 request has been made. | i
_éﬁ - In a preferred embodiment, the present invention
provides substantial improvements both in timeliness
and in reliability of critical control signalling in a
~digitally trunked radio system of this general type. |
30 To begin with, a much higher digital signaliing rate
(9600 bps) is utilised. However, rather than using all
of the increased signalling rate to provide a 9600/3600
= 2.67 improvement factor in timeliness, a large
portion of the increased signalling rate capacity is
35 utilised to'improve signalling reliability. '
Accordingly, the increésed timelihess of 19 channel
ﬁpdating capability, for example, is improved by a




5 increasing - the retry period in duration as a function of the -
number of times such channel assignnment request has been nade. According to
a fourth aspect of the present invention, there is provided apparatus for -
achieving 10 reliable and pronpt comunication within a trunked radi o
repeater system having a digital contrgy «<hannel and plural working

channel s, whi ch worki ng. channel s are as®igned for tenporary use of :

i ndi vi dual fa€terUsift appreximatelyy 1diS8 t(&.geqnt28@ meildridesayds he control

15 channel , _said_a ra [1.S1\NQ,. tir anscei t a central site
f or transmY?fﬁ‘dsaﬂgarg'é'gﬁ'\}%%$P |)0%P}é‘§u%2‘c%yr\é%narﬁ%§%vegr sai d control
channel andiwgeaseddsmmlﬁgnmm;ty[mywrfﬁﬂjﬂm@f}qm slsi on of a
gi ven se R 2910 nd.he agor agannel in
responsest ??ﬁetgg?ggﬁl&ﬁkﬁg charll"?e]T %2' S|a3\r?'rqr'§ngi r-eA(cqtggsl{é)\A%i ch was nade
Cduring a retime;i wdrpupildy, addd ofedhe dgncreaseh Sigpalddnktry period in
duration ascgphefty 28 Qtilided e inpfrdvethes Wilellamasl ofssi gnment 25

request has been pade. In referred e di’ t, the present | tion
provi des suBREBAL; aarPPpP&i t & So&en :I%?} |“}r¥§1qlir?€§'§’ VGFSME iAol 1ity of
~critical comilbisecondsl)i.ng in a digitally trunked radio systemof this
general type . 30 To begin with, ‘a nuch higher digital signalling rate
(9600 bps) is utilised. However, rather than using all of the increased
signalling rate to provide a 9600/3600 = 2.67 i nprovenent factor in
tinmeliness, a large portion of the increased signalling rate capacity is 35
utilised to inprove signalling reliability. ' -



Accordi ngly, the increased tineliness of 19 channel updating capability,

for exanple, is inproved by a factor of approximately 1.58 (e.g., 285

m | liseconds versus 450 n1II|seconds) while the rest of the increased
signaring capacity is utilised to increase 5 the reliability of control
signalling. At the same tine, virtually all of the increased signalling
capacity is utilised to inprove the tinelipggss of channel drop ability
(e.g., 190 mlliseconds versus 500 mllisetonds). As previously
denonstrated by Bell System Technical Journal articles on the AMPS System
(e.g. "Voice and Data Transm ssion", by Arredondo et al, The Bell System
Techni cal Journal , dgoPreydonply demenstratead oy Belb7System) digital data

rates on radi Q’e%'h%ﬁ'&%'ls R eroidtes. 4 the MBS BystdRO(degl) or as
hi gh as the chy nnel @hmndth ermts. The preferred n%odlnent utilizes

t he maxi mum hi %“?‘%‘ﬁsw’%ocp}b&r%?ﬁ?m%9bl ely FhekH
bandwi dt h radBelahs@mdém1muchuﬂdaxx0ouxmaz;ﬂvamanm@J Nogng| | JAguar¢

Cmed atol 5 arPaPt BB o A T TR | 9PER Ve ETF o8 e di8h, Csubeaudi bl e
| ow speed di gichannedisa shoudids deited threxl very hkowot«i gg, c2@@nkerta)i ag user
communi cati oNggSRigh 0% dH channel bandwidth permits. The preferred

: embodiment utilizes the maximum high speed data rates
(e.g., 9600 bps on the typical 25 KHz bandwidth radio
channel) for critical control channel signalling and
contro; signalling on the working channels both
immediately before and immediafely after the user
communication interval. In addition, sub-audible .
low-speed digital data is also utilized on the working
channel during user communications so as to assure
additional signalling rel;abllity -- and to also permlt
implementat;on of additional features.

In the exemplary embodiment, all channels (the
control as well as working channels) are fully duplexed
so that there may be simultaneous in—bouhd and
out-bound signalling on all channels. 1In general, the

;,p( embodiment  achieves reliable and prompt communication
within a trunked radio repeater system having a digital
control channel ahd'plural working channels, which
working channels are assigned for temporary use by
individual radio units as specified by digital control
signals on the control channel.

Channel assignment is initially reguested by a
'calling radio unit passing digital request signals to a
control site over'the active control channel. 1In '



additional signalling reliability -- and to also permit inplenmentation of
additional features. In the exenplary enbodi nent, all channels (the control
as well as working channels) are fully dupl exed so that there nay be

si mul t aneous i n-bound and out-bound signalling onall channels. In general,
t he enbodi nent achi eves reli able and pronpt comrunication within a trunked
radi o repeater system having a digital control channel and plural working
channel s, whi ch working channel s are assigned for tenporary use by

i ndi vidual radio units as specified p@)digital control signals on the
control channel. Channel assignment is initially requested by a calling
radio unit passing digital request signals to a control site over the

active coateokdahaenelith @hannkl AAANGYING ¥y ! ha GEeed 1 pepidebility, a-
controlle hat thg cintng! site assigns a ,pecific then-g;ag%able wor ki ng
channel t 8*EhE®PE{ResCAr S SARATFAE &P Jhanepd IabLlesi gnent

si gnal s owbrkbngdcheaneilhdoc diter alequieates .cominirii ddtei synldndg radi o unit
and the c URE L. d - ki [ nd switch
their tr aﬁé%nggﬁeraigég)a}e?%%&?ﬁ%%ggﬁ%sg\?geﬂrm-tq%oﬁi %?%%e h%\Ilor king = -
channel . geRtsalt changed.t aBotihdhieaicaldiipmiradire unfit mrdctizeiged bet ween

the contrgkjseleunde (at h&%%;?cto%e_o‘cwotﬂﬁx{ﬁa@r&r&ﬁgi SagSidghmedt® calling
unit) over the assjgned working channel. _In response to a successful
handshake®B8R Fﬁgtc their transmitter and receiver operations
over to the préper working channel. Théreafter,
digital handshake signals are again exchanged between ::
the control site and at least one of the radio units :
(e.g., the calling unit) over the assigned working
channel. 1In response to a successful handshake on the
assigned working channel, the central site then
transmits digital release signals over the assigned
workihg channel so as to reléaSe the appropriate units

for communication thereover.

.~ As one techhique for increasing:reliability, the

initial request signals may include three-fold data

redundancy (at least for critical data) while the

channel assignment signals subsequently transmitted _ If;
over the control éhannel may include as much as six ' ' >
fold.redundancy'of data (e.g., at least of critical

data such as that representing the called party and the

assigned chanhel). ‘The handshake signals subsequently
exchanged on the assigned working channel may also

include three-fold data redundancy of at least critical

data. In this manner, some of the increased signalling
capacity made available by the high-speed data_tate

(e.g., 9600 bps) is sacrificed in favor of more |

reliable channel allocation and communication functions



assi gned wor ki ng channel, the central site then transmts digital release
signal s over the assigned working channel so as to rel ease the appropriate
units for communication thereover. As one technique for increasing
reliability, the initial request signals may include three-fold data
redundancy (at least for critical data) while the channel assignnent
signal s subsequently transmtted over thgicontrol channel may include as
much as six fold redundancy of data (e.g;\ at least of critical data such
as that representing the called party and the assigned channel). The

handshake si gnal s_subsequently exchanged on the, assi gped rking channel

may aIso‘incIUde“@ﬁ#@bé%ﬂ%ﬁ(ﬁh@f??ﬁﬂﬁhﬁwﬁﬁpiﬁséﬁgl%ggtAgﬁgfiéal data. In
this manner, R ideridits.ncreased signalling capacity nade avail abl e by
t he hi gh-speed data rate-(e.g., 9600 bps) is sacrificed in favor of nore

reliable channel allocation and comunication functions -- while stil
confortably exceedilitg imdurdr@eggonsinenesets. higher puieritypoailseness

to higher priquily A% & @ﬂiia&%,&éﬂi;e&i AL !uﬁaétarmgaaz%ﬁgate
nessages are also transmtte | over t he assi gned wor K1 ng channe] . ese are
nmonitored in &X€halfa tnansmikted RVen the assioned cWarking. chprdedingl y,

i f a higher pHneFe \aremoritske® i dedéh SONPt Uthén b€ £8dYn§NGAJEHei N A

O O e Kaipgh arie (0 e SaPEGTP! Yo S hE5ngPop 2 bRty t0 @ new
_ call is directed to some unit already engaged in a

_ communication, that unit is enabled to promptly switch

S operations to a new assigned working channel so as to
immediately receive the higher priority call.

- In addition, to accommodate late entry of called
parties to an oﬁgoing'cbmmunication, digital.channel
assignment "late entry” méSSage§_contihﬁé to be
transmitted on the control channel even after a
successful channel assignment'process has been effected
so that late entrants (e.g., those just turning on
their radio, just passing_but of a tunnel or from
behind a building or otherwise béck into radio
communication'aftérlfémporﬁry iﬁféfruption, completion

B, of a higher 6r equal priority call, etc.) may _
nevertheless be switched onto fﬁe'propér aséigned
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



i medi ately receive the higher priority call. In addition, to acconmopdate
|l.ate entry of called parties to an ongoi ng comuni cation, digital channel
assignnment "late entry" nessages continue to be transmitted on the con{rp
channel even after a successful channel assignnment process has been
effected so that late entrants (e.g., those just tutning on their radio,
just ‘passing out of a tunnel or from behind a building or otherw se back
lsnto radi o communi cation after tenporary interruption, conpletion of a

hi gher or equal priority call, etc.) y neverthel ess be swi tched onto the.
proper assigned working channel as QESE as possible. (The late entry
feature, per se, is disclosed in US Patent No. 4649567.) To.effect pronpt’
and reliable term nation of channel . assignnments, when the PTT switch of a
cal ling dunet assigrieshserrking sehasnel dand} ainunkspedseetsage on t he

assi gned Juiddnig W%ié%ké%eé%ﬁ??gggetgtr@ﬁ@pEbﬁQF% By unkeyed

nessage at the control site E ransmtted over the
assi gned avSiigitp ko idnaR| signal is Fﬁﬂ%ﬂmbt ed QVSE he asisdgneder ef r om and

t hus free:otmtngv\mﬂax{mepwr@é wuxﬁﬁeafseen?narop(én\/\hhhtl&e appr eci at ed,
a given radio Iﬂt 4%% auto tlc?% é revert to nDnléorlng the control :
channel J%ﬁﬁ IS AT es stRA d"%ﬁ?k?ﬂgcbﬂﬁﬁﬁ £PTThe system of the'
enbodi nente ass igRERES (ksneﬂlh.ﬁdlgppﬁééﬂ tedynkegiveat eaddecause '
trunk'ngdﬂ¥@'d¥llS%utomatically revert to mon1toring the
control channel upon dropping from an assxgned working on
channel.) . . -’

The system of the embodiment is sometimes termed a
"digitally" trunked system because t;unkinq controel is
effected by,digital'sighals_peesed'pver a continuously
dedicated "control" data channel. All units are
programmed so as to automaticalily reﬁert'to the
predetermined primary control channel upon being turned
on or being reset. 1If the expected control channel
data format is not thefe discovefed, then alternative
possible control channels are successively monitored in
a predetermined sequence until an active control
channel is discovered, In this_menner, the usual _ {f}
control channel apparatus at the central control site
may be temporarily'removed from Service (e.g., for
maintenance purposes) This same. £eature also permzts
continued trunked system operation in the event that
the regular control channel unexpectedly malfunctions
or is otherwise taken out of service.

The exemplary embodlment of this 1nvent10n is
designed in such a way that it meets and, in many
areas, surpasses all of the existing APCO-16
requirements. It may also support available voice



effected by digital signals passed over a continuously, dedicated "control" .
data channel. Al units are .programmed so as to automatically revert to the
predet erm ned prinmary control channel upon being turned on or being reset.-
| f. thé expected control channel data format is not there discovered, then
alternative possible control channels are successively nonitored in a.
predet erm ned sequence until an active control channel is discovered. In
this manner, the usual control channel a ratus at the central control
site may be tenporarily renoved from servi€e (e.g., for naintenance
purposes). This sane feature also permits continued trunked system

operation in the event that the regular control channel unexpectedly
mal functi ons @NGEYRERepnteshnd@ie ikl ke digitatndatachpraipaleabodi nent

of this invenyiqigi€aticdagacshay b Passayinhpieut ofCaha18§0vol BeMBNY
areas, Ssurpasses abg oé t he existing APCO- 16 re uire nts. It nay al so
support avai | St ARELNY 'eﬁ'&’%ﬁ%rf’[ rﬁ?fﬁ'@g’,‘ ﬁﬁgEPB 85180 dat a
ternLngIs édi@Hﬂﬂoﬂataaﬁﬁ;bﬂe pﬁﬁamiﬁﬂcIﬁehueﬁlaﬂﬁlegatmbnepﬂatemdur:ng a
trunked radi oggomEUN io i t t vehi cul ar
| ocation syst gffse%é?g&abpyﬁzﬁftg&)otl%%r aﬁgg#ggfggggugga}légﬁsgg;isee
rel ated copendieipted| copending. applicasion Nogc§8d316903 6220699 hhi ntain

trunked system operation even if the central processor pgppghgeto fail at
the control site. TT, ' - '
maint;in trunked system operation even if the central

processor happens to fail at the control site. If
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. In particular, such digital data
communication will be carried out at a rate
accommodated within'the'eXistiné'audio pass band and
will be trunked just like desired voice ¢ommuni¢atiohs
(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 connected to the
central control site.

“

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

utilized: o
Channel Type Direction Rate
Control Channel  INBOUND 9600 pbs

-Croup Call
-Special Call



digital data is to be conmmunicated between radio units and/or the central
site, then it may be processed through the systemin a nmanner simlar to

anal og voice signals. In particular, such digital data conmunication W
be carried out at a rate acconmodated within the existing audio pass band
and will be trunked just l|ike desired voice comunications (i.e., no

dedi cated digital data communi cati on channels are required). To help
increase reliability of digital dat nmuni cati ons, data transm ssions
(and anal og voi ce transm ssions, as 1) may be voted in voting systens

enpl oying satellite receivers connected to the central control site. In the
exenpl ary enbodi nent, digital §99Eu3| signal ling messages of the follow ng

types are utilized: Channel Type Direction’ Rat e
Control Channel - INBOUWD-StathS Reguest,’Page00 pbs .-G oup Call

- Speci al Call -Status - St al pife RGGHES AP cEbhkoeagy Alert/Goup Call
-1 ndividual Call -Cancel Dynanlcegg roz nén?c egroup - Forced Sel ect

-Dynami ¢ Regroup - Option De3ERd EY° Eﬁﬁaﬁ? Regroup - Option Sel ect
: -Cancel Dynamic Regroup '

~-Dynanic Regroup - Ferced Select

-Pynsainic Regroup - Option Deselect
-bynamic.Regroup - Option Select
—Loqin/Dynamic Regroup Acknowledge -
-Logical ID Request. o/
-Programming Request

 OUTBOUND = . .. | 9600 bps
-Channel Assignment

-Channel Update

-Enable/Digable Unit

-Dynamic Regroup

-Preconfiguration

-Alias I D _

=Unit Keyed /Unkeyed

-fme'genCJ Channel Asgignment _
-Cancel Dynamic Regroup \;}
-Dynamic Regroup - Forced Salect
-Dynamic Pegroup - Opt‘onal Deselect

. =Dynamic Regroup - Optional
Select _
 -Assign Group ID An Alias ID
"-Assign Logical ID An Alias ID
~Status A:Pnowledge/Page
-Time Mark '
-Emercency Channel Update

™~



- Logi n/ Dynam ¢ Regroup Acknow edge -Logical |D Request -Progranm ng Request
QUTBOUND - 9600 bps -Channel Assignhnent -Channel Update
-Enabl e/ Di sabl e Unit -Dynamic Regroup -Preconfiguration -Alias | D -Unit
KeyedtUnkéyed - Ener gency Channel Assignnment - Cancel Dynam c Regroup
-Dynam ¢ Regroup - forced Select -Dynam c Regroup - Optional Desel ect
-Dynam ¢ Regroup - Optional Select - -Assi Goup ID An Alias ID -Assign
Logical ID An Alias ID -Status Acknow ed§e/ Page - Ti ne Mark - Energency

Channel Update -Site ID -System Operational Mdde -Site Status -Logi cal
| D Assi gnnment - Progranmm ng Channel-gissd groent Wor ki ng Channel _ | NBOUND.
9600 bps '

-System 0perational Mode

-Site Status

-Logical ID Assignment
-Programming Channel Assignment

Working Channel INBOUND _.5 9600 bps

-Initial Handshake '
-Special Call Signalling

| -Unit ID-PTT and Reverse PTT

g - -Miscellaneous S e
OUTBOUND | | 9600 bps
-Initial handshake
-Channel Drop
-Status_Mgssages

INBOUND . - Low Speed
-Confirm Unit PTT '
OUTBOUND ' .. Low Speed

-Priority Scan
-Falsing Prevention

Some of the general features of"the exémplary

'ﬁ - embodiment and expected benefits are summarized below:
FEATURE BENEFIT
' VERY .SHORT AVERAGE © - Practically instantaneous
CHANNEL ACCESS TiME | ‘access doesn't cut off
| syllables. B
Normal Signal Strength Provides operation which
Areas: 280 Milliseconds is faster than most: coded

Weak Signal Areas (12dB squelch systems. -



-Initial Handshake -Special Call Signalling -Unit |ID PTT and Reverse PTT
-M scel | aneous "OQUTBOUND 9600 bps -Initial handshake _
-Channel Drop -Status Messages | NBOUND Low Speed - Confism
Unit PTT OQUTBOUND Low Speed -Priority Scan -Fal sing
Preventi on Sone of the general features of the exenplary enbodi nent and
expected benefits are summari zed bel ow. FEATURE

BENEFI T VERY SHORT AVERAGE Practically instantaneous CHANNEL

ACCESS' TI ME - access doesn'yy cut off syllables. Nornal Signal
Strength Provi des operation ﬂwgch Areas: 280 MI|Iliseconds S
- faster than nost coded Wak Signal Areas (12dB - squel ch systens.

Sinad: 500 MIIliseconds LATE ENTRY M nimzes m ssed -
Shoul d a nsSiinlael:t $00 Millisecardser sati ons, keeps during the period in
which  police up to the mnute, its group is involved in m nimzes
call backs. a conversation, the nobile :
LATE ENTRY : :

Should a mobile turn on
during the beriod in which
its group is involved in

a conversation, the mobile
will automatically be

directed to join that

conversation.
AUTOMATIC CHANNEL SWITCHING Freguency coordination

Mobiles, portables, control of the fleets and |

stations, and consoles subfléets requires

autbmatically switch to no action on the part of

the appropriate channel. ;ny field personnel.
HIGH SPEED CALL PROCESSING Dedicated control channel
Processor assigns unit | provides more rapid

initiating the call, and channel assignments on .
‘all called units, to an larger systems. System 4:;'

appropriate working channel.

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

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

Y

_ Minjmizés missed

conversations, keeps
police up to the minute,
minimizes call backs.

size does not impact
upon channel acquisition
time. Control channel is
available for additional
functions such as status
and unit ID. |

Eliminates the heed for

repetitive PTT operations

by the operator in weak

signal situations.



wi |l automatically be directed to join that conversation. AUTOVATI C CHANNEL
SWTCH NG Frequency coordi nation Mbiles, portables, control of the
fleets and stations, and consol es subfl eets requires automatically
switctfto.  no action on the part of the appropriate-channel. any
field personnel. H GH SPEED CALL PROCESSI NG Dedi cat ed control channel
Processor assigns unit ~ provides nore rapid initiating the call, and-
channel assignnents on all called unitsg 0 an | ar ger systens.

Syst em appropriate worki ng channel. siz oes not imnpact Initial channel
assi gnnment upon channel acquisition conmunication between site tinme.
Gont rol channel ¢i 8o°RBLEGhLE" 13"del AL { oA A Sd s ki doe!
occurs on the tontro “Tunctions such "as stat us Anmer :

and unit | D. (RetrikesR¥erminated upon shcantiens cthe wignalling Calling

unit will system re8B8hiskl.ve PTT operatiygps automatically repeat its
by the operator™in weak request up to eight tines si gnal situations.

if no response is received. Terminating retries also Retries terninated
upon - ShORIENPISABLEI gnal | i ng system r gaptitistage situationsgjme. UNIT
DI SABLE In_hostage situatQ%E%%;T ked uniits can be

these units caﬂrﬁgkaﬁégﬁﬁgﬁ §RA™aRS ndi vi dual & (fﬂQ)EFspecia

disabled on an individual asSigned to a special.
basis. These disabled units

group for communication
continue to monitor the

with the criminals.

Ao control channel and can be Also, with automatic
| polled to determine their’ vehicular location,
status. these units could be
tracked for apprehension.
SUPPLEMENTARY CONTROL Provides user and system
CHANNEL FUNTIONALITY operator with system
In addition to providing manager features not |
channel assignments, the available on other types
control channel is used of‘sYstems.
for: status messages,
fpolling) system status,
. logging, late entry,
A

dynamic regrouping,
system testing and other
system functions.

' GROUP PRIVACY

Each group hears only his

own group, unless
specifically programmed
otherwise. Dispatcher

can override for individual

-

Each group has the same
privacy as having their

‘own channel with the

additional benefits of
being regrouped with
other complementing



basi s.
t he
aut onmt i

these units could be tracked for apprehension.
Rr.ovi des user and system CHANNEL FUNTI ONALI TY

system |
~assi gnne

of systens. for:

entry, d

These disabled units

with the crimnals.
C polled to determne their

n addition to providing
nts, the
status nessages,

contr ol

avai |l abl e on ot
pol li ng, system status,
ynam c regroupi ng, systemtesting and other system functions.

Al so,

ger features not channel

types control channel is used
| oggi ng,

W th-
st at us.

group for communication continue to nonitor

channel and can be

- vehi cul ar | ocati on,

SUPPLEMENTARY CONTROL
operator with

v

GROUP

PRI VACY units or groups Rfcimapilgs hasfunectiome forhemevgentiyars only his

privacy
specific

bei ng regrouped with can override for

units or

agthawyn@iwegi r own group,
ally pfogrammed - -

cam&ugvauﬁnmnbiles

operation QUEUI NG
channel s &R 51 %ﬁ&Qﬁkﬁhﬂ
‘system Babw,reqddsmsquests will

be queued until a channel

becomes available. Unit
requesting a channel w111
be notified to-prevent_
call backs. Members of

groups already in the queue

will not be reentered in
the queue.

DATA COMMUNICATIONS
System has the optional
capability of using 9600
bps data on the working
channels. Data
communications will take
plaée on any.equipped
working channel and they
are trunked, just as
‘voice communication.

VOICE ENCRYPTION
System has the cptional
capability of using
available 9600 baud voice
encryption.
commonly assigned US

i ndi vi dual

(See, e.g.

ratio

own channel
addi ti ona ene |ts of ot herwi se.
- ot her conpl enenti ng

functlomsméunemfﬁeeasaealyaeutkyne

with the
-Di spat cher

rderly entry Wen al

® for busPERESAURS FOR BUEE < w1

system. C;ll requests
are accepfed in the order
they are received except
higher priority users go

to the head of the line.

-~

This feature greatly
énhances,fhe value of the
system because it avoids
the expense of additional
RF channels.

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

O



be queued until a channel are accepted in the order becones avail abl e.
Uni t they are received except requesting a channel w | hi gher
priority users go be notified to prevent to the head of the I|ine.
call backs. Menbers of groups already in the queue will not be reentered in
t he queue: DATA COMMUNI CATI ONS This feature greatly System has
the optional - enhances the value of the capability of using 9600
system because it avoids bps data on the\;&rking ' t he expense of
addi tional channels. Data Rk channel s. conmuni cations wl|
take pl ace on any equi pped working channel and they are trunked, just as -
voi ce conmuni gatj on. VO CE ENCRYPTI VoLce encryption offers
Syst em has the%%ﬁ)‘?'i‘%nago * E'ggée-%grje encryﬁ°&f$ a?lﬁ%éﬁaﬁgﬁvfi ?%n&. usi ng
as for clear veoice—available 0600 bhaud voi ce or micrsvasvesi binksVoi Oalyan
encryption. (See, e.g. _ be passed fro | assigned US
t hrough conventional Parent NO . 4,622,2&?“3}E“ééagggggré¥gd§§ghone
lines or microwave links a@dly nmnor nodifi deded tocthedbase

needed to the g9sg 0178608). station interface.

UNIT IDENTIFICATION
All units are automatically
identified when they
transmit. This is true
regardless of whether the
transmission takes place
on the control channel
or on a wotking channel,
The system is able to
accommodate 4035 discrete
addresses incependent of
fleet and subfleet.

equipment to accommodate
such sophisticated voice
security systems. '
Any mobile can be
upgraded to this systems.
Any mobile can be |
upgraded to this
capability by adding an
external module. No

'iﬁterp§1_§hanges_t9 the

radio are required.
Each unit on each
transmission is
identified by the same
1D regardless of the
agéhcy,'fleet or
subfleet in which he is
currently operating.
4085 is more than twice
the logical number

~of users in a fully

loaded twenty channel

_syStem_;o there is more
than sufficient capacity.



EP- A-0178608) .

station interface equi pment to accommodate

such sophi sticated voice security systens. Any nobile can be upgraded to
this systens. Any nobile can be upgraded to this capability by addi ng Qﬂ—

ext er nal

i nodul e.
| DENTI FI CATI ON

No i nt ernal

transm ssion is identified when they

transmt. This is true

t he agency, fleet or transm ssi
is on the control channel

channel .

| ogi cal MR LAYt e 4095 di scret Statigtigs an 8ystem| |y addresses

Each unit on each Al

currently operating.

changes to the radio are required. UNIT
units are automatically

i dentified by the sane

akes pl ace subf | eet

4095 is_nmore than tw ce The systemis able to

i ndependeri1Dfsystem| pagegmatdohy ishanngsaigeseisunid sildaaet .

system so

atisti oo MOy EAPR, PhATCERNRET or nmdPAR RS Sl ypda A

| ogged. Eamissiom cauvses the undisi ng,

1D, agency, fleet, sub-
fleet, channel, time, site
and list of eites involved
to be logged for manage-

'_ment reports.

TELEPHONE INTERCONNECT

Authorized mobiles have
the ability to place and
receive calls and'patéh
them to individuéls_or
groups of mdbiles'which
may or may not be eqﬁipped

for telephone interconnect.

GROUP PRIORITY ASSIGNMENT

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

group susRigenversus time,
‘as well as many other
system parameters, are
available for tabulation
'and analysis.

All mobiles and portables
in the system can be
interconnected to the
telephone systém. Those
mobiles not specifically
eifuipped for this can'be
patched by their dis-
patcher to maintain
adequate control of
system loading factors.

5ys£em manager can set

'~ individual group

priorities according to
“the criticality of their
service.

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

t he

NG

s peak

| D regardl ess of the regardl ess of whether
in which he
or on a working

(@

-



m ssi'on cause
sub- _ as

s the units group usage versus tine, ID, agency, fl
wel | as many other fleet, channel, tine, site system

parangeters, are and list of sites involved avai l abl e for tabul ation
Iogg@d’for manage- and anal ysis. nent reports. TELEPHONE | NTERCONNECT

Al'l nobil es and portables Authorlzed nmobi | es have

be thé abilit
pat ch t

not specifically groups of nobiles whic

or may not be

pat cher to_naintak?naﬂﬁgué&%ngﬁﬂﬁ;n

PRI ORI TY ASS
i ndi vi dual gr
group (as wel
service. assi
mai nt ai ned by

y to place and "interconnected to the receive calls
el ephone system: Those theEi.o i ndi vidual s or nob
equi pped for this can
equi pped pat ched by their dis- for telephone I nt ercon
Stygm | f@Fd £1 81 EELP
GNVE Syst a%te?:‘gn lgletg |gh%€bpr| ority ]I'evel )
éaﬁesmvr-déael gddress SIom unit wighin jan AgeRcHr of

bragugfg).relet.t hewelvie Biltdd ¥h:@‘ f.ltm;r?mtas h?? rdlétyé fintrhe i S
ri e oW O ra J C nor e a
TS L CEAVE IV ITEIPY o P PR g PECRES el 3

eet,

to be

In the system can

and
iles
be may
nect.

are -

o Each

sily
t he

same priority“ilegékcal ID").t h&hex e gy 1§lyslﬁetm fidr étsermininvagi | abl e to

group addresses within an agency, fleet or subfleet
provides great flexibility such that each agency may
have many dszerent fleet and subfleet structures. '
Furthermore, unit identification is not limited by a
particular fleet and subfleet structure. The 4,096
unit identification codes can be divided among the
subfleets in a manner that best suits a particular
system. '

. Some features of this exemplary system which are
believed to be particularly unigue and advantageous are
summarized briefly below (erder of appearance not
reflecting any order of importance -- nor is this list
to be considered in any way exhaustive or limiting):

a) Widening the'Retry Window

I1f a'requested_working channel assignment is
not achieved; the request is eutomaticaily retried
-- and the time window in which such a retry is
attempted'is'increased ih duration as a function
of the number of.prior:unsuccessful_retries. This
‘significantly deereases the average channel access
time where noise is the real preblem rather than
requeet collisions --_while still providing a
recovery mechanism for'request collision problems
as well. ' |



determ ne the address of a unit within an agency, fleet or subfleet.

bits are avail able to determ ne the i ndividual
its "logical ID"). The use of |1 bits for determ ning groyp
fleet or subfleet provides great flexibility -

.unit (i.e.,

addresses wi'thin an agency,

such that each agency may have many different fleet and subfl eet

structures.

Twel ve

identity of a particular

Furthernore, unit identification is not limted by a particular

fl eet and subfleet structure. The 4,096 unit identification codes can be

di vided anmong the subfleets in a

r that best suits-a particul ar

system Sone features of this exenplary system which are believed to be
particularly unique and advantageous are. summarized briefly bel ow (order of
appear ance noty ef IBtiten] Wew of dBubsidibper sfgnaliingor is this list to be
~considered in any way exhaustive or limting): a) “Wdening the Retry
Wndow I f a requested working channel assignnment is not achieved,
request is autonat iRetther rehan agsing asdbandibleesignddling enilyh such a

retry is attenpy o L CRAReE | RefibAnbAls25atalhBtbl BBulikethe nunber of

prior unsuccessf

retries, This significanfly

t he

cteases the average

channel accesf¥alfe ihampiryed e oreatly spmBbis&y FuCRer than request
coll'isions -- yiduilct 5y idhedkDNG UfWEcBi6REONRAY tEEEAARI EFekOtheequest
col li'sion prot%laejr‘rosriq:sy Ve I{:‘he ‘subaudible signalling capacity

for other uses -- e.g., a priority scan. In the
egemplary.embodimgnt_a two bit subaudible "count”

field for a givgh channgi 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 Pridfitg Cbmhuﬁigge_Fragmentations
by ngamicaliz Altéring Scan Functions
After ihitiating a priority call, a:rédiq
temporarily (e.g., for two seconds) disables the
usual multiple_gfdub scan on the control channel
-- in favor of looking for the highly probable
returned highef_priority call. This reduces the
possibility of getting diverted momentarily into

“an ongoing lower p:iority cbmmunique_—- and also

perhaps missing a frggment of the next higher
priority communique. A similar temporary (e.g.,
two seconds) scan preference (except for priority

‘calls) for a just-previously involved call group

also helps prevent fragmentatidn of non—p:iority
communiques. '

-

"R



b) “Better Use of Subaudible Signalling Rather than using subaudible
signalling only to confirmchannel assignnents, a sinple counter field is
enpl oyed. to greatly sinplify such validity checking functions and to thus
free e majority of the subaudi ble signalling capacity for other uses --
e.g.,'a priority scan. In the exenplary enbodi nent a two bit subaudible
"count" field for a given channel is incremented upon.each new working
assignnent of that channel. Thus, if a:aggio unit observes a change in this
field, it is progranmed to |nned|ately p back to the control channel. c)
M ninizing Priority Cbnnunlque Fragnentatlons by Dynam cally Altering Scan

F ' Af LoLI f
fuo. seconds) di santbs. 1 SEE-E5nErahehd 38 YR Bl O, nnel

-- in favor of | ooking ng_gnm_ntghly probable returned higher priority

call. This reduces the possibility of getting diverted momentarily into an.
ongoi ng lower priority comuni que -- and al so perha%F m. ssin %ifragnent of
the next higher priorit¥h Eoﬁﬁﬁﬁk&ﬂ@ system has v, 8‘

seconds) scan preference (except for prlorlty calls) for a jUSt preV|oust

i nvol ved cal | group also h Leye | RAQNAT. |ty
Connunlques _ %rgnsg1ss &Eu%ﬂ%@tﬁ% e in wﬂ% ﬂjéhé

_ worklng channel is_de-allocated as soon as
the calling unit unkeys, and

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

‘By dynamically insurimg 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 working
channel for drop channel signalling from the

-~ control site. The called units can also be
e positively prévented from ever transmitting on the
| working channel - fhus avoiding multiple keying of
radio units on the working channel.

e) Automatic Addressing of Immediately Returned
' Calls

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



d) Use of Transmission-Trunked Bit in Channel Assignment The trunking
system has two trunking nodes: a) Transm ssion Trunked Modde in which the
working channel is de-allocated as soon as the calling unit unkeys, andjb)
Message Trunked Mbde in which the working channel is de-allocated "n"
seconds follow ng a unit's unkeying, unless another unit keys onto the
channel within such "n" seconds. "n" is called the "hang tine". By _
dynam cal ly insuring that both callgd and calling units "know' that a
transm ssion-trunking node is in eéigﬁt,-the calling unit may i medi ately
revert to the control channel upon PTT release -- thus immedi ately fr.eeing
t he wor ki ng channel_for drop channel signalling fromthe control site. The
called units &ﬁ%%ﬂ%ﬁ)ﬁﬂ?Fi%i%#%kiidpF%v%HF@EagiSﬁiéVePdﬁFaﬁ§nﬁtting on the

mort!ng Cﬂannﬁetuﬂdﬂéigﬂﬂidﬁfﬁbr%%étpéélkfﬁ?n?aeigfiﬁiFhé%?t@ ondtggII
wor ki ng channel .. .e uf omati c [ ing o i atel.y Returne S
Both the cal | %ﬁ%?ciﬂl SRrefFTe /ﬁ&ﬁﬁ%& grgrPagﬁgrw?gadiner gdinitial g
channel assi geenry. ,sisgrsddomds) Taftenl thd just ceppleeedt he calling unit
| D and is enab) | cadl d a. Letur all to the just :
calling radio%éﬁ%ﬁé§§gﬁfgggﬂ f¥ thé g§§§§m 16 RH.th

Transmission Trunked Mode. Not only does this
simplify the necessary call back procedures and
minimize access times, by allpwing greater

application of the Transmission Trunked Mode it

@

also increases the probability of successful
message exchanges -- especially in poor signalling
areas, )

£) 8600 bps Permits "Loose" Sggchronization

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

g) Imgrovéd Channel Drop Signalling

The drop channel signalling is simply an
extended dotting sequence. Therefore, each radio
maﬁ easily simultaneocusly look for drop channel
signalling and channel assignment confirhétions.



switch is depressed within a predetermned period (e.g., 5 seconds) after -
the just conpleted communi que even if the systemis in the Transm ssion
Trunked Mbdde. Not only does this sinplify the necessary call back
procédﬁres and mnimze access tinmes, by allow ng greater application of
the Transmission Trunked Mbde it al so increases the probability of
successful nessage exchanges -- especially in poor signalling areas. f)
9600 bps Permts "Loose" Synchroni zau%ée of higher rate 9600 bps
signalling permts sinplified bit synchronization to be rapidly achieved by
sinple "dotting" sequences (i.e., a string of alternating ones and zeros
101010...). Thus, Thisemgsnsothesdthe kodvfriodf uirt&tmymfers precisely

synchronlzed acr05§mﬁL§1§Q§@9eE§nsgau§ Qobigghngﬁdg

requi rements systemw acilitates a. nDre fault to ant
architecture at theVEEﬁPbéP §PFere§FSigPNﬁP6v 45 MR4% ng The

drop channel S'gnaihhaaihieiyﬁﬂhte&&ufk ehecd; JUHihﬁﬁﬂnsﬂgﬁhlINuqefore
each radi o may easkly si mul tane

k _for, dro chan I|n and
channel assi gnnent *CoAPFRRatFEAS. saﬁgéﬁgﬂ qﬁ?i? sitg nay
nore i medi ately cgighdgs angthenmklimgchmeaj (which each

individual radio will ignore unless properly
addressed to it). As a result, a "loaded” system
(i.e., one vhere existing channel requests are
\_ aiready queued) may drop a working channel within
about only 100 msec -- and immediately reassign it
to a gqueued request. Radios that happen to enter
late into the call being dropped can detect that
fact and properly drop from the channel because of
the ability to simultaneously look for drop
- channel signalling and éhapnel_assignment
confirmation signalling.

h) Féature.Pfogramming

To évoid cumbersome feature programming (and

. _ reprogramming to add features) by factory or |

el distribution'personnel, novel procedures are
employed-which safely permit the end user to
pefform all such "programming." All units are
programmed at the factory to perform all available
functions. A function enable bit map-ggg a unigue
physical ID are together encrypted at the factory
and prbGidéd to the user as "Program Codes." When
the user programs each device, its encrypted
"Program Codes” are input to a Radio Programmer
which, in turn, properly sets the feature enable



avai l able for reassignnent -- and, if "loaded up," imediately interrupt
t he drop-channel signalling to issue fresh channel assignnent confirmation-
signals on the working channel (which each individual radio will ignorgy,
unl ess properly addressed to it). As.a result, a "loaded" system (i.e., one
wher e exi sting channel requests are al ready queued) may drop a working
channel within about only 100 nsec. -- and imediately reassign it to a
gueued request. Radi os that happen to enter late into the call being
dropped can detect that fact and prggsrly drop fromthe channel because of
the ability to sinultaneously | ook drop channel signalling and chapnel
assi gnnent confirmation signalling. h) Feature Programm ng To avoid
cunber sone feature progranm n and repr.ogranmqing to add. features) by
factory or di K% AP p%rEB%RgFFeﬁoﬁ'éF‘gr Y8dfures 2k Wi oyed which
safely permt désoded pligsitalpEDf e~naaldl astghstp Paggrawmed™ Al units are
programmed at .t fachor Yek Q. pDerfor | @availabl e fuynctisans, A function
enabl e bit ma;? {dﬁj aﬁ?ﬁ qui\gﬁﬁyérggrm‘ﬁbegr e%fagagt %@rvlig c?ﬁ%ssed at the
factory and priovielethe ccehbraicrontropilegr witBode sequtisin fide aiser prograns
each deV|ce,|f5bfg§1y ed_"ggggaa?hCQQgs;g%&gfhﬁpg5ﬂélé;f%yg;)F%ogranner
e e , - _

whi ch, in turn, proper Y sets the ature a o
If illegal copying of function enabling Program

Codes occurs, then the same logicai'ID will be
assigned -- and the usefulness of the radio within
the trunked repeater system will be diminished. _ \

i) Double Channel Assignment Handshake -- One
Being on the Assigned Working Channel

A £irst'9600_bps'éhannél assignment =

sigﬂalling exchange occurs on the control channel.

However, a confirmation (iﬂe., a second han&shake)

then occurs on the assigned working channel.
- Thus, it is assured that the desired channel has

been suééessfully assigned and 1ocked'onto before

the central controller unmutes the called units on

the assigned channel. The signalling is such that N
if the channel conditions are unsuitable for
voice, the handshake will fail, thus terminating

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: .



bit map in a connected radio unit -- and the decoded physical ID-- and a
"Just Programed" bit). The "just programmed" radi o device logs into the
central controller with a request for a logical ID-- based on its apparent
physical ID. If illegal copying of function enabling Program Codes occurs,
then the same logical ID w.ll be assigned - and the useful ness of the radio
within the trunked repeater systemw || be dimnished. i) Doubl e Channel -
Assi gnment’ Handshake -- One..Being on.thg.Assigned Wrking Channel A first
9600 bps channel assignnent signal | i ngedXthange occurs on the control
channel . However, a confirmation (i.e., a second handshake) then occurs on
t he assi gned mnrklng channel. Thus, it is assured that the desired channel
has been successfully d@@ﬂ@ﬁ%dlahﬂ a ozéneraht expbapatorycdiagram of a

cantrol ler unnutes fdﬁ? #éﬁ&éﬂ}éﬁegﬂe}hﬂ y8tenJemBoakangel . The signalling.
Is.such that if the annel- conditions are unsuitable for voice, the
handshake wi || fmﬂhi%rﬁB?Qﬁﬁ?ﬁmatlng the call automatically. An enbodi nent

of the present invention, given by may of exanple, will now be descri bed
with reference to the CQ i Is a
general expl-anatory d.§§¥; Pgrﬁnig%P?éﬁfSQ g%éé?eﬁi‘9§%§#5§n%odylng
this invention; central control site (as well as a satellite.
receiver site) in the trunked repeater system of
FIGURE 1;
_x“ ' ' FIGURE 3 is a simplified block diagram of the

general site architecture of the main controller
for the central control site; '

FIGURE 4 is a s1mp11£1ed block dlagram of the
channel architecture used within each channel of
. the central site archltecture shown in FIGURE 3;

FIGURE 5 is a. szmplzfied general block
_ dlagram of a technical mob11e/portab1e radio un1t
to be utilzzed for communication within the
trunked repeater system of FIGURE 1;

FIGURE 6 is a simplified.flowchert of typical
call processing sequence in the exemplary '
embodiment from the perspective of a calling unit;

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

FiGURE 8 iilust:ates the trunked channel
dropping procedure and typical required drop
times;



FIGURE 2 is a sinplified block diagramof a central control site (as well
as a satellite. receiver site) in the trunked repeater system of FlIGURE 1;
FIGURE 3 is a sinplified block diagramof the general site architecturg}of.
the main .controller for the central control site; FIGJRE 4 is a sinplitied
bl ock di agram of the channel architecture used within each channel of the
central site architecture shown in FIGURE 3; FIGURE 5 is-a sinplified -
general bl ock diagramof a technical nobile/portable radio unit to be
utilized for comunication within trunked repeater system of FlIGURE 1;
FIGURE 6 is a sinplified flowchart typical call processing sequence in
the exenplary enbodi ment fromthe perspective of a calling unit; FIGURE 7

is a sinplified flpwgbggtgoge%éyﬂﬂ 13PH00RSSE Ak SEEEe Wi thin a called
unit; FIGURE 8 il lustrate i trunked channel droppj ng procedure and

typi cal requi ?%HtélPSb"f‘l 9"3 GGURETE e RXSPRIATR  FREEeMCy) |

initiation S|§§ahéumgaW1tbpﬂchﬂetmmwﬁﬁEﬁequﬂgﬁmﬂnfg wel | as typical tining
requirenents; FIGURE 10 is a graphical illustration of the control

signalling protocol utilized to initiate and term-nate trunked radio
commini cati ons on FIGURE 10 is a graphical illustration_of the

control signalling protocol utilized to initiate
and termiﬁate_t:unked radio communications on
either an individual or group basis in the
exemplary system; and

O

FIGURE 11 is a simplified flowchart of
" suitable computer prograhs which might Be utilized
at thé site controller, the callinglunit and the
called unit so as to achieve the signalling
protocel of FIGURE 10.

An exemplary trunked radio repeater system

emboaying this invention is generally depicted at

FIGURE 1. As illustrated, individual units of various

groups communicate with each other (both within and

possible outside of their own group) via shared radio -
repeater channels located at a t;unked repeater control ,\?
site 100. The dispatch console 102 may be housed

directly at the'repeatér station site 104 or may be

remotely located via other communication facilities

106 as will be appreciated by those in the art. There
~also may be multiple dispatch consoles 102 (e.g., one

for each'separate fleet) and a master b: supervisory

dispatch console for the entire system as will also be
appreciated By those in the art.



either an individual or group basis in the exenplary system and FI GURE 11
iIs asinplified flowhart of suitable conputer prograns which m ght be
utili,zed at the site controller, the calling unit and the called unit so as
to aahfeve the signalling protocol of FIGURE 10. An exenplary trunked radio
repeater system enbodyi ng this invention is generally depicted at
FIGURE 1. As illustrated, individual units of various groups conmunicate

wi th each other (both within and possi bl utside of their own group) via
shared radi o repeater channels | ocated trunked repeater control site
100. The dispatch console 102 may be housed directly at the repeater

fS;gF : 9[1_ si't ioé04 Olrrz{éliketiﬁfﬁnmi?dét’ ih@%!ﬂ;fifbﬁ/é&_ﬁ?ﬁémém_ﬁeﬁéi Oln
ilities as , a ciate ose in, the art. ere al so may
be mul tiple d@ﬁéﬁgh 350%3&@ e1‘702'“'{ é".‘ij’.j?l“’?ﬁl R WEER PR OF PRTE| cet) and a
[)mSt er or supgra\gieaaﬁytejixﬁaaio}“emCﬁ%dsa Y00-1 he Rotwiklshetemas will al so

e appreciate t hose 4 n the The ce | o 54 | s _ depl s N
somewhat nor e® ﬁclla}tedf—'l &%E %%ennciotn? ut}ﬁec ?{(}?égvi #’%ﬁeag? ﬁg%éiggfgl lite
recei ver sitespaidallyzEnan |the caninal aite 10R suck|that raddever sites

are displ aced ?‘dﬂﬂéﬁ’@éxﬁkﬁ‘o%ﬁﬁ'bé%@té@ stConthat £REi Gtheseption
may tenporarily b etter "at one or the other of the chosen antepna sites.
Thus,_receive@fé#@Wap@osen-antenna-sites.1 Thus, received signals
- from the satellite sites as well as the central sites
are combined in "voter" circuitry so as to choose the
\ best available signal for control or communication

processes.

At the centfal“site, a tranShitting antenna 200
and receiving antenna 202 (which may sometimes be a
common antenna structure) miy be utilized with
conventional signal combining/decombining circuits 204,
206 as will be apﬁarent to those in the art. The
transmitting and receiving RF antenna circuitry 200-206
thus individually services a plurality of duplex RF
channel transmit/receive circuits included in a
plurality of RF repeater "stations" 300, 302, 304, 306,
| etc. Typically, there may be 20 such stations. Each
=gﬁj statioﬁ transmitter and receiver circuitry is typiéally
controlled by a dedicated control shelf CS (e.g., a
microprocéssor-basédzcontrol circuit) as is also
generally depicted in FIGURE 2. Such control shelf '
logic circuits associated with each station are, in
turn, controlled by trunking cards TC (e.g., further
microprbcessor-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



fromthe satellite sites as well as the central sites are conbined in
"voter" circuitry so.as to choose the best avail able signal for control or
conmuni cation processes. At the central site, a transmtting antenna 2Q9}
and receiving antenna 202 (which nmay sonetines be a common antenna _
structure) may be utilized wth conventional signal conblnlng/deconblnlng
circuits 204, 206 as will be apparent to those in the art. The
transmtting and receiving RF antenna circuitry 200-206 thus individually
sérvices a plurality of duplex RF channel transmit/receive circuits
included in a plurality of RF repeater "stations" 300, 302, 304, 306, etc.
Typically, there nmay be .20 such st Qns. Each station transmtter and
receiver circuitry is typlcally controlled by a dedicated control shelf -CS
(e.g., a microprocessor-based control circuit) as is also generally

depi ct ed shtEIéhﬁErzilbubKﬂmﬂﬂQRﬁ1Qﬂ&ifbamkpp controllenssbei ated with

each stataggigéggs gyt Yel.a Wﬂéﬁi%l ts*]pﬂ!ggez%gé %’ (e.g., further

m cr opr ocessor | ogic control circC and 406. Al of
the trunkPWEPesedRTRe65E0F Snfmi MRDR 1}/ ThPERRe#EIT Mith 18ith a

prinmary ﬁﬁﬁﬁ-aﬂmtéﬁhbehe4ﬁa Vmiﬁhﬁﬁ |tKEﬂﬁh¥b¥ 4ﬂ8%eﬂ' gﬁ&gary . site
control |l er éand tlonaléﬁ,qél ntr |l ers deS| ed) nay.be a

comer ci aPP§ G982 gﬁlg §Br’¥ iﬂ r%? 11/ 73
pr ocessorw!\thhnleowruroljllemlebsell)terﬁ%téldugdfﬂnhheorra?ﬂiil i®é£t i gence”

control functions may also be incorporated within the
trunking cards 400-406 so as to provide continued
trunked repeater service even in the event that
controller 410 malfunctions or is otherwise taken out
of service. '(Mbre 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 eS8
control (together with one or more dispatcher consoles o
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
digitél 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_froh receivers in



and control capability for the entire systemresides wthin controller 410,
alternate backup or "fail soft" control functions may al so be incorporated
wﬁthLQJthe trunki ng 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 detail on such fail safe features
may be found in concurrently filed application No. 8813169.3 (2206019)). An
optional tel ephone interconnect 414 may Kso be provided to the public
switched tel ephone network. Typically, a system rmanager term nal, printer;

etc., 416 is so proyided for qverall st em _managenent and contr
(together wit ﬁrggg JF§§&tV&Ter”ct%§'(ﬂ%sl alsyjnput s %nd
al arnmi ng faci hppyopwam&yrals'peclﬁvw adtdnd difraleits ed THh eresyies goter”

circuits 502, 4 ar. cted so e lity
of input digi {_ﬁ? vé?ﬁ g°§%%r?a|a§’ea$3'rﬁ% tl?se seecc} i{/ae‘{ﬁ; %%f‘%?ﬁ eﬁﬁgﬁgﬁ%m t he
st rongest andterdochecungs #0406 vlisine dhewfarenfunrther prpeessedhus,
recei ved signgks+heogaiha G?@E@@béﬁ*‘%éﬁ%ﬁﬁge i nput to respective ones of

t he channel - voter circuits 502-508 whil I'tional simlar input signals
are generated fromreceivers in the satellite receiver site 100-1 and

al so input to the ApB&Qthdtyeme‘@a“etﬁa&qe@tﬁreyﬁId’plﬁﬂé sﬂ'&'@ results of the
e ot hey o BrEhS EhERUERo2RES sater o1 dedta \ISHBILAYL A Sh 4 b A 100
_ FIGURE 3. Here, the PDP 11/73 controller 410 is seen
. to communicate over a 19.2 Kilobit link 412 with up to
N~ ' 25 trunking control cards TC controlling respective
duplex repeater circuits in those individual channels.
Another high~speed 19.2 Kilobit link 420 is used to
communicate with the hardware that supports the down
link to/from the dispatch console 102. Other data
communication with the central processor 410 is via
9600 baud links as shown in FIG&RB 3. The central
processor 410 may include, for example, a 128 Kilobyte
code PROM, 1 Megabyte of RAM and 32 DHV-11/J compatible
RS-232C ports. It may typically be programmed using
micropower Pascal to provide a multi-tasking, '
event-driven operating system to manage all of the
 &§ . various data communication ports on an acceptable :;a1

. time basis.

At each controlled repeater channel, the 19.2
Kilobit data bus 412 (as well as that £roh an optional
back-up controller if desired) is monitored by an 8031
processor in the TC module. The TC trunking contfol
module exercises control over the control shelf CS of
~its associated repeater with audio,_signalling} and
control busses as depicted in FIGURE 4, and may



as the valid "received" signals. A slightly nore detailed view of the site
architecture for control data communication is shown in FIGJRE 3. Here,
the PDP 11/73 controller 410-is seen to comunicate over a 19.2 Kilob
-link 412 with up to 25 trunking control cards TC controlling respective
dupl ex repeater circuits in those individual channels. Another high-speed
19.2 Kilobit link 420 is used to conmunicate with the hardware that
supports the down link to/fromthe dispatch console 102. O her data -
comuni cation with the central pr-og or 410 is via 9600 baud links as
shown in FIGURE 3. The central proce$or 410 may include, for exanple, a
128 Ki |l obyte code PROM 1 Megabyte of RAM and 32 DHV-11/J conpati bl e

RS- 232C riswfcany rmséyﬁeeaiw heranegi-amdpwsn@r@vqm@@w Pascal to

provide a jmulti- k|n nt - drlvenngg atlgg SXPQQ nanage all of the
various FROFR ?Bﬂ 8P 8ngna,nLad efital e I“tq P8 basis. At each
controll e(cé.rg.p.eactmd:mch'annel thahendﬁmachbnhrbldbwatMes céhtr@s well as that

from an qpiaiely backs P CORBECRLET 1 b1 deRhRhaleS IO IMAAAY an 8031

processor i Ng contro € exerci ses
control cligtaieutedteontral| plgsrthnt shouddctheadbecpeater with audio;

si gnal | i ignp Yeire08d 'oi tRUfSEacASofefhet 8duhitihgCeRRtbo12 MbdiRe s

typi cal | Iso receive hard-wred |nputs prOV|d|ng cl ock synchronlzatlon
and a "fait/soft” |nd|cat|on
The general architecture of a suitable ' ::

mobile/portable radio unit for _use within the exemplary
system is also microprocessor based as depicted in
FIGURE 5. Here, microprocessor 550 is provided with
suitable memory. 552 énd-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:éhalog audio outputs to the speaker
and accept analog audio inputs from the miérophone.
Auxiliary control over a modem 558 as a digitél
~ 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 pefmit suitable'programmed control o'
over RF receiver 560 and transmitfet 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 afe'aiready genérally
familiar with digitally controlled trunked repeater



(e.g., indicating that normal control by the central controller 410 is not
avai l abl e and that an alternate distributed control algorithmshould then
be ingl emented within each of the trunking control nodules TC). The general
architecture of a suitable nobile/portable radio unit for use within the
exenplary systemis al so mcroprocessor based as depicted in FI GURE 5.
Here, mcroprocessor 550 is provided with suitable memory 552 and

i nput/output circuits 554 so as to intexface with the radio unit display,
keypad, ‘push-to-talk (PTT) switch as meéifgs-audio circuits 556 which
provi de basic analog audio outputs to the speaker and accept anal og audio

I nputs fromthe mcrophone. Auxiliary control over a nodem 558 as a digital
interface (e.gystemsvwith sndmypﬂhomﬁ'wmﬁnﬁmiﬂtunuﬁnﬂ1n§CQﬁVQn types of

digital commupigat, S ﬁ?&H esired. And, of
course, the I?i?gl?ggltggéé%% SO -permt s&?ﬁzg{e pro ran&gd control over
RF recei ver 5eoningliexzssnietcer 36, sMehciexorbi defirdled gnal

conbi ners 564d9§&ﬂbt&\sﬁ-wﬂeqlﬂewé®me@m mzﬁﬁéam M€ ' T MTON

antenna 566 as wll- be a i at ed t hose, t tailed d
i ndept h deschB?VoﬁeSVea §%§ﬁ¥ﬁﬁ1 EqE%%é} ar ‘Qé§§§h?st?ca?2d
system woul d gaggasaki | y theeimvensiioniol m’ucundam;icy,cmmé evemadiowiarr
since those ipet i&i?g@es% %p"’ém%a‘éxﬁie’&%rn%é%xfaaég drfrend tdy A 1Al Y

control |l ed trﬁﬁk S&CAr
protocol utllized to inltiate and terminate calls

, within the system since this is believed to constitute

gﬂ‘ a significant improvemeht (both in reliability and
speed) -- while still £acilitatlng the retention of
many highly desirable system'featu:es and meeting or
exceeding gll APCd-ls requirements.

Call placement begins by the calling unit
transﬁlttlng a special digital channel reqﬁest signal
on the dedzcated control channel to the central site.
In return, the central s;te transmits, outbound on the

- control channel, a special digital channel assignment
_signal. The oalling unit then responds by switching
1mmed1ately to the a551gned working channel where the
central site now sends an ass1gnment confirmation
message (also in high-speed digital form). 1f the
-callihg uhit properly reoeives the confirming signals
on the working channel, then it responds with an
acknowledgment 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 worklng channel) before the central
site releases the called units to begin the requested
communication sesszon on the workzng channel.
Alternat;vely, if during th;s process the calling unit



systens with suitable RF transmtter and receiver circuits, programed
~general purpose conputer controllers, etc., no such exorbitantly detail ed
description is believed necessary. Instead, it would only serve to obscure
the subject matter which enbodies "the invention. Accordingly, the
remai nder of this description will concentrate on the signalling protocol
utilized to initiate and termnate calls within the systemsincethis is-
believed to constitute a significanEﬂtnprovenent (both in reliability and
speed) -- while still facilitating the retention of many highly desirable
system features and neeting or exceeding all APCO 16 requirenments. Cal

pl acementréegivesby éhanfisll 'uﬁaatuai inetsrs&@%motd itMe xororl digital channel

request SI nal f %ge dedi c chon roI Q%#‘ the central,site. In

return, ARR%tr Y §?F339r e IEFHED nel, a

speci al digltahpohanmky auspgndedt (nnge:sls thEhe:haaiﬂemg-equest hen responds

by sw tcmrg@e r@ggl fgegx EBFE'Q Qnﬁqﬁmrzk clJ}q:[ry] the central
SO 1

site now sends an® assSi gnnen rmat IO speed
digital famd)the| ¢alhéneaumﬁgtbsnt revegds| y:of el etk sﬂzﬁ#e rmng

signal's ogotfe wriseeewaaenel inkBREnkt caINONGF Wird) At ow edgment
back to the central site on the wor channel to conple he second -

handshak &R}t erecehges; pey r8ﬁ9°ﬂé§ éﬁ’rt a2 &mrr"(ﬂe%rﬁfé‘fp%ﬁﬁfﬁow one has
taken pl apesponséchundkhagecBeguentel)cf dlte auteneeuitdallwﬁﬁtrselaaases t he
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call request (up to a max;mum of 8 trles) -

The called unit initially resides_in-a standby
configuration where it continually moniﬁors_the'digital
messages appearing on the control channel outbound from
the central site. If it detects a channel assignment
message addressed to it as the called party (or perhaps
as one party of a called group), then the called unit
iﬁmediately switches its 6peratiens onto the assigned
working channel. There, it also detects the
confirmation signsls oﬁtbound on the working.channel
from the central site and, if successfullf confirmed,
awsits a release or unsquelshing'signal on the working i
channel (e.g., transmitted from the central site in ' S’
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 ccnfirming that it is already
operating on the correct channel.

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



recei ves a channel update nessage on the control channel addressed to it,

t hen the channel request call is tenporarily suspended (unless the channel
request under way is an enmergency or higher priority request) and the
cal | Mg unit then reverts to the called state so as to receive the inconing

call. If the calling unit receives no response (or an inproperly conpleted
response handshake sequence), it automatjgcally waits a random peri od before
retrying to successfully place the call uest (up to a maxi num of 8

tries). The called unit initially resides in a standby configuration where
It continually nonitors the digital nessages appearing on the control
channel out boiiadséntnehhsheempniirodi channiefl OC @dt edtep HUhaneltesti gnnent

message addreggedaig bt 85! Ber €1hCGuRRINg (O1e: A ifs ety of a

cal l-ed group), then the ca uni lately switches its operations

onto the assiyAetader kPnyadkarrep. 60de(dncluding ajdiest £QMma confirmation
zlu grcl'cellsSf OH boaeéteeeeagsswt;h{neatc B%ln%%'epf 60 ifiea 1ekidd My | tcﬁ'xel'iﬂd ,-fﬁ]
sfully confirpmed, awaits.a release.or unsquel.ching signal on the
wor ki ng chann@kPiEagion; P\gﬁ§n$9t §8°PP§m%fiﬁ‘€rc %ﬁs Qi“?‘&’ﬁ’ﬂ?"&ponse to
sEccessf ul cosephetblneffeathwrdyhdisc paissled backaltdd reg maritalon t he wor ki ng
channel.). The | Lt _ r i & s ; age - -
gFguaBindhl sE FaBeany’ 169 KR13 OIPMIRC I U TTEFED

typically ner rmn t" 1S already o e correct -
channel . The $P@&)ramring for a calling unit is generally

U If the call regquest ig'not'queuéd, then a test is
made at 608 to see if this particular unit has already
previously been requested as a called party. If so,
then transfer is made at 610 to the called mode of
operation. 1If not, then a check for a returning
channel assignment is made at 612. If 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-cohplete-this particular call.
1f so, then the subroutine is exited at 618. If not,
then the subroutine is re-entered at 600.

If a channel assignment is successfully detected
uggi at either 612 or 604, then the unit operation is _
immediately switched to the assigned working channel at
step 620 and a test for the second succeésful handshake
(confirmed signalling) is made at 622. 1If
unsuccessfully confirmed on the working channel, thén
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, thén the calling'unit'transmits an elongated
sequence of dotting at 624 (e.g., representing the



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 nade at 602 for call queuing. |If queued, transfer is naqgrto
wait- 1l oop 603 (including a test for a detected assignnment at step 604 '
foll owed by a check for expiration of a 30 second tiner at 606 (whereupon
control effectively is passed back to a manual requirenent to restart the
calling process via exit 607). If call request is not queued, then a
test is nade at 608 to see if thi ticular unit has already previously
been requested as a called party. It so, then transfer is made at 610 to
the called node of operation. If not, then a check for a:-returning channel

assi gnneglucce st aledti hdrdsiiké peedVEswed bicackpanbrniiskion, then a
random wait 1S _inter d atdg%? Q@%orqﬁf {gsi‘is nadg ag 616 to see if

ei ght trP&sVRAFE PR Fr{ YD oI UL PR CPTPEPLEREEOBaI 1. 11 so,
then t heseslsiomn hes beeaxiteghettddB. ovér nthe thsightd wobkingi ne i s
re-enter 0 L gr Les SUCEES y.de ted at

ei t her 6%§ag’?1e 0 ;et .reé;’]‘ t he tﬁ?ﬁ}?&e‘?a |on°‘|5§'n|§%w£gi g?g%’ ggvi Fgﬁed to the
assi gned (@ogki-nFcifarmtandard menibering routinefwhicheloeksnfioruccessf ul

handshakeefeadle dredd TP | dwvilich Sai®derhsRi€s hh HARWGeQssfuUlly _
confirmed,on the nggim)channel, then exit will be nade and the call is

term nat 83978

-

Tﬁe.protocol followed by a called unit is
generally depicted at FIGURE 7 (e.g, representing a
suitable computer program for contrelling the unit in
this mode of operation). '

Upon entry, the control channel is simply
monitored at 700 for any "good" message (é.g., one
addressed to this particular'upit). If 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

1 !
4
4

higher priority incoming call is repeated within such - o
period, then an immediate switch to the there-assigned |
working channel is made at 706. 1If signalling'is not

confirmed at 707, then an immediate switch to’

unsquelching (716)'is made and that channel is

thereafter monitored. 1I1f, on the othér.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.



i f the second handshake (e.g., the handshake on a working channel) is
successfully confirmed and conpleted, then the calling unit transmts an
eIongﬂ}ed sequence of dotting at 624 (e.g., representing the successf ul
seco handshake) followed by a transm ssion of voice at 626 (or data if a
di gital communication session has been requested) over the assigned morklng
channel before exit fromthe subroutine taken at 628 (e.g., to a
standard nonitoring routine which Iooks|?%] rel ease of the PTT switch and
transmts an unkeyed signal at 627). The protocol followed by a called unit
is generally depicted at FIGURE 7 (e.g, representing a suitable conputer
program for controﬂﬁnﬁ?tﬂhannﬁl updatﬁsmeﬁﬁigeﬁiep@ehs¢bm¢ atpeP2entry,

the control esnsggalc}é O dHE Ak it o W d ofe oY wil wagO0d" cHRRAeYe

(e.g., one ad resse toth rtlcular unit). nessa e | S-

detected, a cﬁéﬁ%qf%“%éfat tif nets khen retyrr %? ‘HEQSaEJ thet the .
message is of bb@;sniwge of.t Ree %Mir&m%ﬁévgﬁ4 is seprbisert i's

repeated withipn about -., Seco Lf not i nt Q. alled
node is nade. Sﬁﬁé\?&r %é‘éﬂ% hien, "fﬁ“g?‘gYe gﬁ’?’gy l ﬁ‘&b{;ﬁtﬁ €8al | is
repeated- wit hrtmzslacssmred)dqo:t}tmg arhanmeXdi .’memmtth TbOtaadtaecheakm gned

wor ki ng- channgl,.j g, &eogﬂ%ugic@% 5 SoROEWhHKIRY 2l 707,

t hen an |nned|ate tounsq and t channel is
channel is then made at 712. a proper unmuting

message is thereafter also received on that assigned
working channel at 714, then the called unit -
unsquelches at 716. If no- unmuting message is recelved
at 714, then a check for a drop message is made_at 718.
If there is no drop message but high-speed signalling
'is still present on the-working.channel (as detected by
720), then a further cheok is made for the unmute '
message at 714. However, if there is no drop message
and the hzgh-speed 81gnalling has ceased at 720, then
the called unit is nevertheless unsquelched at ‘716.

- At the conclusion of a desired audio oali, the
calling radio transmitter transmits a speciai release
) PTT signal as depicted graphically in FIGURE 8. After
ol a suitable transmission and detection delay period, the
ass;gned 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
ava11ab1l1ty in only 167 mlxllseconds after the release
PTT 51gnal is initiated.

Typ1ca1 t1m1ng of calling protocol szgnals is
depicted graphically in FIGURE 9 where it can be seen _
that typical calling protocol can be completed and



thereafter nonitored. 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 |look for a
unmut e nessage. I f no channel update nessage is detected at 702, then

t he message is checked to see if it was a channel assignnment at 708. If

not, then return is nmade to the beginning of the subroutine. However, if a

proper channel assignnment has been yei ved, then a switch to the aSS|gned
wor ki ng channel is nmade at 710 and eck for proper confirmation

signal ling on the working channel is then nmade at 712. If a proper
unnmuti ng _nessa IS th eafter alsg re ed.on that as mnrking
channel  SC™PR Qﬁﬁﬁ?q SR | TNt ed%%ﬂ%%?éhﬂgrg ng; 6! a no unnut i ng

message wdthdoeiabetitat2904milhisecondeck for a drop nessage is nade at 718.
If there is no drop nessage but high-speed signalling is still present on
t he working channel. (as detected by 720), then a further check is nade for
t he unmut e neSSmse bitt-dievel tpaps of $¢mehe¢beVCnhomesspgmessage and t he

hi gh- spegd r3iad?| (dridd d¥ave £ SPSEEEQ Zf@maii‘fﬂgtf@rﬁa#geﬂgamt | s

‘neverthel ess unsquel ched at, 716, . At concl esired audi o. cal
the cal | PRQtOSR FPﬁhé%??RQﬁc?}%ﬁsﬁ4¥%55?§5%€|ﬁF FLGUREIPTT signal as
depi ct ed Toreahintaidly dharmélREr #nsmi€s cin sostbbahliecbheiagbasi on and -

det ect | OB Aels i bepdife 1S GHE e dBREL "B06"a0DEL LGS RRNTS BY
FIGURE 10. As will be seen, each 40 bit message is -
transmitted three times (including one inverted
transmission where all O's are changed to 1's and vice
versa) and there are two such messages transmitted per
recurring message time "slot." As.will be aﬁpreciated,
the optional dotting prefix (if used)'insﬁres'éontinued
bit synchronization by receiving units and the unique
Barker code permits frame synchronization so as to
define bit boundaries between the 46 bitflevel 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
transm1551on cycle. Of course, if de51red a '
relatively short dotting preflx may be used to even '

further insure contlnued_bzt synchronlzat;on.

Inbound messages on the control channel CC are of
the format 802 shown in FIGURE 10 and may conprzse, for
example, group/ind;vzdual channel assignment requests
transmitted from a calling unit. Here, the dotting
prefix is considerablj longer and the_word'frgming
Barker code is repeatéd three times so as to insure
that the receiving circuits at the central site are



drop channel signal on the working channel. As shown in FIGURE 8, this
results in a typical working channel availability in only 167 nilliseconds
afteribhe rel ease PTT signal is initi-ated. Typical tining-of calling
protocol signals is depicted graphically in FIGURE 9 where it can be seen
that typical calling protocol can be conpl eted and communi cat'i on begun
over the desired working channel w thin about 290 m | l.i seconds. Sone
bit-1evel maps of some relevant nmessage formats (and other rel ated
signalling formats and protdcol) are grﬁ%ﬂkcally illustrated at FI GURE 10.
The control channel transmts an outbou onti nuous transm ssion repeating
the format 800 depicted in FIGURE 10. '‘As will be seen, each 40 bit nessage

is transmtted thre%|t|nes i ncl udi ne | ver 8 Lansn155|on wher e al

0 e grams iy, A 4a8 05 P0re IS 46 H L HRLR3REN(8E5ES
tanggstfegngwntme¢mHEQﬁjaiﬂm§gﬁundaZ£yBI:te"tﬁsnsmiétbé apprematédS t he
optional dot tipdq duzahlvy ( iduitsfite | PR £OILA TLER) R cBYDEREGNAZE! | O DY

recei ving uni s an ‘uni que T per m e~ SYNnchroni zation so
as to define Mtiligesisad & o made tschioincoming fontzehgebannedh ol | ow.

Since the conimeldsagean dHASHd 4 By LEORE TEDSEOEaS! Ol SmERALhgUeHaty. no
dotting prefix_ is needed and byt on tra sm ssj on é the word framn

Bar ker code wt® SFFHa%ESs A rF?°’f?%1?i%rﬁ sHoR €9RFECL Of gourse,

i f desired, achannel occur during the same time slot as outgoing
messages from the central site on the control channel
N ' (as generally indicated by dotted lines in FIGURE 10).

A group call request message format is shown in
expanded scale in FIGURE 10. 1It includes a two-bit
messége type (MT) code (the message-type field may be
extended in a tree-logic fashion to include additiohél
bits as will be appreciated). ?his‘MT4A‘field thus
distinguishes a group call from an individual call, for
example. A type of communications f1e1d comprising
two-bits indicates the type of- commun1cat1on session
being requested. (If desired, a przorlty field of
one-bit also may be used to - indicate if a highest
3 priority emergency call is being requested.) The
ot called identification code of 11 bits (representing

either a grdup or an individual unit) is followed by a
12-bit field representing the identity of the calling
unit ("logical ID"). The 40-bit message concludes with
12 bits of standard BCH code for error detection and
correction purposes as will be appreciated.

The returning channel assignment meséage actually
comprises a two message pair‘also having a format as
shown in expahded_scale at FIGURE 10. The first two -
bits identify the message type (MT) and the next two



relatively short dotting prefix may be used to even further insure
continued bit synchronization. |Inbound nessages on the control channel CC
are of the format 802 shown in FIGURE 10 and may conprise, for exanpl g_gz
gr-oup/ i ndi vi dual channel assignnent requests transmtted froma calling
unit. Here, the dotting prefix is considerably. |onger and the word fram ng
Barker code is repeated three tines go.as to insure that the receiving
circuits at the central site are perly synchroni zed before the 40 bit
nmessages (again with three-fold redundancy) are transmtted. Preferably,
suitable transmssion timng circuits are utilized so-as to nake such

i nconmi ng ko8 ridertbfiyicthect¥pgecef sgaumupicasipn: sessionowhddth - neani ng

that the y@sgquesx@npid€el Nboyadigentiey 8 the eailiply @rarnalg occur
during the sanme tinme slo es fromthé central site on the

as out gol nessa
control CMHhTeRELsSeRMe éPYyaiﬁgféaggatbfigégté&'ﬁ'ne§ﬁﬁh EheURE 10). A
group calmogeostgni ftcanycbibenpeing thansmittedpandohes adlssage F| GURE 10.

It includeg -bit p ) &ad the nessage- e field my be
ext ended ‘?i %’% \r,\g‘g?T%%gsc‘\giggﬁ?%% -Ye'}olg.ygcl‘:ﬁﬁegaéaﬁfrsgﬁgﬁqgﬁfé%pﬁ% Il be
appr eci atksiys are stnangmittedt fnsthesokhgui sffesushgmessagals) .f rom an
| ndi Vi duatné Rdxt (e BPEPELe1 & HBRLOE EQTUHRLHRL Qngrfohgig%mrmn si ng
two-bits 1 ndicates the type of conmunication session being requested. (If
desired, *F A% okpdividual erlyndspinvailvedrapdodhesagsionedhdicate if a
hi ghest working channel is identified by the following 5 bits. '

o The group or ind;vidual identity of the called unit(s) ;)

is contained within the next 12 bits followed by 12

bits of BCH error 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 thé same general form as
the continuous transmissions on the contrel channel CC
exéegt that the message length hés'been reduced to 32
bits on the working channel. Once again, the message
is sent with three-fold_redundancy (one being
inverted). Preferably, the confirmation message is ' =
timed in the working channel so as to be within the
same time slot as messages being transmitted on the
control channel. The format of the 32 bit confirmation
message is also depicted in expanded form at 806 in
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 theréat). One bit is also

|
|
l



priority emergency call is being requested.) The called identification code
of 11 bits (representing either a group or an individual unit) is followed
by a 12-bit field representing the identity of the calling unit ("I ogical

| D')~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 assignnent nessage actually conprises a two message pair -
al so having a format as shown in expand scale at FIGURE 10. The first-two
bits identify the nessage type (MI) "and tHe next two bits identify the
type of conmuni cation session which is to take place. The identity of the

calling unit igevieded RRDriRFtiay iy it kaﬁ:ﬂhﬁléaei&n(eegsiom 48 bhe 6
nost Slgnlflcggﬁc$bdé% eing transmtted.in, one nmess he two- nessage
t

pair while th SathR R SRS % R TTITe 1B TRES8IRer o
such nessagestrufikednexiArarthex tbift el tltbrdorifmna\ttebﬂnaneasggeuaosal | or

Ment 11 ed by iFRE A Gl Far nd He ARy SHBRICLE DOGERRBTGE B2, ¢ 1
cal | ed unit (sinddvisiuadi v thiwiHile tthe mnqzztxbm% tlmelea\bbleéygmupu ts of
BCH error det gt i;quyiGAldiRal il «ade. c%ﬁ@fﬁtﬂ{hreﬂérféli&m& i‘ﬁs' gned

wor ki ng -channel, the central_site transmts a confirmtion nessag

f or mat -804 ouPBG&nd<§h%iﬁPQ&quQﬁ}Qﬂuﬂﬁﬁ3399¥§9ﬁI¢°%%1W5%§rVEHh F? |s of
the same genebdks’ @fMBTH tdt&aoméﬁam&ﬂ/maési&m&@@ethe control

channel CC
\_ _ Once the second handshake (i.e., on the working
channel) has been successfully concluded, the calling
uhit transmits 384 bits of dotting followed by audio
(in the case of a requasted'audib'éommuniéation" )
Session) as is also depicted_at FIGURE 10.

The elongated dotted sequence transhitted 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.
ot Once agaih).the message type code uses the first four

bits while a subaudible frame count constitutes the |
next two bits. The next bit denotes trunked status or
non-trunked status (e.g., reéular hang-time) while the
next bit is effectively unused (e.g., preset to zero in
-all unmute messages) -~ but which may be used for other
optional purposes. The identity of the un:t(s) to be '
unmuted is set forth in the next 12 bits followed by 12
bits of standard BCH error detect;on/correctlon code.



'except that the nessage | ength has been reduced to 32 bits on the working
channel. Once again, the nessage is sent with three-fold redundancy (one

being inverted). Preferably, the confirmation message is tined in the.;,
wor ki ng channel so as to be within the same tinme slot as nessages being
transmtted on the control channel. The format of the 32 bit confirmation
nessage is also depicted in expanded format 806 in FIGURE 10. Here, 4 bits
are devoted to the nessage type code ile 2 additional bits provide a
subaudi bl e frane count useful in fd g and ot herw se decodi ng the | ower
speed subaudi bl e digital data (which will subsequently appear. on the
wor ki ng channel to be nonitored by units residing thereat). One bit is

al so devotAfl €Re | GRREINGIAR Pheac GARINN SEtd PN BREHPHLOBNe which is:
transm S\Q&é)msfmdcﬁanﬁee Wehehchl 1TReS a0 tf lagaier traieiies bit of the

confirmgtio ssage.806.1 dent ( Li es .t pe cal | ei of a group or
an i ndi 3‘7 |?Pvﬂ?Fg1’c‘ﬁe Phliﬁ{"ﬁ'ly 4 ﬁé?aﬂqﬁfqg? cﬂ.é)h*)zrsl ndi vi dual
unit ishxxueeamhivmmhch shehfdhEQangckZihbumdéﬁuiaxadttiﬁg|on message
806 con or, te ode. Once the
second assha e {] iLgQi B?EkggH (ggglﬁnéd) Qﬂ(és(}b eiqéé ssfully
concl udé!# il ket T i hg 'dhli- beanpmrtesza&edt)l @S @irefin |ﬂn311fqﬂéd)wed by audi o
(in the pasg s @ EyeayeSéséhaudl QhECATME ¢3RS Qerds 1S al so :
deplcted at Fl GUR The el ongated dotted sequence transmtted by t he
hree-£fold redundancy (one inuverted) =-- thu
constituting a 32- bit message characterlstzc of dlgltal S
~ messages being transmitted on the work;ng channel. The ~

format of the 32-bit unkey message 810 is also shown in

F;GURE 10. Here, a 4-bit message,type code is followed

by 2 unused bits end 2 bits for a block count. The

identity of the calling unit is set forth in the next

12 bits followed by 12 bits of standard BCH error

detection/correction code

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

channel and revert to the active control channel..

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



calling unit on the working channel constitutes an acknow edgnent of the
successful- handshake sequence and, in response, the central site transmts

an oQépound digital nessage.on the working channel :to positively unmute the .
S .

call unit(s). The format 808 of such an unnmute nmessage is depicted in

FI GURE 10. Once again, the nessage type code uses the first four bits while
a subaudi bl e frane count constitutes the next two bits. The next bit '
denotes trunked status or non:-trunked statds (e.g., regular hang-time)
while the next bit is effectively unusedL@?g , preset to zero in all
unmut e nessages) -- but which may be used for other optional purposes. The

i dentity of the unit(s) to be unnmuted is set forth in the next 12 bits
foll owed by 12 bitBagh progFampedCundty é‘rasd@t @ﬂmw reRteml code. | At
the concl usi OEthm@lCQ@ffl)”h\%%tl't@} TRWide Yh m@mei, the

calling unit again transmts 38 of dott| Ilomed ta bl ocks
of 128 bits eBEAte.padh é‘ﬁéﬁsdét"‘;t#ﬁclg"l%l %]&%t’t'? ?)1 tsAd a 16
bi t Ba][ kerchﬂne(gege%i;bwlw entersthedealfliidersunoutine ba-appthzei at ed)
as prefix fo we It f ich | t

three-fold reégnﬂgﬁ& OFofi& lﬁver’t ed)%%-%?: %?ugpacoens ?f %Sé% %%Q rressage
characteristithdbs dajiliag midempss Iriamgeatrihsnilif stbton ﬂh% lmﬁzYng .

channel . Thecéeﬁﬁai- 9% it 3% U madkdiRdn &P d saidtl Sroshena in
FI GURE 10. massage type co Is followed by 2 upused bits

and 2 blts fothgnbﬁgggeyggﬁp bpone at 1108 (which step 1s directly
taken from test 1102 if a retry is in progress). If .

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

Upon detecting an inbound message, the site
controller will receive and store the channel
assignment request and assign a free working channel at

‘gﬁf step 1200.  1In the exemplary system, a response to an
inbound request may be supplied within a predetermined
delay. The outbound channel assignment messages (i.e.,
a message pair) are transmitted on the control channel -
‘as soon as possible at step 1204'(time-t2). The two
message channel assignment pair is then received 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
s two message pair is successfully received, this will
suffice. As previously explalned if a channel update



identity of the calling unit is set forth in the next 12 bits foll owed by
12 bits of standard BCH error detection/correction code. Finally, in
response to recei pt of the unkey nessage at the central site on the wog ng
channel , an outbound digital nessage on the working channel of a :
super - ext ended dotting sequence (e.qg., 896 to 2816 bits) is transmtted
fromthe central site-as depicted aa*kgz 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 programed events

occurring Aty ddify vdd € ¢ 0PE& OLhgErihhethidh! ARTeRAit! mayd Heh & si@ld ed unit(s)

during a typical_call origination/term nation sequenCe is depicted in the

paral | el %9 Awairked Atst gyming thag ShegrathieFemiasthanderui escent

control ahw@anria rfd3C)amDemépgeney) i nerghar ealiid ehamnedcent state, all units

and the site controller rﬁéiggs ¥g§n'the caIILQ%Synit.enter t.he calling
tor-a |

subrout i FE FYBWMTHe ST 185?narf &Y ﬁﬁhé%ﬁt (ﬁ?to see if
this cal 1I¥RP aricephe imaximanrpumbernof, sibhdsr bave beem er is set to a

maxi mm 3@}&@5 £ théh 41885 e&ﬂ;ﬂggxgpcgﬁrr\ma@gbw%ﬁ anht08 (which

. e,
step is ectly taken fromtest retry is 1n-progress). If the

retry cof¥idy i taken backckenthe €6 omonitar (£ypsywhichi® then a fail ed
acqui si t igtailidderPced tRe JEAEI #h80sdbrohtinedidNi lsddh. lkaken back to the
CcC _ - . .
taken). .

The prccess of loading in a suitable delay before hd
tétrying'may be thought of as a pregressive "wideping"
of the retry window -- in a consciously contrclied
manner. There are three reasons why an_ihbound data
message from a radio would not get a response: (1) the
inbound message was not succeszfully deteCted;.(Z) the
cutbound message was not successfﬁlly detected; or (3)
a collision occurred {two or more mcbiles sent in a
reguest on the same inbound control channel slotj.

Given that a collision has cccurred, unless
mobiles randemly retransmit their reguests, collisions
will continue toc occur. Conseguently, when a radio ‘\;
fails to receive a response to an inbound message, it
waits a "random” pefiod of time to retransmit its
reguest. Jowever, if case (1) or (2) has occurred,
there is really ne reason to randomize the retry,

Unfortunately, the radio cannot determine the cause of
a failed response. |

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



nonitor. On the other hand, if the maxi mum nunber of retries have not yet
.been nmade, then a channel assignnent request is transmtted on the control
chanpel in slot synchronization at 1114 (e.g., at tinme [err] Upon
deteér’ng an inbound nessage, the site controller will receive and store

t he channel assignnent request and assign a free working channel at step
1200. In the exenplary system a response-to an inbound request may be
supplied within a predeterni ned delay. The outbound channel assignnent
nmessages (i.e., a nessage pair) are traangited on the control channel as
soon as possible at step 1204 (time [err The two nessage channel
assignment pair is then received and stored fromthe control channel in the

cal ling unit éigﬁafplﬁélgréhl&e sifice Whlalt Ii%olﬁﬁfe(ye it WREFRGASy WEtO the
maxi mum nunber Of _ sl ots% | f either nessa%%g tmo ness%gfdgaér IS
successful | y FeEEi§8qtakp PLIACA. s§iAcee© “bP&V SURY 8 B A if a
channel updateol1lib$onecehued ciamsehmiissed irgspionmesn raridomigdmg t aken to
a called state (assum.ng request under way is not an

RESSE VABse3u,

emer gency) . 1Fe55VEFi 45¢ $Si-gnitént message has not been received as
tested at 1120 and the maxi mum nunber of slots have been observed, then a

sui tabl e defay is &BaQSQrQEtlit%%sa'iu@Hﬂexd Stk Y st (ehEdHE &R tToN t o

(fromwhich a return entry to the cCall glsubroutlne will soon be taken)
_ takes some correct1ve acti First,

-non-channel-acqulsltlon 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 collision occurs between
a radio sending in a non-channel request message and a
radio sending in a channel request message, the
former's retry rate will be slow enough to guarantee no
chance of a collision with the latter on the next

retry.

Second, the random retry rate varies with the
retry number. The retry algorithm (for channel
acquisition messages only) widens the width of the
retry window with each succeeding retry. This

1&%. decreases the averageé access time in the_prgsence of
noise but still provides a recovery mechanism should
the cause fbr a missed respdnse 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



The process of.loading in a suitable delay before retrying may be thought
of as a progressive "wi dening" of the retry window -- in a consciously
controlled manner. There are three reasons why an i nbound data nessag
froma radio would not get a response: (1) the inbound nessage was not
successfully detected; (2) the outbound nessage was not successfully
detected; or (3) 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 nobiles random getransnmt their requests, collisions
will continue to occur. Consequently, when a radio fails to receive a
fesponse to an i nbound nessage, it waits a "randoni period of tinme to
retransmit itdt eisstis powsbrlei tocvary(theoret2y Windoscwiddh there is
really ngg %améﬁéx?@@”*ﬁé I-Qéei(r_‘é&r%itug}%tx-ugétt%' %n bhaer2di o cannot
determ ne the cause _of a talled response. But, the longer a nobile waits
to retraﬁﬂﬁQEiQrﬁiﬂ%hg%?e%ﬁ%raﬁéfhﬁgeaﬁieSS ti me becomes.in poor
signalling areas since that is where the rmajority of retries take place.

Since often it_js noi and t collisipns that cayse m ssed responses, _
Candom zi ng i Y LG YREKIRY  Chapne T aEs1 FaRent, RS, B8SRem the pr esent
enbodi nentededivesi s etestedcat vil20;) i thenFthet calddnghamid - acqui sition
TeSSA0CS IS Fhida PVELP HEnS' MBI hBL UobRif RAAHAMY T equest
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 SJ
step 1206 at time t3. If the Cpnfirmation_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_abd return is taken to the CC.
monitor. On the other hand, if a proper confirmation
message iS'réceivéd at 1126, then the calling unit
begins to transmit 384 bits of dotting on the working
channel at 1132 followed by voice.transmissions (or .

other desired communication session) at 1134.

Back at the site controller, a check is made at
1208 for the acknowledgment dotting of extended v
duration on the working channel. If it is not

A
o

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 éverything_is working properly)
receivea and stored theltwo-message channel assignment
pair from the contrel channel at time tz (at



Access tinme for the former is not critical (whereas it is for the latter).
So, if a collision occurs between.a radi o sending in a non-channel request
message and a radi o sending in a channel request nmessage, the forner's -
retry~fate will be slow enough to guarantee no chance of a collision with
the latter on the next retry. Second, the randomretry rate varies with the
retry number. The retry algorithm (for channel acquisition nmessages only)

w dens the width of the retry w ndow w.th_gach succeeding retry. This -
decreases the average access tine in thdApesence of noise but stil
provides a recovery nechani smshould the cause for a nissed response be a

col li sion. The referr di nent ses the follo rule: 1st
retry ? §I"‘5'933‘31¥ & HA0Di ffr"ﬁ/ %dﬂr%t?%ﬁf& ig) 488 ot fandom
variability suep&e&eﬁgaﬂeuaoma & Criae agamhunsesim@réztyer meéssageo i s

possible to var%/ ?e oL %svg% ‘%ﬂxdt {%top ¥ tP@sfaSﬁQéVEd bi t

error rate in S gaT & gired er erticlrency Wor ki n
channel assi gtiencaldedanit dobiaksP #avitched to uheoassheneéhe caIIrng

uni t sw t chesJuRdia fcﬂ éatah@m%@m%&bﬁeaflmaaiéé%dand wai t s

to receive a proper conflrmation nmessage on channel at 1126 --

whi ch confi rnihieo? sedsnase "f%rlb’éi‘?]g‘ﬂi‘?%}nf?’édﬂb? ’Pﬁ%pgﬁ e controller at

confirmation thereon at step 1304 (and at time t,.-
Only if the proper confirmation message has been
_ received does the called_unit then look for and receive
AN " the unmute message transmipted from the site controller
| ' on the working channel at time t5 and, in response,
unmutes the receiver of the called unit on the working
channel at 1306.

Puring the ensuing commpnieation session on the
- assigned working channel between the calling and called
uhit(s), the site controller (via the TC's) continues
to send subaudible new channel assignment (and drop)
data to all units on all working channels at 1212 (thus
enabling higher priority calls to be promptly received
and accepted by all units). The site controller (via
) the pfoper TC) also continues to transmit channel
update messages periodically on the control channel at
1214 (e.g., so as to permit late entrants to . )
immediateiy go to the proper working channel).  The
site controller informs all TC's of the channel
assignments and drops and, in response, each TC
generates suitable subaudible signalling for its
channel. '

In existing systems subaudible signalling
typically_is used as a validity check by mobiles. When



step 1206 at tinme [err]. |If the confirmation nessage is overridden by a’
drop nessage as tested at 1128 or by tineout of a preset tinmer at 1130, _
then the calling routine is aborted and return is taken to the CC nonitog.
On the other hand, if a proper confirmation nmessage is received at 112
then the calling unit begins to transmt 384 bits of dotting on the morklng
channel at 1132 followed by voice transm ssions (or other desired ’
comuni cati on session) at 1134. Back the site controller, a check is
made at 1208 for the acknow edgnent ﬁ%;;ing of extended duration on the
wor ki ng channel . If it i.s not receive then exit is taken. However, if it
I's properly._r Y t hen unit - ed ssag are transmtted
out bound Synpﬁ’gq\/ﬁ)sﬁ d‘cah *ngu% %%ni 1g£ru T’?E"ﬁ?lgﬁ? the above has
been tak|ﬁquudmbIQtaignﬂlkinqth mnke(sﬁrevﬁtybelqggssonnthatg properly)
received aad edfﬂg; t&¥br?§$ﬁ£@é€hg@86£ eds *gngﬁgtapgaa fromthe
stanti a

control channel at tine [err] (at sane |ne as the
calling uﬁ|°[u)1da§ﬁi’erﬂ’5t%@ ghamnpl W h‘ﬁa‘ﬂﬂeSSE@Fn’geé?Fﬁer message of

- the two nessage pair is sufficient. ) In response, the called unit is also
switched to the .assigned workin hann at 1302 and has thereafter

noni tored the ddsi gied R8N rﬁﬂgﬁ%? B hEPPYPLEUEoRRi Rrat i on t her eon
at step 1304, (am&kmnq|qhaanIU§m|faihe o opee thefchannebndﬂapsage has

been and get reassigned; or

2) monitoring.the control channel, it v’/
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 charinel, the channel TC
increments its count. Consequently, if a radio sees
the count change, it "knows" if missed a channel drop
seqﬁence. '

As for problem (2), there is a sufficiently high

A

probability of incorrectly decoding outbgund control “\;;
messages on existing systems that a quick way to

redirect radios from channels where they do not belong

is typically prov1ded .To do th1s, subaudible -
signalling typically is used exclusively for this purpose.
However, in the illustrated embodiment, advantage is
taken of the high information rate on the control
channel, and a mobile is required to see én_update
message twice before going to a working channel. There
is a negligible increase in the late entry time, but

the probability of going to.ah incorrect channel is



received does the called unit then | ook for and receive the unnute nessage
transmtted fromthe site controller on the working channel at time [err]
and,;in response, unnutes the receiver of the called unit on the working
chanhél at 1306. During the ensuing comruni cati on session on the assigned
wor ki ng channel between the calling and called unit(s), the site controller
(via the TC s) continues to send subaudi bl e new channel assignnment (and
drop) data to all units on all working channels at 1212 (thus enabling

hi gher priority calls to be pronptly reqei(jed and accepted by all units).
The site controller (via the proper TC) & 'so continues to transmt channel
updat e- nessages periodically on the control channel at 1214 (e.g., so as to

pernmt late entrant nmedi ately go to the proper. wo annel ). The
site control I'é?'rf"ﬁ?i?' ;H“‘T‘é‘ §§of e‘\:ﬁfr?r‘l’éﬁ: b@iﬂ?{é‘ﬁ?gga‘ﬁ% and,
in response, &hsb BE gsedr foes anovithalr puyplesedi.hl @.5.gna Iprngpn‘n:yl ts
channel . In existing systems subaudible signalling typically is used as a

validity checﬁcﬂv nobi | es. Wen a nobile is on a working channel it
noni tors the subaudible signalling to nmake sure it 'bel 6ngs on that channel.

There are at | east atenbepanRtublbrs o Gk i ot fe bRGE! uher e

it does not bel on el ng correctl hin a comuni que on_a wor ki ng
channel , it faFF§S%aneEhFhEnBﬁXHﬁﬂ ofr fhe PTT switch in the calling

unit is detected at 1136 resulting in the sending of an
. unkeyed message on the wofking'channel at 1138 (time
o - 6) 1f in a transmission-trunked mode, the calling
unit may immediately revert to- the control channel --
thus immediately freeing the working channel. In
response, at 1216, the site cohtrollet_redeives the
unkeyed message on the wofking channel and, at 1218,
sends a super elongated dOtting string (896 to 2816
bits on the wo:king channel ét time t7). The called
unit has, of course, also received the unkeyed message
on the working channel at time t6 and, in response, has
already muted the receiver at 1308. The called unit
receives the super-elongated dotting string outbound
from the site controller on the working channel at time.
oo t7 and, in response, reverts-tp the control channel at
. 1310. | '

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

fragmentation.

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



and get reassigned; or 2) monitoring the control channel, it incorrectly
decodes a nmessage and goes to an incorrect channel. Problem (1) is solved
by giving a two bit subaudi ble count to all radios on the channel. Ever,
time a call is placed on a channel, the channel TC increnents its count..
Consequently, if a radio sees the count change, it "knows" it mssed a
channel drop sequence. As for problem (2), - there is a sufficiently high
probability of incorrectly decodi ng @ bound 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

i s used thel priochigyf graup sipsirjuste. c¢hmnnécat1ngthehblIustrated

embodi Mepkopady3at§0ed hig AnH ddeulise gﬁg@&eomﬁt% ake the control

channel le Is reqU|re to see an nmessage tw ce before
goi ng t@baﬁsrﬁﬁﬁﬁiﬁh% intpreal s alﬁe'gMg:eqiéol ﬁa@meésetne:lyt he late

entry tigBankel Ehftoplh@ibaﬂiértoh&i-ﬂﬁi@ﬂié éaerba?%ant (Gh%ﬁel i's

virtuall ellganEQ i res subau can be used for
anot her P¥rPetinitign;is éﬁi ?Y§r5555°r%\yihe‘9 n@Pg GH of the desired
conmuni cabmmunzqaasmn idoourk eon nchefptherPiy grotiph ithet Badda | ing unit

I's detec&gglathél§6ar%%Hﬂﬂﬂgﬁdé]f{gbﬁgggiPgoﬁfaaﬂon-briority
group -- and_would_have its entry into the next
priority gréup communique delayed (priority scan .
typically may take between 1.0 and 1.5 seconds to get _;;
the radio into the priority group) _ _ - -

" Another unigue féature used to minimize communique

fragmentatibn_is a preferehce priority the radio’

automatically assigns to a just-previously'monitored

non-priority group. 1In essénce; if a non-priority

communique is monitored, for tQO'secpnds following the

communi@ué_the radio will ignore all other scanned

calls (except to the priority group of

course)...similarly to priority group communiques. In

addition, the radio always_remembefs the last

non-priority group monitored. Upon returning from a ' S

priority group communique, the radio will prefer the

last non-priority group monitored over any other groups
- being scanned.

In the example below, a '~-' means the grbup is
involved in a communique channhel, and it is assumed
‘that Group A is the priority group and that its
communigques are separated:-by less than 2 seconds:

".’ta'.



unkeyed nessage on the working channel at 1138 (tinme [err]. If in a
transm ssion-trunked node, the calling unit may i mmedi ately revert to the
control' channel -- thus immediately freeing the working channel.

respahée at 1216, the site controller receives the unkeyed nessage on the
wor ki ng channel and, at 1218, sends a super elongated dotting string (896
to 2816 bits on the working channel at tinme [err] The called unit has, of .
course, also received the unkeyed nmessag&yin the working channel at tinme t6:
and, in response, has already nuted the.r®ceiver at 1308. The called unit
recei ves the super Gdoeupga® ed -0ot+i Nng S++#+ng-out bewrd fromthe site
controller on the wor 43 g channel _at_tinme_[err] _and,__in_response, reverts

el "at

to the control chann 1310. A special priority scan sequence. is used

(in the preferred &GHsoR fent) to- Tt Mt T e~ cormunigate ~Fagrent-ati-or--\Wen a
radio unit scans for nultiple groups and a call is nade to its priority
group, the radio agutomatically disables the nultiple -group scan (in favor
of a priority &ﬁﬁh?(wny scan). for .a two second interval upon returning to

the control chapitltorSince BEBAAR PriRAAAY AAOUBARAS | USBEBEMMINICOYG NG, .
the probability is high that another communique will take place within this

interval. If the radio inrediately scanned into another (non-priority)
group call (mhlch by definition is of a lower priority), and another

There is a b1t (i.e., the message/transmission
, trunked bit) in the working channel confirmation
[ " signalling that informs the radios as to whether the
| communique is’ transmzsszon-trunked or message-trunked.
This unique feature offers greater frequency
efficiency.

The calling radio will be on the working channel
and is guaranteed to see the meésage/transmission
trunked bit. 1If the bit is set to "Transmission Mode,"
“the calling mobile knows the_channeilwill be_removed as
soon as it stops transmitting. Consequently, when its
PTIT is released, the calling radio automatically and

- immediately goes back to the control channel; This
gains channel usage efficiency because the working
channel TC can begin channel dfop signalling as soon as
it detects the calling mobile's unkey message. That
is, one does not have to extend the signalling to make
sure the transmitting mobile finishes transmitting,
gets its receiver on 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



communi que then occurs on the priority group, the radio would hear a
communi que fragnent froma non-priority group -- and would have its entry
into the next priority group communi que del ayed (priority scan typically
may take between 1.0 and 1.5 seconds to get the radio into the priority‘J
group). Another unique feature used.-to mnimze conmuni que fragnmentation is
a preference priority the radio automatically assigns to a just-previously
noni tored non-priority group. In es ce, if-a non-priority comunique is
nonitored, for two seconds follomnn§§ e comuni que the radio will ignore
all other scanned calls (except to the priority group of
course)...simlarly to priority group commni ques. In addition, the radio
al ways r edififerentheeassn. nod-fprtiher idommuroiguenist or ed. Upon returning from

a priori tm?g gue- %m@aquq-a&ﬁ% réfyto wild PLP{&s d.mgt gsl%taefa priority

-group noni over otherdgrou bei'ng scanne exanpl e bel ow,
a'--' neﬁﬂskFHeOQr&bp F§ﬁiﬁmﬁ <!Pﬂhins(ﬂh#nm#huhncﬂeﬂhethennd it is

assumed thaktCoe¢RrAal TelspRnive wmarﬂw ﬂ%ﬂ@ﬁtdféﬁ conmuni ques are
separ at ed- bx | ess than, 2 Seconds: - ---- ---- ---- Goup
B ---....Ho% gyg;,_;__;hg_ggmmgg;gpe(§§nﬁ;%95mzssion-trunked
--------- none- of- the- called radios shdill ceveni todnsmit BB e  AAAA AA
A Eggggnedcgggkzng channel. Therefore if the bit is set
to "Transmission” mode, called radios will not be
permitted to key on the working chanriel. This is a very T
useful feature since it prevents radios from keying on

top of each other.

The message/transmission trunked bit thus offers
three system advantages: It makes transmission _ |
trunking more freguency (i.e., ghannel) efficient by
decreasing the channel dfop'tiﬁé'(by a factor of three
from typical prlor systems), it reduces the dead .time
between transmission where users can not key (e.g., on
typical existing systems, if a radio is keyed during
the .5 second drop sequence it must wait until the
sequence is complete), and it offers absolute

'€

protection from radios keying on top of each other on a
working channel.

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



There is a bit (i.e., the nessage/transm ssion trunked bit) in the working
channel confirmation signalling that inforns the radios as to whether the
conmuni que i s transm ssion-trunked or nmessage-trunked. This unique feature
of fers greater frequency efficiency. The calling radio will be on the
wor ki ng channel and is guaranteed to see the nmessage/transm ssion trunked

bit. |If the bit is set to "Transmi ssion Mde," the calling nobile knows
the channel will be renoved-as soon as :é tops transmtting. Consequently,
when its PTT is released, the calling radio autonatically and inmedi ately

goes back to the control channel. This gains channel usage efficiency
because the mn ki ng cha C g cha dro S|gn oon as
it detects th® E%IgPﬁﬁlggﬁflggé gﬁk8§ §s§§ 1fﬁhf dio gbﬁﬁes nOC§have
to extend theradgoabbitonatdcadly smoeeishahter abs wift tthey qaitiailmg fradishes
transmtting, aﬁﬁgtsi#%heefﬁ"rv?{vé@@hc@i“n e %qltéaega*a% Fiser&ébféséédm to

be guarant eed heé channe si gna tected in‘the calling
nobi | e. Radi owithin 5r secendsdof| $bhe| éetstaﬁ"lt ire lease RF (tha Salldng

trunked bit, th 3 aQiQ'.‘I‘.t hﬁ%b}ﬁanc@ﬁlgeﬁrﬂcé Q35 Ahdiviiddde egamuni que is
nmessage- trunke I os that were cal nmus e able. .t &ay t he :
assi gned wor kPﬂﬁkcﬁanﬁEF priginali ra T&P\S'rs arpe’?ﬂg'ﬁs %5 t he
channel drop. ek@yenee:-anbbﬁxeamwumamamussﬂunmtrunkmngxtanmked
therefore better f:equency (i. e.,_channel) efficiency,
during individual calls. It also allows the calling
N radio to contact a called radio and converse with no
channel hang time even thoﬁgh the ca}led radio is not
previously programmed to initiate a.call to the calling
radio. | '

The eignalling in the exemplary embodiment is
extremely efficient, minimizind the channel drop time
and therefore increasing system efficiency. 1It is
unique in that, for example, it is high speed
signalling as opposed to low speed typically used on
all other existing systems. In addition, the '
signallihg_is designed specifically for minimizing.

" message traffic in a distributed architecture site.

Wlthout such novel channel drop 51gna111ng, as the
channel starts droppxng, a message would have to be
sent from the working channel TIC to the control channel
TC (via the site controlierf 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 Bite controller
informing it_of_euch_so-it can reassign the dropped



_none of the called radios should ever transmt on the assigned worKking
channel. Therefore, if the bit is set to "Transm ssion" node, called
radios will .not be permtted to key on the working channel. This is a wé}y
useful feature since it prevents radios fromkeying on top of each other.
The message/transm ssion trunked bit thus offers three system advant ages:

It makes transm ssion trunking nore frequency (i.e., channel) efficient by
decreasing the channel drop tine (by,a factor of three fromtypical prior
systens), it reduces the dead tine preen transm ssi on where users can not
key (e.g., on typical existing syste if aradiois keyed during the .5
second drop sequence it nust wait unt|I the sequence is conplete), and it
offErs abﬁﬁkﬁ:ﬁg mmamelonhénoappadpﬁakeyu npe@igeqo sﬁdileﬁcdhﬂ her on ﬁ
wor ki ng nne a e ar ystem the
calling ?" %&%ses %@ﬁgﬁ@ %g%’%%gg hi Flgﬁ'ét"@o %I to identify
itsel f amiram precessy, tmhaﬂrDOUetaghniqucs alBot Iintan:r os are referred,
via an oy Mti9$d§ﬂén tﬂ‘ésﬁ Bt%l?h 3| ahleiyki ng channel

e.

I
where the confirmation sig a?ﬁ unmite nessage to the

ace
cal | ed r &FReQatO% hﬂ‘%o?rﬁ?@%?’an Ef q‘HS ﬁ?‘gh@ﬁa&&h@é’ﬁﬁ# mati on signal | ing)
al so spediffigrafl 1iteg | €hat ibeteahbmigteadon theewoddilmRd dradineaut omatical ly

stores the Dol PecPHLLGEu0a800n kb HS-ARbeLAEE Furtfigy ool 1 o0

amb1gu1t1es don t permlt a radio to enter late onto the

channel once it is down....or even worse to enter late - Q) :
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
algorithm and timing'of‘whén.thg channel TC sends the
drop channei message to the site controllerL

By making the drop channel slgnalllng 9600 bps
dottlng, not only can the drop channel 31gnallzng be
detected and muted in radios prior to the radio

~ operator hearing the signalling;_bﬁt'the:deteétion :

_(fg

algorithm places a light enough processor loading on
the radios that they can simultaneously look for the
dottxng and for confirmation 51gnalling

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

1) Transmit 100 msec of dotting.

2) Without interrupting the dotting,'send a
channel drop message to the site coritroller.

3) Transmit an'addifional 200 msec of



within 5 seconds of the last PTT rel ease of the calling station, wll
automatically place an individual call back to the original calling. This
capaki ity allows easy user-convenient transm ssion-trunking, and therefore
better frequency (i.e., channel) efficiency, during individual calls. It
also allows the calling radio to contact a called radio and converse with
no channel hang tine even though the called radio is not  previously’ :
programmed to initiate a call to the ¢ pnNg radi o. The signalling in the
exenpl ary enbodiment is extrenely efficient, mnimzing the channel drop
time and therefore increasing systemefficiency. It is unique in that, for

exarr}:): e, iht i s high speaéttignal.l. imta:.a.s. eﬂttmaolufsaeedehgﬁnqaldé used
on all other existing s tion the sjigna esi gne
specifically for ninin1§%h&q§E%§§é§‘ %ﬁ%ﬁqg $F%P%#sfrf§ﬁﬁﬂﬁiarchitecture
site. Wthout such novelrsstigmmentdmessigmdie i neceivedhfrohathel sdittarts
dropping, a nessage-wou%@an%ﬁlgg.be sent fromthe working channel TC to

the control channel TC (via the site controller) stopping al | updates on
the out bound control channel (i.e., those that are referring radios to the

wor ki ng channel nomtaemes:t1mﬁ.@e%1@@:@ffow@w@arb tJ&ﬁeCBé%ael TC woul d
have to send an add |ona e to t he si co r informng it of
such so it ca‘ﬁ°?§§§ acsfp%&fe V%r%‘?&lﬁ’eh’gh ﬁséﬁﬁﬁoﬁg"’&‘c e.
Besi des addltaogaben channel TC: -

N _ 1) Immediately info;m the control channel TC so
' ' it can stop transmitting updates to the
'.workang channel TC.
' 2) Consider the channel immed;ately available-
_ for reass1gnment.

The following.rﬁles are followed by a radio as it
leaves a working channel:

1) For 1/2 second ignbre all channel updates to
- the group and channel of the communigue being
left. '

The follow;ng rules are followed by a radio as it
arrives on a workzng channel-

1) Look for dotting (i.e., of sufficiently long
" duration to constitute a drop channel signal)
and confirmation signalling simultaneously.
2) I1f drop-channel dotting is seen, leave the
' channel. S
3) If confirmation is seen then leave the
channel if the ID is not correct, '



messages within the central site slow ng the channel drop process, such
prior techniques also incur additional |oading on the site controller.

Anot her aspect of the problemis that the drop channel signalling that L§
transmtted on the working channel nust be of sufficient duration to
guarantee that timng anbiguities don't permit aradio to enter late onto
the channel once it is down....or eyen worse to enter |ate ento the channel
after the next call has al ready st d to take place on that channel. The
exenpl ary enbodi nent use uni que drop channel signalling, a unique radio.
~signal ling detection algorithmand timng of when the channel TC sends the
drop channel nessagtherwime sleck comtoother sifnaldkngg ande ddr aywtchannel

signal | i ng 9600 bp%ﬁ%ﬂéé'Ehti%“té&#yt§%8ofb drop channel signalling be
detected and nuted Tn radi oS prior to the radio operator hearing the
signal ling, bé) thdfdsanfizrmtionrsignablingsstopsghoremough-pr.ocessor
~loading on the radigsddeiidd scfgfﬁiaﬂliﬁgeﬁﬂﬁhﬁehooﬁdgﬁ' dotting and
for confirmation Signallju& The _follow ng rules are’followed by a working
channel TC as it drdfRaudible andanmuteg ngec of dotting. 2) Wt hout
interrupting the dotting, send a channel drop nessage to the site

controller. 3 Transmt an.addijio 200 nsec, of dotting...BUT...:
stop it and s%r_&r P'E%ﬁﬁ%% the s{gnyg}ucance og tge net et: ect
of these procedures, consider two cases: (1) when the
channel is not immediately reassigned and (2) when it

is immediately reassigned. - . w

It is only possible for the fadio to enter late
onto the drop channel signalling 100 msec following the
point when the drop channel messageﬁwas.seht to the
site controller. So if the channel is not being
-reassigned,_éllate entering radio will see the
additional dotting'being transmitted and will know to
drop off the channel. On the other hand, if the system
is ioaded (e.g, call requests are queued in the site
controlier) the channel immediafely gets assigned to
the first group in the queue. A radio that attempts to
enter late into the call just dropped will see the

(!

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

‘The bottom line is that dropping a channel in a
loaded systém 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



confirmation message should a channel assignment nessage be received from
the site controller. The following rules are followed by the site
controller when it receives a drop channel nessage from a given channel TC
1) “~mediately informthe control channel TC so it can stop transnitting
updates to the working channel TC. 2) Consi der the channel inmediately
avail abl e for reassignment. The following rules are followed by a radio as-
it leaves a working channel: 1)  For 1/ econd ignore all channel updates
to the group and channel of the connunLé%Eibeing |l eft. The follow ng rules
are followed by a radio as it arrives on a worki ng channel ;. 1) Look for
dotting (i.e., of sufficiently long duration to 'constitute a drop channel
signal) and cqpép’ 8RhhABLSe§gRalllings afid theceddifirnition skt irsnnel

dotting is see ave the_channel. 3) If confirmation is seen then |eave
t he. channel iFP?HiEFEfPES &t correct,  otherwise lock onto the signalling
and do not unnute until told to do so. 4) I f confirmation signalling

stops, or no For an increase in the radio price, the PST radio

manufacturer may program additional of these "features”
into radios. The typical prior way to do this is to
burn a uniqué'PROM'ér an EEPROM at the factory. One
disadvantage of this approach is the expense of
uhiquely programming each radio before it leaves the.
factory -- and it is inefficient to upgrade a radio
should a customer subsequently desire additional
features.

However,_thé_ekemplary embodiment permits one to
eliminate factory programming costs. Since each radio
is programmed in the field (e.é., §roups; systems,
etd.) 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 customer only programs purchased features.

Every shipment of radios that goes to a customer
will have a sheet'of'pape: which lists a set of
Programming Codes and Physical.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

~



signalling is seen on the channel, | ook for subaudi ble and unnute. 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 imediately reassigned. It is only possible for the radio to enter

| ate onto the drop channel signalling 100 nsec foll ow ng the point when the
drop channel . nessage was sent to'th yte controller. So if the channel is
not being reassigned, a late enterisé adio will see the additional dotting
being transmtted and will know to drop off the channel. On the other

hand, if the systemis loaded (e.g, call requests are queued in the site
control | the thlohamdeleﬂMHdt dry the sRadie gPeodgrammer.first group in the

queue. Aelafel thad! pddEN ﬁﬂﬁl é¥o|6§fh% tﬁg ggl! just dropped wll
see the conflrnatlon nessags W t e grouE Pe next cal | starting to-

take pl aBEOgmATREN W ( Qﬁﬁm@%ﬂg ePreWH%tﬁobimﬁhPFne i s that

dr oppi ngfaoﬁhp&wram;iazd m@bmtﬁam& s eSsea&ﬂdloﬁuesﬁseef signal ling
and only the site controll et ggdlos i happen to enter

| at e |nt5"?ﬁ€ iifg 4%f(ﬂ5ﬁﬁ) S AYRLen 93tPase peia the o he radios
ability spstemkmapagers Thir gadiv’m@hysipel | IDonest bee confirmation

signal | geBs #elP 30 brder A ¥t ' A1 uhES LAY BabhbhBe. !N PST
Anytime the Radio Programmer writes data into a

radio, it sets a "Just Pro?rammed“ bit inside the f N\
radio's personality. Whenever a radio is turned on, it
checks that bit. If_sef, the radio will use its
Physical ID to request a Logical ID from the site
controller before allowing its user to communicate on
the t:uaked'system. The site controller will go to the
system manager data base to detéfmine the Logi:ai ID to
be assigned to the radio. Not;ce ‘that if a customer
tries using the same Programmlng ID for programmzng
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
consequence 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 issuihg an updated Ptogramming ID, ambiguities
in programming radios are eliminated (e.g., in existing
systems a radio could be programmed to do something it
was not enabled to do...so when a customer programs it
and it doesn t work he/she cannot te11 whether the



manuf act urer may program additional of these "features"” into radios. The
typical prior way to do this is to burn a uni que PROM or an EEPROM at the
factory. One disadvantage of.:ithis . approach is the expense of uniquely
progrdnmi ng each radio before it |eaves the factory -- and it is
inefficient to upgrade a radi o should a custoner. subsequently desire

addi tional features. However, the exenplary enbodi nent permts one to
elimnate factory programi ng costs.'Singgpaach radio is programmed in the
field (e.g., groups, systens, etc.) by-t ~ustoner, features should be
programmed into the radio at that tine. "The problemis howto control the
programm ng task sufficirently to nmake sure the custoner only prograns
purchased fearadég. igveryosgeysdit Psroragmesl rtthpLeatize A/t omer wil |

Pg\sfe(a sheet a%asmea%whhga hbsEse%i%qt s i@ %Oraymﬁsiesmrﬁxehym c?l
one pair_ for. each radio r ammi en of a
"feature enab?‘%b%;lfﬁap"jﬁﬁ& }'Pg %% W‘%’He ?%f%af%*eﬁ"%&%fﬁo
progranms a rafisonbeéskénoesifiotdngna Bhﬂtyardﬁbug rdﬁ#tﬂuertamﬁeaﬁnthe

radio. To do hiéﬁgpﬁéggglgehggag #Q@cﬁ%%gQﬁﬂﬁl Y en eﬁi&E% |ve of.

the features S purchasé In the
Radi o Progr anfiew. ceepuliershzathesythen er add; G‘i\ﬂ“}lm imethedfie M ogr ammer
whi l e the Programming dee prevents hlniher

Detailed descriptions of the signalling protoceols
_ and formats involved in many different types of call
N - origination sequences are summarized below:

1. Radio Origination, Lo jcal ID Acquisition Sequence

A. | The CC transmits a continuous stream of
control messages which all 1nact1ve mobiles receive.
The messages are sent two messages to a 30-msec frame
in the follow;ng frame format-

Dotting'= 32 bits
Barker = 16 bits (e.g., 11 bits Barker code
plus 5 bits dotting preamble)
Message #1 = 40 bits N
Message #1 (inverted) = 40 bits
Message #1 = 40 bits
Message #2 = 40 bits _
MésSage #2_(inverted) = 40 bits.
. Message #2 = 40 bits

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



from programmi ng di sabl ed features. Second, the user enters the radio onfo
‘the system dat abase via the system manager. The radio's Physical |D nust
be specified in order to get the radio into the database. Anytine the Raglio
‘Programmer wites data into a radio, it sets a "Just Programmed" bit inside
the radio's personality. Wenever a radio is turned on, it checks that bit. .
If set, the radio will use its Physical IDto request a Logical ID fromthe
si'te controller before allowing its user to comunicate on the trunked
system The site controller will gq to the system manager data base to

determ ne the Logical IDto be asst d to the radio. Notice that if a
custoner tries using the sarre Programn ng ID for programm ng different
radi os he/she will end up with the sane_Logical ID in each radio which

means uni que i dent |Wt"&tTo?| la%ﬁﬂb(?r?y-?%)l ost. This is the sane
consequence sufferqdr-m A FUupibse(ecgpj PY1yhe PROM used in existing
"systens. The result s.that one has the | evel of protection, -- while
avoi ding the need t d?ogr%. gﬁl@% ?h'%iga?actory. Addi ng features to a
radi o involves issbelppr=updaitsl Programing I D, ambiguities in.
progranm ng radi os i net ge.9., in existing systems a radio could
be programmed to déﬁggﬁg%% Qﬁ fi1\:/\/as not enabled to do...so when a custoner
prograns it and it RR%Q##?Ywnr%‘¢E¢§he cannot tell whether the radio is

erroneously prograggregitée {asidre is
Failsoft = 2 bits -
Site ID = 6 bits g
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. If desired} and_if_prierity aliows, mobile
optionally transmits a'login request on the control -

(>

channel in synchronism with the received control
channel meesages. The frame form 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



di sabl ed), and no special software is witten in the nobiles...just the
Radi o Progranmer. This |ast benefit is nice since fixing a software bug
rel ati ve 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 protocols and formats involved in many
different types of call origination sequences are sumari zed below |I.
Radi o Origination, Logical |D Acguisitiop Sequence A The CC transnmits a
continuous stream of control nessages wh all inactive nobiles receive.
The nessages are sent two nessages.to-a 30-nsec frame in the follow ng _
frame format: Dotting = 32 bits Barker = 16 bits (e.g., 11 bits Barker code
plus 5 bits dotting predid doddrs wegesdde 1 dlchdeéd dABSSaltows: (i nverted) =
40 bits Message #1 = 40 bits Message #2 = 40 bits Message #2 (inverted) =
40 bits Message #2 = 40 bits B. When nobile power is turned on, it
receives a site ID rress:!@é'ﬁ R thit®ont rol  Channel (CC)in the fol | ow ng
format: M-A = 2. bit B & .3lj¢d-B = 3 bits (e.g.111) MI-C = 4 bits
(e.g.,1110)

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
request message is coded as follows:

MT-A = 2 bits

MT-B = 3 bits

MT-C = 3 bits
Physical ID = 20 bité
BCH Code = 12_bits

D. The control channel responds with a logical
ID asszgnment message.

sgﬁ II. -Radio Call Seggence - Radzo Orlglnation, Groug
: 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-mseq frame
that has the following format:

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

~



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 num
nunber of control channel slots before a control channel responds to an -

i Abound transmission. Channel specifies the channel nunber for the act

control channel. Priority prohibits | biles with lower priority from
transmtting on the inbound controt nnel. Honme site bit specifies
whet her the site IDis the home (=0 or adjacent (=1) I1D. C | f desired,

and if priority allows, nobile optionally transnits a |ogin request on the
control channel |nMggsigam#knﬂmnVérteé)r%céovbdtsontroI channel nessages. .

The frane fornlis Dodd i = 152 bits Barker Code (repeated
t hree tlnes) = 48 bit é%qnc ‘udi n ¢ ???er) Message = 40 bits Message

(inverted) 40 blﬂ?ﬁﬂﬁgﬁnﬁi ppiks  The | ogin message is coded as
fNWMIWA—ZH&y%&rﬁQHum 40 bits

Message #2 = 40 bits

B. Mobile that wishes fo origihaye a'group call
transmits a group channel assignment request'on the
control channel in synchronism with the received
control channel messages. The frame format is as _ .
follows: . : "/

Dotting = 152 bits

Barker (repeated three times) = 48 bits ;
Message = 40 bits | - | |
Message (inverted) —-40 bits

Message = 40 bits

The group call reguest message is coded as
follows:

> MT-A = 2 bits |
 Type Communications (e.g., voice, data, o Y
interconnect or voice privacy) = 2 bits
Not used = 1 bit '
- Group ID =11 bits
Logical ID = 12 bits
BCH Code =12 bits

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



Goup ID= 11 bits Logical ID = 12 bits BCH Code = 12 bits If the nobile
has no logical ID, it wll transmt the logical |ID request nessage The
Iogiqu | D request nessage is coded as follows: MI-A = 2 bits MI-B 3 bits
MI-C =3 bits Physical 1D = 20 bits BCH Code = 12 bits D. The control
channel responds with a logical |ID assignnent nessage. Il. Radio Call .
Sequence- Radio Origination, G oup C‘all.ﬁb Control channel transmts a
continuous stream of control nessages whi ibaﬂl i nactive nobiles receive.
The nessages are sent two nessages to a .30-nsec .franme that has the

Nessage 91 (i nvertod) = 451 cedieE 5FLEE © 40 biis Mbesage 42 40 bits
Message #2 (inverted) = TPpsi Commupdgadiths- (40 it wddce) Mbb2|kitkat
wi shes to originate a grpyp £8bYical ID = 6 MSBs or LSBs

CGroup/Logical = 1 bit

Channel = S bits |

Group ID = 12 bits

BCH Code = 12 bits -

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

- Dotting = 32 bits
Barker = 16 bits -

. Message = 32 bits
Message (inverted) = 32 bits
Message = 32 bits

The group call confirmation message is coded
as fbllows: o '
MT Code = 4 bits
Subaudible count = 2 bits
Message/Transmission Trunking = 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.



transmts a group channel assignnent request on the control channel in
synchronismw th the received control channel nessages. The frane-fornat
is as follows: Dotting = 152 bits Barker (repeated three tines) = 48 hits,
Message = 40 bits Message (inverted) = 40 bItS Message = 40 bits The grbdb
call request nessage is coded as fodb : 2 bits Type .Comruni cati ons
(e.g., voice, data, interconnect or volce prlvacy) = 2 bits Not used =1
bit Goup ID = 11 bits Logical ID 12 bits BCH Code =12 bits C The
control channdf. r edperkiing thaanelamecleizes glutting vendessage pair.

vorce) BRI 0 o LRy ER myte herabdli (ULl 0 Cal U1 bi 0
Channel = 5 bits Goup ID = 12 bits BCH Code = 12 bits

MT Code = 4 bits

Subaudible count = 2 bits

Message/Transmission Trunking = 1 bit

Filler = 1 bit

Logical ID = 12 bits

. BCH Code = 12 bits

Called mobile receives unmute message and

unmutes audio.

G. Active mobiles on other working channels ¢
receive a subaudible channel aqsignment message. '

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

1. Transmitting mobile unkeys and sends a:
non-slotted unkey hessage. Ali-non-slotted_message
formats are: : | .

Dotting = 384 bits

Data Block #3 = 128 bits
Data Block #2 = 128 bits
Data Block #1 = 128 bits
Date Block #0 = 128 bits

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

-~



D. ‘All nobiles of the called group switch to assigned working channel and
receive a confirmati on nessage. Slotted working channel messages are
transqbtted using the following frane: Dotting = 32 bits Barker = 16 bits
Message = 32 bits Message (inverted) 32 bits Message = 32 bits The group
call canfirmati on nessage is coded as follows: MI Code 4 bits Subaudible

count = 2 bits Message/ Transm ssion Trunking = 1 bit Goup/Logical ID=1
bit Goup ID 12 bits BCH Code = 12 bitqp Originating nobile receives
confirmati on nessage and transmts 384 bits of dotting, then audio. F.

Wor ki ng channel receives dotting and transmts two unit-keyed/ unnute

messages. MI Code = 4 bipse udi Pk nt = 2 bits Message/ Transm ssi on
Tr unki ng 1 bit Filler = é%ﬁ? Logégg%ePD = 12 bits BCH Code = 12 bhits

Cal | ed nobile receives UBdIRernpgedeye Afgbits -
Byte 1 = 8 bits

Byte 1 (inverted)
‘Byte 1 = 8 bits
Byte 2 = 8 bits o
Byte 2 (inverted) = 8 bits

8 bits

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

The unkey message-is'ioded'as follows:

' MT Code = 4 bits
Unused = 2 bits .
" Block Count = 2 bits
Logical ID = 12 bits
> BCH Code = 12 bits

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

I11. Rédio Call Sequence-Radio Origination, Individual
- call . | |

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

~



unmut es audi o. G Active nobiles on other working channels receive a -
subaudi bl e channel assignnment nessage. H. Control channel transmts
channel update nmessage for late entry nobiles. |I. Transmtting nobile

unkeys and sends a non-slotted unke ssage. Al non-slotted nessage
formats are: Dotting = 384 bits Datiﬂgfock #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 agd # jdentical - except for a two bit block count -- (each

bl ock isa?‘e"pg"zﬁasresg"#%%r“ﬁ nBE} NS mesRges: ko PO ARSRS ¢ of Fitme Dot ting
16 bits Bhakeha@pkhe 6l bowvingyformmat: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 Byte 4 (inverted%;: -8 bits Byte 4 8 bits The unkey
message i s coded aPIhings= 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

o/
B. Mobile that wishes to originate an individual |
call transmits an assignment request on the control
channel in synchronism'with the received control ’
chanhe;_messages. The frame format is as follows: |
Dotting = 152 bits"
Barker (repeated three timés) = 48 bits
Message = 40 bits S
| Mesgagé (inverted) = 40 bits
cos Message = 40 bits
The individual call request message is coded as : ”zs'

feollows:

MT-A Code = 2 bits

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

Logical ID (caller) = 12 bits

BCH Code = 12 bits



MI Code = 4 bits Unused = 2 bits Bl ock Count

BCH Code = 12 bits J. Wor ki ng channel transm
I

2 bits Logical ID = 12 bits
ts 896 to 2816 bits of
I

dottng to-drop all nobiles fromthe channel. |. Radio Call . o
Sequenice- Radi o Origination, Individual Call A Control transmts a
conti nuous stream of control nessages which all inactive npbiles receive.
The nmessages are sent two nessages to a -jnsec. frame that has the: '
following format: Dotting = 32 bits Bark — 16 bits Message #1 = 40 bits

Message #1 (inverted) = 40 bits Message #1 =40 bits Message #2 = 40 bits
Message #2 (invertgd) = b sgﬁﬁghg' =.4 ' bil e that

W shes to ori inatg an F%giefﬁﬁgﬁhba .tr%%sﬂ?t Qgﬁgagéfgnggnt request on
the control Reliassigament SNannessage ipetrvedCedingod scdnne
messages. Thesfiews.format is as follows: Dotting = 152 bits, Barker
(repeated three tines) = 48 bits Message = 40 bits

MT-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 = 5 bits

Logical 1D = 12 bits

N~ BCH Code = 12 bits
D: Both calling (last logical ID) and called
mobile switch to'assigned wbrking channel and re:eive a -
confirmation message. Slotted working channel messages
are transmitted using the following frame:
Dotting = 32 bits
Barker = 16 bits
Message = 32 bits
Message (inverted) = 32 bits
) ..»"  Message = 32 bits o

The individual call confirmation message is .

coded #s follows:

MT Code = 4 bits

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

Logical ID = 12 bits

BCH Code = 12 bits

~



Message (inverted) 40 bits Message = 40 bits The individual call request

- nmessage is coded as follows: MI-A Code = 2 bits Type Communi cations (e.g.
voice) = 2 bits Logical ID (called)rgfﬁz bits Logical ID (caller) = 12 bits
BCH Code = 12 bits C. The cont1 hannel responds with-a o
channel - assi gnnent two-nessage pair.. Coding is as follows: MI-A Code = 2
bits Type Communications (e.g., voice) = 2 bits 1/2 Logical ID = 6 MSBs or
6 LSBs G oup/Logical ID 1 bit Channel =5 bits Logical ID = 12 bits BCH .
Code = 12 bitsED. Opbghnagingngmoblidet rlecgiicads Iddnbirmatibad nobile switch
to assi [ o d alaCels | I Q S . Slotted

e 006! RlaCRERNEII AR SRACHIS JLUULLIRS! OPn iR K450,

wor ki ng nessages are transmitted Using me: Dotting
32 bits Barker = 16 bits Message: 32 bits Message (inverted) = 32 bits

Message 32 bFlS Working channel receives dotting and
' transmits two unit-keyed/unmute meséages£

MT Code = 4 bits

Subaudible Count = 2 bits.
,Message/Transmission'Trunking = ] bit

Unused bit = 1 bit : _

Logical ID = 12 bits c - -

BCH Code = 12 bits ~
Called mobile receives unmute message and g
unmutes audio. i
G. Active mobiles on other working channels do
not receive a subaudible channel assignment message. |
H. Control Channel transmits channel update
message for late entry mobiles.
I. Transmitting mobile unkeys and sends a .
non-slotted unkey message. All non-slotted message 'i\j

formats are:

Dotting = 384 bits
Data #3 = 128 bits

Date #2 = 128 bits
Data #1 = 128 bits
Data #0 = 128 bits



The i ndi vi dual
bits Subaudible Count

G oup/ Logi.cal
Oigi
dotting,

audi o. G

channel

t hen audio. F.
two unit-keyed/ unnute nessages:
Message/ Transmi ssi on Trunki ng =
bits BCH Code =
Active nobi 0,
subaudi bl e channel bE@
updat repeated

unkeys and sq@%am
formats are: t?%g

cal l

ID=1 bit Logical ID = 12

assi gnmen

384 bits

Dotting = 16 bits
Barker = 16 bits
Byte 1 = 8 bits
Byte 1 (inverteé)
Byte 1 = 8 bits
Byte 2 = 8 bits
Byte 2 (inverted)
Byte 3 = 8 bits
Byte 4 = 8 bits
Byte 4 (invertea)
Byte 4 = 8 bits

' The unkey message

4 bits
2 bits
2 bits

MT Code
Unuéed =
Subcount =
. Logical ID =
BCH Code

Iv.
Group Call

it DR

non- slotted unkey nessage.

confirmation nessage i s coded as follows: M Code
2 bits Message/ Transm ssion Trunking

bits BCH Code =

4

-1 bit

12 bits E.
rating nobile receives conflrnatlon nmessage and transmits 384 bits of
Wor ki ng channel

receives dotting and transmts

bit =

h)

anne

Al

8 bits

8 bits

8 bits

is coded as follows:

12 bits
12 bits

bits Subaudi bl e Count =
1 bit Logical
12 bits Called nobile receives unnute nessage and unmutes . -

30t Qﬁr &Qr khﬂﬁ gga@% i

our| ﬁieesht p;zdneaphebasl thenfmslmwimmg nobi | e
non-sl otted nessage

ID = 12

fECEI ve a
transmts

Radio Call Sequence-Radio Origination, Emergency

2 bits:



Data #3 = 128 bits Date #2 = 128 bits Data #1 = 128 bits Data #0 = 128 bits
Data #3, #2, #1, and *0 are identical (repeated four tinmes) and each has
tthe following format: 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 N
(inverted) = 8 bits Byte 3 = 8 bit§1ﬁ§te 4 8 bItS Byte 4 (inverted) = 8
bits Byte 4 = 8 bits The unkey nessage is coded ‘as follows: MI Code . 4
~bits Unused = 2 bits Subcount = 2 bits Logical ID = 12 bits BCH Code = 12
bits IV. Radi &-Cal Cotstpmheh&anied tragsmitison, comtigrizays @trganal | .

of control messages which all ihiétiVQ'mobiles receive.- -
The messages are sent two messages to a 30-msec. frame
that has the following format: N

Dotting = 32 bits

Barker = 11 bits

Message #1 = 40 bits

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

Message #2 = 40 bits e
Message #2 (inverted) =40 bits o/
Message #2 = 40 bits -
B. Mobile that wishes to-originate an emergency
group call transmits an assignnent request on the -
control channel in synchronism with the received B
control channel messages. The frame format is as--
follows:
Dotting = 152 bits B
o Barker (repeated three times) 48 bits -
Message = 40 bits N | - T o
Message (inverted) = 40 bits . o ggg .

Message = 40 bits

The emergency group-call‘request'message is -
coded as follows: . -

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



A. “Control channel transmts a continuous -stream of control nessages
which all inactive nobiles receive. The nessages are sent two nessages to a
30-npec. frane that has the followng format: Dotting = 32 bits Barker = 11
bits ssage #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 hat mﬁshes“qqéoriginate an energency group
call transmts an assignnment request on the control channel in synchronism
with the received control channel nessages. The frame format is as follows:
Dotting = 152 bits _ wie Barker (repeated three tines) =
48 bits Message = 40 biFEORRsLBGE {nPdtSed) = 40 bi?s. - Message = 40)bits
The energency group calLogtqatsiDnesi2gbiits coded as fol lows: MI-A Code = 2

bits -- TypeBEﬁnEgQgcgtEQngiisg bits Stapus/C =1 bit -

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

MT-A Code = 2 bits |
Type communications = 2 bits
+1/2 Logical 1D = 6 MSBs or LSBs

~ Group/Logical ID = 1 bit
Channel = 5 bits
Group ID = 12 bits
BCH Code = 12 bigg
D. All mobiles of the called group switch to
assigned working channel and receive a confirmation
message. Slotted working channel ﬁessages'are
transmitted using the following frame:
Dotting = 32 bits
s Barker = 16 bits
:Egi Message = 32 bits ’

Message (inverted) = 32 bits
Message = 32 bits

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

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

.



Goup ID =11 bits Logical ID =12 bits BCH Code = 12 bits C. The control
channel responds with two channel -assi gnnment nessages that are coded as_
follows: MI-A Code = 2 bits Type connunications = 2 bits 1/2 Logi cal IQE; 6
MSBs or LSBs Group/Logical ID =1 bit Channel =5 bits Goup ID = 12 bhi

BCH Code = 12 bits D Al'l nmobiles of the caIIed group switch to assigned
wor ki ng channel and receive a conft tion nessage. Slotted mnrklng channel
nessages are transmtted using the -f9l'l owi ng frane: Ebttlng 32 bits
Barker = 16 bits Message = 32 bits Message (i nverted) 32 bits Message =
32 bhits The ener ge ﬁ#“b nii on nessage i s coded as follows:
MI Code = 4 bits SE%%4¥ {Eﬁﬁnfﬁ gr?giwbssage/Transn1SS|on Trunklng =
1 bit (Roup/LomqﬁﬂuR[io 23 KRtb t%éup ID = 12 bits '

BCH = 12 bits

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

F. Worging channel receives dotting and
transmits two unit-keyed/unmute messages. '

O

MT Code = 4 bits

'Subaudible Count = 2 bits -
Message/Transmission Trunking =1 bit
1 bit (unused) = '
Logical ID = 12 bits

' BCH Code = 12 bits

Called mob:le receives unmute message and unmutes
aud1o. )

G. Active Mobiles on other working channels
receive subaudible channel assignment message. . e

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

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

Dotting = 384 bits
Data #3 = 128 bits



BCH = 12 bits E. Originating nmobile receives confirmation nessage and
transmts 384-bits of dotting, then audio. _F..  Wrking channel receives
dotting/and transmits two unit-keyed/ un nmessages. MI Code 4 bits
Subaudi bl e ‘Count = 2 bits Message/ Transmi ssion Trunking = 1 bit 1 bit
(unused) = 0 Logical ID = 12 bits BCH Code = 12 bits Called nobile receives
unnmut e nmessage and unnutRatau#2o= &28 bAdis ve Mobil es on ot her working
channel s recei ve subaudi cganpe 'Qppent message. H Cont r ol
channel transmts channéﬁLgBdgge ng§?Zig or late entry nobiles. |
Transmitting nobile unkehatan#OsEnd28 kdtwon-sl otted unkey nmessages. Al
non-sl otted nessage formats are: Dotting = 384 bits Data #3 = 128 bits
Data #2 = 128 bits Data #1 = 128 bits Data #0 = 128 bits Data #3, #1, ‘#1
and #0 are identical (recBahfeli3polil .t Fledn#P axe ddentiralol | owi ng

format: (repeated four times) and each has the following
format: |

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

Byte 1 (inverted) = 8 bits
N~ Byte 1 = 8 bits |

Byte 2 = 8 bits |

Byte 2 (inverted) = 8 bits

. i -

Byte 3 = 8 bits

Byte 4 = 8 bits

Byte 4 (inverted) = 8 bits

h ‘Byte 4 = 8 bits

The unkey message is coded as follows:

o> ‘ |

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

'BCH Code = 12 bits

V. Radio Call Segpence-ﬁagip-_rigination, Status Call.



Dot ti ng 16 bits Barker = 16 bits Byte 1 = 8 bits Byte 1 (inverted) =
bits Byte 1 = 8 bits Byte 2 8 bits Byte 2 (inverted) = 8 bits Byte 3
bits Byte 4 = 8 bits Byte 4 (|nverted) = 8 bits Byte 4 = 8 bits The unk
nessage is coded as follows: MI =Code 4 bits Subaudi bl e Count = 2 b|t§’
Logi cal ID = 12 bits BCH Code = 12 bits V. ~ Radio.Call _
Sequence- Radi o- Crlglnatlon Status:qq&L A Control channel transm-ts a
conti nuous steam of control nessages ich all inactive nobiles receive.

The nessages are sent two nessages to a 30-nsec. franme-that has the
foll owi ng forgat ' = LS 6 g = 40 bits
Message #1 (i gert(?Eitlk%x“;:ﬂ91 ‘%ﬁgnﬂk/gsggiﬁgﬁts} %ﬁﬁ%ssgggtgé“: 40 bits
Message #£ ﬁqaﬁquﬁmessqu§|v hich 1nact1ve mobiles receive.

The messages are sent two messages to a 30-msec. frame
that has the followzng format:

g -
=8

Dotting = 32 bits

Barker = 16 bits .

Messagé #1 = 40 bits :
Message #1 (iaverted) = 40 bits _
Message #1 = 40 bits a . —

Message #2 = 40 bits ~
Message #2 (inverted) = 40'bits.
Message #2 = 40 bits -
B. Mobile that wishes to originate a status call
transmits a status request on the controllchahnelnin .-
 synchronism with the received control channel messages.
The frame format is as follows:
Dotting = 152 bits |
Barker (repeated three tzmes) 48 bits _
o Message = 40 bits : ' .
. Message (inverted) = 40 bits - | e ﬂ\j

Message = 40 bits

_ The status request message is coded as
follows: ' B '

MT-A Code =72 bits
MT-B Code = 3 bits
MT-C Code= 3 bits

3 bits (unused) = 000 .

-~



Message #2 = 40 bits B. Mobil e that wi shes to originate a status cal
transm'ts a status request on the control channel in synchronismwth the
recei{ed control channel messages. The frame format is as follows: Dotting
= 152 bits. Barker (repeated three tines) = 48 bits Message = 40 bits
Message (inverted) = 40 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 Aut o Respo = 1bit (e.g., yes) 4 bits
(unused) = 0000 Logical ID = 12 bits BCH €jde = 12 bits C. The -control
channel responds with a status page nessage that is coded as follows: M-A
Code = 2 bits MI-B Code A’u@othé gﬁsg .Cogeglg ?Et 2 lyéss) (unused) = 00

Aut o response = 1 bit (e gb:LZs (unugteg) So5h

Log1ca1 ID = 12 bits
BCH Code = 12 bits

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

MT-A Code = 2 bits
~ '~ MT-B Code = 3 bite
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

" > MI-B Code= 3 bits _

' MT-C Code= 3 bits -t

3 bits (unused) = 000
Auto Response = 1 bit (e.g., yes)
Status = 4 bits :
Logical ID = 12 bits
BCH Code = 12 bits

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



Logical ID = 12 bits. BCH Code = 12 bits D. Call ed mobile transnits a
control channel status nessage that is coded as folloms Mr- A Code = 2 bits
MI-B Code= 3 bits MI-C Code= 3 bits 3 bits (unused) = 000 Auto Response: 5
bit (e.g., yes) Status = 4 bits Logical 1D = 12 bits BCH Code = 12 b.ts‘é
€ontrol channel responds with a status acknow edge nessage that is coded as
Toll ows: MI-A Code = 2 bits MI-B Code = 3 bits MI-c Code = 4 bits 2 bits
(unused) = 00 Auto Response =1 birZ .g., yes) Status = 4 bits Logical ID
= 12 bits BCH Code = 12 ‘bits Oigin ng nobil e receives status nessage.
VI. Radio Call Sequence-Radio Origination, Special Call A Contr ol
channel transm ts MI€AnCodeoss 2strigsn of control nessages which al
;Pgﬁélve nomleﬁ;rﬁfebvebthe JegIqqes are sent two nessages to a 30-nsec.
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

Originating mobile receives status message. [

Vi. Radio Call Sequence-Radio Origination, Special
Call '

A. Control channel tfanqmits a continuous stream
of control messages which all fnactive mobiles receive.
The messages are sent two messages to a 30-msec £rame
that has the following format:

Dotting = 32 bits
Barker = 16 bits

s 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 special call request on the control
chqnnel'in synchronism with the received control
channel messages. The frame format is as follows: .

~



that “has the following format: Dotting = 32 bits Barker
#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 I t hat wi shes to originate a special call transmits a special call
request. on the control channel in synchronismwth the received contro
channel nessages. The franme format is as™ffofl ows: Dotting = 152 bits
Barker (repeated three tinmes) = 48 bits Message = 40 bits Message
(inverted) = 40 bits Message = 40 bits The special call request nessage is
coded as follows: M-A Qateting ®il15%2 NBiGs Code= 3 bits MI-C Code= 3 bits 2

bits (unused) = 00 Type i L O = ' (& Qe Wizt erconnect) 1
bit (unused) =0 Priorif§B§§%£ éf%é%#f%gbeﬁreeztﬂhéﬁ) __38 bi%& '
' : Message = 40 bits
Message (inyerted) = 40 bits L.
Message = 40 bits

16 bits Message

The special call request message is coded as
follows: '

MT-A Code = 2 bits
e ' MT-B Cdde= 3 bits
' MT-C Code= 3 bits
2 bits (unused) ='00 _
Type Communications COde-= 2 bits (e.qg.,
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 o

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

1/2 Logical 1D = 6 MSBs or LSBs

'Croup/Logical = 1 bit

"Channel = 5 bits

Logical ID = 12 bits

BCH Code = 12 bits .

~



Logical ID = 12 bits BCH Code = 12 bits C The control channel responds
wi th a channel -assi gnnent two-nessage pair. Coding is as follows: M-A Code
= 2 bits Type Communication Code = 2 bits (e.g.,intent) 1/2 Logical ID =6,.
MSBs or LSBs Group/.Logical = 1 bit Channel = 5 bits Logical ID = 12 bit¥
BCH Code = 12 bits D. Mobil e swi tches to the assigned working channel
and receives a confirmation message. Slotted working channel nessages are
“transmitted using the followng fra tting = 32 bits Barker = 16 bits -
Message = 32 bits Message (inverted) bits Message =32 bits BCH Code =
12 bits The special -call confirmation nessage.is coded as follows: MI Code

4 bits Subcount = 2 bits Hang/tine/ Trunked = 1 bit
, D. Mobile switches to the assigned working

channel and receives a confirmation message. Slotted
working channel messagés are transmitted using the
following frame. ' o

Dotting = 32 bits
Barker = 16 bits
Messagé = 32 bits

. Message (inverted) = 32 bits ' s
Message = 32 bits ' | : g
BCH Code = 12 bits |

The special call confirmation message is
coded as follows: .

MT Code = 4 bits -
Subcount = 2 bits
Hang/time/Tfﬁnked =1 bit
Group/Logical ID = 1 bit
Logical ID = 12 bits

BCH Code = 12 bits

E. Originating mobile receives confirmation
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
Data #0 Block #1 = 128 bits

~



G oup/ Logical ID =1 bit Logical ID =12 bits BCH Code = 12 bits E
Originating nobile receives confirmati on nessage and transmits a

mul ti- bl ock special call nmessage. The nessage frame (shown bel ow) can have
fromT to 16 bl ocks. Dotting = 384 bits Data #3 Block #1 = 128 bits Data #2
Bl ock #1 = 128 bits Data #1 Block #1 = 128 bits Data #0 Bl ock #1 = 128 bits
Dat a #3 Bl ock #2 96 bits Data #2 Block #2 = 96 bits Data #3, #2, #l, #0
are identical in each block (repeated four.tinmes). Coding for Block #1
Data is: Dotting = 16 bits Barker = 16 Bi[} 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 hits Byte 4 (inverted) = 8 bits Byte 4 = 8
bits : Data #3 Block #2 = 96 bits

Data #2 Block #2 = 96 bits

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

N is:
g
Dotting = 16 bits
Barker = 16 bits
‘Byte 1 = 8 bits | |
Byte 1 = (inverted) = 8 bits
Byte 1 = 8 bits _ '
Byte 2 = 8 bits A
Byte.2'(invertéd) = 8 bits
o Byte 3 = 8 bits
Byte 4 = 8 bits
Byte 4 (inverted) = 8 bits

Byte 4 = 8 bits

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

Group Count = 4 bits |
Individual Count = 4 bits

'~



Data in bl ocks after block # do not have dotting or Barker code. |f -
t el ephone interconnect is required, block #1 data is coded as follows: _
G oup Count = 4 bits Individual Count = 4 bits ~ Phone Digit Count = 4 .
bits Phone Digit #1 = 4 bits MSD Phone digit #2 = 4 bits BCH Code = 12 brts
If no interconnect is required, bloc s coded as G oup Count = 4 bits
I ndividual Count = 4 bits G oup/Logic ID = 12 bits BCH Code = 12 bits
“Subsequent bl ocks are coded with either one group ID, one logical ID, or

five tel ephone digi I i satj sfy, the block #1 counts. The
tel ephone digits fi ;Pg’lo?'set é%%??% c'al4 ﬁﬁygs, then the group IDs. Digit
coding is one digit PhonenDilgid #iul=+ 4 is MSDcoding is 8 Bite = 10101010

(8 bits) G oup/Logi wonleDﬁﬁ% Rid = %iQ#je = 12 bits F. Wor ki ng- channel
transmts a slotted_working ‘channel special call receive bitmap nessage.
Slotted worki ng chaR# Fyd2® Rikgransnitted using the fol | owing frane:

_ ~ I1f no interconpect is required, block #1 is
coded as '

Group Count = 4 bits
- Individual Count = 4 bits
Group/Logical ID = 12 bifs

¥
rd

BCH Code = 12 bits
Subsequent blocks are coded with either one
group ID, one logical ID, or five telephéne digits as
required to satisfy the block #1 counts. The telephone
digits first, then the logical TDfs; then the group
'ID's. Digit coding is one digit per nibble
(null=1010). ID coding is |
8 Bite = 10101010 (8 bits)
= Group/Logical ID = 12 bits :
" BCH Code = 12 bits | : e
Yo/

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

Dotting = 32 bits
Barker = 16 bits



DottTng = 32 bits Barker = 16 bits. Message = 32 bits Message (inverted)
32 bits Message = 32 bits BCH Code = 12 bits The special call receive bit
| s coded as follows (use of simlar acknow edgnent bit maps-is
dISC sed in related copendlng application No. 8813167.7 [22060201): Mr
Code = 4 bits Block #1 bit =1 bit (e.g., OK) Block #2 bit = 1 bit (e.g.
X) Block #3 bit =1 bit (e.g., 0 = repeat) Block #4 bit =1 bit. Block #16 -
bit =1 BCH Code = 12 bits G C}iginassgg nobi |l e recei ves bitmap nessage
and transn1ts a multi-block special call ssage. The message frane (shown
bel ow) can have from1l to 16 bl ocks. Dotting = 384 bits Data #3 Bl ock #1 =

128 bits Data #2 Block #1 = 128 bits Data #1 Block #1 = 128 bits
Messaqe = 32 bits :

‘Message (inverted) = 32 bits
Message = 32 bits
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 [2206020]):

\’»..«'
MT Code = 4 bits
Block #1 bit = 1 bit (e.g., OK)
Block #2 bit = 1 bit (e.g., OK)
Block #3 bit = 1 bit (e.g., O = repeat)
Block #4 bit =1 bit.
Block #16 bit = 1
\:f BCH Code = 12 bits

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

Dotting = 384 bits -

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



Data #0 Bl ock #1 = 128 bits Data #3 Block #2 - = 96 bits Data #2 Bl ock #2 =
96 bits Data #3, #2, #1, #0 are identical in each block (repeated four
times). Coding for block #1 is Dotting 16 bits Barker = 16 bits Byte\%=:
8 bits Byte 1 (inverted) = 8 bits Byte 1 = 8 bits Byte 2 = 8 bits Byte
(i'nverted) = 8 bits Byte 3 8 bits Byte 4 -8 bits Byte 4 (inverted) = 8
bits Byte 4= 8 bits Data in blocks a bl ock #1 do not have dotting or
Bar ker code. Only bl ocks that have a “@" in their bitmap bit are
transmtted. For exanple in step F, block *3 in step E would be the first

bl ock retransnmitte kta ' ved within 100 nsec. after
steps E or G all g'?ao‘%: #%rgp?gjttra% %?%dﬁfgtbeps F and G are repeated

until all bl ocks alatadt} Bloek #2cF196(Bi%8AP = 1's). H  Control

channel transmts pHAIEDNUBLSCRIS228 9§ BPREr 0l nessages which al |
i nactive nobiles receive. The nessages are sent two nessages to a 30-nsec.

frame . y

Data #3, #2, #1, #0 are identical in each
block (repeated four times). Coding for block #l1 is

O

Dotting = 16 bits

Barker = 16 bits

Byte 1 = 8 bits

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

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

NN e

Byte 3 = 8 bits
Byte 4 - '8 bits
2
4

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

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

Only blocks that have a "0" in their bitmap
bit are transmitted. For example in step F, block #3
in step E would be the first block retransmitted. 1f

-~



that-has the followng format: Dotting = 32 bits Barker
#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 |I. The
contrdl channel sends fromO to 16 channel -assi gnnment two-nmessage pairs as
required for the special call. Coding for each nessage is as follows: M-A
Code = 2 bits Type Comruni cations Code = 2 bits 1/2 Logical ID = 6 MSBs or -
6 LSBs Group/Logical ID =1 bit Channel = bits Logical = 12 bits BCH Code
= 12 bhits J. Al called nobiles got e assigned wor ki ng channel and
unmute (sanme as late entry). Fromthis point the working channel nessages
are the sane as a group or individual call. VI1l. Radio Call Sequence-Radio
Origi nation, Bendmit-rRayrimprezeived withinrif0 ohserel aftensstepsaE

continuous st5am 0fg 0y ik SESE@ ISt Yok &hs €¢dai nacti ve nobil es recei ve.

16 bits Message

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

H. Control channel transmits a continuous stream

of control messages which all inactivé mobiles receive.

; The messages are sent two messages to a 30-msec. frame
et that'ﬂas.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

I. The control channel sends from O to 16
channel-assignment two-message pairs as required for
the special call. Coding for each message is as

follows:

MT-A Code = 2 bits _
Type Communi&ations Code = 2 bits
1/2 Logical ID = 6 MSBs or 6 LSBs
Group/Logical ID = 1 bit |
Channel = 5 bits

Logical = 12 bits

BCH Code = 12 bits

~



The nessages are sent two nessages to a 30-nsec. franme that has the
followng format: Dotting 32 bits Barker 16 bits Message #1 = 40 bits
Message #1 (inverted) 40 bits Message #1 40 bits Message #2 = 40 bkif
Message #2 (inverted) = 40 bits Message #2 40 bits B. Mobi | e t hat '
w shes to originate a dynam c-regroup call transmts a request on the
control channel in synchronismwi th ghe received control channel nessages.
The frame format is as follows: Dott = 152 bits Barker = (repeated three
times) = 48 bits Message = 40 bits Message (inverted) = 40 bits Message =

40 bits The, dyngngc-r oup regyest nessage i s _coded . as fol.lows: MI-A
Code = 2 bits W B RGKE DS REPHIEE,97 o the AeEipnsA. Yorksns 15 bi (s
BCH Codechahhel tandC.unmite {same cdschatwecénteghondEFromt khd sdynani c-regroup

message b@@héS%ﬂgﬂ“§¥ﬁ§h4(2ﬂ§yﬁil'messageg are the same as a

group or individual call.

VII. Radio Call Sequence-Radio Origination,
Dynamic-Regroup Call

A. Control channel transmits a'cbntinuous 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: - SRR

Dotting = 32 bits

Barker = 16 bits -

Message #1 = 40 bits .

' Message #1 (inverted) = 40 bits

Messége #1 = 40 bitsi o

Message #2 = 40 bits

Message #2 (inverted) = 40 bits

Message #2 = 40 bits
B.. Mobile that wishes to originate a ' * .QJ;
dynamic-tegroup call transmits a request on the control
' channél in synchronism with the received confrol
_channel'meséages. 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 '



MI-A Code = 2 bits MI-B Code = 3 bits Goup ID = 11 bits Logical ID = 12
bits BCH Code = 12 bits D. Mobi | e acknowl edges the dynam c regroup with a
| ogi n_ nessage that is coded as follows:  MI-A Code = 2 bits MI-B Code = 3
bits Cfoup ID = 11 bits Logical ID = 12 bits BCH Code 12 bits E.  Mobile
may request cancellation of the dynamnic-regroup with a nmessage coded as
follows: MI-A Code = 2 bits MI-B Code = 3 bits Goup ID = 11 bits BCH .
Code = 12 bits F.  Control channel requg%§ wi th a cancel dynam c-regroup
message that is coded MI-A Code 2 bits B Code = 3 bits Goup ID = 11
bits Logical ID = 12 bits BCH Code = 12 bits G Mobi | e acknow edges t he

dynan c-1egr oup cancel | gl O pldlh & | @G B egieet R sb e 5l Code =

2 bits
as follows:

MT-A Code = 2 bits
MT-B Code = 3 bits
Group ID = 11 bits
Logical 1ID - 12 bits
BCH Code = 12 bits

N\ C. The control channel responds with a
dynamic-regroup message that is coded as follows:

MT-A Code = 2 bits
MT-B Code = 3 bits
Group 1D = 11 bits
Logical ID = 12 bits -
BCH Code = 12 bits

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

.oy MT-A Code = 2 bits
MI-B Code = 3 bits
Group ID = 11 bits

- Logical ID = 12 bits
BCH Code = 12 bifs'

\4

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

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

™



M- B Code
bits VIII.

Radi o Call Sequence-Console Oigination,

Control channel transmts a continuous stream of control

i nacti ve nobil es receive.

frame that
Message *1

Goup Call A
nmessages Wwhi

has the foll ow ng fornatf$ tting 32 bits Barker = 16 m

= 40 bits Message #1 erted) = 40 bits

Message #1

bits Nbssage #2 = 40 bits Message #2 (inverted) = 40 bits Message #2
transmts a group

bits B.

call nessage to tHerdupnAPnE lh&itsup call
MD =1 byte (#0) BC 1 byte (#1)
n byt es If?fzégﬁg a»t %2th ts Not Used

destinatio
bits Type

cancellation with a login_message that is coded

VIII.

receive.

Consol e that w shes t-o originate a group cal

connunlcatlon =2 b|ts

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-regroup

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

Group Call

Radie Call Sequence-Console Origination,

A. Control channel transmits a continuous
stream of control messages which all inactive mobiles

30-msec. frame that has the folIowzng format:

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

The messages are sent two messages to a

ch

The nessages are sent two nessages to a 30-

ts
40

= 3 bits Goup ID = 11 bits Logical ID = 12 bits BCH Code = 12

| |
cC.

= 40 .

nmessage i s coded as foll ows:
8 bits Source
4 bits MF-A Code = 2

O

(&



Goup ID =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 Communications = 2 bits 1/2
Logi ¢af 1D = 6 MBBs or LSBs Group/Logical ID =1 bit Channel = 5 bits Goup

ID = 12 bits BCH Code = 12 bits D. LI nobil es of the called group
switch to assigned working channel and ive a confirmation nessage.

Sl ot't ed morklng channel nessages are transnitted using the foll ow ng frane:
Dotting = 32 bits Barker = 16 blg ssa e = t.S, Nbssage (inverted) =
32 bits Message = 32 blﬂgs?ﬁgeg# upiay fressage is coded as

foll ows: MI Code 4 blnasSubauﬁubheqoouﬁ&s: 2 bItS Hang Tlne/Trunked =1
bi t C?oup/LoglcaI ID = ﬁegE%ge $#2 = 40 bits
| Message #2 (inverted) 40 bits

 Message #2 = 40 bits

B. Console that wishes to'originéte a group call
" transmits a group call message to the downlink. The
group call message is coded as £ollows.

w .~ MID = 1 byte (#0) = §'bi£s
# bytes = 1 byte (#1) = 8 bits
Source destination = bytes #2 and #3
‘= 16 bits
Not Used = 4 bits
'MI-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-messagé pair. Coding is as
— follows:

MT-A Code = 2 bits

Type Communications = 2 bits
1/2 Log;cal ID 6 MSBs or LSBs
Group/Logical ID = 1 bit

. Channel = 5 bits

‘Group ID = 12 bits

BCH Code 12 bits

T



Goup ID =12 bits BCH Code = 12 bits E. Originating 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 (#O = 8 bltggf
Bytes = 1 Byte (#1) = 8 bits S/D = Bytes #2, #3 = 16 bits Not Lbed = 4 B¥ts
- Mr-Code = 2 bits Type comuni cations = 2 bits Logical ID- 12 bits Not
Used = 2 bits GRLID 1 bit Channel =5 bits Goup ID = 12 bits Parity

"1 Byte (#9) = 8 bits F: Wor ki ng nel transmts two unit-keyed/ unnute
‘messages: MI Code = 4 bits Subaudi bl*®Count = 2 bits Hang-tine/trunked = 1
bit 1 bit (unused) = 0 Logical ID =12 bits BCH Code = 12 bits Called '
nobi | es recei ve unnut.e nessage and unnmut e audi o. -

D. All mobiles of the called group switch to
assigned working channel and receive a confirmation

message. Slotted working channel messages are
transmitted using the following frame'

Dotting = 32 bits
Barker = 16 bits
Message = 32 bits

Message (inverted) = 32 bits '
Message = 32 bits '
The group ca11 conf;rmation message is coded
as follows: ’
MT Code = 4 bits _ .
Subaudible Count = 2 bits
Hang Time/Trunked = 1 bit
Groqp/Logical ID = 1 bit
Group 1D = 12 bits
BCH Code = 12 bits -
v

E; Originating consocle receives
channel—assignment from the downlink and switches audio
to the specified channel. Console message is coded as
follows: | |

MID = 1 Byte (#0) = 8 bits

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

MT Code = 2 bits

-



G Active nobiles on other working channels receive a subaudi bl e channel
assi gnnent nessage. H. Control channel transmts channel update nessage
for |ge entry nobiles. I. Consol e sends unkey nessage that is coded as
follows:: MD = 1 Byte (#O = 8 bits * Bytes = 1 byte = 8 bits Source
Destination = Bytes #2 & #3 = 16 bits No sed = 4 bits MI Code = 4 bits
Not Used = 4 bits Logical ID=:2 bits Pty = Byte #7 = 8 bits J.
Wor ki ng channel transmits 896 to 2816 bits of dotting to drop all nobiles
fromthe channel. K Consol e recei ves unkey nessage:  MD = Byte #0 = 8 .
bits # Bytes = Byte #1 =—T¥PBi FSMOYRicatdonsyTatd 8 Bytes #2 & #3 = 16
bits MI-A/B/C = 9 bites Degcel IDLLIi g2Npfjtidsed = 1 -it Channel = 5 bits
Logical ID = 12 bits Par#tg GsB4t & §8 =.8 bits I X Radio Cal

Sequence- Consol e Ori gi nat'PEnYSPHdM v AdR4it8cal | .

: GR/L 1ID = 1 bit

Channel = 5 bits
Group ID = 12 bits
Parity = 1 Byte (#9) = 8 bits

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

\./‘ . -

MT Code = 4 bits

Subaudible Count = 2 bits

Hang-timc/t;unked =:1_bit

.1 bit (unused) = 0

Logical ID = 12 bits -

BCH Code = 12 bits

Called mobiles receive unmute message and

unmute audio.
G. Active mobiles on other working channels

. feceiVe a subaudible_channel assignment message.

R:2 Control channel transmits channel uﬁdate
message for late entry mobiles.

b g Console sends unkey message that is coded_as
follows: '

MID = 1 Byte (#0) = 8 bits
# Bytes = 1 byte = 8 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. franme that has the following fornmat: 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. Consol e that wishes to oréphnate an individual call transmts an
- individual call message to the downlink. The individual call nessage is
coded as follows: MD = Byte #0 = 8 bits # Bytes = Byte #1 = 8 bits Source
Destination = ByteSocéZcé Déstitithions NEytdedz & ®its M-pieede = 2 bits
Type Cbnnunicationu: 2 bits_ngLc%l ID = 12 bits Logical ID = 12 bits
Parity = Byte #8 —°§ Bffg - * =& control channel responds with a

channel - assi gnnent MTwBodessade bii&isr . Coding i s as foll ows:

Not Used = 4 >its
Logical ID = .2 bits
Parity = Byte #7 = 8 bits

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

K. Console recei?eS'unkéy messﬁge: -\)

"MID = Byte #0 = 8 bits |
# Bytes = Byte #1 = 8 bits
Source Design:tion = 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 Sequence-Console Origination,
Individual Call

A. Control chanrsl transmits a continuous stream
of Contrpl messages whi:h.qll inactive mobiles receive.
The meséages are sent tvo meésages to a 30-msec. frame
that has the following format:

Dotting = 32 its
Barker = 16 bits

~



Mr-A Code = .2 bits Type Conmunications = 2 bits 1/2 Logical ID = 6 MSBs or
LSBs G oup/Logical ID =1 bit Channel 5 bits Logical ID =12 bits BCH
Code % _12 bits D Cal | ed nobile swtches to assigned working channel and
recei,ves a confirmation nmessage. Slotted working channel nessages are
transmtted using the following franme: Dotting = 32 bits Barker = 16 bits
Message = 32 bits Message inverted 3 its Message = 32 bits The :
i ndti vi dual call confirmation nmessage i s \oded as follows: MI Code 4 bits
Subaudi bl e Count = 2 bits Hang Tine/ Trunked = 1 bit Goup/Logical ID =1

bit Logical 1D = 12 bi iasBadd e = 4@ pits E Originating consol e
recei ves channel - assi gnnment nessage, fromthe downlink and swtches audio to

the specified channel . MeSfage HhsEiRertedh Ed4QsPibel ons:
Message #1 = 40 bits

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

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 . nal e _ |
follows:
MID = Byte #0 = 8 bits
# Bytes = Byte #1 = B bits
Source Destination = Bytes #2 & #3 = 16 bits
Not Used = 4 bits R
MT-A Code = 2 bits
Iype'Communication
Logical ID = 12 bits
Logical ID = 12 bits
Parity = Byte #8 = 8 bits

"2 bits

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

MT-A Code = 2 bits

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

Logical ID = 12 bits

~



MD = Byte #0 (8 bits) # Bytes = Byte #1 = 8 bits Source Destination =
Bytes #2, & #3 = 16 bits Not Used = 4 .bits MI Code = 2. bItS Type
Communi cation Code = 2 bits Logical ID = 12 bits Not used = 2 bits GR/L ID
= thmm|=5mewmm|D=ubns%nw=8wem 8 bits™.
Wor ki ng channel transmits two unit-keyed/ unmute nmessages. MI Code = 4 bits
Subaudi bl e Count = 2 bits Hang-Tinme/ Trunked = 1 bit 1 bit (unused) = 0 '
Logical ID = 12 bits BCH Code = 12 Kﬂgg-called nobi | e recei ves unnute
“message and unnutes audio. G Active Mobiles on other working channel s do
not receive a subaudi bl e channel assignnent nessage. H. Control channel
transm ts channel BpHaCodeessaP Yids | ate entry nobiles. I. Consol e sends
unkey nessage that is coded as follows:
D. Called mobile switches to assigned working
channel and receives a conf;rmation message. Slotted
. working channel messages are transmitted uslng the

following frame:

Dotting = 32 bits

Barker = 16 bits _

Message = 32 bits ;J
Message inverted = 32 bits

Message = 32 bits

' The individual call confirmation message is
coded as follows: ' |

MT Code = 4 bits _
Subaudible Count = 2 bits
Hang Time/Trunked = 1 bit
Group/Logical ID=1 bit
Logical ID = 12 b1ts

BCH Code = 12_b1ts

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



MD= Byte #0 =8 bhits # Bytes = Byte #1 = 8 bits Source Destination =
Bytes #2 & #3 = 16 bits Not Used = 4 bits MI Code = 4 bites Not Used = 4
bits.Logical ID.- 12 bits Parity = Byte #7 = 8 bits J Wrking channel
trandmits 896 to 2816 bits of dotting to drop all nobiles fromthe channel .-
K. -Consol e receives unkey nessage: MD = Byte #0 =8 bits # Bytes Byt e
#1.= 8 bits Source Destination = Bytes #ﬁgﬁnd #3 = 16 bits MI-AB/C =9
bites Drop Ch = 1 bit Not Used = 1 bit (¢ nel =5 bites Logical ID = 12
bits Parity = Byte #8 = 8 bits X Radi o Call Sequence Consol e
Oigination, Acti va—teMD:latcg(?A%é\.= 2C?§l£50| channel transmts a continuous
stream of control nessages rch alT 1'nactive nobiles receive. The nessages.
are set two nessages t &ypesCompunicatient Codensks 2 Rit®| | owi ng format:

Logical 1D = 12 bits

Not used = 2 bits .
GR/L ID = 1 bit
Channel = 5 bits

Logical ID =12 bits
Parity = Byte #9 = B bits

F. Working channel transmits two
unit-keyed/unmute messages. o

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

Called mobile receives unmute ﬁessagé and
- unmutes audio. ' ' S

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

(4

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

J. Console sends unkey message that is coded as
follows: '

MID = Byte #0 = 8 bits

=



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

(i nverted)

(inverted) = 40 bits Message #2 = 40 bits B. Consol e that w shes to
establish a patch transmts a patch ID assignnent nessage to the downl i W
The patch I D assignnent nessage is variable | ength dependi ng upon the group

= 40 bits Message #1 = 40 bits Message #2 = 40 bits Message #2.

o

.and individual 1D counts: MD=29 =&yte #0 = 8 bits # Bytes = Byte #1 = 8
bits Source/ Destination = Bytes #2, = 16 bits Not Used = 4 bits G oup
Count = 4 bits Individual Count = 4 bits Logical ID = 12 bits Not Used = 12

bits Logical ID = &B?}Gés wtahtégd“f 42gbhigglogical ID = 12 bits Not Used
1 bits t

13 bits Goup ID_= ‘Used - 13 bits Goup ID = 11 bits Not
13 bits Source Destination = Bytes #2 & #3 = 16 bits

Not Used = 4 bits .

MT Code = 4 bites

Not Used = 4 bits

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

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

K. Console receives unkey message:

MID = Byte #0 = 8 bits

# Bytes = 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. Radio Call Segquence ansole Origination, Activaté
Patch ' . '

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

used

&



Patch 1D = 11 bits 96 Parity = 8 bits C. Console receives an
acknow edgenent of the patch request fromthe site controller using a
specikal. group I D code (1000 0000 0000): MD=12 = Byte #0 = 8 bits # Bytes =
Byt e ¥1.= 8 bits Source/ Destination = Bytes #2, #3 = 16 bits Not Used 4
bits M-A Code = 11 = 2 bits MI-B Code = 100 = 3 bits P&ch ID = 11 bits
Goup ID 11 bits Parity = Byte #8 8 bits D. When consol e w shes to
activdte the patch it transmts a patch activate nessage to the downli nk.
M D=27 = Byte *0 8 bits #Bytes = Byt 1 =05 8 bits _ _
Source/Destlnatlon Bytes #2, & #3 =1 rts Not Used 4 bits NW Code = 4
bits (1110) Not Used 5 bits Patch ID = 11 bits Parity = Byte #7 = 8 bits
E. The control channebofggﬁgn453ylyﬁﬁg i as | D assi gnnent nessages G oup
assi gnnment nessages are_cogded:

Barker = 16 bits

Message #1 = 40 bits .

Message #1 (inverted) = 40 bits

Messgge #1 = 40 bits

Message #2 = 40 bits

Message #2 (inverted)

Message #2 = 40 bits -

40 bits

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

MID=29 = Byte #0 = B bits
# Bytes = Byte #1 = 8 bits
- Source/Destination = Bytes #2, #3 = 16 bits
Not Used = 4 bits
Group Count = 4 bits
: Individual Count = 4 bits
\ff | Logical 1D = 12 bits
| Not Used = 12 bits .
' Logical ID = 12 bits
Not Used = 12 bits
Logiczl ID = 12 bits
Not Used = 13 bits
 Group ID = 11 bits
Not Used - 13 bits
Group 1D = 11 bits
Not used = 13 bits
~ Patch ID = 11 bits

~



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 -
nmessages are repeated in the control channel background node and not o
acknow edged by the nobiles. Individual alias |ID assignnent nessages ar
coded as follows: MI-A Code =2 bits (11) MI-B Code = 3 bits (101) Alias
Goup ID =11 bits Logical ID = 12 bits BCH Code = 12 bits F..~ Al nobiles
.recei ve assignnent nessages but onl y{{ndi vi dual call nobiles acknow edge
message. MI-A Code = 2 bits (11) MI-B'®ode = 3 bits (110) Alias Goup ID =
11 bits Logical ID = 12 bits BCH Code = 12 bits G Consol e receives patch
assi gnnment/ acti vat e Fldtages 8 ®feefirm patch. One nessage for each
assignnent: M D= 12 = Byte #0= 8 bits
C. Console receives an acknowledgement of the
patch request from the site controller using a special

group ID code (1000 0000 0000):

MID=12 = Byte #0 = 8 bits -
# 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

D. When console wishes to activate the patch it

transmits a patch activate message to the~downiink.

MID=27 = Byte #0 = 8 bits

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

Not Used = § bits

Patch ID = 11 bits

Parity = Byte #7 = 8 bzts'

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



# Bytes = Byte #1 = 8 bits Source/Destination = Bytes #2 & #3 = 16 bits Not
Used = 4 bits MI-A Code = 2 bits (11) MI-B Code = 3 bits (100) Patch ID =
11 bits Goup ID = 12 bits Parity = Byte #8 = 8 bits M D=13 Byte #0 =8
bits Bytes = Byte #1 = 8 bits Source/ '§?ination = Bytes #2 & #3 = 16
bits Not Used = 4 bits MI-A Code = 2.bits (11) MI-B Code = 3 bits (101)
Patch ID = 11 bits Logical ID = 12 bits Parity = Byte #8 = 8 bits H.

Consol e originates a p _ y Qﬁgé 1344009 a group call nessage using
the patch ID: M D=24 =§§Q{Ae%?0d=e8 bi%s 7 gy{ie%t Byte #1 = 8 bits '
Sour ce/ Destination = B Fode #/3 3 bists (1Mt Used = 4 bits M Code = 2
bits-(00) Type Comuni @atiif greupits £ 004 Ha¢gh 1D = 12 bits Logical ID =
: . ! _ : _ :

12 bits Parlty Byte ﬁ%t Used = 1 bit

Group ID = 11 bits

BCH Code = 12 bits N

Group alias 1D messages are repeated in the
control channel background mode and not acknowledged by

the mopiles.

| Individual alias 'ID assignment messages are
\«9 coded as follows:

MT-A Code = 2 bits (11)
MI-B Code = 3 bits (101)
Alias Group ID = 11 bits
Logical ID = 12 bits
BCH Code = 12 Dbits
F. All mobiles receive assignment messages but
6n1y individual call mobiles acknowledge message.
' MT-A Code = 2 bits (11)
_ MT-B Code = 3 bits (110)
W ' ~ Alias Group ID = 11 bits
s .Logical ID = 12 bits
| BCH Code = 12 bits

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

assignment:

MID=12 = Byte #0 = B bits



l. Control channel transmts group call nessage. Subsequent steps are
same as consol e originated group call.. Wile only one exenplary enbodi nent
of this 5 invention has been described in detail, those skilled in the ar}
wi |l recognise that mdny variations and nodificati{gps may be made in th
enbodi ment. Attention is drawn to related applications Nos. 8813169.3
- (2206019)., which describes a fault tolerant 10 radio repeater architecture,
and 8813167.7 (2206020), which descgfPes a conmmruni cati ons protocol.
Attention is drawmn to Applications . 9111268. 0 (2244889) and 9111269.8
(2244890), divided herefrom According to a first. aspect of the invention

[err] 15 clained i |cat No.. 9l 1] 268. O[err]there is provided a

met hod for achi ewﬁngﬁygkl abl ra{r?gl(&;}r o-mé %c‘gﬁnum cation within a trunked

radi o repeater systeuraeyDegtdnditdiornal= Eytesl#2 w#e|=ane piveal working
channel s, which vagtngsgaannglg iy assigned for 20 tenporary use by

i ndividual radio units specif by digital control signals on the control
channel , said net H6E-R0RpARsFn & bﬁéssﬂgﬂé of nonitoring the control channel
for morklng channqkragscgage&tg gQQ&e q@@ to a predetermned radio unit; 25
shifting said remh€) Q% § op gra .on to an assi gned working channel in
response to detect BrcRs I0uFh1ds nt on the control channel ;- and

initially, upon arGtoap DD &ha2abditgned wor ki ng
Parity = Byte #8 = 8 bits '

MID=13 = Byte #0 = 8 bits - s
# Bytes = Byte #1 = 8 bits :

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

Not Used =4 bits o |

MT-A Code = 2 bits (11)

MT-B Code = 3 bits (101)

Patch ID = 11 bits °

Logical ID = 12 bits

Parity = Byte #8 = 8 bzts

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

MID=24 = Byte #0 = B8 bits | ~
# Bytes = Byte #1 = 8 bits |
Source/Destination = Bytes #2 & #3 = 16 bits
Not Used = 4 bits o
" MT Code = 2 bits (00)
Type Communication = 2 bits (00)
Patch ID = 12 bits
Logical ID = 12 bits
Parity = Byte #8
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channel , simul taneously nonitoring that working channel 30 for an extended
dotting signal representative of drop channel signalling and nonitoring for
-confirmation signals confirmng the assignnent of that particul ar channel
toSad radio unit for a conmuni que. According to a first aspect of that

I nvention 35 clainmed in Application No. 9%%@?69.8[err],there is provided a
met hod for achieving reliable and pronpt 00 conmmuni cation within a
trunked radi o repeater systemhaving a_digital control channel and plural
wor ki ng channél's, whirch WBPkERG Ehannels tapasadssgaEauPoraldnpEsadgarse of
i ndi vi dual ra%@byaqb&n&pe&bblsedrby samedia@ cainseQ@! beligsnaelds gaibupe
control channel aid nethod conprising the steps of: requesting assignnent
of a worKking ch é%i by passing digital request signals froma first radio
unit to a control SWhelevehlsabdece&bm@ha@baﬁmbbdihent of thisi gning a

i fi I f
zgggndlfa gY88§9§§SS| |g|9%%%%§ée§ ﬁ@h?egaéﬂalg 8§8rs§§§ée%gﬁtrol
channel ; pa55|ng thei aait asiﬂgmnemgnusnfmhmmtmanyswgmabtibhs angr said
assi gned wor ki §8a§83RAE, SRE HEGN PR Lot thiy BrpBAdnahy cast one of said

radio units easi ng sal communi ¢ation over said assigned .
wor ki ng channel by A&tentdoai dist dirawal &gsaediaged eppdicatdoassiNgsed wor ki ng

channel in resggp3eebQ3 (2206019), which describes a fault tolerant
10 radio repeater architecture, and 8813167.7 (2206020),
which describes a communications_protosol.
N Attention is drawn to Applications Nos. 9111268.0
(2244889) and 9111269.8 (2244890), divided herefrom.
According to a first aspect of the invention
Claroh Ao, 2 ks PPF)
15 claimed in Application No. 9111268. 04 there is provided

a method for achiev1ng reliable and prompt

communication within a trunked radio repeater system
having & digital control channel and plural working
channels, which working channels are assigned for

20 temporary use by individual radio units specified by
digital control'signals'on'the control channel, said
method comprising the steps of

monitoring the control channel for working channel
\_ assignments addressed to a predetermined radio unit;

25 shifting said radio unit's operation to an
assigned working channel in fesponse to detection of
such assignment on the control channel; and

initially, upon arrival on the assigned working
channel, simultaneously monitoring that working channel

30 for an extended dotting signal representative of drop
channel signalling and monitoring for confirmation
signals confirming the assignment of that particular
channel td said radio unit for a communigue.

According to a first aspect of that invention
CSRriah Vo, LLiphp 99

35 claimed in Appllcation No. 9111269. SL there is ‘provided

a method for achieving reliable and prompt



20 successful passing of said assignnment confirmation signals, wherein said
control signals, request signals and assignnent confirmation signals .-
include triple data redundancy and said assi gnnent signals include sixgJold
redundancy of data representing the called party and 25 the assi gned
channel, and all said digital signals are conmunicated reliably at
substantially 9600 bits per second. ,.~CLAIM 1. A nmet hod for achieéving.

reliable and pronpt conmunication w IIQQ a trunked radi o repeater system

having a dighh iEQ@EBB'wEQﬁSHeE @PQnREHr§Ed¥8r¥é€9a %EhégQ@ B Which
wor ki ng channel's are assigned for tenporary use of [ndivitual radio units
speci fi ed avimgi @adigdhaloroptyadl shepagdnpndcplvral varkéngtrol channel ,

sai d cont roh,4Re188! wRIERY WBEKERBOLRENARIL! ke CoBEIGhedl 882! S from said
radio units to a control 10 site; said.inbound digital control signals

having a t¥eRPALRTYpHERCA?f SPRAVIAUALNFAGiI YBiLE SRRGHALRPANEYS| ot's, said
et hod ssorg@igtay &BAtebEPEighalsabnl efeeebhigodsshanneN! gkia wor ki ng
channel by aés ng dlthaI reﬁuest S|gn?[s froma first radio unit 15 to
sai d cont MBFtRPECOVBF 1§ BIntFE SERRANEF *i nbound digital signalling slot;
(b) ronitoring segdestihgobsshgnnehtf of ae9p0n$hgeqnhanaelbgssignnen;
Signai s T elyLDedoo¥ehtaS $adLgk SRARASE GLOR LNg:£OR FBhsd LRsW thin a 20
pr edet er mhe ex%ec a response -t ime; Snd .

to a control site over said control channel;

10 assigning a specific working Channel'to_said first i
radio unit and to at least one second-fadio_unit by : o/
passing digital assignment signals over said control
channel; o o ' ' '

passing digital'aésighment confirmation signals

15 over said éssigned'working.channel betwéen said control
site and at least one of said radio units; _

'.releasing said units for communication over said
assigned wdrkihg channel by sending digitai release
signals on said assigned working channei'in response to

20 successful paSsing of saidiassignmen; confirmation
signals, wherein said control signals, request signals

- and assignment confirmation signals inciude triple data
redundancy and said assignment sighals-include six-fold
redundancy of data representing the called party and o

25 the assigned channel, and _

all said digital signals‘aré communicated reliably
at substantially 9600 bits pef second. | |



(c) if no such respon5|ve channel assi gnment S|gnals are detected, then

(cl) ?epeatlng steps (a) and (b) within a retry tinme w ndow, and (c2)
increqsing the duration of the retry time w ndow as a fun

nunber of retries. 2. A method as in claim1 wherein sal “ﬂﬂelmum(nmmms
at a randomy variable tine within said re{n ti.me wi ndow. *3.

in claim1 wherein said digital 30. request gnal s are transn1tted as

nessages mnthlnggwiaﬁewrnned time slots and said increasing step (c2)
i ncreases the d of said retry. tinme wi ndow in accordance with the

fol | owi ng tabul ationl.firdx meghod fonachiqving '%ﬁi}am;a @md prome*écond
Zet ryA fgﬁrdsl &bm}ﬁ%ﬂi@%ﬂz'drﬁ’lvﬁm%@ R&Guridd %dda&l | | 4 éb:cl I tyd
: met hod as cl.ainmed jn c rein: alling slots of sa
digital control V&memi tﬁpg'r ’anﬁ’ﬁgl&%ﬁkg” KNS certain
dﬁrat ion; ang 5chagnel%|’:y ity Q?ﬁ:llﬂgxﬁtcetar(x@)s lamer wﬁsgﬁé& fbyr at i on of
the retry tinme ndow_al so _as t of sai d
control channel f"&ﬁ&ﬁry é“s Otaf 1%@1&&%&% rriaadof%a gf%qé% é‘l'n sai d
10 increasi ng stidgitad) dandimeds &danals r‘h@taqsmimd/\nmm ammrrm’y a tinme
interval relat ednbinele Wy i to1S AR [Ur Y Snr iR Nk g €1 al

signalling slots.
control- signals from said radio units to a control

10 site, said inbound digital control signals having a
time-multiplexed format defining discrete signalling
N\ . slots, said method comprising’ the steps of:
(a) requesting assignment of a working channel by
_paSSing digital request signals from a first radio unit
15 to said control site over a control channel inbound
digital signalling slot: .
(b) monitoring said bontrol channel for
responsive channel assignment signals returned over the
control channel from the control site within a

20 predetermined expected response time; and -

(c) 1if no such responsive channel assignment
signsls are detecfed, then (cl) repeating steps (a) and
(b) within a retry time window, and (c2) increasing the
duration of the fetry time window as a function of the
number of retries.

2. A method as in claim 1 wherein said repeating

~occurs at a randomly variable time within said retry
time window. '
3. A method as in claim 1 wherein said digital
30 request signals are transmitted as messages within
predetermined time slots and said increasing step (c2)
increases the duration of said retry time window in
accordance with the following tabulation:
first retry = two slot variability
35 second retry = four slot variability
succeeding retries = eight slot variability.



6. Apparatus for achieving reliable and pronpt comrunication within a *
trunked radi o repeater system 15 having a di grtak—eentraol channel and :

pl ural worki ng channel s, which worki ng channel s Emﬂa ,&ned for terrporar'y

use of individual radio units specified by digi ”ﬂlﬁﬂ
transmtted over the control channel, said cont ulng I nbound

digital 20 control signals fronlsaid 1§ O units to a control *site, said
i nbound digital control signals having me-mul ti pl exed format defining

discrete signalljng s Qisen o%m{sl %{ﬁ&qﬁwjbﬁlfgﬂhé%ipans for

requesting a55|gnnent 0 assing digital request

si gnal s over (§§ﬂq(§igﬂﬂﬁﬁkﬂg|$ﬁ9ﬁ§mp%|iﬁﬁﬂIQ#Q}¥9¥HCOQEHO ans for

moni tori ngs&%l@rﬁfﬁsmwﬁ FI05 RISt P61 [IEHYRd ] assvrgent si gnal s
returned over the control- channel within a predeterm ned expected 30

response t FRFtadd) quEALany 8eating sai d request and noni t ori ng
functi ogs withi said eirdordasingVigelpy (€2 ) hiMicresse® tied adiratiod such

o d repeaPind M Frh ML AR Fad e ¥ ypayieler Y e W ndow
as a . 11cexmmmm1mﬂms1am control channel Sigmatling of the nunber
of retriesgigtg, APparatus as in claimé6 mherein_said means

5. A method as in_cléim-l wherein said | _

10 increasing step (c2) increases said retry time window
duration by a time interval related to thé'duration of
said control channel iﬁbound digitai signalling slots.

6; - Apparatus for achieving reliable and prompt
communication within-a trunked radio repeater system

15 having a digital control channel and plural working
channels, which-wdrking channels are assigned for
temporary use of individual radio units specified by
digital control signals transmitted over the control
channel, sald control channel carrying 1nbound digital

20 control signals from said radio units_to a control
site, said inbound digital control signals having a
time—multiplexedlformat defining discrete signalling
slots, said apparatus comprising: - |

(a) means for requesting assignment of a working N/

25 channel by passing digital request signals over a | -
control channel inbound signalling slot;

(b) means for monitoring said control channel for
responsive channel assignment signals returned over the

_ control channel within a predetermined expected

30 response time; _ _

' (c) means for répeatihg said feqpest and
monitoring functions within a retry time window if
there is no detection of such responsive channel
assignment signals; and .

35 (d) means connected to sald repeating means for
increasing the duration of said retry time window as a



for répeating causes said repeated requests to occur at a randomy variable
time within said retry tinme w ndow. 5 8. Apparatus as in claim®6

wherein, said digital request signals are transnmtted as nessages within

A

t abul ation: 10 first retry = two sl ot iability setond rety £ fbur .

predeterm ned tinme slots and said duration increasing ne
time window to be progressively increased i ccordance

slot variability suc%iedln tries, = ght sl ot vari abi

Apparatus as in EPBFELEMWRES & “§&P8rsP

lity. 9.

nBPEFA®Ssiots of said digital

control 15 signals transnrhb@éretag bBeifoBLadh shaneeéihaysi@.ﬁéaﬁéln

sin

i on: . _ | ud
e w ndow as_ afPEnePPERTANS; ARNoEe, ParH HepaRFen srausffs B¢

the retry
Pt rafinel

si gnal | i_'ng 20 slat sanQOmlxpparaabieatime withinGsahdr setryatime eimdswng
means includeg neans gor i &gbgggkgg §§|g nl &1 ymt5n§h¥£gﬁ§ﬁ%€#&ﬁ%%%£%§y a

time interval related to t uration of sald contro

digital 25 signaF®AWgsSE gignals agpe trapamitted asHengagesiwbtinnd promt
comuni cat i on mnbheaeee&mﬂﬁ&adt&aélelbeaeaharséyateukaeybﬁgiﬁbfbébiﬁb

control channel and plural work wor ki n an els are
assi gned for 30 PEAPSr GPYSES. S5 ﬁ3W9|H§a$°Vmg? b%n?FQQE%%%r
digital control sngnehsednihhaccouﬂanbechahhethesﬁoﬁloniﬁgdtahm¢ut£¢mg t he

step of - trapgm ttingeg QiveRe3G! -OkuENaRBE! vASELOTER)

second retry = four slot variability

9. Apparatus as in claim 6 wherein:

succeeding retries = eight slot variability.

said signalling slots of said digital control

15 signals transmitted over the control channel have a

_certain duration; and

'said increasing means includes means for

increasing the retry time window as a function of said

certain duration of said control channel signalling

20 slots.

10. Apparatus as in claim 6 wherein said

increasing means includes means for increasing said

retry time window duration by a time interval related
\ to the duration of said control channel inbound digital

- 25 signalling slots.

11. A method for achieving reliable and prompt

communication within a trunked radio repeater system

having a digital control channel and plural working

channels, which working channels are assigned for

30 temporary use of individual radio units specified by
digital control signals on the control channel said

method comprising the step of:

transmitting a given set of channel assignment.

signals over the control channel in response to the

35 detection of a channel assignment request which was

made during a retry time period, and



_— . . VNIRRT T ey
signals over the control channel ‘in response to the 35 detection of a =

channel assi gnnent request which mas made during a retry tine period, and

| 111112111112% L M S * increasing the r et e
period in durati n of the nunber of tinmes such channe

©assi gnnent req&”mm&m M e. 12/ Appar atus for achieving reliable and
pronpt 5 commu oD W tHe n*a tru radi o repeater system having a
digital control channel .and pl ural g channels whi ch wor ki ng channel s

are assigned fo orary e v r ts.specified by

di gi tal bontrol %g?é“%ntﬁﬁ r%%ﬁ?rgéréﬁé 2| ggrgtggéogsagparatus :
conprisingfuncaneneoﬁetheeanmbar afcehmealsechechamnelaassngnmagtand
recei ving fgﬁbgsgrﬁggegg nShogal s over sai d control channel and over said

wor ki ng chan neans for causing transm ssion of a given set of 15
channel aSS|gnnﬁ2t shpparatugsefornacbiaving telhablei andeppompd to the

detectign gémﬂugbeaeﬂmaﬁﬂﬂmﬁat thGAkE tr%iehr&%aﬁﬁes§g&éag aretry

time perio means (ncreasing the retry gerlo duration as a
function ohaVEBInAnBagisRlt FABETOUCH Eﬁaﬂﬁeﬁnﬁse 3ﬁﬁ%n¥°EBiPSquest has been

made. channels, which working channels are assigned for
temporary use of individual radio units_specifiéd by
digital control signals on the contrbl_channel, said
10 apparatus comprising: B Lo
transceiver means at a central site for \')
transmitting and receiving radio frequency signals over
said control channel and over said working channels;
_ means for causing transmission of a given set of
15 channel assignﬁent signals over the control channel in
response to the detection of a channel assignment
request which was made during a retry time period, and
means for increasing the retry period in duration as a
function of the number of times such channel assignment
20 request has been made. '




