-1- ' 45- MR- 00541 RADI O REPEATER ARCHI TECTURE This application is
rel ated to copendi ng application No.8813168. (GB-A-2206018) entitled
"Trunked Radi 0 Repeater system' and si mil taneously flled EEXfS l'icatjon .
No. US88/019.83 (GB- A 2215946) t 1&{ .
"Processor-to-Processor Communi cations Protocol For a PUb|IC Servi ce

Trunki ng Systent, the subject matter of which applications is incorporated
herein by reference. This invention is generally directed to the art of

trunked radi o repeater systens. It has particular:application to a radio
frequency repeater site architecture with a fail soft" feature which

provi des trunking and ather comruni cations capability despite failure of

maj or conponents of the architecture (e.g., the primary site controller).

Radi o repeater trunking (tinme sharing of a single repeater conmunications
channel anmong many users) is well-knawn. Early trunkingess used anal og
control signals while sone nore receﬁi systens havekétﬁﬁ §§§%gfgita

control signals. Control signals have been utilized on a dedicated contro
channel and/or on different ones of the working channels for various

different reasons and gf non- exhaustlve but somewhat representative
sanpling of publicati ows ' : : 2% pi cal prior 2 art '
trunked radi o repeater systens i's |dent|f|ed belomr U.S. Patent No. '

2,292,175, Moottty (390RLabiSn 08" Sa1aM 1 EgGdas B OO ot i (1969)
application No.B®A 3 b2 (GB-A-2206018)

[ entitled "Trunked Radio Repeater System"; and %% .
simultaneously filed PCT application No.\ng‘BTOm
(GB-A-2215946) . entitled

"Processor-to~Processor Communications Protocol For a
Public Service Trunking System", the subject matter of
which applications is incorporated herein by reference.

This invention is generally directed to the art
of trunked radio repeater systems. It has particular
application to a radio frequency repeater
site architecture with a "fail soft"™ feature which
provides trunking and other communications capability
despite failure of major components of the (
architecture (e.g., the primary site controller).

Radio repeater trunking (time sharing of a
single repeater communications channel among many
users) is well-known. Early trunking aystems used
analog control signals while some more recent systems

- have utilized digital contreol signals. Control
signals have been utilized on a dedicated control
channelland/or on different ones of the working
channels for various different reasons and effects.

A non-exhaustive but .somewhat representative sampling
of publications and patents describing typical prior
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art switched channel repeater systens which avoid using a dedicated control
channel “-- "in part by providing a handshake with the repeater site

controller on a seized "idle" working channel before comunication with the
called unit(s) is permtted to proceed. There are many actual and potentjaAl

applications for trunked radio repeater systems. However, one of the nmore - -

| nportant applications is for public service trunked (PST) systens. For
exanpl e, one netropolitan area gay advantageously utilize a single system
of trunked radi o repeaters to provide efficient radi o comunications

bet ween individual :radio units within many different agencies. Each agency
may, in turn, achieve efficient communication between individual units of
different fleets or sub-units (e.g., the police departnment may have a need
to provide efthsIJ PatentNoL Cal 20554B6, Waebbdieltf aleng1esdy s of its squad

Coret e’ 1§ U ERHHRb e +¢ 578 ChbKA: EREA AN SO "D et ned

~groups of units (e.g., all units, all of the squad cars, all of the foot

-patrol men, etc&he%o&bﬁ WL 3gsteat " .igwer%&g daaﬁ&e fire

departnent, the transportation art nent nment, the
emer gen@yt @i kehed chagnel eeyeﬂﬁyrbeypﬁen@eavlﬁfclsmﬁqia# communi cati on

servi cegusitNg id d@aickeeMcbﬁt&bmsehﬁaﬁblv aL Wil pareidg Ng theory, a

.g?l?LL;%*&&iﬂ?%ﬁtﬁn#‘ngggﬂgﬁ gégg tﬁﬁre %%g Qi(éi efficiently service all

controller on a seiged "idle” working channel before

~

communication with the’ called unit(s) is permitted to _ ISJ

proceed .
- - There are many lctual and potential
applications for trunked radio repeater systems.
However, one ‘of the more important applications is
for public service ttunked (PST) systems. For
example, one metropolitan atea may advantageously
utilize a single Syefem'of trunked radieﬁtepeaters to
provide efficieﬁt:radio communications between '
individual radio units within many different
‘agencies. Each agency may, in turn, achieve
efficient communication between individual units of
different fleets or sub-units (e g., the police
department may have a need to provide efficient
communications between different units of its squad
car force, different units of_detectives or narcotics
agents and the like). .Sometimes it may be important
to communicate simultaneously to predefined qfoUps of
units (e.g., all units, all of 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 department, the
emergency/reSCue serViées;"etc.) may be in need of
eimilar communication services. As is well-known to
those familiar with trunking theory, a relatively

*
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afea if they are trunked (i.e., shared on an "as-needed" basis between all
potential units). There are.a variety of trunked conmunications systens on

“the market today, each with its own set of advantages and di sadvant ages.

The oge thing all such systens have in common is architectures which (1)
prohi'btt the use of optinum signalling baud rates, (2) inhibit diagnosis,

| ocal i Zation and correction of hardware failures; and (3) cannot continue
to support trunked operation should any non-RF- S|gnal poi nt failure occur.
The inportance of each of these three foints will be discussed
individually. (1) Optimum Signal ling Rates . The tel econmuni cations

i ndustry invested substantial tine and noney towards determining the .
optimal way of transmitting data at 800 Mz for the cellular tel ephone
network. Data tra ssion_efficiency ortant SI e .t increases both
frequency effi c? Qéii??ﬁﬁ?f&e? ef?&t?eﬁﬁ?eﬁ A5 78 i HF%&%F%%ncluded t hat
t he opti mal bawmkerwice iall hef hthéset nbadd withiaf ablgienei geEwayaphidat a t hat'

et e havi ng SR { (B9 SHRPPEbaER! (FUBLLC BN Bl il B0 (PST)

that can be supmﬁtwde%\kwﬁallessweaueaié Mlamiam tecture

which are unable to supmeré ake h'GQ?ieE&OSQS%'r%He%q@diﬂiﬁﬁtéaﬁsé%' at ed
wi t h\d hi gher baud rate, Stlnghﬁés ggyelther use Iom/baud Hat es (300

baud) or subopt?%@e%tﬁf‘r esmg eachowith dtq jomn igat

~-Correction of P&dvbum&ges and disadvantages. The one thing all such'

systems have in common is architectures which (1)
prohibit the use of optimum signalling baud rates, _
(2) inhibit diagnosis, localization and correction of
hardware failures; and (3) cannot continue to support
trunked operation should any non-RF - signal point
failure occur. ‘The importance of each of these three

o

points will be discussed individually.
(1) Optimum.Signalling_Rates
‘The telecommunications industry invested
substantial time and money towards determining
_ the optimal uay of transmitting datadat 800
MHz for the cellular telephone network.  Data
_ transmission efficiency is important since it
\:; ' increases both frequoncy efficiency and user.
efficiency of a system. It was concluded that
the optimal baud rate is the highest baud rate
of bilevel encoded data that the channel
bandwidth would support. For Public Serv1ce
Trunking (PST) systems having a 25 KHz channel
bandwidth 9600 baud is the highest rate that
can be supported. Nevertheless, due to
 hardware and architecture which are unable to
support the higher processing reguirements
‘associated with a higher baud rate, existing
| sYstems eithetr use low baud rates (300 baud)
or'suboptimai baud rates (3600 haud).



Failures A-conputer primary site controller which oversees site activity
and detects site faults expedites the failure detection and correction
process. On the other hand, if that same conputer enbodies all '
intelligence at the site, then fault detection within the controller \J
itself becomes difficult to perform Existing systenms either have no .
computer to effectively detect failures, or a conmputer which contains all
site intelligence (and thus cangot effectlvely di agnose or recover fron1|ts
own. failure). (3) Trunked Fail Soft Operations There are at |east three
reasons why site controller failure should not elimnate trunking
capability. -First, since the systemis trunked, nore radi os probably
reside on the systen1than if it were a conventional system-- and
consequently, d2Z) ndioomlitatientandkSdrredsionuoss Bardwanever| oad (Si nce
a trunked system can h fuééé nore traffic than a non-trunked systen).
This can result in units being forced off the system-- or units being
unabl-e to access the %mm'ﬁ%’tﬂﬁiﬂaﬁlt giteccontroddarywhiathe node of

\?ﬁerﬁt ion as S%Meé@esil@@rictfvﬂty iﬁamié]tb&‘t%k%qt%/mﬁsl)l a systemin
adAFt.EﬁS{Sco””n?éﬁe En the rat TyPRaatethueh Ao Gl R0 ot on t0al |
process. On the other hand, if that same "/
computer embodies all intelligencé”at the '
site, then fault detection within the .
controller itself becomes difficult to - - NS
perform. Existing'systems either have no_
computer to effectively detect failures, or a
computer which contains all site intelligence
(and thus cannot effectively diagnose or
recover from its own failure).
(3) Trunked Fail Soft Operations
There are at least three reasons why
site controller £ai1ure should not eliminate
trunking capability. 'First. since the system'
is trunked more radios probably reside on the
'system than if it were a conventional system
-~ and consequently, elimination of the
trunked mode causes system overload (since a
trunked system can handle far more traffic
than a non-trunked system) _ This can result
in units being forced off the system -- or
units being unable to access the system to
begin with. _
_ Second changing the mode of operation
‘'as seen by the users (e. g., from a trunked
system to a system in which users must select
their own operating £requencies manually)
creates additional confusion, particularly
when a user is forced to listen to all



6 conversatlons R dﬁ%n those that don't pertalneﬁo hi mMher (in a typical
trynked system. only those units intended to be & part of a communi cation

tune to the frequency on which the communication it:akes place). Third, site

controller failures are not statistically independent from energency .

~situations in the field. For exanple, the very stormthat mght cause

energencies in the field could cause power problens damaging the site.
controller. The advantages provided by_a trunked conmuni cation system nmay
thus be needed nost at the time the si®e controller fails. Fault tolerance
can be the nost sophisticated portion of- a system and is- not achieved.
effectively as an afterthought to the system design process. Yet to date,
trunked comruni cation systens have been deS|gned mnth little regard towards

_fault t ol erance, forC|{?h$g§s§?g%§§e Qvgkff %@ldo% Eggér\m

hardware in order to tarn rell he “end u
truly fault tolerant. tt@rik@!!/bem"rﬁﬁhcat tmtcs}stmksqlusuesesysmhmem gn

~and engi neering consi des@seoaﬁiébrfﬂabﬂa&dt bs Qeval sa%nbfcxcl e, beginning
‘Wi th.the very conception of {he systemitself t runked conmuni cation -

system nust be evm|ﬂn?RPQE&tﬁ’B%°BIF“ﬁ§p38t§h8ff§9§PéﬁF§b8PaFméﬁ
including its fault totmsaaeﬂmunfcaepeﬁteakagtglaeebltecture for a trunked

t tem has b d_whic £ f aul t
ol orance. andther of or o avol BB+  BIRBCEoPHEOAFcABMLNERE SEHoAD ng

in o | statistically independent from emergency .
' situations in the field. For example, the
N4 - ' _ very storm that might cause emergencies in the

field could cause power problems damaging the
site controller. The advantages provided by a
trunked communication system may thus be
needed most at the time the site controller
fails. o '

. Fault tolerance can be the most sophisticated
portion of a system, and is not achieved effectively
as an afterthought to the system design process. Yet
to date, trunked communication systems have been
'designed with little regard towards fault tolerance,

_ forcing the end user to tie up capital in redundant.
- _ hardware in order to obtsin.reliability. Affordzng
“ the end user with a truly fault tolerant trunked
communications system requires system design and
.engineerihg considerations throughout'the.development
cycle, beginning with the very conception of the |
system itself. -
A trunked communicatxon system must be
evaluated based on all aspects of system operation,
| " including its fault tolerance. A repeater site |
architecture for a trunked
communications system has been developed which has
a degree of fault tolerance and therefore avoids
or reduces the aforeﬁentioned shortcomings in



exi sting trunking systens. According to a first aspect of the present

I nvention, there is provided a nethod for achieving 5 reliable

comruni cation within a trunked radi o repeater systemhaving a digital .
control RF channel and plural working RF channels, which working channeld
are assigned for tenporary use of-gndividual radio units specified by
digital control signals on the control 10 channel, said nethod conprising
t he stepismﬁng(xrquxnghsx§t£m§%sten1capable of operating alternatively in
a normal nog ,%(q:d‘ad | £ 55t a@fﬂl%ﬁ ﬁ< g}ﬁ% Aermal node,

controlling the tr sal d plur channels with a centra

site 15nVGBF|FtJ-P(§‘| I eﬁh%é&QﬁOVﬂM @dl“}ﬁ}ft% farpehieni®@ini cating trunking
CON§T Oke3hi@naleS demintRfitatdich GARININ é'ﬁﬂuﬁ&fﬁ HdRs ﬂsﬁé@@é@r and pl ural

trunkin rocessqrs one, of ich |s ssociated with RF. control channe
and otf ?g e & digdhpl, Sons a‘FZ(? et £ f?’e‘f%"ﬁ'ﬂ' one of plural

- RF \AorkoagmbamelcharﬁmJ.s( C)whildn Smrﬂh.frfy Ichmfﬂe]m)'(tre control.ling the
t runki | I distribute rocessi ng manner .
with sggﬁg P%?a cfr un%llpr?\é%ﬁoc ssg’ It%gll (ﬁ r];:gr soft node being

25 pespecuﬁdedndbarpehmmaly Qﬁntnqlnlsu@aﬂ@tmnltm gmmsml omsaid. central
si{@ Cﬁﬂrah?zka'ler 1€ StHod 39’"1 ra#q"l[d:g:rﬁg] &¥. communi cati ng trunklcg

control signal’s etween sal rocessors. According to-a
second aspeé®)of PORYiging @ S&@ﬁ%é’ﬁma&iet 1PeTAIRG | ded a trunked

~radio atieeah%iwtyemm@/lﬁ&nmdlnwdealaﬁa)rﬁﬂca fAEnnedfentodéyral  working
channel s, m?éé kln chann 43% assi Qﬁﬂﬁﬁ?r H$nporar%iuse of
i ndi vi dual %Mﬁﬁq _ g othe| BB the control sy
channebf satid plural working channels with a central site S
15 controller processor, including the step of
communicating trunking control signals between said
central site-control.ler processor and plural trunking
processbrs one of which is associated with said RF
control channel and others of which aré each associated
20 with a different one of plural RF working channéis, and
(c) in said fail soft mode, controlllng the
trunking of said plural working channels in a
dlstrlbuted_proce351ng manner with said plural trunking
. processors, trunking in said fail'soft mode being
25 performed independently'bf trunking control signals _
~ from said central site-controllér“processor and : \J
including ﬁhe step of communicating trunking control
51gnals between said plural trunking processors.
Accordlng to a second aspect of the’ present
30 'inventlon, there is provided 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 on the control channel, said
35 system operating alternatively in a normal ‘mode and a
.fail soft mode said system compr151ng'
a central site controller processor operative in
said normal mode.for controlling the trunking of said



35 systemoperating alternatively in a normal node and a fail soft node,
said systemconprising: a central site controller processor operative in -
“sai d normal node for controlling the trunking of sai-d - pl ural worKking
chanmuls t hrough plural trunking processor neans one of which is associated
with said control channel and others of ﬁ%rch are each associated 5 with a
di fferent one OL F ral rkrng chag lﬁt | ural  trunking
processors opePatfde. ﬂr§ Pd FHPPNELF: thogug BBB eFEUPKINGNd

conmuni cat i ng ptbbesserameahsrohe OﬁnWhmbhthe assﬂklagedfwiahdswﬂa%ﬂ
wor ki ng channe I t 1 tru King
control by sar%ﬁ%#f%f %h$£3?? %Sg §§ %ré.l)vIf Rt%P %rsnggghb Q gnal
processi ng Harwih ca (@hbberedti nne e6- pibtrall worunkgngheandls.oandTC )

fedi cated Lo each ragig biapuenEyuARIR gr&eagswsaoggéa&%aem%&ar and
receiver operatrgﬂ on th anne es the si rocessing required
for its associfatl sefknmedeten @@GP@E@EH”@rQﬁ@I°9$BB§ §ﬁﬁ§ngrvﬂﬁhng card

oper ates essergpal éﬂotﬁ@ﬁp%déaﬁ{:i‘ofxﬁﬁétti‘ﬁﬁki‘h?th $8¥8! piggdnred control
coordination with other trunking cards rrnargesrte controller

conput er  Dur iHRFFHAGeFhIpReLS . %fg%ﬁErEQBF%ﬁ1mﬂB§ T cBhEPBHEf unctions are

per f or med 1y tquxsﬁmg ottivkivg €onfrol abji §8idpSete COONYTOLLGK h
advawneed, real éne control capabilities) -- leaving the trunki'ng card

processors frdEEWVote all of



their processing resources to processing signals associated with the .

speci fit RF thannels they are dedicated to Synchronization |ines and
serial comunications |lines are shared anong all of the channel processing
trunking cards -- but flow of control information during normal system -
operation i-s between the trunking cards and the site controller. One of the
channel signal processing trunking cards is assigned to operate on a '
dedi cated trunking control channel (any of the trunking cards are capable
of operating on the control chappel, but an arbitrary trunking card is

assigned -- if the assigned card\fails, another trunking card takes its-
pl ace) . Al'l nobile units not engaged.in active conmunications on a
wor ki ng channel nonitor the control channel- -- and there receive

instructions to nove to a working channel to conmunicate with other nobile
units or with the console. In prior art systens, failure of the site
controller causes the entire systemto cease operating (or at best, begin
operating in a non-trunked node w th each channel operating independently
as a repeater with little or no coordination between the operation of _
di fferent channels) unless and until an alternative site controller can be
brought on line. In the present enbodi nent of the .invention, . the 3
trunking card assigned to operate on the control channel al nost -\
instantly detects failure of the site controller, and upon such detection, .
control's the trunking cards to operate in a "fail soft” node in which the

trunking cards 1 é860embadiaiEt | Os COAELNpEEEEsWI NG Higdwded site
(embodied in a so-called "trunking card”, or "TC") dedicated \/
to each radio frequency channel (and to a radio transmitter ' |
and receiver operating on the channel) provides the
signal processing regquired for its associated
channel. Each dedicated signal processing trunking
card opefates essentially 1ndépendent1y except for
higher-level required control coordination with other
trunking cards and with the primary site controller
computer. .During normal opgration of the system,
most control functions are berformed by the site
qohtroller (e.g., a high speed computer with
advanced, real time control capabilities) -- leaving B
the;trunking card processors free to devote all of _ Q)
theit processing resources to processing signals '
associated with the spécific'RF channels they are
dedicated to. Syndhrbnization lines and serial
communications lines are shared among all of thé
channel processing_trﬁnkingzcards -= but flow of
control information du:ihg hormal system operation is
between the trunking cards and the site controller.
One of the channel signal processing trunking
cards is assigned to operate on a dedicated trunking
control channel {(any of the trunking cards are
capable of operating on the control channel, but an
arbitrary trunking card is assigned -- 4f the
assigned card fails, another trunking card takes its

-
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controller but instead communicate control information with one another
over a backup serial link (BSL) not used during normal system operation.

- Qonmuni cati ons between the-trunking cards over thé backup serial link is

Ll

-

card begi ns assi gni ng wor

derQLﬂated by the control channel trunking card so that each trunking card: . . -
I ndependent |y mai ntains systen1statu4()nfornation, and each trunking card

updates the control channel trunking card and all other trunking cards with
changes in status. In fail soft node, control functions handled by the site
controll er during normal node operation are handled in a distributed

fashi on by the frunking ds.. For exanple, a down |jnk trunking card mhich..
si mply passes PHRS®}es béil&e@ﬁb_%ﬁé upits: pet, snaageshdn AFYY® ator control

consol e dgangcf]mmwﬁﬂeg_speﬂalhiQarheng&QOm inﬁ:l-'ﬂiim G agesd and
origlinate y the consol e ditect 0, WOr Ki ng _chann fyunking cards an
the control cﬁﬁﬁﬁﬁ°¥r€hﬁ?ﬂ§icardx8§eFﬂ?ﬁ§ c%;ﬂﬁi%fﬁ%ﬁqéﬁiéh’gﬁ%ratiom
and al so noni tmoeve stat asworkingechgnneilated commund caté avisth rathemg cards
and passes t*"H%b{TéseﬂftgPoEOw%Eﬁ ngbﬁsdlgﬁ control channel trunking

_ S To

i ng channe rtrunked conmuni cations when the
fail soft node is .inviReBrinrt 85§ systemgi,nFaddune of tthe@lteler to

assi gn channel gondR61Y0EkEREseBatRe! ehtiel 3y stUnfit cgrdegi n perforning
cont\wdl functions in the, fail sgé%ﬁnnge whi ch are performed by the site
ou

control | er in YPeFRbing (Apqat RIADy QREFR AR AR & unctions (e g.
call 1oggi ng, symetrankedrmodengithndathechanmelaicpdmstiingien the fail soft
r_rpde Is | nvom{jﬂdéﬁé‘ﬂé&ﬁgly as a repeater with little or no '
— " .coordination between the operation of different
| channels) unless and until an alternative site controller
can be brqught:on line. In the present embodiment of
the invention, the  trunking card- assigned to
operafe on the.cbntrol'chanﬁei almost instantly
detects failure of the site controller, and upon such
' detéction, controls the trunking cards to opetate-in
a "fail soft” mode in which the trunking cards no
longer attempt to communicate with the failed site
controller but instead communiéate cbntrol '
information with one another over a backup serial
link (BSL) not used during normal system
operation. COmmunications between the trunking-cards-
'over the backup serial link is coordinated by the
control channel trunking card so that each trunking
card independently maintains system status
information, and each trunking card updates the ,
control channel trunking card and all other trunking
cards with changes in status. " ' '
In fail soft mode, control functions handled
by the site controller during normal mode operation
are handled in a distributed fashion by the trunking
cards. For example, a down link trunking card which



Capabilities are mai ntai ned because trunking control -functions are .
distributed anong the trunking cards.. As a result, failure of the primary
site controller has little or no effect on nornmal communi cati ons and .

trunking capability. In somewhat. nore detail, during fail soft node the . ] )
control channel trunking card deternines durlng each i nbound contr ol
.channel slot (a tine interval ring which a nobile or portable transceiver -

transmits its working channel @Pquisition request) if.-a nessage is being
received. If an incom ng nessage is arriving, the trunking card assigned to
t he control channel processes the nessage. For exanple, if the incom ng
nmessage is froma nobile unit requesting to comuni cate with another nobile

unit, sitriﬂy:cystwésoiaeesggesrhekhagncahd sdkﬁcurﬁzfm@:v\xd)rki Inlg ghange:
connunlcat ac e i gpnent e t.o.the calli.n called nobile
i 15 o 51Ee COREFEFoR SRAEFS L, FARER TS AR AnY petma e, e |
assi gnmemdbeginhecenmnniedtﬁnqkmngsalgennelritgimiﬁedg kyard over the
backupfgﬂé Aéé*é &yr%gg%ﬂt@gr"?gﬁgngléhg ??Q§?$ elng received, the

trunki ng card assi gned e contro hanne ot her trunking"
cards i rFands And ¢ o¢°§1=§?&schHFBFﬁaFFBnkinsaslﬁlidr @vemdheard respondi ng

overTL hedraduri lrfili].'baft%bétﬂtiioﬁoriﬁgpﬁll%kﬂalihotdi%ﬁ ot aSSIgnedht Om
b e i b s PhREERchd B ERE! FhrkaRa ey, 1Ll o L0 Lhe o
t he contgadds hemdepagsesothese| yessage onntbr thiez tionwole.gnal s to the ot her .
trunki n%‘tfarcdoﬁ)é/zeél cﬁXﬂﬁQi%MﬁﬁiRB LLQS begins assigning: o
working channels for trunked communications when the : ‘&j_-
fail soft mode is invoked. instead of relying on the
site controller to assign channels. The working _
channel trunking cards alsc begin performing control
functions in the fail soft mode which are performed.'
by ‘the site controller in the normal mode.: -
Although advanced céntrol functions (e g.,
call logging, dynanmic regrouping, and the like) are
lost when the £a11.so£t.mode is invoked, trunking
capabilities are mainﬁained because trunking control
functions are distributed among the trunking cards..
As a result, failure of the primary.siteﬁcontroiler
has little or no effect on normal communicationé.and_ W
trunking capability . _ '
_ In somewhat more detail during fail soft mode
the control channel trunking card determ1nes_during
each inbound cgntrol channel slot (a_timé.interval
during which a mobile or portable transceiver :
transmits iﬁs working chahnel acquisition-rgquest) if
a message is being received. 1If an incoming message
is arriving, the trunking card assigned to the
control channel processes the message. For example, -
~4f the incoming message is from a mobile unit
requesting.to communicate with another mobile unit,



during both normal and fail soft nodes of operation -- causing those other
‘units to | oosely synchronize working channel comunications wth the

*control channel. communi cations. The control chanfel’ trunking card is the
"master" of site synchronization timng, since it controls the tim ng of
the_synchroni zation |ine connected to all of the other trunking cards. In
the preferred enbodi ment, the wdth oﬁ}Lhe sync pul ses generated by the
-control channel trunking card is.used to indicate to the other trunking
cards whether the systemis in normal or failsoft operation. Because each
channel trunking card independently processes the RF signals being

transmtted an recelved by .its ocCi r ter soci at ed
channel , rapid thed shape %P%E“ﬂs‘ dﬁgﬁguﬂflﬁﬁﬁ’bé gﬁﬁﬁorted
mntﬂouttﬁveiloadr&gﬂguehannelunuanﬂdnicdteé si¢ghahnploassigngent gerforned
within e trupki [ r. uring
fail soft opergfhl %n ﬁ ?tbﬁn ﬁﬁ%\ %sé]%%g%éecﬁgﬁggg hiQerggnng site
controll er conﬁbﬁeﬁ°ﬁ§¥Qisﬁﬂﬁnﬂﬂla[!ﬂQﬂ#k#o(ngﬂuntéﬁtsscyhaata link.
Thus, failure ghafned ddsiigrndiit MeEge ééuﬂl&“ﬂeﬁéééedoﬁérﬂﬁx di sturb

conmuni cati ons betmeen t he pri-mar ontrol|er and e renalnlng ?runklng
cards. MoreoveFhanmed ié‘%é’r%"f?‘f% the Packeporeeiatotigkpuman
serw.ee technician) tm-mmﬁ m&muﬁnﬂﬂlmm&neﬁgagauihsbéhﬂg do occur.

_perhans one of pUlB YR, R P AN AT SedlohaR. L Enf SRRRERL S,

' channel polls the_other ttunking cards in the system

Y . for status information,. each trunking card responding
over the backup serial link within a corresponding
time slot assighed to it. The entire polling process
is completed rapidly (e g., prior to the end of the

- inbound control channel message slot).

' The trunking card assigned to the control
channel periodically sends synchronization signals to
the other trunking card over a synchronization line
during both normal and fail soft modes of operation
- ceusing those othe: units to loosely synchronize
working.channel communications with the control _
channel communications. The control channel trunking
card is the "master” of site_synch:onization t;@ing,-
eince it controls the timing of the synchronizefion _
line connected to all of the other trunking cards.
In the preferred embodiment, the width of the sync
pulses generated by the control channel trunking card

 is used to indicate to the other trunkzng cards
whether the system is in normal or failsoft
operation. '

Because each channel trunking card
independently processes the RF signals being
transmitted and recexved by its associated repeater
on an associated channel rapid rate signalling



el i nminate trunki ng functionality. Should the site controller conputer fail,

hi gher -1 evel system features (e.g., call |ogging and dynam c regroupi ng)
~are lost, but signal processing -- "and nore i mportantly, trunking
capability -- is still performed in a distributed fashion by the channeky
trunki ng cards (since sufficient,.conputational power exists within each
trunking card to performtrunki control processing). Should a trunking"
card fail, the unit can be renoved from service and nornal operations can
continue with one less RF channel. Al trunking cards are identical in the

preferred embodi ment (and all are programmed identically), so in the event
the trunking card assigned to operate on the control channel fails, that .
t runki ng(e:.ag.d, m%d:aedbvcdnfbensnmm@mmther t runki ng card can be

assi gne e I %ﬁﬁh channel trunking card
S capa& ?ﬁﬁ %gcggﬁ Fﬁ%ﬁ§ trun |ng card). The system of

“this errmcmims srmrﬁegmsér Hé&hén'dﬂ"@i tuniing GA&IE syst em because

trunkin éﬁeéf eﬁ{-fﬁaeﬂobﬁail sbbaiatalo@mln% Rﬁﬁﬁﬁfboﬂﬁla conti nuousl'y
dedi cat e control" data chgnne uni s are. grogr d So as to '

aut omat &%ﬁ yoperation, fRac EH&P&"H%&G Pannel upon
bei ng t WHepPimary beite cenerolu.brt b@n@nﬂfnt eda:mtsqbaﬂmmel dat a fornat

is not ther cpvered, okh t| osghR| channel s are ™

successﬁﬁ'&fﬁ)ﬁ Sr%d'iﬁg Eg?g ?gr% r}é‘g‘}gequencsg' ﬁ#‘ﬂén ggtlve cont r ol

channel & paFr&sXbekrlink andyhrslnammakiﬂgucqnﬁudoQﬁnnﬁbI channel apparatus
P

at the(ﬁiﬂt&@b communications between the primary controller

and the remaining trunking cards. Moreover, this o S!J

feature permits the site controller (or a human
service technician) to. more accurately diagnose any
faults that do occur.

Perhaps one of the most important advantages
of the site architecture pr_ov_ided by the present
embodiment is that no single point failure can
eliminate trunking functionality.

Should the site controller computer fail,
higher-level system features (e.qg., call logging and
.dynamic regrouping) are lost, but signal processing
-- and more importantly, ‘trunking capability -- is

still performed in a distributed fashion by the ' u

channel trunking cards (since sufficient
computational power exists within each trunking card
to perform trunking control processing). Should a
trunking card fail, the unit can be removed from
service and normal operations"can_continue with one
less RF channel. All trunking cards are identical ‘in
the preferred embodiment (and all are programmed
identically), so in the event the trunking card
assigned to operate on the control channel fails,
that trunking card can be removed from service and
"another trunking card can be assiqned to operate on



- .

cdntrol site may be tenporarily renoved fromservice (e.g., for maintenance
purposes). This sane feature also permts continued trunked system
‘operation in the event that the regular control channel unexpect edl y

mal f yngtions or is otherwi se taken out of service. Should the backup. serral
14 nk Between -the trunking cards fail while the primary site controller is
stitl operational, no operational feaquges are | ost because the serial link
and the. site control I er communication pat hs are used alternatively. |If the
synchroni zation |link between the trunking cards fails, RF channel access
time increases slightly (e.g., from280 mlliseconds to 320 m||iseconds)
due to | oss of |oose synchronizatron bet ween the control and worki ng

channel s, but ithies e%dtﬁ"&l Fdinvel | (@aéﬂ%ﬁé‘ﬁﬁelsti‘ﬁhkﬁ!ﬂb' cazdl gt 0 the
user. Perhaps one the greatest advant ages ‘_Site architecture

provided in th& Qﬁﬁﬂs|599t%°?EﬁP} ?BFQPSACE’BH&#&E&errstrcs

Pri or repeaterca&ahltectures have been provrded mnth sone degree of fault
tol erance only by prow ard s_.a b up site
controller. This red a%%ﬁ%v%dﬁ%ég 15"%“ ORP§‘°§'§ gpsr ve, but is

| ess reliable thmmedu;cﬂdiqitnlerrttunkedngyatehrbecnuse grunkdedy i n t he
present enbodi @Ry qu_r lﬁ “,_9 %gﬁ ggg@dvvg%l} gct | vat es

backwpg hardmere can |ts re approach "and
prevent the sySe&H: M#J&Mi%tetthecewém%ecéate ghannedd i Alidhe

-present enbodi {Rikts \Hrd profrafifedcdS s €6’ AGE6mALLLally revert to
the predetermined primary control channel upon being
turned on or beinq reset. 1f the expected control
channel data format is not there discovered, then

L NS

alternative possible control channels are successively
monitored in a predetermined sequence until an active
control channel is discovered. 1In this manner, ‘the
usual control channel apparatus at the central | _
control site may be temporarily removed from servzce_"
(e.g., for maintenance purposes).. This same feature
also pefmits continued trunked'system'operation in
"the event that the regular control channel
unexpectedly malfunctions or is otherwise taken out-
of service. ' ' '
o Should the backup serial link between tle
| " trunking cards fail while the primary site controller
is still operationel,'no'operational features are
lost because the serial link and the site controller
communication paths are used al_ternativ'ely. 1f the
synchronization link between the trunking cards
fails, RF channel access time increases slightly
(e.g;, from 280 milliseconds to 320 milliseconds) due
to loss of loose synchtonization between the control
and. working'chennels, but ﬁhis'slight ‘access time '
increase is not noticeable to the user. . _
Perhaps one of the greatest advantages of the:



controller, exhibits a three times greater trunking reliability than the
trunking reliability of a non-fault tolerant architecture with a custom
site-controller supported by a "hot" standby site controller unit. In |ight
of today's comuni cati on needs, and what current technol ogy can delrver,;)
fault tolerant trunked communi cation systens are nandated. Appraising a.
systeml s capabilities requires understanding the trade-offs nmade by the
designers in establishing a bal ance between functionality, cost, and fault
tolerance. And in the-end, the effective .evaluation of a system enabl es one
-to weed out those that talk fault tolerance fromthose that deliver it. An

enbodi ment .of the-present invention, given by way of exanple, will now be
described with reference to the conpanyi ng drawi'ngs, in which: FI GURE
1 is a general explanatory diag} m of fa trunked radi o repeater system

enbodying this invention; FIGURE 2-is a sinplified block diagramof a
central control site (as well as a satellite receiver site) in the trunked
repeater systemof FIGURE 1; FIGURE 3 is a S|an|f|ed bl ock di agram of the .

gener al sstbe.eemtte@ﬁu&e ;ﬁfoﬁf&dﬁm ﬂwtﬁﬁeseﬁtféﬁbéd‘ﬁméﬂﬂt ral - control
site; F# ?g I S qb lified ck dlng €£1 gp ﬂnel trunki ng cards used
within the faud ancs ﬁ Qﬁﬁﬁ? PrifPe FEHPFecture shown in ..
Fl GURE BethGUREdidhitectur!snhswehh@ﬁﬂﬂpnévsdedhvbthzebmen control l.inss
timng h@g&gg 3&535@f¥ éﬂf%#ﬁié% only by providing redundant
hardware such as a backup site controller. This _
redundant herdware ‘solution is not only expensive, _ \J
but is less reliable than the distributed processing
architecture provided in the present embodiment. For
'exemple, the portion of the system which activates
backup hardware can itself “Fail in the redundant
'hardware epproech and prevent the system from
recovering.

'The architectdre.brovided in the present
embodiment, with just one general purpose site
controller, exhibits a three times greater trunking
‘reliability than the trunking reliability of a non-fault'
tolerant architecture with a custom site controller
supported by afPhot" standby site controller unit. ' .C)
In light of today's communication needs, and '
what current technology can deliver, fault tolerant
trunked communication systems are mandated.
Appraising a system's capabilities requires
understanding the trade-offs made by the designers in
establishing a balance between functionality, cost,
and fault tolerance. And in the end, the effective
evaluation of a system enables one to weed out those
~ that talk feult tolerance from those that deliver it.
An embodiment of the present invention, given by
way of example,.will.now be described with reference to
the accompanying drawings, in which: |



F GURES 6A- 6E are schematic di agrans of exenplary signallihg protocol s for
t he nmessages sent on the backup serial link shown in FIGURE 2; FIGURE 7 is

*a_schematic diagram of exenplary backup seri al Iihk”polling nmessage and
resp e -timngs of the FIGURE. 2 system FIGURE 8 s a schematic diagram of
-eXempl ary backup serial. |ink downlink poll and response tinings of the

FIGURE 2 system FIGURE 9 is a schemati i agram of exenpl ary backup seri al
| i nk channel assi gnnent nessage tihfngg f the FIGQURE 2 system FI GURES
10-13 are flow charts of exenplary program program control steps perforned
by the trunking cards of the systemshown in FIGURE 3 to I npl enment t he
failsoft node of operation; FIGURES 14, 15 and 16 are schematic di agrans of
exenpl ary signalling nessages passed back and forth between control and
wor ki ng channel repeater stations of the FI GURE 2 system control consol e
102, and nobile units during origination of an individual call by a nobile

unit, an indivi dual caﬂ'icthasmcpetioﬁeﬁ@ﬁsplexpgaﬂa%argrraaagaam efomp call
- by a nobile uni reﬁgect aj | soft qperation; FIGURE 17 is a

flowchart of efFHR éf’ékﬂ'ls 8™ SR ing ABLFt tol erant system
and FI GURE 18|£nuentiumm1|c dlagran1of a two nodul e Markov nodel of the

system of the present tﬂ?’%&sl %veﬁﬁ %ﬁlpgifgye&r ?ggg HQQPQa&egQaher

system enbodyi ng gener
central control site {as well as a sate lite receiver

site) in the trunked repeater system of FIGURE 1;

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

FIGURE 4 is a simplified block diagram of
channel trunking cards used within the various
channels of the central site architecture shown in
FIGURE 3; | ‘

FIGURE 5 is a schematic diagram of
eynchronization control line timing in the system of
FIGURE 2; ; o

FIGURES 6A-6E are schematic diagrams of
exemplary signalling protocols for the messages sent
) on the backup serial link shown in FIGURE 2;
U ' FIGURE 7 is a schematic diagram of exemplary

backup serial link polling message and response
timings of the FIGURE 2 system,

FIGURE 8 is a schematic diagram of exemplary
backup serial link doewnlink poll and response
timings of the FIGURE 2 system;

~ FIGURE 9 is a schematic diagram of exemplary
backup serial link channel assignment message timings
of the FIGURE 2 system; o -
| FIGURES 10-13 are flow charts of exemplary
proqram program control steps performed by the
trunking cards of the system shown in FIGURE 3 to



at FIGURE 1. As illustrated, individual units of various-groups conmunicate =~
wi th each other (both within and possible outside of their own group) via
shared radi o repeaters which ‘are part of a trunked repeater system 100. .t
The di spatch console 102 may be housed directly at the repeater systenls\pe ™
104 or may be renotely |ocated via other comunication facilities 106 as

w ||l be appreciated by those in thg art. There al so may be multiple .

di spatch consol es 102 (e.g., one‘ each separate fleet) and a nmaster or
supervi sory dispatch console for the entire systemas wll also be

appreci ated by those in the art. The central system 100 is depicted in
somewhat nore detail at FIGURE 2 in conjunctlon with one or nore

satel |'i t%ﬂﬁﬁféﬂ@rﬂ?é/df sggg J\OdeAaer%lP!c i ?ﬁpr eciated, the satellite

receiver systens ar e aced spati all f central site 100 such
that radio recdpk %gteﬁﬁoFﬁﬁlﬂ B@ebéﬁhﬁm%ﬁiQ) flagram®e ot her of the

chosen am %ﬂ&ffﬁignEDESngrﬂéﬁb‘é%ssme‘a flmm tafify satel lite sites as
ral syste 'voter" circuitry so as to

wel | nt

choose S? %’Faﬁ?ﬁ%?@n&?gf UP’?‘gﬁtgr Ghagin rﬁﬁRﬁ’&ﬁ‘T on processes. At
the centstaltivn= cfi therEIGUREND system; 20htavd rcxemolie'dogy enna 202
(mhich ure) b Ilized with .
conventi onal%gsgl‘afgingﬁ&{) %&%%egg%iﬁgﬁ:&%ﬁ %?L ’2@%%’6’[&;5 wll be
appar encald o mopile unit, Tan individualngaddd bye®ei vi ng RF ant enna

Ci I CUi t i3 YordbiFe ] Nahd| %%h&ré@h\é'yc‘ﬁ%o% el ﬁ,%/.Pf dupl ex RE .

channel transmt/receive CIF£UItS I ncl udéd IuraI y. of RF repeater

nstatlomgbggﬁ)quﬁy respectively, during failso o
operation; - : : -

FIGURE 17 is a flowchart of exemplary steps to
be taken to design a £au1t.tolergnt.system; and
| FIGURE 18 is a schematic diagram of a two
module Markov model of the system of the present
invention. ' |

An exemplary trunked radio repeater system.
embodying . this invention is generally depicted
at FIGURE 1. As illustrated, individual units of
various groups communicate with each other (both
within and possible outside of their own group) via : U

. shared radio repeaters which are part of a trunked
- repeater system 100. The"dispatch console 102 may be
housed directly at the repeater system 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 COnsbles'
102 (e.g., one for each separate fleet) and'g master
or supervisory dispatch console for the_éntire'syétem'
as will also be appreciated by those in the art.
, The central system 100 is depicted in somewhat
more detail at FIGURﬁQZ in conjunction with one or



é04 306, etc: Typlcal1y, there may be 24 such stations.” Each station

transmitter and receiver circuitry is typically controlled by a dedicated

“control shelf CS (e.g., a nicroprocessor-based contriol circuit) as is also

- trunked repeater s V|cgpeven I'n .t he_event

genemvlly depicted in FIGURE 2. Such control shelf logic circuits
associated with each station are, in turn, controlled by trunking cards TC
(e.d., further mcroprocessor-based I03C§ control circuits) 400, 402, 404
and 406. Anot her trunki ng card 408 may bBe dedicated for digital data

- conmuni cations if desired. Al of the trunking cards 400-408 communi cate

with one another and/or with a primary site controller 410 via control data
bus 412. The primary site controller (and optional backup controllers
i f desired) maymbreasstsiddtiealrieredveail aylst ey A00- 1T (XS aw I DQISS SOr -
(e.g., a PDP 11§ o} or J| Al t hough the maj or:
“intelli gence" a%ércggtgeaﬁ tW'e !amjtt%‘ll}ﬂ_%e t"Jheé: gﬂtl rﬁs%/s‘?’%%%‘é%. des within
control | er 410, 94PPipRad; §Eal§éélll}|y Fomf &hie centrajormits YAMosuans are

incorporated w that rlaibrpekieption’ fay e ?9 HeP B d H6 €l d nued
hat control l'er 410

mal f uncti ons. 8t REPRFsof: henchosen: antenna: systensi oEhus el ephone
i nt er connect 41ﬁecayveassibnamsottdndth@ bh&dmﬂﬂﬁé3éiﬁdéﬂiﬁjﬁéi?ﬂﬂ@ne

rovi ded 1 or ovend!peRs BT, SURRRAORE,' EpRblBn B Poblhnsib etraritag o

" .nore di spat chers@oa8oteschooke thespesmahvuéimhamdsignal for control

or communication processes. :

'_\/' At the central site,~a transmitting antenna
200 and receiving antenna 202 (which may sometimes be
a common antenna structure) may be utilized with
conventional signal combining/decombining circuits
204, 206 as will be apparent to those in the art.
The transmitting and ‘receiving RF antenna circuitry
200-206 thus individually services a plurality of
duplex RF. channel transmit/receive circuits included
'4n a plurality of'RE repeater “"stations™ 300, 302,
304, 306, etc. Typically, there may be 24 such
stations. Each station transmitter and receiver
circuitry is typically controlled by a dedicated
control shelf CS (e.g., a microprocessor-based..
control,circuit).as is also]generally depicted in
FIGURE_Z.Z Such control shelf logic circuits
associated with each station'are, in'turn, controlled.
by trunking cards TC (e.g., further o
microprocessor-based logic control circuits) 400,
402, 404 and 406. Another trunking card 408 may be
dedicated for digital data communications if
desired. _
All of the trunking cards 400-408 communicate '
. with one another and/or with a primary site |

controller 410 via control data bus 412. The primary



‘trunking card circuits 400-408 where they are further processed as the
I | 'fﬁggs slightlyy t aj e Of; g he site

ar chi tecs?%?e fort:gdon_ rol (%ﬁ?aéég%h nB%Skﬂﬁ. ébéﬁ%ﬁ%‘?ﬁ“ﬁf‘&

PDP 11/ Hesdgied)oimay be n jeommerciallynavaidabldeogeneraly Ki| obyte buses

alarmng facility 418 may al so be provided if desired. The signal "voter" T
circuits 500, 502, 504, 506 and 508 are connected so as to receive a
plurality of input digital or analog signals and to selectively output .
“therefromthe strongest and/or otherw se nost reliable one of the input.J

signals. Thus, received signals fromthe central systemsite 100 are input
to respective ones of the chanqutvoter circuits 500-508 while additional
rat

sim |l ar

valid "

i nput signals are gene

_ d fromreceivers in the .satellite
_receiver site 100-1 and also input to the appropriate respective voter
circuit

S.. The results of the voting process are then passed back to the 3

nicatiron ' 1s

RE 3. Here,

t he

412 Wit butpdde Prddeddd P €08! 1.0 PPPU31FFacprbERslsbR0widspect i ve dupl ex
r epeat er, CIrCUIEiI 1 hose *nd;xg.uak chapnel s., Anot her hi gh-speed 19.2
Kilobytéabmgqﬂii sfhﬁﬁxf?ﬁ th ugh kheoPRIBE t he dispatch consol e 102
(this dednteld iigerice! nand conttobkeapabkligyc fod) thel emtide a

communi
shown i

Al LA e BREFRLISE A1, SRR Gl 2 1

Ki | obyt bacinixp ROV £l MmpitT ccontrml Sunctiopel/are/ J° conpati bl e RS-232C

ports (
typi cal

tett WPERSGL | ¢Re CPPENRInBUS AR5 48D- 408 gPldeSr 410 mRY

Ey be programed usi ng m cropowei. Pascal .to provide a-nulti-tasking{

o provide continued trunked repeater service even in
the event that controller 410 malfunctions or is
otherwise taken out of service. = o

An optional teléphohe'ihtefcbnnéct 414 may

- also be provided to the public SWitChed_telephone_

network. Typically, a_syétem mana§ér“termina1,

.printer, etc., 416 is also ﬁfovided"fér'GVefall"

~signals from'the.cehtral system site'loo'aré-input to

system management and control (together with one or
more dispatcher consoles 102). A spécial'teSt_and'
alarming facility 418 may also be pfbvided if desired.
The signal "voter” circuits 500, 502, 504, 506
and 508 are connected so as to recgivé a'p1ura1ity of
input digital or analog signals and:to sgleCtiveiy

output therefrom the strongest and/or otherwise most

reliable one of the input signals. Thus, received

respective ones of the channel voter circuits 500-508

_while additionallsimilaf'input signals are generated

from receivers in the eatellite receiver site 100-1
and also input to the appropriate tespeétive'voter‘
circuits. The results of the voting process are then
passed back to the trunking card circuits 400-408
where they are further processed as the valid
"received” signals. ' ' '

A slightly more detailed view of the site

Lad

-

»



event -driven operating systemto nanage all of the various data

communi cat’ion ports on an acceptable real tine basis. At each controlled
“rgpeat er channel, the 19.2 Kilobyte data bus 412 (as wel| as another

si m i@y, bus connected to an optional backup site controller if desired) is
moni tored -by an 8031 microprocessor in the TC nodul e. The TC trunking
contyol nodul e may typlcally al so recelgﬁ:hard w red inputs providing clock
synchroni zation and a "fail. soft" indication (e.g., indicating that nornal
control by the central. control ler 410 is not available and that an
alternative distributed control. algorithmshould then be inplenmented within
each of the trunking control nodules TC). Control over the control shelf
CS of its associ®RtH tegierrerfer eantradndatadconnuniciation \i snistiown

dedi cat ed audi 0 §goF IR 3 | ”‘.hereauii.ha Bp# ii?ﬁbohom %ile'r“4t1 gyeferred
enbodi nent, conventional dedic ted audio s connect _

each control sh&%eRc3QiGIRIDLOREe 19¥er 3]. 3 KSEPENFFOstﬁﬁj
switch (al so noupﬂunM24|truuﬂﬁﬁ&ecoﬁteemneﬁfdﬂgraudbﬁt%bgﬂihdﬁﬂhS of

sel ected control Q er sel ec contr t he tel ephone

i nt er connect bloféﬁﬁfﬁi'%1dé§) 6I5°&5§£e5t59 ?%Fr? eto FIGURE 4, in
t he QLeferred eﬁmﬁﬂwnﬂualeﬁhﬁnmehnklngnoahdrTﬁighebpées agnccroprocessor
502 ‘arid associ agﬁqd%;wrg@gcgf@ ( 0 and a
nmodem 508.. M cropr océssor 502 exegﬁpgéggofﬁh%hé é?oreggh AE%&W%%@@
-menory 504 (whi &4 spa f%ﬂ%ﬂﬂyenHﬂzvbthiFlé?wnhiakdéncﬂsdnmplenent vari ous
CQntT0| downlink trunking card). Othey data communication . o

Q o T with the central processor 410 is via 9600 baud links
' ' as shown in FIGURE 3. The site controller 410 may
include, for example; a 128 Kilobyte code PROM, 1'
Megabyte of RAM and 32 DHV-11/J compatible Rs-észc
ports (connected to respective ones of busses 412).
Controller 410 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
real tlme basis. o o
At each controlled repeater channel the 19.2
Kilobyte data bus 412 (as well as another similar bus
connected to an optional backup site cont:olleg if .
desired) is monitored by an 8031 microprocessor in
the TC module. The TC trunking control module may
typically also receive herd—wifed inputs providing
clock synchrpnization'and a ”fail.softf indication
(e.qg.. indicating that normel.control by the central
controller 410 is not available and that an alternative
distributed control algorithm shduld'then be '
implemented within each of the trunking control
modules TC). Control over the control shelf CS of
its associated repeater is then achieved .
conventionally:withfaedicated audio ahd_signalling;



functions, including "failsoft" nbdes of operation. M croprocessor 502 .
transmts digital control signals to.its associated repeater transmtter o
and receiver via nodem 508 and dedi cated serial control |ine 510. For -
exanpl e, m croprocessor 502 can key and unkey the associated repeater U
transmtter, control the repeater transmtter and receiver to process audio
or digital signals, and disconn \ power fromthe transmtter and receiver
in order to avoid waste of energg Al so via path 510 and nodem 508,
digital signals received by the repeater receiver are comunicated to
m croprocessor 502 and digital signals to be transmtted are comuni cat ed
fromthe mcroprocessor to the repeater transmitter. Each trunking card TC
has thr%miﬂdmﬁﬁroﬂ ngaad CinVitHe rﬂ:@ﬁ:fﬂﬁ 'sel ects only one of _
. received por B, Cto no |tor unki n ard t any one tine
- (the sel 4§ﬂﬁﬁt f°°nvfﬂ é%ﬁggég %é) cr opr ocessor
502) . PogrietA sbomhmonndctoepchntnptmdle m&f cﬂs ewimo VI a a dedicated
paraIIeI e | native site
control l eAr:gS'(gjfggoin%ﬂl séﬁée €8§-ﬂre§ti% %%é&lt ed%@'é si gnal path.
-Port c:|entsnnnmtedhvunbaékugapehhg Qﬂ|ﬂ©ﬂ§§9tiﬂqw#Q§ﬁ¢nterconnects all of
trunki ngg 4P déthd &8l s¥168ted E@%m (SHfelveseVotRes! CURE 3). If

nultlplexer 50 sel ects h it typically does duripg normnal 4
oper at i #elacted SOREER} ’LF ?@g mﬁiégﬁgp '#b?ﬁﬁﬁ?%?egggnal form .
fromlﬂwﬁmﬂdkstlc Cﬁhérebhebléluoendaﬂcu)sends nmessages to the primary .
site controller fepgihgaﬁobo Bh%ﬁ% r]flt 'i’r? éﬁé %QQPLQPL&GF over the B

parallel. line
embodiment, each trunking éard TC includes a

microprocessor 502 and qssociate§ random access . ’
memory (RAM) 504, a multiplexer 506, and a modem
508..fMicroprocessor'502'executes software stored in
random access memory 504 (which is preferably

non-volatile) in order to ihplement various control
functions, 1néluding'-£ai190£t" modes of operation.
Microproceséar 502 transmits digital control signals °
to its associated repeater transmitter and receiver
via modem 508 and dedicated serial control line 510.
For example, microprocessor 502 can key and unkey the
associated repeater transmitter, control the repeater N
transmitter and receiver to process audio or digital gj
signals, and disconnect power from the transm1tter -
and receiver in order to avoid waste of energy. Also
via path 510 and mo&em*soa, digital signals received
.by'the repeater receiver are communicated to
microprocessor 502 and digital signals to be
"transmitted are communicated from the microprocessor
to the repeater transmitter. _
Each trunking card TC has three serial ports:
A, B and C. Multiplexer 506 selects only one of
received ports A, B, C to be monitored by the
trunking card at any one time (the select input of



connected to Port B). .Simlarly, if nmultiplexer 506 selects Port B, it
recei ves nessages from the alternative site controller (and not prinary
"siite controller 410), but all nessages nlcroprocessor 502 sends to the
altemvatlve site controller are also sent to the primary site controller.
In this way, the alternative site controller is constantly being updated
with status change information, and can i medi ately take over control of
t he- systen1|f the primary site contrcﬂéﬁ%;‘falls During normal operation,
the trunking cards relate process recelved signals and signals to. be
transmtted, and performvery few control functions -- all .or nost of the
control functions being perfornmed by primary site controller 410 (or the
alternative site controller if that controller is active). Primary site
controller 4U3thnxmmk&iptexertbe&nggcon&ﬂblléd:bqnmﬂmhnnmq;easquV|de

advanced contr;goirnctfgpé Acig: foﬁﬁehtkagg h&rima Y'B@ %anrﬁﬁw

etc.) as well ntro unct1ons
assi gnments, préif ivdacal dedigatedopanalln k@)"zaé-i(!’@sdrl%ed Rartdbending

'gppltl%at IDSn nurﬁ)&fco&%éél €68 €3286Q18ermanivd | d eTewaxlt%lw qﬂenﬂf& er |
st enf rin or ne em o i on nki_n ner S

p;ss receivedg fﬂ?%ﬁ i?o? giﬁii Gﬁdgsa Pﬁngﬁygﬁ y410?D Y
pass\di git al (xrortHCSignebnneotbd toabaukupeée&ﬁmﬂlﬂhempmsnuwhS|te
controller to t@{éh‘j‘fﬁ»@&%@{:ﬁﬂeé’épeﬁﬁro&r @Q,E%&;ﬁ(%a %’. r rfor med vari ous

-0t her operation ransm Ssions gSSOC|ated
‘repeater transndaisys¢hahu :aehnpaexaellecphpwmnin FIGURE 3).

. - If multiplexer 506 selects port A (which it “
typically does during normdl operation of the
system); it receives messages (in digital signal
form) from-primary'Eite controller 410 and also sends
messages to the primary site controller as well as to
the alternative site controller over the parallel line
connected. to Port B). Similarly, if multiplexer 506

- selects Port ‘B, it receives messages from the
alternatlve site - controller (and not primary site
controller 410), but all messages microprocessor 502
sends to.the alternati_Ve_ site controller are also sent
to the_primary siteICOntroller. In this way, the
alternative site controller is constantly being g_pdated

with status change information, and can immediately
take over control of the-system if the primary site
controller fails. | '

During normal operation, the trunking cards
relate process received signals and signals to be
transmitted;-and.perform Very'few control functions
-- all or most of the control functions being
performed by primary site controller 410'(or_the

 alternative site controller if that controller is
active). Primary site controller 410 executes
multi-tasking event-driven software to provide
advanced control:functions (e.g., call logging,



response to control signals: sent to themby a primary site controller. i
During normal operations, mcroprocessor 502 devotes nost of its processing
resources to processi.ng signals received by a single repeater receiver and , °
signals to be transmtted by a single repeater transmtter -- so that- tRg
‘system of the preferred enbodi mrent supports very high data transm ssion

rates (e.g., 9600 baud). During _the nornmal node of operation of system 100,
backup serial link BSL is not u or needed. The independent operations of
the various trunking cards are coordinated by prinary site controller 410,

and signal processing operations perforned by the various trunking cards"’

are | oosely synchronized by synchroni zati on, signals produced by one of the

t runki ng card Si tr ol npel e noni zation

1 gnal o BURRBIERATACRRATY 4 (A8 vEV T RE' pihBERTCBRRFAT 2L O o

contr ol funetsﬁﬂs (e.Bx anﬁrwﬂdnmmhmnelnessignmsnsssu ngle line that

connect s t tyr t t Na@da fgashion. This. -
SpPLorghy’ Ba11 %ﬂq\ﬁ "ffid | eRe! igke) NadaliRucEBen d5

control Trné s use er trun ing card is aSS|gned to the
control cbpendlnqoappﬂitytébh oumben r (fd TP & af 2206818 he begi nni ng of each .

slot on the outboundn¢ephe@dl ehaiHidla Ré&EbCﬁeﬁéstéfus#saemcards and

associ at ed repeater’ transn1tter and receiver-is assigned to operate on the
predetern1ned full duplex control comunications channel. This control
channel is noni pardtgonorniil esysteéen openatéonthéheateunkiingct ual |y engaged

in Connughgat| %eg%f¥} simply pass received digital control - _
signals on to primary site controller 410, pass | U
digital control signals to be_transmitted:from the -
primary site controller to their associated repeater

transmitters, and performed varioua'other operations
(e.g.., 1nitiate tranamisaions,'unkey thelr asaocia;ed
repeater transmitters, ‘and the like) directly in
response to control signals sent to them by a primary
site controller. During normal operations,
microprocessor 502 devotes most of its processinq
. resources to processing signals”received_by a single
repeater receiver and signals to be transmitted by a
single repeater transmitter -- so that the system of
the preferred embodiment supports very high data P
transmission rates (e.g., 9600 baud). . _ _ \/
During the normal mode of operation of system '
100, backup serial link BSL is not used or needed
The 1ndependent operations of the various trunkxng
cards are coordinated by primary site controller 410
. and signal processing operations performed by the
various trunking cards are loosely_synchronizedlby-
synchronization_aiqnals produced by one of the_ |
trdnking cards assigned to the control channel, these
synchronization.siqnals being communicated to the
rest of the trunkin§ cards via frame sync control
line 520. )



w

‘eonmuni cat i ons belng perfornmed on morklng channel s assigned to the ot her
trunking cards). Briefly, the con;rol channel is "slotted" (i.e. tine

- division multiplexed), and "outbound" control channel S|gnals-are
‘Contjnuously transnitted by the control channel transmitter. Mbile units
noni taring the control channel synchronize with the frame synchronization
signals transmtted continuously on thg outbound control channel, reducing
the time required by the npbile units ghﬂfynchronously recei ve and transmit

“control channel signals. In the preferred enbodirént, the trunking card

assigned to supervise control channel operations originates the control
channel frane synchronization timng signals, and places those timng

signals on frane sync.gontrol line 520 (as wel L_.as passin hem.to its
associ at ed control che .er%ﬁ%ﬁtﬁ?ngfggsi?PFeFZSOF Faﬁégﬁé§|glnﬁh t he

~out bound cont r dhathavmtects Relbrofnghe ErGHREnE cabdscebgethezhdme

m crosoconds. | RARHLIC I Apb A0t SRt of ShE8 BBpEEed adnel BRCLAB PO or (ne

begi nni ng of edwnh whikchener corunbinghaand| isl sssighedbsgu thengoatrals| ot

bei ng i ndi cat e%ﬁ’&hﬁéf‘r&“éétff‘zohi‘ dengit tﬁam%gceﬁ%fss of! thaugh any

trunking card iis capable o g rame sync contro 5 (since any
chanael can be Reginning Rf (eacheslrt ?ﬂetBBnPPGP°Eﬁ§nﬁ8PtFBACt|on) only
the trunking caxhrmgYently assigned to the control channel. actually drives

Dot Vg0 o put e PP R TR B RSl Bpmea Y Y ¢
. repeater transmitter and receiver is assigned to
\" operate on the predetermined full duplex control
communications channel. This control channel is
monitored by mobile units whenever they are not
actually engaged in communications (such
‘communications being performed on working channels
assigned to the other trunking cards) Briefly, the
control channel is "slotted” (i.e., time division
multiplexed), and "outbound” control channel signals
are continuously transmitted'by-the'control channel
transmitter. Mobile units monitoring the control
channel sYnchroniie with the frame synchronization
signals transmitted continuously on the outbound
A ' control channel," reducing the time required by the
mobile units to synchronously receive and transmit
control channel signals.

In the preferred embodiment, the trunking card -
assigned to supervise control channel operations
originates the control channel frame synchronization
timing signals, and places those timing signals on-
£rame sync control line 520 (as well as passing them
to its associated control channel repeater
transmitter for transmission on the outbound control
channel). Referring\to FIGURE 5, the control channel
trunking card.generates a synchronization pulse o£



Each of the ot her t runki ng cards of system 100 continuously nonitors the

frame sync control line 520, and the m croprocessors of these other
, trunking cards synchroni ze signal processing functions with the pulses on
“the sync control Iline (and thus with the tining of the control channel )i

When a nobile unit receives a command transmitted on the outgoing controlg
channel to change frequency to. gfﬁprklng channel, the nobile unit is

al ready synchroni zed with the control channel tining. Since all working -
channel s are synchroni zed with the control channel by frame sync control
line 520 -- and the nobile unit remains synchronized with the control

channel timng until it begins receiving working channel signals (which are. -

| oosel y ﬂw\chrm zaeticyosacohdscint daratizmmaelpricgrimately &muni cations

bet ween t éﬁ# haa 5L2 aPQlegg_c@yayﬂ %#i}esync and recelver.is

very ra | engt hy process roni zi ng the
mobi | e Lnut-bwlm ¢mtpehdehenmik|=4gt d &Seginning ief Mecessary. System

100 in t ﬁ%ﬁ'&é%&i@ﬂéé&eﬁy thdhismi #83%h G¥TPNE ey for all of the
wor ki ng channel s and th e control. channel _(as well s tk\aé#wwnlnk) -I'n the

pref er r BRFOHFOLR) - of AlTROUGP 1 8BY HiT Ft?rf'q) &s applied to
frame syge &PIwing frEﬁeSBanndon&JrGl\Mlatd&rszme(sﬁ;t&teemn;s in the normal

w
o | ure GIAERehat 8 PRCCEAAFRoFBER 53 SKIAY SleMAST 0 002 % e
aItennﬂchmnnelefcnqtiohberOBAYn¢bea¢aMn¥ﬂn§(ﬂﬂﬂdncurnknﬁlnd) it causes
tdB(raats?/zL Qi&@&%a €Rer 8bhtgol" chidfinel lst¥idar I alivdSCerssi ng the
line. The beginning o£ each control <channel slot is
marked by a positive going pulse on the frame sync o
control line 520.
Each of the other trunking cards of system 100
continuously monitors the frame sync control line
520, and the microprocessors of these other trunking
. cards synchronize signal processing functions with
‘the pulses on the sync control line (and thus'with'
the timing of the control channel) When a mobile
unit receives a command transmitted on the outgoing
control channel to change £reguency to a working
channel, the mobile unit is already synchronized with_
the control channel timing. Since all working
channels are synchronized with the control channel by
frame sync _control line’ 520 -- and the mobile unit
remains synchronized with the control channel timing
until it begins receiving working channel signals
(which are loosely synchronized with the control
channel signals), communications between the mobile_
unit and the working channel transmitter_and ‘receiver
- is very rapidly established and no lengthy'process'of_'
resynchronizing the mobile unit with independent
working channel timing is necessary '
System 100 in “the preferred embodiment thus



-

t e synchroni zation pulses it applies to frame sync control line-520. In
the preferred enbodi ment, the synchronization pul ses have a duration of 833
“microseconds (8 bit t|n1ngs) during normal operation; and have an increased
duratien of about 2.5 milliseconds (24 bit timngs) when system 100 is in
failsoft. Electrical isolation circuitry of conventional design is used to
electrically isolate the trunking card rom frame sync control |ine 520,

t hereby reduci ng the chance that the frane sync control-line will fail upon
failure of any.trunking card. If the control channel trunking card fails to
apply synchroni zation pulses to line 520 (or the line itself fails), al

ot her trunking cards use their own internally-generated independent
synchroni zat i onUSeRi FGRmMoms ttdand ngf ﬂdmﬁdnﬂblﬂ@auﬂtiwmﬁumkat ion

timng. Working apRel ARG q§5d ey d channel s
are no | onger s;ﬁghlregﬁl zed vvltht‘:| eci)nt(roq%ﬂ}?ghng' @?‘ﬁﬂﬁ’?gh .
increase (from 280 nil Efsében@Feferred mhq#mtdgf d&xstem |13, khe cose

sY{{Chr OB: za{ | ondueaeton Oife the Pl tfﬁe@ 1\0.‘2{ “Hd‘itc%iﬂl@ 'éor?@éol q
noticeable to u n| stem preferre
enbodi nent begi ig;‘%pg%gﬁ%&ﬁc %é%&.ﬁ%mmasbe of

all trunking camddesorechepthuleoéndmbﬁe.bamhqocﬁﬂtﬂdl|dhﬂhdé¥1J becones
o ey FEARTEP GRS Rk 38, BRI TR LT CE2E,
spassing si gnal sc?ﬁtﬁﬁ 1Pé‘cé11ﬂcngn§ éﬁalﬂs fﬁidmrteh@qﬂurmar()ami tthe |

_ alternative site controller is not available or not
. ‘installed), it causes the System to begin operating

in the failsoft mode by increasing the duration of

the synchronization pulses it applies to frame sync -

control line 520. In the preferred embodiment, the

synchronization pulses have a duration of 833
‘microseconds (8 bit timings; during normal operation,

and have an increased duration of about 2.5 .
 milliseconds (24 bit timings) when system 100 is in
'failsoft.

Electrical isolation circuitry of conventional'

design is used to electrzcally isolate the trunking

cards from frame sync controi line 520, thereby

reducing the chance that the frame sync control. line

will fail upon failure of any_trunking'card; - If the

control channel trunking card fails to;apply

synthonization-pulses-to line 520 (or the line

itself fails), all other trunking cards use their own

internally-generated independent synchronization

timings instead of the control channel |

synchronization timing. Working channel acﬁess time

is increased when the working channels are no longer

synchronized with the control channel, but the slight
increase (from 280 milliseconds to 320 milliseconds)

due to 1oss'ofIIOOSe‘Synéhronization between the



controll ef 410, and instead, control steps inplenenting trunking and other ~
functionality are perforned in a distributed fashion by the trunking cards
wi th si-gnal s being comuni cat ed between the trunking cards via the BSL.
While failure of the BSL would prevent system 100 from operating in the
failsoft nmode in the preferred enbodinent, it is highly unlikely that the
BSL and the primary site contr r (as-mell as the optional alternative
site controller) would all fail at the sane time. Thé BSL communi cates
control signals between the trunking cards when system 100 is in the .
failsoft nmode. The control channel trunking card is master of the BSL --

- no other trunking card transmts on the BSL except in response to a poll
nessagedhnhndﬂunnﬁnwarkznmaﬁhmmnelanksngotanetipsabﬂe $oef err ed

'enbOd'mﬁ tosmiﬁtstqﬁﬁz% PJ: for the BSL is as follows: Start bit (1) Data

bit (B) nmuni cati ons on the BSL is half-duplex. Only a few
di ff erent type nn&%%@f!ﬁ@@e-’%a?h?eﬁ‘ﬁﬁ““ﬁ’héw Menthe preferred

embodi Mpjlg efn'ﬂﬁeUﬂﬂiﬁﬁo!ﬁdﬁbaepokheﬂesSage an all-pol I~
nessage domnl gggi a_channel 3%2 gEssage. Wor ki ng

channel?qiﬁ§3kﬁﬁiﬁé t B cﬁ n F“%g§P§nﬁ§ﬁ sn§§ |ed by the BSL.
Updat e aﬂﬁﬂﬁhéﬂﬁhcﬁﬁppoerisbsbﬁgks(BSB)ubedomesmmqﬁmma1(nurent channe

o Oy ABAEY M4 DA 01 SR £HEAbRY RBELol Yool ar| v i W

the co card ermt_the downlink
the BSL does not carry any signals). When failsoft

is invoked, the trunking cards cease passing signals

to and receiving signals from the primary site A
' controllerﬂ410,_and'insteed,feontrolfstepe

implementing trunking'and ether functionality are

performed in a distributed fashion by the trunking

cards with signals being- comminicated between the

trunking cards via the BSL., While failure of the BSL

would prevent eystem 100 from operating in the

failsoft mode in the preferred embodiment, it is

highly unlikely that the BSL and the primary site “*°

controller (as well as the optional alternative site

controller) would all fail at the same time.

| The BSL communicates control signele between

the trunking cards when system 100 is in the fallsoft O

mode. The control channel trunking card is master of

the BSL ~-- no other- trunking card transmits on the.

BSL except in response to a poll message from the

control channel traning card. In the preferred

embodiment, message protocol for the BSL is as

follows:
Start bit (1) . er
Data bit (B) - stk
- Stop bit (1). L i

Communicat;ong on the BSL is half- duplex.
Only a few different types of messages are carried by



?runklng card to:notify the systemconsole 102 of channel availability and
other status information. Downlink polls provide a nechanismfor granting -
the downl i nk t-runki ng cardauthorization to place .¢onsol e- gener at ed channel
“&ssignnent and channel unkey nessages on the BSL.” Approxi mately 20

m | 'geconds after the beginning of each frame of the inbound control

channel, the control channel trunking card determni nes whet her an inbound

. message (e.g., a nobile unit-generated nnel assi gnment request nessage) _
is present. If an'inbound nessage is present, the control ‘channel trunking

~card waits until the nmessage is received, and responds to it if it is a

group call, individual call, or emergency call -channel request message (all
ot her i nbound nessages are |gnored in.the preferred enbodi nent during

failsoft). |nehespelsan e Frenet %méam&&ege,s&@ﬁ ﬁeeaaeéschanne'

a channel “assi dREIRe Asnd kA Ao ThAFLTPALL BARERTErosage

on the -outbound dewnhldinke palicimessuye) smcmpwlqhméheaebagménesm gnnent

Chamnal bei ng. Beseaghlc, Wolldlp Glhefs "EL e Setlidy IFen HRAHDS
noni tors the B8issigmmend: MsissAges amh@ahYomewsh- t ldpdateepolhg nobil e
uni 6 n respongggt m&he,oﬁit v ddqeh R NFhed SEd %@ﬁ%dﬁ%&gﬁ?w ki'ng

channel s are "droppe beconme_i nact]ve) as soon as' s

transnitted oncbﬁéﬁﬁﬂeﬂﬁﬁiﬁﬂPﬁﬂﬂ1%4&9%#%%%9#eﬁﬁ%%%@d?%%httr?hking

card (and particularly within the control channel -

L/ trunking card) -~ as well as to permit the downlink

' trunking card to notify the‘system console 102 of
channel availability and other status information.
Downlink polls provide a mechanism for granting the
downlink trunking card authorization to place -
console-generated channel assignment and channel
unkey messages on the BSL. ) :

~Approximately 20 milliseconds a£tér the

| beginning of each frame of the inbound control

' chénnel, the control channel trunking card determines

~ whether an inbound message (e.g., a mobile
unit—generated channel assignment request message) is
present. I1f an inbound message is present, ther.
control channel trunking card waiﬁs until the message
is received, and responds to it if it is a group
call, individual call, or emergency call channel
-réquest_message (all other inbound messages are
ignored in the preferred émbodiment during .
failsoft). In response.to a channel request message,
the control channel trunking card assigns a working
channel (if one is available)'by generating a channel.
Vassignment message, transmxttxng the channel '
ass1gnment message on the outbound control channel,
and alsc applying the~channel assignment message to
‘the BSL. The trunking card associated with the



"hang time" during which a working channel renmins allocated to a ' *
particul ar comunication after the nobile unit on the active working

channel (or the console) unkeys is very short except when special priority, _<7
. emergency calls are being handled). 'In the preferred enbodi nent, the
trunking card associated with a working channel unkeys its associ ated

transmtter and ceases to proce:&aLnConing wor ki ng channel signals as soon
as (or very shortly after) a co i cat ed nessage ends. Thus, working
channel s becone free for reassignnment as soon as they no |onger carry

active conversations -- and working channel trunking cards independently

and aut ononously di scontinue Sservice to working channels. Wen system 100"
is in theofleihgothanndd, belingc astEigneshdnyndihe rehammel card uses polling to -

det ' : R - for
rgaggimgnnfrr%n %%H§%§P§‘§§YF°%§§5‘§3@F%e t%rﬁﬁﬁ%?%lgdog;es fromall

" wor ki ng establbisheangenpunicasions wjth she requestingamebiddged since the

last poldn{EsfRIpespbiise! koPthle BBIRM WS Chatherhannel s to respond, and .
s sent at |east once every two seconds to all trunking cards in the

pr ef er r RESHFOMEREMESEAT®: [ ynki ng card that fails to respond to the
al | -poll nessagRorRifngnehdahedst are "dirdppedropet a¢i pnal by the control
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enbodi netbenf teysinateoqint thec prefexread entodiments thevwel | as a downlink -
trunki ngmgang- £1h8"Cading®whicheas ¥drii i ichatinel remains | .
allocated to l'quticulaf_cOmmunication after the - .
mobile unit on the active working channel (or the
console) unkeys is very short except when special
priority, emergency calls'gre being handled). 1In the
preferred embodiment, the trunking card associated
with a working channel unkeys its associated
transmitter and ceases to process incoming working
channel signals as soon as (or very Shortiy after) a
communicated message ends. Thus, working chanﬁéls
become'f:eeifotlrgasgignment”as soon as they no
longer carry active conversations -- and working
channel trunking cards independently and autonomously
- discontinue service to working channels. S L)
When system 100 is in the failsoft mode, the
control channel trunking card uses polling to
determine when chanhelg have been dropped-hnd'are'
available for reassignment. An update poll message
is.used to request':esponses-from all working channel -
trunking cards having a status which has changed
since the last poll'message. aAn alli-poll message
forces all channelé to respond, and'is sént qt least
once every two seconds to all trunking cards_in the
preferred embodiment. Any trunking card that fails
to respond to the-311~p011 message is considered to



ﬁﬁich'polls are responded to, any given update poll or all-poll .message
comuni cated over the BSL is directed to only half of the trunking cards

“¢al though every poll pronpts a response fromthe dowhlink trunking card).

Thus,ot all working channels are polled at once. I'nstead, the | ow or- hi gh
12 channels are polled with either an update poll or an aII-poII nmessage.
An exenplary format for a typical polling nessage.in the preferred

enmbodi ment is shown in FIGURE 6B. In tB®preferred enbodiment, the BSL is
ti med-shared between all of the trunking cards, and signals-. carried by it
are tinmed-division nultiplexed in order to prevent data transm ssion
collisions fromoccurring. Each trunking card transmts a response to a
poll directed to it durin predeterm ned tine period (slot) assigned to .
it. The contr olbﬁhﬁﬂﬁ@?rFEBBBﬂa byathej sontriode¢hanne 1f tirrndkd ngeards| ot s

~each having a dﬂﬁatiﬁnremoﬁea7§r8h|hbi@ieadial@h@ﬁghhﬁoﬁpgk@ﬂa panne

-1 f the channel is.assigned and Is ot
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|dent|fy|ng thé°¥e§bb hb megERge communicated over the BSL is

\/ directed to only half of the trunking cards (although

- every poll prompts a response from the downlink
trunking card). - Thus, not all. working channels are
-polled at once. Instead, the-low or high 12 channels
are polled with either an update'poll or an all-poll
message. An exemplary format for a'typical polling
message in the preferred embodiment is shown in
FIGURE 6B.

" In the preferred embodiment the BSL is
timed-shared between all of the trunking cards, and
signals carried by it are timed-division multiplexed
in order to prevent data transmission collisions from -
occurring. Each trunking card transmits a response

" to a poll directed to it during a predetermineditime
period (slot) assigned to it. The control channel
inbound frame is divided into £i£teen equal slots
each having a duration of 1.778 milliseconds. When

~ the control channel trunking card determines that no

- inbound message is present, it.transmits its poll
message (either an all poll or an update poll

5message) during slot O (see FIGURE 7).

As can be seen from FIGURE 6C (a schematic
diagram of an exemplary format for a poll response-
'message), poll response messages are relatively short
in the preferred embodiment -- including only a



Downl i nk t'runking card poll responses are in the sane format in the
preferred enbodi nent, except that the assigned/ unassigned bit is set if the
downl i nk trunking card has received a nmessage fromthe console and is

otherwi se unset. In the preferred enbodinent, the "poll type" field of {pe _”

« polling nmessage (an exenplary format of mhlch I's shown in FI GURE 6B)
specifies the type of poll: update poll channels 1-12 (3BH), update poll
channel s 13-24 (3DH), all poll §hanne|s 1-12 (2FH), or all poll channels
13-24 (2CH). A code 23H in this "poll type" field indicates a downlink

poll, and the code AAH in this field indicates that the nessage contains
the first byte of the channel assignnent message). Trunking cards
412(1)-412(12) respond to an - ‘update poll channels 1-12 nessage or. al

pol | chpardlty i, mssegponyepbatu hglyaye sespéegses Poldiots 1-12
respect ?‘gﬁﬁﬁ%‘o S hfn&teﬁtf’nasﬁﬂeiﬂe%”ih‘eatr‘isiol?ﬂi'nd equest (see

FI GURE trun card respaonds during the thirteenth tine..

sl ot of %f\ﬂﬂat’e’ p!)?FiSFeﬁl 9rp3¥‘1’3?69€ﬁ§n|‘§‘§31bi§ S®eh &f r esponds
during i tdldneeDtdst asBighed ahdadsupthetwise utised)), pald to channels

aspect vl oI £R1R Adehritving e FERRORHARY ls%%eﬁﬁaﬁkgfi 1324 Th

al | - pol poweslsage trupking eardtpabki ngsponealsdsrassl@crtatee(samet h channel s

respona B o £FE FPetfr B MRpbathehts, SRt pe S IR Chanel

trunk|ngaggqnpdﬂumggsggngﬁabét is set if the down ink | |
trunking card has received a message from the console - ' \J
and is otherwise unset.. - - '

In the preferred embodiment the poll type"
fieid of the polling message (an exemplary format of
which is shown in FIGURE 6B) specifies the type of
poll: update poll channels 1-12 (3BH), update poll
channels 13-24 (3DH), all péil channels 1-12 (2FH), -
or all poll channels 13-24 (2CH). A code 23H in this
"poll type” field indicates a downlink poll, and the
"code. AAH in this field indicates that the message
contains the £irst'byte'of_the chénnel assignment
message). : _

Trunking cards 412(1)-412(12) respond to an . : o
“update poll channels 1-12 message or all poll '
channels 1-12 message by'placiné poll responses in
siots 1-12 respeetively following the slot O used to
indicate a poll request (see FIGURE 7);"The downlink
trunking card responds during the thirteenth time
slot of an update poll or all poll to channels 1-12,
and also responds during the thirteenth time slot of .
an update poll or all poll to channels 13- 24.
Trunking cards 412(13)- 412(24) respond during time
slots 1-12, respectively of an update poll or all
poll directed to channels 13-24.
The all-poll message reguires all trunking
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subaudi bl e status signals) can determ ne which trunking cards are
operational. Any trunking card which does not respond to an all pol
‘diirected to it is considered to be unavail able by the control channel
trunking card. All poll nessages directed to channgls 1-12 and 13-24 are.
sent by the control channel-trunking card about once every 2 seconds. The
updat e pol|l nessage requires all noncodigp channel trunking cards having
states which have changed since the last poll (update poll or all poll) to -
respond. The update poll nessages are sent every control channel tine slot
except those during which the BSL is used to carry a d|fferent ki nd of

nessage (e.g | - pol |l ,nmessa e a downlink poll nmessage, a channel
assi gnment nessﬁ@E% BES2c qﬂﬁﬁﬁnﬁhﬁ;#1#(9?ﬂky%!en1100 in
failsoft which d@t&cngdcltanrialas wha.\le dhewhedrdm&m:aﬂdtﬁirﬂcﬁv g for

reassi gnment . Atgopggbggdpgll n&é&em al rre a‘g‘? ch re uires

t he downl i nk trunkirng*card to t has -

recei ved from thendowgckénanchmmmmmq sqc&fdsn MKl ¢ls géhéxl‘wtenor mal
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channel trunki ncthannel) trankling card.paddds pdld irsssgiss Qirected to
o channels 1-12 and 13-24 are.sent by the control |
‘channel trunking card about once every 2 seconds.

The update poll message requires all _
noncontrol channel trunkzng.cards having states which
have changed since the last poll (update poll or all
_poll) to respond. The updége poll messages are:sent
every control channel time.slot.éxcept those during
which the BSL is used to carry a different kind of
message (e.g., an all-poll message, a downlink poll
message, or a_chénnel assignment message). Update
poll message responses inform'SYStem 100 in
failsoft which working channels have been: dropped
and are available for reassignment. : e

A downlink poll message is a speciai message

. which requires the downlink trunking card to respond
by placing a control message it has received from the

conscle onto the BSL. When system 100 is in the
normal mode and site controller 410 is operating
‘normally, the downlink trunking card communicates -
messages between thé site controller and console
102. Console 102 is used by a dispatcher to
initiate, monitor and otherwise participate in
calls. During normal operation, messages-generatéd
by the console are communicated to the downlink



to the site controller (such nessages include channel request messages and
the like). The site controller perforns the tasks requested by the consol e
messages, and then sends responsive/confirmati on messages back to the
.downlink trunking card for communication back up to the console. Wen
« system 100 is in failsoft node, the downlink trunking card ceases
‘conmunicating with the failed site controller 410 and instead commum cat es
nmessages between the control chag®®l trunking card and the BSL. In
failsoft, the types of consol e nessages supported nay be sonewhat nore
lI'imted than the messages supported duirng normal operation. 1In the
preferred enbodi nent, the downlink trunking card is capable of transferring
channel request nessages and unkey nessages fromthe console to the BSL
duri ng ftruakingoparal i(whidh ARREK® psefiesrednembodiimeartant ®f - an exenpl ary

f it f [ Nelglel : ; 1 FI GURE 6E
shove artasBdRL 'Y Sig AR ESY CORIREEL AU RE IR ShariKh L o) rossage.
The downtrurkingnicardshnthich sinplyrpssses thesmgssagesy.on unkey nmessages
and statygg ¢RbOpTR %W)dﬁﬁ%@ﬁs;gksuanau%ﬂ%ﬂw- When a

downl i nk trunking card receives a C e guest or unkey nessage fromthe
consol e HAAPREL: MessgAges jand the like) o Thet site gsontrgllgriate pol |

message perkersenahw ahsha feqrestéd bgheneckohswlle e ssighsand then w
responds t at poall,. nmessage wth,an ppdication that it has received a
consol e ﬂﬁgsgggp’ﬂﬁ?qﬁnﬁﬁiékQ#iﬁﬁéﬁ°?#gﬁWFﬁé°Paﬂ&§§i§?ﬁﬂ?ﬁ%§ﬁter
ori gi nat e’ theodownid njol ¢ rurdsisegiecard for communication
back up to the console. L
When system 100'is in failsoft mode, the
downlink trunking card ceases communicating with
the failed'site-controller 410 and instead commmicates
‘messages between the control channel trunking card and =
the BSL. In failsoft, the types of console
messages supported may be ébmewhat-more limited than
the messages_supported duirng normal 6peration. In
‘the preferred embodiment, the downlink trunking card
is capable of transferring channel request messages
and unkey messages from the console to the BSL during
failsoft operation. FIGURE 6D is a schematic diagram
of an exemplary format for a downlink originated -
channel request message, and FIGURE 6E shows an
exemplary format for a downlink originated channel
unkey message. The downlink tfunking card also
communicates messages (e.g., unkey messages ;nd
status information messages) from the BSL up to
-conscle 102. _ _ _ ' _
JWhen-a_downlink trunking card receives a
channel request or:unkey message from the console
during failsoft, it waits for the next all poll or
update poll message to be generated by the control _
channel trunking card, and then responds to that poll
message with an indication that it has received a



“aut hori zing the downlink_trunking card to place the nessage it has received
fromthe console onto the BSL (see FIGURE 8). The control channel trunking
~.card nonitors .downlink poll responses to determ ne whether the console at
t'he di,spatch center has requested a channel assignnment, 'since the control
'chaﬁh’ trunki ng card must generate a channel assi-gnment nessage in
response to the downlink channel request message. As mentioned previously,
~active working channel trunking cards ependent y: drop their channels as
Soon as conmuni cati ons have"éended and y notify the control channel
trunki ng card that they have dropped channel upon receiving the next update
pol | or all-poll message. Each working channel trunking card also nmonitors
t he downlink poll responses to determ ne whether or not to drop channel

(unkEy) at tgecdnsoaial ms@sfaddlle mdcﬁxtﬂl fumg-hxéretﬁmﬁtm& &&?&me'

trunki ng car r SQ e qu sa 0 assi

channel s, ﬁei&g?f%efhzf ] i gf JE%S‘ @IWQ t=Tel ease
active wor ki ngauhhnnézimgnﬂmmm dhramicing rdend rmm nﬂmduced by
.the downlink tgpugkh g i%rfx |sntr ﬁzqmggm ‘ﬂ%‘ ;H] \C/F%ﬂé -
.trunking card nonit . Craffic on t constan y updates the

console with tﬁEeeoﬁFEHF§ &) -channel assi gnment messages, nobile unit

ori ginat ed channel remeseom&%ag%axﬁm AyAUHIEn dga@alz\@/:ﬁé}?ﬁd%e status.
This informati ﬁ t he console to rovide indications to console

_operators of o iﬁniepe SEPANSSR to feteine whethar &4 ons

requested eonsole at the dispatch center has requested a

R, channel assignment, since the control channel

| trunking card must generate a channel assignment
message in response to the downlink channel reguest
message. As mentioned previously, active working
channel trunking cards independently drop their
channels as soon as communications have ended and
only notify the control channel trunking card that
they have dropped channel upon receiving the next
update poll'dr all-poll message.. Each working
channel trunking card also monitors the downlink poll
responses to determine whether or not to drop channel
(unkey) at theqdirection_of the console. _Although

the control channel trunking card generates console
channel request nessages to assign channels, it is
the working channel trunking cards themselves that
release active working channels in response to
channel unkey messages produced by the downlink
trunking card in response. to downlink polls.

The downlink trunking card monitors all
traffic on the BSL, &nd constantly updates the
console with the contents of channel assignment |
messages, mobile unit originated channel reguest
messages,'and channel'active/inactive status., This
information is used by the'oonsole to provide
indications to console operators of ongoing



* by the operators have been successfully taken. FIGURE 6A is a schematic :
di agram of an exenplary format for a channel assignnment nessage generated
by the control channel trunking card in response to either a nobile unit -
‘orlglnated channel request nessage received by the control channel repegger
receiver or to a console orlglnated channel request nessage placed on the
BSL by the downlink trunking car The control channel trunking card
causes ‘the channel assignnment ne3 e to be transmtted on the outbound -
control channel, and during the same control channel -tinme slot, also places
t he channel assignnment nmessage on the BSL. The channel assignnent nessage
transmtted on the outbound control channel is received by all nobile units

nonitori qmw 'r nohi |.e mts(or
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nmessage on the outboun
request message placed on the BSL by the downlink U

trunking card. The control channel trunking card
causes the channel assignment message to be
transmitted on the outbound control channel_ and
during the same control channel time slot, also
places the channel assignment message on the BSL.
The channel assignment message transmitted on the
outbound control channel is received by all mobile
unite monitoring the control channel and directs
specified mobile units (or groups of mobile units) to
a specified working channel (the control channel _
trunking card maintains a table of available channels
and constantly updates this table based upon L .
responses to its polls, so that it can always /.
determine which channels are available and assign an o
available working channel)

The working channel trunking cards a11 monitor
the channel assignment messages carried by the BSL,
and the trunkingicard associated uith an affected
working channel responds to the working channel
assignment message by transmitting a confirmation
message, then listening for handshake signalling -
transmitted by mobile units which have moved to the
newly-assigned working channel in response to the
channel assignment message on the outbound control
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channel , and then supporting conmuni cati ons between the nobile units now on
t he wor ki ng channel . FIGURE 9 is a schematic diagramof the relative
"timng of a channel request:nmessage, outbound control channel assignment
nessggg and application of t he same channel assigrnent nessage to the BSL.
Réferring to FI GURE 6A, a channel assignment message generated by the
cont.srol channel trunking card includes E}polllng byte (code AAH), a nessage
type field (typically code OSH since sy 100 supports no special
messages when in failsoft), a nibble indicating whether the.channel

assi gnment was requested by the console or by a nobile unit, an MI-A code
field, a conmmunications type field a logical identification nunber of the

oLl L (LAY e nd PGSR EBhy Bah b RERARY) 2

been cal l ed, a fthe G‘%ﬁ?rit‘hﬂﬂi‘fgﬁ i pritthe workingcthanselbei BIGURE gned
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group or individ bile units being ca Speci fyi ng
the | ength of tﬁﬁ?Qﬁgi <Hﬁﬁﬁﬁ9°¢r?HﬁP%@néaFanhéPhgchBBhghed shoul d
permit the morknmgudumunﬁ desséyiudhdﬁipﬁnﬁﬁhﬂiéﬁroEOGHUHbSﬁé'0”5

t.erm nat es, r / bit (always cat standard rat her than
specy-al connunlca |on§ Ié}ﬂ féﬁﬁ ﬁ% t tﬁ %gged enbodifrent), a bit
i ndi cati ng whet her i nc&qﬁeg’mag:efm oBb,r skuhtnhqbtabeigﬁpeﬁted (the
-val ue of this bijesdaReNdervtdtly g-;#;q?gg umq.lgi CRh AN : nﬁr‘?% fxarrpl e,

consol e-t o-i ndi vi dual” communi cat | I res no repea?
_cgnsol e-to- gr oufageminilidasn & Reddine Rite (code AAH), a message

type field (typically code 08H since system 100 -
supports no special messages when in failsoft), a
nibble indicating vhether the channel assignment was
requested by the console or by a mobile unit, an MT-A
code field, a communications type field, a logical
identification number of thé calling unit (if a _
mobile unit requested the - call), a bit indxcating if
a group of mobile stations (rather than just an.
individual mobile unit) has been called, a fielde
containing designation of the channel being assigned
(1-24 in the preferred embodiment), a called group ID
) field indicating the groﬁp or individual mobile units
A\ ' being called, a hang time field specifying the”lenéth
' of time the working channel ttunking card being
assigned should permit the working channel to remain
assigned aftergcommuhications terminates, a
stendard/special bit (always.indieating standard
- rather than special communications during failsoft in
the preferred embodiment), a bit indicating‘whether
incoming messages should or should not be repeated
(the value of this bit depends on the type of
communication -- for example,'console-to-individual
communications tequiges no repeating, but
console-to-group communications does require



“repeating), and a 8-bit parity field. Wien system 100 is the failsoft node, -
it is acceptable for only a subset of the different types of channel
assi gnnent nessages normally available to be supported. In-the preferred LT
‘eenbodi nent, three types of channel assignnent nessages are supported dum_pg )
*failsoft: individual call messages (establishing communication between
- consol e and an i ndi vi dual nDbIlEh nit or between two individual nobile
units), group call Messages (es %hlshlng comuni cati ons between the
console and a group of nobile units or between all nobile units within a
group), and energency nessages (identical to individual or group nmessages
except that the working channel hang time is extended). FIGURES 10-13 are
fl ow charts of exenplar ramcontrol steps performed by the trunking
cards of ReReaRifTy %rg %‘bﬁtl’%ﬁ 1typfdmlAr the failsoft node. The
operation of S%Sﬂﬂnh Jﬁﬁtmamosﬁttmdsambbmomohe daftcrildJ]?d in | -
connectiqn w th.t.hes owharts rt of exenplary
or ogr am ESREPHAPAS: pé He?? r‘@d’%’?sﬁgbRE %ﬁkaﬁgfe Y?&ser n ne whet her
system 1@& @mlates@.gmneme messagesoriormally hlveitlablleofﬁo node. Each
t runki ngga et t pe ng by testing
t he stat g%ofq?? <gar ?@wﬁ%ﬁ%ﬁ%ﬁ?gnbﬁpg E“‘g&fy E}\%"e%e preferred
enbodi mrefypes |°ﬁ rqmmgl ckfgignment qeassagesi arer suppestedonot e -
i nt er chagrRakig ifas XsgEk L O fﬁd&%ﬂ&uﬂihéalﬁdﬁéasﬁﬁé§ as well). In the

preferre _each trunkj C I ncl udes an an-board .
nanually ééglﬁgﬂhﬁgxfﬁﬁﬂﬁ?*%ﬂFggf gﬁg“ﬁFEthE’Bééd‘PG Pﬁbtruct the
.individual mobile unit or between two individual ' \/

mobile units), ‘group call messages (establishing

communications between the console and a group o£

mobile units or between all mobile units within a
_ group), and emergency messages {identical to

individual or group messages except that the working

channel hang time is extended) _ '

- FIGURES 10-13 are flow charts of exemplary

'program control steps performed by the trunking cards

of the preferred embodiment to implement the

failsoft mode.  The operation of system 100 in

failsoft mode will now be described in connection

with these flowcharts. ’ B n -

FIGURE 10 is a flowchart of exemplary program \/

_control steps performed by each trunking card to '
determine whether system 100 is operating in the

normal mode or in the failsoft mode. Each trunking

‘card first determines what function it is performing

by testing the state of an on-board switch

(decision block 602). In the preferred'embodiment;

all trunking cards are identical in order to promote
interchangeabilit?-(and to provide other advantages

as well). In the“preierred embodiment, each trunking

card includes an on-board_manUally;operated'three

position switch which is used to instruct the



tTunklng card whether it is associated with the control channel, the

wor ki'ng channel- or the downlink. Decision block 602 sinply determines the:
“position of this switch in the preferred enbodinment. If desired, a
softwgye mai nt ai ned register "or storage |ocation ¢ari be substltuted for the
manual by- operated switch, and the contents of the register can be.changed
uhder software control dependlng upon various conditions so that functions
of trunking cards can be interchanged matically w thout intervention by
a human technician. The control chann unking card is the one card in
system 100 of the preferred enbodinent that can initiate a changeover to
the failsoft node. The control channel trunking card tests whether the
primary site controller 410 is operating correctly (e.g., by deternining

whet her four CWJ;% cﬂ-&ewﬁé’ Ica{gqiézségggéggtgé ?Eﬂdtﬁx t he control

channel trunking car ver 1ts de ara communi catiaon |ine
are "bad" -- tiﬂﬂnﬁnplrﬂkammeéewﬁthWkaimQI¢hgnbeb)otd§b95|on bl ock 604).

If the control Mﬂk”%i‘ﬂi&ﬂ@l&’&i%@i N§Pm ?%gg&ghﬁg?ﬁngﬁogﬁxrég“gg 410

(3bout 833 i ORARERARAR P5ILE SYFSR L5rERS RTPEFEF PRCSBROSLBRDER 606)
and executes alfidedir dtpde sofitware-afeivitainedt regestewyt ope (whi ch, anong
meossges |0 1o MAURAS Hie FPLO o BY DR RELENLRE, £8ETSRS D00 haral e
.Site control | emafiialady-opepatédrswitech; iamd thei contentsedft theerf orm by
t ggog{;pggyéi_% %%P'%ﬁclﬁéa% f.még]uﬁaapaﬁéfeaﬁésdcwt&alover Its
-\ ' epending upon various conditions so that functions

| of trunking cards can be interchanged automatically
without intervention by a human technician.

The control channel trunking card is the one °
card in system 100 of the preferred embodiment that
can initiate a changeover to the failsoft mode. |
‘The control channel trunkiné card tests whether the
primary site.controller.élo_ié operating éorrectly
'(e.q,, by determining whether four consecutive site
controller responses expected by the contrel channel
trunking card'over_its dedicated RS-232 parallel
communicatioh line are "bad" == that is, not presént_
or unintelligible) (decision block 604). If the
control channel trunking card determines primary site
controller 410 is operatihgacorrectly, it continues
to apply pulses of normal duration (about 833 '_
microseconds long) to frame sync control line 520
(biock 606), and executes a "normal” mode control
channel software routine (which, among other things,
directs the control channel trunking card to pass all
messages it receives from its associated reﬁeater
receiver on to_pérallel éite_controller-410.and te
perform functions it is directed'tb perform by the
primary site controller via control signals pqssed to
it over its associated RS-232 port (block 608).



. the other hand, if decision block 604 determnes that the primary site

controller, in not operating properly, the control channel trunking card
begi ns applying w de sync pulses (e.g., 3 x 833 microseconds |ong) to sync-
line 520 -- thereby indicating to all of the other trunking cards that.
system™100 is now in the failsoft node -- and begins executing a fallsofTJ
software routine which will be di scussed in greater detail shortly in

connection with FIGURE 11 (bl oc 10, 612). Working channel trunking cards

det er mi ne whet her system 100 is the failsoft node.by testing the .
duration of sync pul ses they receive over sync |ine 520 (decision block
614). Working channel trunking cards execute "normal" working channel

sof tware routines when system 100 is not in failsoft node (block 616), and

het ot b oty MR £1A0FL R, BABKS: L i aied TERY 0 ar s 1 oot

t he dur &hieogprdm &ﬂ!aqit%esoohreyherldnen@kOdpentﬁﬂngnne mhether system 100

s in tReohRiliSol @ %ﬁéﬁ&iseﬂmb&%% ng” il Fegdlpr )" down | nk

sof t war tines en he systemis o node (bl ock
- 622), amPPd¥dng évéi%mmmubmp. ke §of-t \ﬁal"e %mmmdhe systemis

oper at i 1@nig) t&ae:fya& spihe S0 (bl Qﬁ&r@% 1ndi ey NS enmbodi ment,, ..
menory 5% &%% trunklﬁgﬁcard ator a copy of_ the norna and fallsof&)
control ®éh gi naLoes syfdem il \mevkidy channel

softvvartheouftmirlfsgftambdmrﬁal nnddbégﬁ.h&Obhe@kﬁ\mhgﬂﬁ software routines
failsoft software routine which will be discussed
1n ‘greater. detail shortly in connection with FIGURE
11 {block 610, 612) -

Working channel trunking csrds determine
whether system 100 is in the failsoft mode by
testing the duration of sync pulses they receive over
sync line 520 (decision block 614).° Working channel
trunking cards execute normal' working channel
software routines when system 100 is not in
failsoft mode (block 616), and execute failsoft
working channel software routines vhen the system is
in the failsoft mode (block 618). simnauy, the
downlink trunking card tests the durstion of the

pulses on sync line 520 to determine uhether system ' QJ

100 is in the failsoft mode (decision block 620),-
executes "normal"” downlink software routines when
the system is operating in the "normal"” mode (block
622), and executes failsoft downlink software
routines when the system is operating in the failsoft
mode (block 624).

In the preferred embodiment, memory 504 of
each trunking card stores a copy of the normal and
failsoft control channel software routines, normal
and failsoft working channel software routines, and
normal and failsoft downlink software routines
(even though enly the one control channel trunking

L4
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(even though only the one control channel trunking card actual ly
executes the control channel routines and only the downlink trunking card
“executes the downlink routines). FIGURE 11 is a flowchart of exenplary
progra control steps i'ncluded in the failsoft control channel software
routine of FIGURE 10 bl ock ‘612. The control channel“trunking card waits for
t he begi nning of a control channel fraqg:(deC|S|on bl ock 630) -- control
‘channel frame timng being controlled by a conventional software or
hardware oscillator or tinmer circuit included onboard the control channel
trunking card. Wen the begi nning of the next control channel slot (frame)
occurs, the control channel trunking card deternines whether it is required
to generate a chandetcaaalgNWBBECn&ssaghelnon&&nﬂnﬁ&dﬁhéﬂ(*ﬁuttﬂesequeSt

nmessage receiv u t [ n ck 63 a channel
assi g%rrent rresggrég 'iws‘i]? *%E ?gi'érlg%& t%'g&ig' Ff%ﬁﬂﬁfﬁgeﬁ r*dh% ng card
controls its asBownkink repsines)transmitter to transmt the assignnent
nessage on the out boungi@ORE" @1 §igamn |

assi gnnent nessage, to_the BSL (bIig . Qllowép‘qr% %&%&gd&%ﬁf%{d@%@
control channel® ?Eﬁ?tnﬁtﬁaFdiPﬁéHdFés?§'ﬁh&tﬁé#kﬁ?ﬁﬁmﬁﬂﬂﬁﬂ?hmssage i s
bei ng recei ved dlimmnel oaobtaﬁkeGGBi:tiAEt of FIGORE h0 m&;@wel The

t t h t Ki d si its for the
ctars of the negtesl rehahhel cFUBRERG chER WAl or iy hadkaningear |y
:over by the tinefthecembtnot| chasngdmEramee¢degt stienTblaicds €30) t-he
preferred e”bOCHMOI acﬁgnﬁﬁlskgkmqejtﬂ)ﬁiha b@&ﬁgdg(o?&rolled by a

. o/ conventional software or hardware oscillator or timer
circuit included onboard the control channel
trunking card. When the beginning of the next
control channel slot (frame) occurs, the control
channel trunking card determines whether it is
required to generate a channel assignment message in |
response to a channel request message received during
the last slot (decision block 632). If_a.channel
assignment message is to be generated the control
channel trunking card controls its associated
repeater transmitter to ‘transmit the assignment
_ megsage on the outbound control channel, and also
o - applies the_channel_assignment message to the BSL
(block 634; see FIGURES 6A and 9). The control
channel trunking card then tests-whether an incoming
message is being received (decision block 636). |
After transmitting a chennel gssignment message, the
control channel trunking card simply waits for the
start of the next control channel slot -- since the
_ current llot is nearly over by the time the channel
assignment message terminates (in the’ preferred
embodiment, a three-slot delsy is introduced
between receipt of a channel request message and B
| transmission of a chﬁhnel_assignment message to give



.
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bet ween reécei pt of a channel request nessage and transni ssion of a channel
“assi gnnent nmessage to give the site controller time to process the _ .
- channel request -- and this three-slot ‘delay is preserved in the fail soft .
node to preserve systemtimng) If a control channel nessage is coningi@y
froma nobile unit (decision block 636, 638) the control channel trunking
card receives the incom:ng contyql nessage (bl ock 640) and determ nes '

whet her it is a channel assign request message (decision bl ock 642).
Only. i ndividual, group or energency channel assignnent request nessages are
handl ed by the control channel trunking card during failsoft node -- al

ot her i nbound control channel nessages being ignored. If there is no .

i ncom n ont Lol 4 e,.the contro], channel trunking card tests

whet her %%egg%\%nfﬁhmﬁulrﬁ?ﬁt?%r? t%%?%eiﬁnélafegﬁéggﬁ e to place on the

BSL (byremugist resmindy this |threewlot apelay)isdpresepweld ock 644). If the

dovnl | nign! EHEKirdd 108k I ARAURE P SIS CaPBEGRIEsHInRHCE On Lhe BSL, the
' er ownl1 n P

control channel trunking card ge ates a po (bl ock 646; see
FI GURES 6B and1f) & conditpds channgl measagecie eeming BaLfoem he downl i nk

trunki ng mbblel unlt (Fewividm Blvel @Y | k3! | the! echtEsd) and then
-determ ngs mhgtger Qe consol e nessage .i.s a chanpel assi gnnent. r equest _
(deci si SR2BPECK 6&?} e EXFShRSSe e (ARERMIRG cePREFGROr i ng consol e
unkey neesagge) (blbck 644) tars] clwteint ras awhethee i®i $shas requested a .

channel cAgahdl "Bk gkt defudbt message (decision block |
642). Only individual, group or emergency channel ' &)_
assignment request messages are handled by the ;
control channel trunking card during failsoft mode
-- all other inbound control channel ﬁéssaQéé'being
ignored. ' - ' |
If there is no incoming control channel
message, the control channel trunking card tests
whether the downlink trunking card has a console
message to place on the BSL (by simply testing the .
last poll reponse) (decision block 644). If the
downlink trunking card does have a console meSSage"
to place on the BSL, the control channel trﬁnking
card generates a doﬁnlink_poll'(bibck'646; see . | ,;
FIGURES_GB and p),'reqeives the'meSsage placed'oh thet | U
BSL by the downlink trunking channel in response ' | o
‘to the downlink poll (block 646) and then
determines whether the console message is a channel
aséignment request {(decision block 642) (the control
channel trunking card ignoring consoie unkey
messages). o
If either the console or a mobile unit has
requested a channel assignment (tgsféd for by
decision block 642), the control channel trunking
cgtd determines whether a channel is available for
assignment by testing a channel assignment table it



déci sion bl ock 642), the control channel trunking card determ nes whether a
channel is available for assignment by testing a channel assignnment table
it ~stores. within its nenory 504 and constantly updates w.th poll _
respnges during the failsoft.mbde (and with channel; allocation information
provided to it by site controller 410 over its dedicated RS232 parall el
signal path during the normal node so t the trunking card al ready has
current status and channel allocation information stored within it in the
event switchover to failsoft node is necessary). If a channel 'is not
avail abl e (decision block 648), an internal flag is set so that the channel
‘assi gnment nessage to be generated by block 634 during the next control
channel sl ot wi Btores withim iitss memone|SG4 and eenstamr updatest al |

channel s are bug(dpaY Guliporlded’ AINMFlLHS FHRIdoht médé pasagnment,
amhd

the control chann runking ‘card stores the channel assjgnpent jn an
i nternal buf f er wiithy shannelc addagatiqn mi%ﬁﬁ‘?}%gﬁ'&s}aﬁe‘%hom

in FIGURE 6A (blga¢le 2Rtrdl e IdvaY fits Idediivatéd IRS23® channel
Gontrol Then T oPREALTAY heHAL PARTARTIRS (R Frer made (ES Y o
channel . sl ot. | ftheo tyundding cewahdremsty hae qurrsnat etatusisand be
genekat ed duri ng ta%equr‘rﬁrg ¥ An . lors| élordd & £ehfn "Pe | HROM NY
control channel %bssage, and ¢ e downl 1 nk trunking Cardpﬁ%s not received a
.consol € nessagethehevent mwitahoven o fiadlapitmrdetd®ni nes whether it is
time for an all pQldsMBIHA0C 10 DM PR ridd Wb¥afDdb1é (decision |
- N block 648), an internal flag is set so that the
' channel assignment message to'be generated by block

634 during the next control channel slot will

indicate in its channel field (see FIGURE 6A) that

all channels:are busy (block 650). If a channel is

available for a#siqnment, the control channel

trunking card stores the channel assignment in an
internal buffer it uses to construct the channel _
assignment message-shdwn in FIGURE 6A (block 652) in
preparation for transmitting the channel assignment
message during the next control channel slot (block
€34). Control then return# to decision block 630 to
U _ vait for the next control channel slot. : | _
. I£f no outgoing channel assignment message
needs to be generated.during.the current control _
channel slot, there is no incoming control channel
message, and the downlink trunking card has not
received a console message, the control channel
trunking_card.dete:mines'yhethet it is time for an -
all-poll message to be generated (block 654).(e.q.._
by testing the value of an internal timer to see
whether two seconds or so has passed since the last
all—poil message was generated). - If it is time for
an all-poll message, the control channel trunking



by testing the value of an internal timer to see whether two seconds or so
has passed since the |last all-poll nessage was generated). If it is tinme

... for an all-poll message, the control channel trunking card applies an

all-poll nessage (to either the |ow or high channels) to the BSL (bl ock .y
656), |ooks for the response to the all-poll nessage, and updates an

W n-service" table stored in th %pntrol channel trunking card nmenory 504
which is used to indicate which channels are operational and which channel's
are not in service (block 658). The control channel trunking card considers
all trunking cards which do not respond to an all-poll nessage to be

.

non- operati onal and does not attenpt to assign their associated channel s as

-Wor Ki ng &&mwﬁslusb}i\leueani-poalt fheskage (ol estiter i iXowl y fai Ihs to
respond to a o) a e to suc '
rressages° t‘??g ’éoﬁ’g EEZ ﬁg E{"g EE ég?%%a? cﬁa}t CR{Ms]éjltr;‘grserw ce table to
i ndi cat ethdarespensaatocthessddrpedd’ mtslsalqe.l snﬁmpdaﬁsm amperational . |f
deci si on (g@f@fé de&EB Féo}hat sht the g@h -an al |l -pol |

anne enerates an up

message, e control unki ng_car dat e pol| nessage
to eit hé;mniéillvaﬁrdtHemﬁtyhsgﬁaﬁhéFB élsn‘tﬂ%" Ferndiaptvodi ment, update

pg: ! EEGGO ! eﬁﬁéisrﬂ%ebﬁega&%audﬁm mdmwrﬁrﬁaﬂamwanngl s)d &
({5 ChamRh 4R oPSRYAGE (BEPER BBIed T CORIHAH FARMISTo el it the
current mmqfcam chnsmdsrs\/\hnhtlmnk:lhmarca:ﬁs grteiklordo el eased si nce
theléﬂ“né%Irggﬁonartgpgﬂtglﬂobbll message to be '

non-operational and does not: attempt to assign

their associated channels as working channels. _ :

However, it a trunking'card which previously fails to

respohd'to'an all-poll message begins once again-:

responding'to'suCh messages;-the éohtrOI'channel-

trunking card updates its in-service'table'to

indicate that the channel associated with it is once

again operationsl.-- : o e

| If decision block 654 determines that n: is

not yet time for an all-poll message, the control

channel trunking csrd generates an update poll

message to either the low or the high channels (in

the preferred embodiment, :updste poll messages are ;; |

alternately generated to the low and high channels)
(block 660), decodes any responses to the update poll
message, and updstes its channel assignment table -
(stored in 1ts memory 504) to reflect the current
status of any channels which have been assigned or
released since the last all poll or update poll
message was generated (block 662). : .

i FIGURE 12 is a flowchart of exemplsry proqrsm'
control steps performed by working channel trunking
cards when system 100 is operating in the failsoft
mode {block 618, FIGURE 10). The working channel:

e

-



nessage was generated (block 662). 1 FIGURE 12 is a flowhart of exenplary -
programcontrol steps perfornmed by working channel trunking cards when
"system 100 is operating in the failsoft node (block 618, FIGURE 10). The
wor kilng channel trunking card waits for the next:isync pulse on sync |line
520, and then | ooks for a poll nessage on,the BSL (bl ocks 672, 674, 676).

If an all-poll nessage is present, the atiﬁrng channel trunking card
determ nes whether the all-poll nessage is directed;to it (e.g., if the
message is directed to channels 13-24 and a worki ng channel .trunking card
Is associated with channel 11, it need not respond to the all-poll nessage
(decision block 678). If an all- oII nmessage directed to the working
channel trunki puniing ccardcvailis £a5 ®BekhaxtcBARSePUYLSE oM BYRE d

{resgﬁngs to ghfhﬁlfé I54d) Okkd 68Ren Podxat fbbeaslaant m@%saueedtprﬁﬁewg channel
updat 65 an | nt BSle (SToFERr ST - 6 ¢harfidb)st af foapapid-ERd MRS bl ock
?ﬁZ) |{1 the prigd q:fﬁabxwimfﬁheeab?-k$ngt ehaahel Ut runkdnga ciaod (e g., whet her
e systemis i no no h I ed, and
whi ch channehsé%%eWégéerV|%€#£§g %8ﬁtg 85 ﬁ@#i F?%%@ﬁ? ?ed ove active
wor ki ng channelto ditorigev@th bfhthelmPssnﬂalbﬁ éorestsd Gpd&h@nhﬂ&ﬁeaunlts
actiwe on the Jﬁf‘&r&?@”ﬁ%r inguEhfhe pe&em}@t kardigace, in the

preferred enbo I ment trun I ng car not Just_"the control_ channel
:trunking card) !ﬁﬁ% ted mith chapped ddp| itaﬁﬁeg Rt kesPend $ohent

table. I'f the waikigm-GbeINohebsugsi (deedbion block 678). If an
-\ all-poll message directed to the working channel
| trunking cafd is received, the working channel
trunking card responds to the poll (block 680). And
at the same time, the.working channgl.trunking card
analyzes rgsponses-genérgﬁed by othef étunking cards
and updates an internal "in-service” channel status
table accordingly (block 685). ' In the preferred
embodiment, system status information (e.g., whether
the'system_is in normal or failsoft mode, which
'channels are assigned, and which channels are in
service) is continuously tranémitted'over,the active
working channels along with other information so as
to update mobile units active on the working channel °*
of current system status. ﬁencg, in the preferred
embodiment, all truhking cards-(nof just the control
channel trunking card) maintains an in¥sefvice
table and a channel assignment table.
If the working channel trunking card
. - : determines an update poll message has been generated
by the control channel trunking card {block 674), it
responds to the update poll message if its status has
changed_s;nce the last update poll or all-poll
message directed to it so long as the update poll
- message is directed to the channel bank it is a



determ nes an update poll nessage has been generated by the control channel -
trunking card (block 674), it responds to the update poll nessage if its

. status has changed since the | ast update poll or all-poll nessage directed ,."
to it so long as the update poll nmessage is directed to the channel baRk)

It 1s a menber - of (bl ocks 684-,%?2). |f the control channel trunking

. card has generated a downli nk poLP ssage, no response is required by the
~wor ki ng channel -trunking card, since the downlink trunking card is the only
trunki ng card which responds to downlink polls. However, the downlink

trunki ng card may be. applying a consol e-generati ng unkey nessage

I nstructing the working channel to drop channel. Accordingly, all working

-channel FPEPRFn&ﬁxiQ%??ﬁﬁﬂﬁ%ﬁ'cﬁﬁﬁlink pol | responses, and if the downlink
responds with aypEgngecdntiélicéhainéhetranking eazanhlast runking card to

drop its channel, . the, workij chapnel trunking card controls its repeater
Cr anom + SEPeEd ek, & AL FAET Fentdan PO ER=BPBE®: KBhon 111 ng

al t oget heegudeeidsibgn the okoG8Bng bt hann&D Oy rufkingl gardi, shaceont rol channel
t runki ng.gar - cp?gg | Bt _ e during the current
control Eﬁ‘gnggpﬁ%i%?p%‘?@ggﬁ% ore*)s a‘?@%.g?f{gﬂ E OCF%SZ), t he wor ki ng
‘channel FnuﬂkMWQQhﬂﬂPQ29n4QﬂEPi#%"%hé@%iﬂ?bﬂsrep@@ﬁeﬂefhansnLIter to begin

transm t igha0 dolwrilihIE RORNSk1 R§ SEAFaTRE rsﬁsafﬁlgethhs the working channi#-
trunki ng card (bl ock GQég, st or.es -t he Yoghig I den ifi%SéLon of the caller

in its nERREPISTAMRTAYIRD NNKEY I TE "FS“EG%JQPW the operations of -
the assowoakdtigi@tearael to drop channel. Accordingly, all

working channel trunking cards monitor dgwhlink 5 \j .
poll fesponses, ;nd if the downlink\tespdnds_with"a- '
message 1n§tructinq'the working-chaﬁnel.trunking_card:
to.drop itsfchannei; the wo:kinq channe1_trunk1ng
card controls its repeater transmitter to trahs@it a
dotting string and then stqp transmitting altogether
(decision block 688, block 690). . o
_ | Finally, if the control channel trunking card
has generated a channel assignment message durihg the
current contréllchannel slot (as tested for by |
decision bloék 692), the working channel trunking
card controls its associated repeater transmitter to
begin transmitting if the channgl'nssignment_message
selects the working channel trunking card (block
694), stores the logical identification of the caller
in its memory 504 (block 696), and continues to
supervise the operations of the associated ﬁorking_
channel repeater transmitter and receiver for the
duration of the call. The working channel trunking
card updates its channel status table after all’
operations it performs, and then waits for the
beginning of the next control’ch#nnel slot (blocks
698, 682, 670). . | |
FIGURE 13 is~a flowchart of exemplary program



channel repeater “transmitter and receiver for the duration of the call. The
wor ki ng channel trunking card updates its channel status table after all '
“operations it performs, and then waits for the begi nni ng of the next
contmry-channel slot (blocks 698, 682, 670). FIGURE 13 is a flowchart of.
~exenplary program steps perforned by t he downl i nk trunking card when
system 100 is in failsoft node (see FI 10, bl ock 624). The downli nk
trunking card waits for the.beginning of the next.cantrol channel sl ot

(deci sion bl ock 702), and thén deternines whether* ‘tHe control channel
“trunking card has placed an all poll or an update poll nessage on the BSL
(deci sion blocks 704, 706). |If a poll nessage is generated by the control
channel trunki ngtepsdperhernednbiynithe giownig ndkartaunkinaeandahenponses to

the pol I messagsygeaﬂrfbedihyi%xh%aweofteim&' (e EAUURES aNd [ nforms the

consol e -of all at us _changes I ng channel s fhat were a55|gned

but have now belehoek| 834dd) . TthdPNé‘ TRk ing Sand HaighLpunl i nk
trunking card ”EhétBéBinﬁih r i ithel He‘%@t Ql&nt(i*ﬁu‘i:ﬂdhriéb‘ sF®ry 504 so

inti1 the consof GeALERRY 8 T8zt s febarine MHeer i8] ook
708). The domlcahttomn&hngnear & raindd igpiciral s p liadesdi rxh cpnehqm:bht ai ni ng
Conoore noosagefip BBk BRI RIS il e W (I dLon [ D01C 152
-the downlink trbhekckg Z8#d F79§|dend§ﬁ @ ped Ic messAge g rggneraked r¥§j¥card
_pQII _ the control channel trunking card, the downlink
-\ trunking card monitors the responses to the poll
message'generated by the various working channels,
and informs the console of all status changes (e.g.,
working éhannels.that were assigned but have now been
released). In the preferred embodiment, the
downlink trunking card maintains a first in first
out QUeug_in its memory 504 so that several messages
1nténded for the console can be témporérily stored
until the console has a thance to receive and analyze
. the messages (block 708).
_ The downlink trunking card also maintains an
inbound gueue containing channel request and unkey
U . meséaggs genetated'by the console. If_there is a |
console message in the inbound gueue (as tested for
by decision bloék 710), the downlink trﬁnking card
responds to the control channel trunking card poll
" message (regardless of whether the poll message is an
#11 poll or.an update poll messagé and regardless of
which bank of channels the poll message is directed
to) with-an indication that there is a console
message to be placed on the BSL (block 712; see
FIGURE SC);".In the case of an all-poll message, the
downlink trunking card responds indicating that it
is operational (decision block 714, block 716) even



stores the: ool cah LR.3iWiGEF! (bR 28§13 1e o

nmessage (regardl ess of whether the poll nessage is an all poll or an update
pol |l nmessage and regardl ess of which bank of channels the poll nmessage is
directed to) with an indication that there is a console nessage to be

pl aced on the BSL (block 712; see FIGURE 6C). In the case of an all-pokl,
message, the downlink- trunklng card responds indicating that it is ,
oper ational (decision block 714, >k 716) even. if there is no console
nmessage to be placed on the BSL. IY the control channel trunking card

generates a downlink poll nmessage (decision block 718). the downlink

trunking card scans its inbound queue to deternine whether there are any
unkey nessages, stored there (unkey nessages have a higher priority than-
channel assigreretisecnoceonsedeagessayd o (befplacddevnodheent ) (bl ock
720). | consol e-ori gi nated unkey nessage is stored in. the queue, the
downl i nk king card generates a channel unkey nessage and applies it to |
the BSL (see Fl GREtBE) c(:hltmdd Timnne) itrunkingetands ggmesatesquest

nmessage run\gﬁ = gsg& %Meeado& ff&g sﬁb&ﬂevmueuwe

downl i nk. generates

nnel request nessage (see
FI GURE 6qomkiira'pptmk

Rigs Gans RFAND e BQ°'€BF’OGP<‘Q’F‘E4)t° | f the control

.channel q fné G HeRAd rI UYL ke dlp\iitked saea% message rat her
than a po nmessage (as tested for %égqgﬁ.' Si. onpg 8 Hﬁg e downl i nk
“trunki ng &predohheses (upkegh meRS2 g0&st and

conmmuni ¢ aiien | éRaffelcdiesilghridiet aoegue &t \ihessigedodm ithle queue, and al so
_'console originated unkey message is stored in the v
queue, the downlink trunking card generates a
channel unkey message and applies it to the BSL
(see FIGURE 6E) (block 722). If a channel assignment
request message originated by the console is stored
in the queue, the downlink trunking card generates -
a downlink channel request message (see FIGURE 6D)
and applies this message to the BSL (block 724)
| 1f the control channel trunking card has
generated a channel assignment message ‘rather than a .
poll message (as tested for by decision block 726),
the downlink trunking card monitors the channel -
assignment request message and commuhicates its - "’
contents to the console via the downlink queue, and
also etores the logical 1D of the celled indxvidual
or group (block 728)
EIGURES 14-16 are timing diagrams of exemplary
eiqnals ttansm1tted and received by system 100 durzng
operation of the eystem in the £ailso£t mode.
These signalling eequences ‘ahd timings are basically
identical to those generated by the cystem during
normal operatlon (as described in copendlng application
number 8813168 (2206018), _
entitled, "Trunked Radioc Repeater System").

-



or group (block 728). FIGURES 14-16 are t|n1ng di agrans of exenplary
signals transmtted and received by system 100 during operation of the -
“systemin the failsoft node. These signalling sequences and timngs are
basigaJly identical to those generated by the system during norma

operation (as described in copendi ng appllcatlon nunber 8813168 (2206018),
entitled, "Trunked Radi o Repeater Systp Cenerally, users of the
nmobi | e units comrunicating with syste discernqno difference in the
operation of the systen1betmeen nornmal and fail soft ‘nodes. - Special calling
functions are not supported in the failsoft node, so a special call request
generated by a nobile unit will be ignored. The subaudi bl e status

i nformati on constantly being transmtted by system 100 over the control and
wor ki ng channel s referably includes a bit ‘indicating that system 100 is in
failsoft so th%enef&ldYso URars i ithe mekile unitsscommungcatingoft

operation (or mwnaandtewrm@ d@ycémrﬁeldﬁsfo?céniﬁ'&:hﬂence whi ch
inhibits all but in V|du ency calls frombeing initiated

rou
when the syst ePeE% f frﬁﬂﬂeye ?&JRE’H.‘BF%ME faélspital s
generated by smodems. lospwnﬂat)ddtiinglfnnétionkii&ecmﬁta&u Bovkea the

Contol channelt Phe Fal 1iier wbdlr o8y SBatift e ?'s%%a#%#ttraﬁimAtté?e
to transnit a Geperakeds byt memnbifle amibivikk bechgndred. al Thenact i ve

-nobi | es ”DnltOEuBde&SQ%'W%atdgﬂiﬂﬁbimaéionrﬁbnséaﬂtlfrﬁgfnag

transmitted by system 100 over the control and

working channels referably includes a bit _

indicating that:system 100 is in failsoft-so that

users do not initiate special calls during failsoft
operation. (or the mobile units may themselves have
intelligence which inhibits all but individual, group

and emergency calls from being initiated when the

-\

system is in the failsoft mode) .

FIGURE 14 shows the signals generated by
system 100 during the failsoft mode of operation
when the'mobile unit originates a call to another _

 individual mobile unit. At A, the control channel

trunking card controls its ~associated repeater

o transmitter to transmit a continuous stream of
control messages which all inactive mobiles monitor
and receive. During this time, if no incoming
control channel radio messages are detected by the
control charnnel trunking card during a control frame,
the control channel trunking card polls the working
and downlink trunking cards via the BSL beginning
approximately 20 milliseconds after the beginning of
the control channel frame. Up to twelve working '
channel trunking cards and the downlink trunking
card respond with status information, allowing the
control channel trunking card to keep track of the



control channel radio nmessages are detected by the control channel trunking -
carddurimg a control frame; the tontrol channel trunking card polls the

~ working and downlink trunking cards via the BSL begi nning approxi mately 20 ..
.mlliseconds after the beginni'ng of the control channel frane. Up to
twel ve wor ki ng channel trunking cards and the downlink trunking card

respond with status information, allowi ng the control channel trunking card
to keep track of the activit f the various channels and the need to
col l ect consol e nessages stored by the downlink trunking channel. At B, a
nobile unit that wishes to originate an individual call transmts an

assi gnnent request nessage on the control channel in synchronismwth the
recei ved control channel nmessages. The individual call assignnment request
message actlieitysofhtheoyiardlousDchiannied scarid ke chedd | €09 nobil e units,

al ong wi r .ot Lan. ri n | erat i f system 100, the
‘cont rol %%ﬁ%gf ?#ﬁ%gﬁ'gg;n@%rsag%@sr (ﬁrl§rﬁ§;§3$ % s‘ﬁ? nessage up to the
pri mary. t¥urnkingt cbahel410. However, during failsoft operation, the
control. channeIAgrgnkhnﬁosa < hh@@'th r%¥i§Mg31§&f¢¥Hg@# assi gnment

n ol . channe

t wo- message, pai r transn1tte on the out ou ontr at C, and also-
sends a ®&h jvidual gadd ﬁE?@EB@ 0 &P ASEHIORRN tﬂﬁﬂﬂ#’ﬁrunklng cards -

and t he mosdagekohr thi eontaod m&xnbhemsbyn%&ﬁﬁ@tmﬂwrkl ng channew
Egﬁpriga Q%Hgﬁgggce SE?H Qg}Peﬁh§%| mﬁ%b?nlgg at by transmtting the _
individual call assignment request message indicates
the logical ID of the called and calling mobile /.
units, along with other information. During normal a
operation of'system 100, the control'cbannel trunking
card merely passes this request message up to the
primary site controller 410. Houever, during
failsoft operation, ‘the control_channel trunking
card itself responds with a channei assignment
two-message pair transmitted on the outbound
control channel at C ‘and also sends a channel
assignment message to the vorking channel trunkingf
cards and the downlink trunking card over the
BSL. .
ns' The selected working channel trunking card L _ k;
processes the new call beginning at D by transmitting
the confirmation message. Ihe_originating mobile_ _
(which has by this time moved to the working channel
frequency in response to the channel assignment
message transmitted on the outbound control channel)
receives a confirmation message transmitted on the
working channel, and transmits as4 bits of dotting
- and then audio beginning at E. At F, the working
channel trunking card receives the dotting
transmitted by the mobile and transmits
unit-key/unmute messages to control the mobile
unit to unmute its audio. Meanwhile, all working



(which has by this time noved to the working channel -frequency in response
to the channel assignnent nessage transmtted -on the outbound control
channel) receives a confirmation nessage transm-tted on the worKking
channel, and transmits 384 bits of dotting and then audi o beginning at E.
Al F, the wor ki ng channel trunking card receives the dotting transmtted by
t he nDbjIe and transmts unit- key/unmﬂ§5@stages'to control the nobile
unit to unnute its audio. Meanwhile, all working .. channel trunking cards
~update their channel assignient tables to reflect the new channel
assignnent, and this updated information is tranmtted over all active
wor ki ng channel s i n subaudi bl e nessages at G The downl i nk trunking card
recei ves the chehaaheds tirgmkinig asthyapdstie tthe fiSicldmeel and i nforns the

consol e of the ?gg i %%s%g%ri%rg ttoA%the £1ddiE ¢ thrar],ﬁ.l ég{%ggbl l e unkeys and

sends a non-slo ey nessage morklng ei ver.
response, the wessigpmeninnaind rtihild mpdated danficrmatian hQSOC|ated

transmitter 1o +EanRaTeEeddGved FH0 dudsve ol Cnddig ey 4! PRI N0 al |

mobile units fromthe channel dPOInt in trne i ng channe

trunki ng card hg¥PaupdRMAespages: ate® t hdhgodawniinte trunkinge working
channel " trunki ngaear gece3pead e dﬂﬁﬂﬁxhﬁl@rﬂ@nﬁ?fﬁmg@%¢éﬂmssage

TS s HREY (B, Rp b Wiy AonAN e (e 0 (a5 el

aSS|gnnent tablesbmgnmbhact t he release of thls morklng channel The '

o At I, the transmitting mobile ‘unkeys and

-~ sends a non-slotted unkey message to the working

channel receiver. 1In response. the working channel
trunking card controls its associated trapsmitterfto
transmit 896 to 2816 bits of dotting, thereby . |
dropping all mobile units from the channel. At this
point in time, the working channel trunking card has
autonomously released the working channel. The
.working channel trunking card responds to the next
control channel polling message with its unaseigned
status, and the control channel trunking card (as
well as all of the other working channel trunking
cqras) updates its channel asSignhent table to

(N reflect the release of this working channel. The
downlink trunking card monitors the working channel
trunking card poll response, and sends an unkey
message to the coneole to indicate that ﬁhe :
conversation has been discontinued. _

FIGURE 15 is a schematic diagram of exemplary :
signal timing of signals occurring in response to
erigination by the console ofun cellfto an indiv;dual
mobile unit. At A, the control channel transmits a
continuous stream of control messages which all
inactive mobile units receive, and if no incoming
control channel radio messages are detected by the



downl j.nk. trunking card nonitors the working channel trunking card poll -
rresponse, and sends an unkey nessage to the console to indicate that the
conversation has been discontinued. FIGJRE 15 is a schematic di agramof n
" exenplary signal timng of signals occurring in response to origination by

the console of a call to an individual nobile unit.. At A the control

channel transmts a continuous s%; am of control nessages which all

i nactive nobile units receive, d"if no incomng control channel radio
nmessages are detected by the control channel trunking card, the control
channel trunking card polls the other trunking cards. At B, the console

wi shing to originate an individual call comuni cates an i ndividual cal

message d %P@xgﬁweghelz iy CUird, R idné 61 Nehalthegiode of operati on

of systen1 ownl i nk tru i ng card woul d si [y pass_thi's individual
=4

cal | neﬁﬁﬁﬁkhﬂgtﬁaﬁﬂ|PEF}§m the ather Grnking iear ?opeﬂthandllng
However ,¢hd& ébﬁséaelea%him@dtoobvm@ahaﬁenantiﬁurwwumankcalunklng card

responds 1ot the contro nnel trunking card
with a 'égf)ﬁﬁ Bﬁdﬁ'é'ger{ ﬁ(j’a &y Meffsag %io%ﬁ'\ ﬁ%ﬁ pol|. The control
channel dasmkinlg taudkﬁhgncgmdar awa'imgjd:hé m:ia:mllmodadofhe downl i nk. _
.trunkin d | S gﬁﬁgﬁ annel " trunki ng
card nggﬁ%gtggﬂ 8£t sg@keﬁ‘req%ﬁt ?&1@8 anne#rgf ﬁﬁl‘(l ng agaenerat es a W
channel ml@n!rbﬂplrevsageﬂtiﬁaﬁmlﬂé-dﬂﬁ]s qmbkagesameheno Pbound control
channel Pﬂﬂaé*sﬁieapbbﬁ%rb*ﬁéfei‘i@g‘idzo prp&SlhaRdLORG 0l the assigned .
e

working é’é“?é‘&‘er,”“”‘a‘;hng £ad1s0t hode” oF Gperdeion, "Ele -
downlink trunking card responds to the next poll .\};f
generated by the control ‘channel trunking card with a
poll response indicating the need for a downlink
poll. The control channelitrunking'card then =
generates a downlink poll, and the downlink .
trunking card sends a call.request message to the
control channel trunking card over the BSL. At C
the controi'channel trunking card generates a channel
assignment message, transmits this message on the -
outbound control channel, and also applies the
message to the BSL to control the assigned working
channel trunking card to begin handling the new .
call. The selected working channel trunking card  ° \)
activates'its associated transmitter;'alltother ' '
~working channel trunking cards update their channel
assignment tables accordingly, and the downlink
trunking card informs the console that a channel
assignment has been made. ' _
In response to receipt of the outbound control
_channel assignment message, the called mobile unit
switches to the assigned working channel and receives
a confirmation message on the working channel at D.
When the conversation has terminated, console sends
an unkey message to the downlink trunking card at



-

‘call. The sel ected wor-ki ng channel trunking card activates its associ ated

transnitter, all other working channel trunking cards update their channel
Tassi gnnent tables accordingly, and the downlink trunking card i nforns the.
consa@le that a channel assi‘gnrent has been made. %nresponse to receipt of
t he out bound control channel assignnment ssage, the called mobile unit
swtches to the assigned working channe d receives a confirmation
nmessage on the working channel at- D. Wien the conversation has term nated,
consol e sends an unkey nessage to the downlink trunking card at In
response to the next control channel trunking card-generated poll, the
downl i nk trunking card indicates the need for a downlink poll, which the
cont rol channellrrunking'card typically generates alnost i mediately. In
response to the downlimh|mddpoﬁd§3tbwtﬁérﬁe*tt&ﬂntgptacuanmplies t he

consol e unkey | r wor ki n

channel s trunkr‘%ﬁg’%ﬁg %%f#}%%e&%ﬂz%gc‘ﬁ%e r unki ng gard

handl i ng the wotkun@i@hamuﬂdtindﬁ;aheﬁuthh need foneca\eownkinkhanne

trunking card t %ﬂi”‘b&i@% éHLZQSHEfBifhﬁgnﬁEIttfﬁhﬁfhgreﬁrél' nobi | e
n

units fromthe hannel response tot next cont.r channel trunking
card pol |ing ne$ypicaliye apiakakes mimest tinpediatelyd rERpERERONFLL its

unass¥gned st at gp thee adanlink pounKitige Cﬁud:mqodemﬁheneoékraesponse
nmessage, and sends

to t | f h Ki
~channel has beeﬁpé’rlg ﬁeij‘a%%&fﬁ il I‘é'%g?sf e’rﬁgﬁog%el r€1 ngﬁ?hggrd:u tesmg;\dl tn%e

-

consol e cause swhiieln 1&0monigmmedily sn]ghabdrk@q\mhumels trunking

o cards -- including the working channel trunking card -
handlinq the working channel to be dropped‘ At J,
the working channel trunking card transmits 896 to
2816 bits of dotting to drop all mobile units from
the channel. In response to the next control channel
trunking card polling message, the working channel
trunking card responds y;th its unassigned status.
The downlink trunking card decodes the poll . |
response message, and sends a message to the console

: confirﬁing that the working channel has been dropped.

Group calis_originatéd by mobile units and the

console cause system 100 to generate signalling vhich
is essenfially identical fo that shown in FIGURES 14
and 15, the princzpal difference belnq that all
mobile units of a call group rather than an
individual mobile unit switch to the assigned working
channel at D and receive a confzrmation message. The
control channel trunking card ma;ntains within its
memory 504 a list of individuals and groups of mobile
units that have already been assigned to a channel,
and responda to a mobile unit-originated call to a
group that has already been assigned to a channel by
generatinq_indivzdual call signals on the outbound
control channel which direct the calling mobile unit



is essentially .identical to that shown in FI GURES 14 and 15, the principal
di fference being that all nobile units of a call group rather than an

i ndividual nobile unit switch to the assigned working channel at D and-
receive a-confirmation nessage. The control channel trunking card naint's#ns
withinits menory 504 a list of indjviduals and groups of nobile units that
have al ready been -assigned to a &E&bnel, and responds to a nobile

unit-originated call to a group that has already been assigned to a channel-

by generating individual call signals on the outbound control channel which
direct the calling nobile unit to join the group conversation already
occurring on the active working channel. FIGURE 16 is a schematic di agfam
of exeryg Foinsitmel grogpocenversgtioni ajd refady sdaaftinmgpdnin response to

an eneggﬁp - L Nkivbah by a nobile unit. At A the control
channel r&%ﬂ%%?yg%ﬁg*%%gsgghﬁ%ggéssociated control repeater transmtter to
transnit a corEiGHREs16ti8am schenaticl diagram of\iexeamplary nacti ve nobil es

recei veys gl YHRGVWeber PEAGOBTE1hGUEREE £RQ1dJ¥E WuMd igps. The nobile unit
wi shing to origihate an energenc roup.call, transmis an assi gnnent
reques W 'ﬂ\e“?‘ﬁ'ﬁﬂﬁﬁﬂycéﬁg*‘al céﬁrim*&“? tead®¥ Mismwith the
BeoNi nrivr ik vt o enidlyni A IR
nos! gnenear L8 FeeeP1 RE8A 58RRR L FRRE anel. FrARSH P £, 01 aci ng ¢ he
channeltrasEnitrontcontingeusnstheaBSofacodtralll madsdgesinits within the
cal | edy§{s4P a1l inactive mobiles receive, and meanwhile |
performs routine polling functions. The mobile unit
wishing to originate an emergency group call |
tranemits an assignment request message on the
inbound control channel in synchronism with the
received control Chadnel,meSsages at B,'ZThe.control
‘channel trunking card tesponds by causing its
associated transmitter to transmit a channel ]
assignment méssage-designating the called group and
'.also by placing the channel assignment message on the
'BSL at C. - '
All mobile units within the called group
immediately switch to the assigned working channel,

'

and the assigned working channel trunking card keys - \o/

in response to the channel assignment méssage'carried.
by the BSL. Handshaking occurs at D, E and F. At
G, active mobile units on other working channels
receive subaudible channel nssignmeﬂt messages
updating them on the status of system 100. When a
transmitting mobile unit unkeys, it sends a unkey
message at I. The working channel trunking card

" times a héng time delay period after the transmitting
mobile unit'unkéys -- thus maintaining the channel
assignment to the emergency call. When the hang time
expires, the working channel transmits dotting at J



| fmedi ately switch to the assigned working channel, and the assigned
_working channel trunking card keys in response to the channel assignnent
ngssage carried by the BSL. Handshaking occurs at _D,. E and F. At G active
nmobi lig, units on other worki-ng‘channel s receive subdtidi bl e channel

assi gnment. messages updating themon the status of system 100. Wen a.
‘transmtting nobile unit unkeys, ‘it sen&ELﬁ unkey nessage at |. The mnrklng
channel trunking card times a hang time delay period after the transmtting
nobil e unit unkeys -- thus maintaining the channel assignnent to the:
energency call. ~\When the hang time expires, the working channel transmts
dotting at J to cause the nobile units to drop fromthe working channel

back to the Conééoéaﬁbanﬁab mabdlhhemwﬂ«tbsal s tHe Workilny r esponse
to the next poll fronl g %ontr cha el §Pk|ng carcgL he working
channel trunki ngh2apet RaGE &8 h GO &a§ s Y ch is used to
updat e channel uaskegsnktts ttbhsmhhuen n ﬂhetespbmﬁe diva the nqa#Wnng card
and the other wprif Ngrchaghg! cbheBIneradindl sdKihciidisahey the

downl i nk trunkifhg"Card to 1nformthe conso annel fs no -

| onger assi gnedworking CFIEERANCEMMTFGQGFMWW t‘ﬁéﬂ r$| ﬁ al system
functi onal Spe%xgagaigﬁed Btueus! WPlcreNacusld 2o %ddﬁeerc%ﬁdnﬁ process,

) ggn;bflgagﬁaigr’“33|gnlng t he %%Ztggéﬁ ESFhaU|t t erant hesgﬁﬁre shomm
+hi ghl i ght the béeﬁdthndnﬂhdepn:he@f wiolrdk ither ichiatunre I elmun‘leidngatcaaim, st age.
, and is also used by the downlink trunking card to
- inform the console that the working channel is no
longer assigned. '
'FAULT_TOLERANCE EVALUATION

_ 'Follouing the initial s&stem functional
specification, five steps, executed as an interactive
process, can be used for designing the system to be
fault tolerant. These are shown.as a flowchart in
FIGURE 17. The goal in the next few pages is to
highlight the breadth and depth of the decisions
required_at each stage. ' ' :

Step No. ié Fault Tolerance'Objectives'

Initially a fault tolerance specification is
developed. This ptovides an objective measurement
for assessing when the design is complete. 'More
importantly, it aids the end user in anticipating
financial, managerial and personnel resources needed
for maintaining and supporting the system, as well as
highlighting necessary ser@ice conttacts, the various
modes of operation induced by failures, and the need

~ for communication continqency plens for various



Step No. 1. Fault Tolerance Objectives Initially a fault tolerance
specification is developed. This provides an objective neasurenent for
-assessing when the design is conplete. Mre inportantly, it aids the end
-user in anticipating financial, nmanagerial and personnel resources needgg
- for nmaintaining and supporting the system as well as highlighting
necessary service contracts, t i ous nodes of operation induced by
failures, and the need for connﬁg;ggtlon conti ngency plans for various
energencies. Exanpl es of specific parts of the specification are: (Fault)
Coverage: Two fault tolerance definitions exist for this term(neither to-
be confused with RF coverage). Coverage is a nunber between 0 and 1 which
i ndi cates_what percentage of errors can be automatically detected (first
~ definiti 8MPrapPcd®d automatical ly circunvented via reconfiguration (second
“definition). Thgxfalnrpgtegj@‘ﬂ BPdcA ¥ iicS gl 98 | 9 agReocedural subset of the
second, and I pref.erred since what.constitutes successfully automatically
C|rcunveﬁ988 &F&aFé€@hH§§uratlon can be vague. The advent of
m croprocessors and conputers have made coverage flgures of 90@6ea3|ly

achi evabl e and :(%grlga élv%l*[’ ef of 95% achi evabl e with reasonabl e

engi neering des jures in excess of 99% are achi-evable, but-

are significant englngﬁn ﬁQUGNUGNQQMQQ¥§ dentnitibohd enietthat coverage\i
for this term (neither to be confused with RF

coverage). 00verage is a number between 0 and .

1 which indicates vhat percentage of errors. \/

can be eutometically detected (first
definition) and then automatically

- circumvented via reconfiguration (second
definition). ‘The firet'definition is clearly
a procedural subset of the second, and is |
preferred since what. constitutes successfully
automatically circumvented via reconfiguration
can be vague. The.advent_of”microprocessore
and.computers have'made'coveregejfioures of
90% eaéily achievable and coVerage figures'of
95% achievable with reasonable engineering

e design efforts. Figures in excess of 99Y% are .

achievable, but are significant engineering
.undertakings. One should note that coverage'
figures are difficult.to substantiate and that
dual redundancy usually offers poor fault |
coverage, particularly when dealing with
computers. '

Redundancz'vs Graceful Degradation-
Some applications require complete

redundency, elthough most cen teke edventege
of qreceful deqradation._ The former offere
little additional benefits to the end user
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fi'gures are difficult to substantiate and that dual redundancy.usually

offers poor fault coverage,. particularly when dealing with conputers.
Redundancy vs Graceful Degradation: Sone applications require conplete

redundancy, although nost can take advantage of "graceful degradation."™

The former offers little additional benefits to the end user whi | e
commtting capital for conputer and/or g; er eqU|pnent which sit idle
waiting for a failure. Typically one i lling to give up some, but not
all, features when a failure occurs in order to invest the otherw se spent
capital in other areas (e.g., radios). Failure Mdes: Failures will force a
systeminto a variety of nodes. It is inportant that acceptable" failure

nDdeF trul¥ gg gggr?prhhﬁ&eteohh&t&ﬂﬁd<cﬂﬁntil ﬂaﬁ'dﬁﬁﬁﬁﬂét I)eF ting an
airplane a ee ngi,n ai VIOUS
m smat ch (doing so on %’ﬁg‘%&r Sgﬁgpﬁ'@“” g'hg 53 gé:l "?’rtﬂe subtle

msmatch is convertingfaiflurey | EM@:&lrlmlom i)ﬁ%t\ﬂd]timgartu)\ginte)arted

conventional one just Q@ﬁ\gusgugngmq:og terfelgq:% o hWithn W%ﬂ%d\égan Time

Bet ween Failures: This Is the avera éngth of time, given the system
is functional, that th9°§§l§ﬁeM\PF‘ldec¥oﬁt°i pYess ftheciatherwise ®peniBer

flguiss can be S'gnlf'&&ﬁﬁtadeﬂﬁndthﬁroﬂreas (e.g., radios).
Failure Modes:
Failures will force a system intc a
variety of modes; It is “important that
acceptable failure. modes truly be

~appropriate to the application, For exemple,
converting an.airplane et:SS,OOO feet to a bns
should an engine fail is an obvious mismatch
(doing so on the ground is, of course,
acceptable). A more subtle mismatch is

_ converting a fully loaded trunked eystem to an
overloaded conventional one just because one
cemputer has failed.

A MTBE - Mean Time Between Feilures-
U - | This is the average length of time,__
' giéen that the system is £unctiona1, that the
' system will continue to function. Various
MTBF figures can be significant, depending on
the characteristics of the different modes of
operation of the ejstem3(e.g., the MTBF of
individual components, the MTBF of the system
| where a failure is considered to be losing at
"leeet 1/2 of the channels, or the MTBF of the
system's trunking cepability)

MTTR - Mean Fime to Repair:



the chara¢teristics of the different nodes of operation of the system
(e.g., the MIBF of individual conmponents, the MIBF of the system where a
failure is considered to be losing at |east 1/2 of the channels, or the
MIBF of the systenis trunking capability). MITR - Mean Tinme to Repair: \J
This is the average length of tine, given a failure has occurred, that it
will take to repair the failure. _As with MIBF, there are various figures
of interest, ranging fromthe MER of i ndi vi dual conmponents to MITR of
channels;_to MITR of conputer., or even to MITR of various features. Step
No. 2: Feature Prioritization Bot h system desi gn by the vendor and system
sel ection by a procuring agency shoul d consi der the communi cations problens
bei ng addressed in order to prioritize the vari-ous functions perforned by
the system Sone fufdifois Hhe Avenagelengthiefl timehers are highly

desi rabl e Wi | givlein la (!ulqr\ﬁ-esqw& o’t&:m&“'ﬁﬁﬁtsit #114anking the various

features, gracef gradatlo systen1can be designed. In fact, this
step is the ke?‘%ﬁrqﬁh %HHH% P8 withi MTBEp get ed end. use in

the field. An u.helrwar@(miemss FiRfr e el ity e 8E), \A&-hhggnEal lure of the

control |ogic Nng.,.Qf ne t his case IS nore
1 nportant thanQ? g' g:r}]‘% (ﬁ‘}gﬁmﬁr}aq éi&‘?ed"b#d ‘ﬁ%’&?%ﬁm‘a % ﬁﬁgr un 19
channel s trunke& &baappdsedﬁn)MEMRwdﬁrqpmpubefﬁ.cbanaeenctoventiona
failsoft node. mirpra ol WAkGGWFBYEGAIS ON System the

Step No. 2: Feature Prioritiration , = \J

Both system design by the vendor and eystem '
selection by a ‘procuring agency ‘should consider the
communications problems being addressed in order to
prioritize the various functions performed by the
system. Some functions are absolutely critical
others are highly desirable While still others serve
as conveniences. By ranking the various features,
graceful degradation of the,system can be designed.
In fact, this step is the key for matching failure
modes with their targeted end use in the field.

An obvious example is a 20 channel-system with
a.failure of the control logic'on one of the
channels. In this case, trunking is more important
than the one channel, so the end user would rather
run 19 channels trunked as opposed to switching to a-
20 channel conventional failsoft mode.

In a trunked communication system, the.
.priority tends to be on reliable, efficient
communications without changing the mode of operation
for the users. This means a eystem designed to go
into a conventional failsoft mode is lese'desirable
than a system which simply loses features (e.g.,
interconnect and-dynamic regrouping), but maintains
trunking with no noticeable change to the end user.

o



pfiority tends to be on reliable, efficient comunications w thout

.changing the node of operation for the users. This neans a systenldesTgned
"tq go into a conventional failsoft node in |ess desirable than a system

whi cR_si nply | oses features. (e.g., interconnect and ~dynami c regrouping),
but ‘mai ntains trunking with no notlce%Q change to the end user. The
former ignores user needs so as to si ﬁify the engi neering effort by

pl aci ng the burden on the end user. The latter obserVes_the end users
‘needs, though it creates a nore chall engi ng engi neering probl em by pl acing
t he burden on the system designers. An exenplary |ist of desirable feature
priorities is as follows: 1) nobil e-nmobile conmunications 2) dispatch
consol e oper at i(The Foxmemn d gpores| usepceedeceesps toppinplifysthe 5)

channel |ogic @RpHedt ﬁngAff@ft syeyﬁseggi)tﬁxns{fkaehe%ouﬁbnan&) pat ch

9) interconnect 10) b ound di agnosti c er validation Step No. 3:
Architecture D% iﬁ?%&ﬁ attes gg?ﬁﬁYFs %rﬁﬂa UPERP: BEPABe adds anot her
| ayer of comm(tncughntxtcreimedealgareachalEcngingnehgimeermdqlarlty,

e oL WA 0 i diHe ' B0 BARARR. A" L Fybben, abiBhers.
functionality distribuAncexemplary list of desirable feature :
~ priorities is as £ollows-
. : 1) mobile-mobile communications
_ - 2) dispatch console operation
. o | 3)_trunking (full speed access)
o ; ~ 4) priority scan
5)_channe1 logic diagnostics '
_6) call queueing
7) dyhamic regrouping
8) patch .
- 9) interconnect
10) background diagnostics
11) user validation

Step No. 3: Architecture Definition |
s Defining a fault tolerant architecture adds

another layer of considerations to the design task.
Functionality, modularity, hardware/software
trade-offs and implementability are still prime
considerations. But now pne'must'alec'ccnsider
interdependehce; functionality distribution,
redundancy, end coverage/:ecovery algorithms. These
additional problem elements significantly increase
system complexity and processor loading.

" One of the results of sound architecture
design is modularity. This is also the case in fault
tolerant design, except marrying functional
modularity with hardware and_software modularity



redundancy, and coverage/recovery algorithns. These additional problem
el enent's significantly increase system conplexity and processor |oading. .
One of 'the results of sound architecture design is nodularity. This is also ’
the case in fault tolerant design, except marrying functional nodul ari

wi th hardware and software nodul arity beconmes even nore inportant. The

goal is to mnimze interdepend E#es bet ween various system nodul es, and

~to mnimze the nunber of hard e'nodul es needed for any particul ar

feature. This will mnimze the probability that the feature is |ost when

a failure occurs and maxi m ze the probablllty of success of the
reconfiguration process. Simlarly, reducing "conmon" hardware. m ni mi z&s

the |i kedddvmek tdiadn &hdﬂﬂé empbﬁtahal.l u'ra& gohll daute WiRinilZd € systemto
cease 0 eratl é§ %gg ﬁdmare ang sof tware aredpgually consi dered
separ at- 4%%? ?’?ﬁ YPGB EARLAYNS RYFLEM MOdudeSy o &ndiesi gn. The
di sti nctto)mibremm the ﬁuﬂﬂaerlmfehardhatechodalesndeblded Folrt war e
structur r e e Iuatlng a system
nei t her gﬂ%&ﬁgﬂggﬁﬁoﬁgrferé§£mnthou g%? *gﬁé&§§°t e trade-of fs made
betmeenpﬂﬂblh&%itrwﬁhﬁtrﬁhesﬁeab“eespeclbbt wben\ar §aidure shoul d be

hi ghl i gl &dir SUdd M Lx IROLE 2EhEYplabasi 1 e8] e Eﬁ%b%%t of leglea fault g
t ol er ant s¥sten1 reconfl uratlon capabilities are achi eved havi ng

vari ous P8Pt sPHPLARTi¥ncTPIHSIPSY . Consequently,
sof t war e csmingrer lrtayrm& asigimpzes tndelikenlihobdy thatedi ctability, and

single point failures will cause the entire system to ' ~&J .
cease operating. B

~ Although hardware and software are usually
considered separately, they are very interdependent
in a fault tolerant design. The distinction between
the_'hardware architecture” and the "software
structure” becomes blurred at the system level (in
evaluating a system, neither should be considered
without understanding the trade-offs made between the.
two). | _ e _

Nevertheless, one specific software issue
should be highlighted-' Software modularity is
extremely important. In a fault tolerant system, - e
reconfiguration capabilities are achieved by having | _ \/
various hardware modules support similar ' '
functionality. Consegquently, software modularity
assures greater code simplicity, predictability, and
reliability by forcing a s;ngle version of software
to exist for any particular function.
"Error: propagation is another consideration.

When a failure in the system occurs; it is possible
for it to spread (e.g., a failed component on a
computer bus can cause the entire computer to cease
operating). In a trunked system, this further
suggests modularity“and distributed processing -



réliability by forcing a single version of software to exist for any
.particular function. Error propagation is another consideration. VMen a
“failure in the 'systemoccurs, it is possible for it to spread (e.g.,
fai | @d,; conponent on a conputef bus can cause the éntire conputer to cease
operablng) In a trunked system this further suggests nodularity and
- distributed processing -- di scouragl(? the pl acenment of all control
functions on a single bus conputer. ParYicularly in a trunking system al
t hese consi derations suggest placing channel signalling and-control at each
- channel with overall site control in a site controller. This lets each
channel be an autononmous unit, offering both feature benefits as well as

significant recopfigurati on capabilities o_re I
processi ng | oadi TiH® ??Bﬁ??ﬁgg ?ﬁ& R HFFBF?§r°Emﬂhi ¢ &gpfﬁeﬁﬁﬁgﬂgﬁﬁﬁheral
pur pose conputewonenabingbetbesucempﬁtetf t he-shel f hardware, nulti-tasking

operating systens, ‘and Pf %LﬁxgklyTﬂgu§g€§unﬂbﬁlteghura erlQ Rgedl €ater.

software and hardware re e next arc consideration is
t hat - of cover ageeonsidepations svgeeeerabecimteheeneét signadd ingidnd so

that they can becsgtPyEdat’ @AtRCEMRfiflel COYRM8UErallduisd the cantirdnedvia -

bot h dul | f-d - |

o Tt ch #EEm conEepiRere; TRAP, LFERLRRRE. cBaRinel Behd o enpl oy
only the existingutonomons unie;fefferingdboth featareabdmefdtsOas he ot her
-hand, '”.ter'm’d%&ieﬂ DEgRZfEQHnEOPLESkﬁ&E?L’tQBﬁ' bkiéab%‘i‘i*h%% RF’xé’”e“ |

w |
W, ) also removes signal processing loading from the site

controller, which can then be a general purpose
computer, enabling the use of off-the-shelf hardware.'
multi-tasking operating systems, and'high level
languages. These, in turn, offer greater software
and hardware reliability.

The next architectural consideration is that
of coverage. The purpose of coverage is to detect
failed modules 80 that they can be removed from
service. 00verage should be achieved Via both
intra-module (self- diagnostics) and inter-module
diagnostic algorithms. Inter-module testing of

_ control module "sanity" should employ only the

— ' existing hardware interfaces, and not extra
hardware. On the other hand, inter-module testing of
non—control functionality. such as RF, often will
require specific hardware.

In a trunked system, diagnostics should have a
negligible effect on site controller loading. As
‘more loading is caused by performing diagnostic
functions, less processing can be used to offer end
user features. This is another reason why do-it-all
custom controllers can be inappropriate. In the
preferred embodiment, the monitoring of diagnostic'

. peripherals, and all other diagnostic functions, are



__coverage

reqU|re speC|f|c hardware. In a trunked system diagnostics should have a
negligible effect on site controiler loading. As nore |loading is caused by .
perform ng diagnostic function. | ess processing can be used to offer end .
user features. This is another reason why do-it-all customcontrollers ggn

be inappropriate. In the preferred enbodinent, the ronitoring of diagnostic
peripherals, and all other- diagnostic functions are conducted vi a
background software routines thr gh standard RS-232C interfaces
~interconnecting hardware bl ocks. The real-tinme nonitaoring is effectively

~ off-1oaded fromthe site controller and only incurs processor loading if a
fault is detected-or if the site controller has nothing else to do. An
integral part of coverage design involves ranking failures based on both

their I|i bohldumd)fvmcbaclegreunddsbﬁtswareonsadpiale@es:hr'ﬁugh is foll owed by

 dest oni g Rl WE £ 95c IR ERLEIol NEn ERBLORRANRANG Waldduaiy | COTPI et

es IS eless t he
coveragebmdckaﬂmaﬂhﬁttﬂﬁknb@mblhbnytetinqliarefgﬁcééﬁwlﬂardware and

SOf t war € Gy ng%d:ﬂs smr@&eéram!e&hanaesdﬂys iRk n eval uating

t he approprlateness iven architecture. Thjs |3é$| es maxi nizi ng
coveragepﬁﬂcqﬁﬁ9§n%ﬂ‘¢#mﬁlgffalfﬁ?és 1ﬁu?e§F§Geébﬁ§ t he

Cohseque@ﬁQ§<ﬁbﬁﬁ¥dllikthhdeneehiﬁgrénsé toi dor.es when they occur. At tMWs
Dompl exity st Mi APEESERhPREFBE orSbont Reblen THIEE | lceiess i1 -
the syst emnidmgptfaihunés goasedr om bothf thblirrelikelihood of
occurrence and their consequences.' This is followed' .
by designing algorithms for" detecting the most '
probable failures. Complete coverage of any, let
alone all, modules is impossible. Nevertheless, the
coverage relative to the probability of failure of
each hardware and software component should be
estimated and the results used in evaluating the
appropriateness of the given architecture. ‘This
involves maximizing coverage for the most likely
failures, but also conszdering the consequences of
failing to detect certain failures when they occur.
At this point the necessary reconfiguration
algorithms and their resultant complexity must also
be considered for even perfect coverage is useless
if the system cannot reconfigure from the failure.
In a trunked system. besides RE ‘failures, the
most likely failure is the site controller or its
peripherals. In the preferred embodiment should the -
failure of a.peripheral go undetected its
consequences are minimized (since its hardware is not
‘lumped into the same box as the heart of the
system). As an additional precaution, any peripheral
failure of misdiagnosis that could result in severe
- consequences i1f undetected has an alternate path for
verification on the part of the site controller. The



I a trunked system besides RF failures, the most likely failure is the
Ssite controller or its peripherals. |In the preferred enbodi ment, should
‘the failure of "a peripheral go undetected, its consequences are mnin zed
(,Ssi-nge,its hardware is not lunped into the same box as the heart of .the
syst'em). As an additional precaution, any peripheral failure of ' _
m sdi agnosi s that could result in severfg,gonsequences if undetected has an
alternate path for verification on the pdfrt of the.site controller. The
same i's true for channel logic card failures. There+are a multitude of

ot her processors observing the site controller. Since these processors can
behave aut ononmously, an incorrect diagnosis of the site controller by one

of the processosameniy zitecifor thanmeledvyiarchrdifaibures! ofhébe -
system Recoverx IS tggl%gkgiegti %tféttuignchitect re definiﬁ%on. This is
where the goal s*5f & EF NG TUE® e PP REESHOSE FPROFVINI Hae :
functional ity osédtieagoatmod lerst e Singltheseaprddessorsrear béhavene i nto

pl ay. System op ' €S W US{~ G- S18f i eg%&gg& ot Al jo what
features/functi Sﬁﬁbg?g'%gyg?ﬁa&ﬂ;‘iﬁ‘tﬁggﬁﬁ dvlar ous?g‘}ftéﬁgcﬁ%gur ation
nodes. Once t heCPRtrEddeFolys onee afeithrProdesaqzmenlprffeetecthe he

nodes nmust be dgkecéis@os ahld hotsStld tdRI U thd B pst@nl ate states. Al

carerul |y exan ned andRASPVREY 45 S BORADALLoD OF B8 ati ve that
-osci |l atory beharchitettarat deifimitiiiamns Thd sa\is ddterenché hgdald af a
rrpdul e di agnosegf&bs&kf. qr FRQ! Eﬁ-riorm@ilees ¥ MP iﬁa d‘e'ciéj‘gn only affects
- \?/ : functionality overlap among system modules, and the -
coverage all come into play. System operational .

modes must be defined and detailed as to wvwhat
features/functions are available under the vafious

fault reconfiguration modes. Once the various modes

‘are defined, the transitions between the modes must

be determined. This_usually requires intermediate
- states. All states (technically, each operational

mode is considered a state) must be carefully .
examined and defined at this point. It is imperﬁtive_

that oscillatory behavior of state transitions be

avoided, and that when a module diagnoses itself or
U another module as bad, its decision only affects

itself. - o S
‘A methodology must exist for verifying the
coverage and.teconfigurgtion process. This is the
appropriate time to develop those test procedures.
The preferred embodiment is an excellent

solution for a fault tolerant trunked system.
‘Channel failures can be detected from three paths
(the site controller, an RF monitor unit which
monitors repeater outputs-in'a multiplexed fashion,
and a test unit which is capéble of independently
testing the operation of each of the trunking cards



itsel f.--A nmet hodol ogy nmust exist for verifying the coverage and
reconfiguration process. This is the appropriate tinme to devel op those
test procedures. The preferred enbodinent is an excellent solution for a - .
fault tolerant trunked system Channel failures can be detected fromthrge
paths (the site controller, an RF nonitor unit which nonitors repeater -
outputs in a nultipl exed fashlo@?ggnd a test unit which is capabl e of

i ndependently testing the operattoh of each of the trunking cards

Wi t hout significantly Ioadlng or dependi ng upon the site controller).

Fail ures of peripherals remain local to the peripheral and only the
functionality of the failed peripheral is lost. . Should the downlink fai
(this igijeheuthslrNEsdhelybebuaengt 82 ah_-benarifil.gt ofi 3 ch center), a

channel can be renpved fromservice and us d as | ink (as opposed to
payi ng RB%e hFQQQﬁ°¥¥ﬁFhnus%ﬁ‘iVEBﬁnﬁ nPepAB H@thﬁbf‘ ld the site

cont rkol hecaflaito ﬁlfélrticrleﬂipleeﬁuohndsmssuthé E)aﬂdtadrmeiat;erocont rol cards:
Trunkin ues _.and. users rc no e _access tine. .
Even |f%§8d%ig'ﬁ£§ Fr ﬂ) o $é¥?s a?%&‘ﬁﬁ% tdé’mml | er has failed

t he sysfatMmuﬂhﬂ:niarthﬁtinterOQﬁngqtéonSbopwﬁen4mhe(lkndF@source

Uiliza n | te t faﬁgégqiswstill' -
afforda%?"8 andé%égk:éﬁggﬁ%ee?? sn%gnggio%ng%Fses establ i shed earl i en

are reaft?mNQQHV%QEaQﬁét“seﬁ‘ﬁEIFhenéPH§éﬁ98 AR °RRAA RO syst.em has

little, pa fy mdrﬁ&mflaf@lwatﬁewhaﬁeeapl geBuhdas® iphdre achi eve redundancy. -
Expen3|¥i e arqﬂgfghe site controller fail, trunking
' contrql is assumed by the repeater control cards:

'S

"/ .

Trunking continues and'users'perceiVé no difference
in channel access time. Even if additional channel
logic fails after the site controller has failed the
system will continue to reconfigure. '
Step No. 4: COStggeSOutce Utilization

It is now time to determine whether the system
is still affordable, and whether some of the. des;gn
objectives established earlier are really worth the
cost. A well engineered fault tolerant system has
little, if any, idle hardware whose sole purpose is .

_ t&-achieve redundancy. Expensive, idle hardware - N

suggests either the initial design is inadequate, or
possibly the design constraints are too demanding.
Should the fault tolerance capabilities appear to be
too costly, further architecture design efforts and
strategic relaxation of the design ob;ectives of Step
No. 1 can be expended. _ = S

The architecture should be examined in light
of the feature priorization established in Step No.
2. Do the reconfiguration modes, with their relative
probabilities of occurrence, truly adhere to the
design criteria suqé&sted by the list? 1Is the



%

: éﬂggests either the initial design is inadequate, or possibly the design

constraints are too demanding. Should the fault tolerance capabilities
"appear to be too costly, further architecture de5|gn efforts and strategic
rel axation of the design objectlves of Step No. 17 tan be expended. The
architecture should be examned in light of the feature priorization

ation nodes, wth their

rel ative probabilities of occurrence, truly adhere to the design criteria
‘suggested by the list? I's the prioritization list itself realistic with
the additional understanding obtained during the design process? Cearly
t he design process_ becones an iterative one at this point. The

architecture's oBﬁiPE§F§§a§QBGI&15§ é%&ﬁiﬁeﬂeﬁéi§§ﬂ§rMﬁ%? ithe j sk or

established in Step No. 2. Do the reconf

e
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It and successfully recontigure
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clains are virtuexapinedote determiner ifyrink 96c69ﬁﬁ§bﬂd@ﬁﬂ1i&$qQﬁ from
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ecti v
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selected in Step No.
fYebazts® GrMDbE gures as

meIL as provi di ngver-simplified by lumping complex issues into single
" - _blocks, combining states, and highlighting extraneous
details. They also fail to represent the
" relationship between the probability of a failure and
the deg:ee'tq vwhich the system can detect it and
Without Markov modeling,
- reliability claims are virtually impossible to verify
and reconfiguration is far from trustworthy.

successfully reconfigure,.

Step No. 5: Modelin ng

The system may be modeled to determlne whether

it meets the fault tolerance objectives selected in

Step No. 1. Markov chains are an excellent tool,

providing MTBF and MTTR figqures as well as providing

the probabilities of the system being in each of its
possible states. It is based on the following:
.(1) __Component failures are modeled with an
exponential probability distribution.
This ignores infant mortality rates, but

if equipment is bufned in it proves to

~ be an excellent model.
(2) Failure rates for an aggregate of
_ pa:ts are also exponentially distributed
since exp(A) *exp(B) =_exp(A+B), The
failure rate can either be calculated



. the probabilities of the systembeing in each of its possible states. It is -~
based on the follow ng: (1) Conponent failures are nodeled with an _
exponential probability distribution. This ignores infant nortality rates, . ;
but if equipnent is burned in it proves to be an excellent nodel. (2)
Failure rates for an aggregate of parts are also exponentially distributed
since exp(A) *exp(B) = exp(A+B). The failure rate can either be cal cul ated
65 using mlitary handbooks for @s i ndi vi dual conponents naking up the
assenbly, or. can be determ ned b%) onducting life tests. (3) P(failure in
time interval t, t+T) = exp(- /T). This will be approximated as sinply /T
with no | oss of accuracy in the final result. (4) Theorem Every finite
state irreduci bl e aperiodi ¢ Markov chain has a Iiniting'distfibution.. This
limting distributio q LLhution. (5). At
~equilibrium - P(belngnk§néPﬁ§QEE¥r§ #BBHB (¥ ié‘gghe as P(being in state

k at tine t+T). (6). individupd snmmnnen&s mn&i@meauytﬂuate solution-is the
wor st case MIBF figurggbbhblyyesrt Esnhbeha%ttefﬁuw@u,ate pOSS' ble given

the systemis working at
conducting life. tests.

(3) P(failure in time interval t, t+T)

- v
exp(- /T). This will be approximated as .
- simply /T with no loss of accuracy in .
the final result. ' ' - '
v/

(4) Theorem: - Every finite state irreducible
aperiodic Markov chain has a 1imiting
distribution. This limiting
distribution is the only equilibrium
distribution.

(5) At equilibrium:- P(being in'state k at-

| time t) is the same as P(being in state
k at time t+T). I

(6) It can be shown that the steady state .

" solution is the worst case MTBF figure
(it gives the highest failure rate
possible given the'system'is working at B

| time t=0). i - . “

(7) The sum of the probabilities of exiting '

a state must equal one (including the -
:probability-that a state”eiists itself
in order to return to itself).

(8) The sum of the probabilities of all

- states equals one. '

(9) The MTBF of the system is the reciprocal
of its failure rate.

(10) Operational states are_states in which
the system is available (e.g.,
trunkedj. Non-operational states are
states in which the system is not



tirme t.=0). (7) The sum of the probabilities of exiting a state nust equal
one (including the probability that a state exists itself in order to
Teturn to itself). (8) The sum of the probabitities of all states equals
one. {(9) The MIBF of the systemis the reciprocal=pf its failure rate.
(10) _Operational states are states in which the systemis available (e.g.,
t¥unked. Non- operational states are states in which the systemis not
avai l able. (11) The failure rate for l%chysten1Lsﬁthe sum of the :
probabilities of entering a non-operati state from any operational one.
See below [err] Wth these eleven facts, a Markov nodel can be constructed
and a solution found using linear algebra. A two-nodule exanple is shown
in FIGURE 18. Mddules "x" and "y" each have different failure rates and
identical repair rates. G varainawya®l | interval in tine, the probab| lities
of changing to various at ar ' W|th rro The, steps in sol ving
for the probabilities be?‘ﬁbe EF%F o*'aﬁ] &%t%l’%ge'&rgss%% bel ow:
Two Modul e Markov Model Fromﬂmﬂtﬂe&,prmﬁa}yﬁuhﬂemrlmtéﬁﬁd aerr]
non-operational state from any

operational one. See below:

- | - O Falte .
' : Stclec Non-0p : :

o = 7 (5 5 2)

W;th these eleven facts, a Markov model can be
constructed and a solution found using linear
- algebra. A two-module example is shown in FIGURE 18.
Modules "x" and “"y" each have different -
failure rates and identical repair rates. Given any
small interval in time, the probabilities of changing
to various states are shown with arrows. The steps
in eolving for the probabilities of being in each of
the four states are shown below: |

- Two Module Markov Model

From the model, derive the matrix:

P, (t+at) 1-(Hhglet At S Agot T oAat P, ()

. r
P, (t+at) At 1-(A +,\ )ae 0 0 P, (t)
P, (t+at) | — Ayl H S l=ymagat 0 Pylt)
P lt+at) 0 A 4t Agox | 1-) 4t Pylt)y

Y



lerr] [err]

[err]t 4 3) Include [err] [err] 4)
[err] [err] Solving yields:

Now perform these steps:

r [err] yr

1) Rearrange terns 2) Divide by

[err] [err]

of the states can be considered two different ways,
“Serial Case (both nodul es needed): P [err] [err] [err] Parallel .Case
(either nodule is sufficient for operation) [err] [err [err]

(51

Now perform these steps:.

O O O O K

Solving

P

1

1) Rearrange terms

2) Divide by a4t

I nclude the fact that Limt

The ‘i nt er

as depicted bel ow (W

[err] [err]
pretation

R ~
3) Include EPn(t) =1 '
n=1
. ' Pn(t+At) - Pn(t) -
4) Include the fact that Limit - ' ' =0 \u)
_ - at—=>0 ot i
— —_ - -
1l 1 1l 1 Pl(t)
f(Ax+AY) _'Ar' f Ar Pz(t)
Ax | -()\Y+)\r) 0 0 P,(t)
AY ) 0 -(Ax+Ar) | 0 P4(t)
0 : )‘y X --)‘r — =
S a—
yvields: .
L5 Y
'Ar o
Ar+Ax+AY
- e
(Arkatky)(ArfAy)
= Ay

>

Ay tAy) Ay

1 -'(Pl_+ P, + P3)

T~
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‘I'n the serial case the systemrequires both nodules to be operational,

meaning that state one is the only operational state. |In the parallel case
*just one of the two nodules is required for the systemto be operational,
meanj ng states one, two and three are operational states. It is clear that
for ‘the serial case the failure rate should be the sumof the failure rates
for the two nodules. |In fact, the nndﬁﬁégredrcts exactly that. On the

ot her hand, the failure rate for the pa | el. case is not so obvious, and
if it were not for the nodel we woul d have no idea what the-failure rate
is. ~ Even this relatively sinple nodel denpnstrates how conplicated the
sol ution can becone. values for t he variOus failure and repair rates can
be substituted up fronh. an off&j&_ ?ﬁﬁf onv |onaI tware package
can be used to sol ve t A& 1’5’5 5’2’5 8)&&?& &é’ model ing is
to be perfor rredcoﬁ'zu'irde}'edorﬂuosﬂitimmﬂm eapade@g@ted bedwai:l abl e for
perform ng the conplete reliability anal ysis. To dempnstrate the useful ness
of Markov nodeling, a ten channel version of the design deplcted in Fl GURE
2 was nodel ed and conpared to a non-fault tol erant desigh that uses a
redundant site controller. The results shown below indicate it is three
times more likely for  gdridikeédag (Baupodbialiiek nebdrare | 0st in the non-fault

tol acant systemwth a redundaqt controller than for trunking capability to
be lost in the fault tolerant systenrof the preferred enbodinent. :

Asystem = av‘Pl(A ) = A.+a

- 1
\ MIBF = 73—
—/ | | Y-

Parallel Case (either module is sufficient fér operation)
Pav =B + Py + Py '
ASystem.f Pav((PZAY)_+(P3AX))

e AT DAL T A AR AN
LT Ay (2Rt AL HAY

In the serial case the system requires both
-\ modules to be operational, meaning that state one is
the only operational étate, . In the parallgl case
just one of the two modules is fequired for the
. system to be operational, meanxng states one, two and
three are operational states.

It is clear that for the serial case the
failure rate should be the sum of the failure rates
for the two modules. In fact, the model predicts

" exactly that. On the other hand, the failure rate
for the parallel case is not so obvious, and if it
were not for the model we would have no idea what the
failure rate is.



NON- FAULT TTOLERANT

FAULT TOLERANT Redundant SC NO YES NO

Trunklng MIBF in years 0. 999 87 312 P(failure) 10 years
1.000 0.108 0. 0315 20 years 1.000. 0. 205 -0. 0621 30
- years 1.000 0.292 0. 0917 ASSUMPTIONS: Site controller MIBFy 1

year Failure is defined as:

trunking Stations MIBF - 1 year,
Loss of nmore than 3 channel s.

in the Fault Tol erant Architecture.

descri bed with what

preferred enbodi nents,
the art. Attention is drawn to British Patent
di vi ded her ef r Jhyernthiparadagivedycrimplet mode

Trunking card MIBF - 2 years Loss of

OR MITR - 48 hours
‘A redundant site controller is optional

Wil e the present invention has been

I's presently considered to be the nost practical and
be apparent to those skilled in

nodi fications wl|l

_Agplicatron'No. 9110869

ademonstraties a di stributed

processmswsasﬁ‘ TichtedPtRyl dbmqt%ﬁtéhhuseéoheunkvaqufé@“ffoql in a trunked

system

a trunkéﬁh?éﬁ?ﬁ ?%5e§?§fh§?sfﬂ HSQF

chi evi ng

§ 538F5|F&P

rella e comuni cation wthin-

substituted up front and an off-the-shelf
conventional software package can be used to solve

the simultaneous equations

If extensive modeling is: -

to be performed, fairly sophisticated software

packages are available for performing the complete
reliability analysis.
To demonstrate the usefulness of Markov

| modeling, a ten channel version of the.desigh
depicted in FIGURE'Z was modeled and compared to a
non-fault tolerant deSign-that uses e redundant site

The results shown below indicate it is

three times more likely for trunkxng capability to be

controller.

lost in the non-fault tolerant system with a

'redundant controller than for trunklng capabzlxty to

be lost in the fault tolerant system of the preferred

embodiment.

- NON-FAULT TOLERANT

. Reduhdant sC

Trunking MTBF
in years

P{failure)
10 years
20 years
30 years

ASSUMPTIONS:

Site controlier MTBF
Trunking card MTBF

‘Stations MTBF

MTTR

NOTE:

NO
0.999

.000
-000
-000

s b

1 year
2 years
1 year
48 hour

YES

87

0,108

0.205

0.292

FAULT TOLERANT NS

NO
312
© 0.0315
0.0621
0.0917

'-'Fiilure is defihed as{

Loss of trunking
OR

Loss of more than 3
channels

A redundant site controller is optional
in the Fault Tolerant Architecture.



control RF channel and plural working RF channels, 5 which working channels
_are assigned for tenporary use of individual radio units specified by
dlgltal control signals on the control channel, said nethod conprising the
steps_of: (@) providing a systemcapable of operating 10 alternatively in
a normal node and in a fail soft node; (b) in said normal node,
controlllng the trunking of 'said plural working channels with a central
site: controller processor;.including the step of. .communicating trunking
control signals between said 15 central sit ontrol |l er processor and -
plural trunking processors one of which is associated with said RF control
channel and others of which are each associated with-a different one of
plural RF working channels; and (c) in said fail soft node, controlllng t he
20 trunking of said u Kk ng defl dbgumianssi ng
‘manner with said pl u%}?{??uﬁﬁé Eggf‘%ge ggﬁlgnlt?ﬁn%la%r# sai d fall soft
‘node belng|NHWIthmmhanstepueﬁeny1UfCPﬁéﬁﬁPM&QﬂﬁﬂrQﬁ éh £ from said
central site contr (o 1dvﬂfﬁrnhtﬁons will
conmmuni cat i ng ??%%ﬁ*%ﬁicgﬁ? g?é?érﬁad 8§bbaqméﬂ€§hi |ural trunking . -
processors. 2.be dpparent &9 Fhoéﬁaﬁﬁil Pgrgﬁb i} ng the step of
performng real tine signal processing functions aSSOC|ated wth said
cont¥dl channel and ttpnn;an mgrﬂrﬁgnéggnﬁ§F§1ﬁPtPa§&P& ppPRlirationki ng

R

Processors. 3. yoA iﬁﬁb SdiOlan. bﬁ§ tné whakifish ofaiwtichnt rol i ng
-step (c) includes_ passing Xxontrol gna S sai d trunki.ng processors

over a backup s@?l%?e35°I?nNeEBﬁﬁec? d ?h@?éﬁgﬁagéﬁ% PIPFESSRYp seri al
ik bei ng i nacéyyeemyCest PPoviathg &!Steﬂbopeﬂatcﬁnkﬂngabdntrol | |

in a trunked system.



fail soft node. 4. A nmethod as in any of clains 1-3 wherein said
providing step (a) includes causing said systemto operate in said fai

soft node when said trunking 5 processor associated with said control
channel fails to detect signals generated by said site controller
- processor. 5. A nmethod as. in an¥1§f clains 1-4 further including: 10

(a) generating synchronisation pull8es of a first width with the trunking
proces ociated with-said control channel when said system operates in
sai d né&é&&ginde (b) generatin ynchronlsatlon pul ses ofya secoﬁd 15
width diffedent Pr@methad £9% achienipg, ¥eliabler FORRHAGCHLIOSS sor

ngs?m @g%ﬂl?ﬂ tgh t?:g;ilrgclért;jg)ri?aﬁdo q‘?g%h‘@i f%@éfhdhlsv%g{raotaegatea in said fail
| ncnroni on ul'ses 0 runki ng processors
associ EOB¥TRL ﬁé&@‘}ﬂ%ﬂr aAndy %Féa‘?ﬁueﬁg cBAAnEdF. operating each of

sai g \thbhgw%lﬂm@ dHatitke 19 w@c&sesxgmed -3l deihpoi-asyf useode whenever

| synchro ulse f ‘said second, Lgto. -

' %ea %ﬂ %ﬂ%i%ﬁ?qgﬁfééﬁér# @%ﬁggé g %?%pgrates in said
fallsoéﬁgmads mmomhhmdontrmi clisarek, osabéJMEtbodrebmprusingntroIIer
proces&gecs1e thod as in claim1l wherein: said step of comunicating

t r unki SNCEG! 0 signals between said ﬁ#ural t runki ng -processors in said
fail soft mi@d fpmowiding|acEsten cargbl® @EneParskdndor ki ng channel

asghy “F&%:.—ER%%&%@% Vi ha tASrdd 1Niode SHE@CHRSAT faiiogbﬂzeﬁo\dbt h sai d
control chanhel. NG S8 o] Hode 'St Of a5 "Ent " Erahiing
of said plural working channels with a central site. .. W
controller processor, including the step of :
communicating trunking control szgnals between said
15 central site controller processor and plural trunking
processors one of which is associated with said RF
control channel and others of which are each associated
with a different one of plural RF working channels; and
' (c) in said fail soft mode, controlling the
20 trunking of said plural working channels in a '
distributed processing manner with said plural trunking
'prOCessors, trunking in said fail soft mode being
performed independentiy of trunking control signals
from said central site controller processor and
25 including the step of communicating trunkihg control
signals between said plural trunking processors.

2. A method as in claim 1 further including the
step of performing real time signal proces51ng
functions associated with said control channel and

30 plural working'channéis with said plural trunking
| processors. _

3. A method as in any of claims 1-2 wherein said
'controlling step (c) includes passing'control_signals
between said trunking proceSSors over a backup serial

35 1link connected therebetween, said backup serial link
being inactive except when said system operates in said
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35 effecting transm ssion of said working channel ‘assignnent messages over

,said RF control' channel with 73%said control channel trunking processor
whet her or not said site controller has failed or is absent. 8 - A nethod
as in_glaim1 further including the steps of: 5 recei vi ng wor ki ng

channel release RF signals transmtted by’h)(adio unit tenporarily assigned
to a said working channel with the trunking processor associated with and
dedi cat ed tos*aihvgsf¢rmb§@ahnel de-assi gni ng sdid working channel with

said 10 working channel trunklng cessor on e to, said.received
rel ease signals; |ﬁ?a nof nBf ﬂBﬁeagngp%?ﬁt?6d°{$§E i hg3suhareipesedd

rel eas;%I Si gnalprd\fmnzsgu slté\pr kamgi?hnﬁﬂebféawmd g\g?amcsysﬂémt @osaid site
controller processo ail,so e 0 passi ng
Channel  ass: oRERats 475889, B fr BhErsRode o To S FRbME petaco, "
a5500|ated5mtprqa3556¥:assocbatedanneh saéddbéﬁtn@htmbannehnﬁehlsrMQking
processor perqgggég <£aka $ ﬁgga?égcg§sé£?df élégﬁtgglgégltal signal s
' t7or ¢ 9.

associated with sard co annel . d as In claim1l wherein
sai d net hod f PHARSSSPES udes the steps of: communicating digital contro

signal s between a Zp, digPRéeRo@OASOLIR ARy Gf dOVENms Nk-ProgeeRer; in said
nor mal node, conmnun atlng said digital control signal's between said down

| i nk\pr ocesso % site controller processor; and said coentrolling
step (c) imcl udes cepi nge@rating synchronisation pulses of a first

) width with the trunking processor associated with-seid
control channel when said system operates in said
normal mode; ' |

(b) generatlng synchronisation pulses of a second

15 width different from said first width with said _
trunking processor associated with said corntrol channel
when said system operates in said fail soft mode;

- (c) applying said synchronisation pulses to
trunking processors associated with sald plural working

20 channels; and , _

(d) operating each of said'working_channel
trunking processors in said fail soft mode whenever
synchronisation pulses of said second width are applied

| thereto. . S | 7

\/r 25 6. A method as in any of claims 1-5 wherein said

system operates in said fail soft mode upon failure or
absence of said central site controller processor.
7. A method ‘as in claim 1 wherein:
said step of communlcating trunking control
- 30 -s1gnals between said plural trunking processors in said
fail soft mode further includes the step of generating
working channel_assignment messages with the trunking_'
processor associated with said control channel, ahd
| said control further including the step of
35 effeCting transmission of said working channel
' assignment'messages over said RF control channel with
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repeive signals fromsaid site controller processor and instead _
communicating said digital control signals over a backup link between said

down link processor and the trunking processor associated with said control -

channel . 35 10. A trunked radio repeater systemhaving a ' digital \

control channel and pl ural morkwﬁp channel s, whi ch wor ki ng.

assi gned for tenporary use of.

~control ' signals on the control hannel, sai d systemoperating alternatively
in a sRtdefonbielarhagne |Fr§8F§nﬁn8€?°955951éﬁ%§§ﬁ§nQ§nﬂ9€sing: a central
site sondrseiter coneteldder hasr&bﬁlediorsdbdahm@nm mode for controlling the

t runki ng o%fsalg ﬁl%ﬁg ggr&hngég%ﬁn %%T%u n|w£HQJ{ﬁgm“ng processor

and ot hers
morklng

means one
of whstdparefeach associated with a dlfferent one of plural

channel s; 20de.$gid pw&g'ingr CRKhRGIPIRIERS RIORAIGHAIE | N said fall soft

node for cooperatl mmuni cating w.th one another to control the

i'S-associ at hannel

channel s are

trunktr@nenissed EVUﬁaFaﬂéo %6FE|ﬁ&m@ﬁﬁﬁﬁé¥¥|Q$§%9ﬂQQrF?nﬁed nmanner

A syoraifcHerking Chunt
i ai m n
real BFRECIAERY| Wit 80 Wﬁﬁdgﬁ

channel

EhidRken0 uae! ole l&ru?mdxgs iprocsaw| | er processor
ur i f ocessors perform
%Ia gﬁr}zﬂ gzlgﬁ’?‘?? id control

andephusabnmlgklslagdclmurmhg channélsysittmsesid n any of “cl ai s 10%f1

g4d plural

proceseoe$yeéare1ba§huﬁigaahg.
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in a normal mode of operation, pass1ng said
received release signals from said working channel
trunking processor to said site controller processor; .
and : . | r | r.l c

in a fail soft mode of operefion}:passihg'chanﬁel
assignment status signals directly to the truhking

processor assoclated with said@ RF control channel, said

RF control channel trunklng processor performlng real
time processing functions on digital s1gnals associated
with said control channel.

9. A method as in claim 1 whereln said method
further includes the steps of: ’

| communicatlng digital control signals between a

dispatch console and a down 1link processor; j

in said normal mode, communicating said digital
control signals between said down link processor and
sald site controller processor, and - '

said controlling step (c) 1nc1udes ceasing to
receive signals from said site controller processor and
instead communicating said digltal control signals over
a backup link between said down link processor and the
trunkiog processor associated with said control
channel. ' - o ' ' ' '

10. A trunked radio repeater system having a
digital control channel and plural working channels,

11.

t | udi b Egﬁ Eﬁi
nk‘f??rﬁ Sﬁggggggpa?lf %% g‘g‘gﬁ\ %Sgr?ts%lé Cgﬁq{;%‘ w@c?ween sai d trunking

I vi dual radio units specified by di gi t al

»

=

&



[i"nk being inactive except when said systemoperates in said fail soft
mode. 13. A systemas in claim10-wherein said systemincludes neans for
causing said systemto operate in 30 said fail soft node when the trunking
processor associated with said control channel fails to detect signals
generated by said site controller processﬁﬂ 4. A systemas in claim 10
wherein: said one trunking processor associ ated with said 35 control
channel incl udﬁmasnaaarkahggenammlsg aven @wsdigned: ifor mempesra:fy aige r st

dt h wh d St
e e e B3y 1R e BRERE LR o) et 28Ry Bl diRIRE L) N0
when said systsmgnpésabes the sendrodi ichasine lno e idasystem mrﬁmgal d
synchr oni sati OQlQEEﬁ%%:.@eﬁ%dtﬂﬁe ! B a’lgng%C%'%ﬂoras £a330G# e thodd h sai d

pl ural worki ng-Cchannel's sai d wor ki ng channel trunking
processors Bpesaid i Ns§émdcpmpri§éﬂ9-nnde whenever synchroni sation. pulses

of said second width %b%t%ﬁﬂ'b&@etﬁgﬂﬂfbllHQ procesk%r oﬁéiﬁﬂiﬂﬁiﬁhln

claim10 further conpr|5|n neans for cau erat in
said fail softSAddenQEBRL QEan&ﬁﬁ? gFH%%@HigI 8 troller
processor. 16. lﬂr%ls%lfkaﬁxgl ﬂ:h‘alrmelllsl&nmﬁfgel Dluriad tyshikinks | ncl udes:

nmeans oper atlve In sai sof t

usi r QL A pcessor
assos¥at ed witRF Qgieﬁsegnf“PgPscﬁgﬁn wh:. eng'%at%esg%éi%%eh gﬁ?nn a[}‘éis)s nnent
nessages; h@d 26ntrol cheanelf @ndcmixargi ofi whieht ege emmassm;m@

with a different one of plural worklng channels, and
said plural trunking processors operative in sald
fail soft mode for cooperating and communicating with
one another to control the trunking of said plural
15 working channels in a distributed manner without
tequiring trunking control by said site controller

-

L

processor. o .

11. A system as in claim 10 wherein said plural.
trunking processors perform real time signal processingi

20 functions essociated with said control channel_and
plural working channels.

12. A system as in any of claims 10 11 further
includlng a backup serial llnk connected between said
plural trunking processors for passing control signals

A 25 between said trunking processors, said backup serial
link being inactive except when said sYstem operates_in
sald fail soft mode.

13. A system as in clalm 10 whereln said system
includes means for causing said system to operate in

30 said fail soft mode when the trunking processor _
associated with said control channel fails to detect
signals generated by said site controller processor._ =

14. A system as in claim 10 wherein:

said one t:unklng processor aSSOC1ated_with said

35 control channel includes means for generating
synchronisation pulses of a first width when said
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processor to effect transm ssion of said worki ng channel assignnent
messages over said control channel whether or not said central site
controller processor has failed or is absent. 25 17. A systemas in =
claim 10 wherein: a said trunking processor associated with a said workikgy
channel receives morklng channel—imnease signals transmtted by a radio

uni t tenporarlly assigned to said rki ng -channel and processes digital 30.
S|gnals oyer r anpel , said_trunking processor

el arsyei R s AT ] Hbd PR affrhab PR caponee Lo sai d

r ecei sytchglordssa tsigm puwl sds raf amsaspm®ewadthediﬁfeaedtnﬁroml node for 35
for vaedi0 e3aidt LACRN Sthdf | SORF O0G) Sop@raebd h! Eag@nEleh! er, and

second neans.operative In .sal orwardlng channel
assi gRREt mad.uend finl SRRAFING tﬁ&i@psxméﬁﬂtéﬂ§ Pukgeso the trunking
prgce%w&nesmraimb Widcsddk s WSt isted @l thSsadacpnbrgh 5  channel
t runkin oceﬁsor Perfoqung processing of digital signals associated with
said ¥8 SN @M systemas in claim10 further conprising: a
di spat ch cexH &f saidvwdrking rch&mt@l ptoesissng ; pAbcessorsneans connect ed
bet we di_spat 0, oIe and down_|ink trunki rocessor for’
comm%?@gtatﬁg il] gﬁaf:ﬁ] fai rocff% mgona? W B EEh %%?‘dl[‘ 5?%%§$E§°80nso| e and

" said quﬁdslﬂftsamﬂusgpqndxxidxh -are appLbedectbedebet ween sai d-down | i nh
tignking 135 professtbeiul S CLAH 170 ShienEPTEomblesIRgOCESSOr operative

in said normal no or. conmuni cating s
means for causing said system to operate in said fail

. Py

soft mode upon failure or absence of said central Site \_) s
controller processor. - -
16. A system as in claim loﬂwherein said system

15 includes: ' _ - ;

- means operative in said fail soft mode fOr causing
the trunking processor associated with said control
channel to generate working channel assignment
messages; and . '

20 means for causing said control channel trunking
'processor to effect transmission of said working
channel assignment messages over said contrél channel
whether or not said central site controller processor
has failed or is ‘absent. ' '

25 17. A system as in claim 10 wherein:

1a said trunking processor associated with a said
working channel receives working channel release
signals transmitted by a radio unit temporarily
assigned to said working channel'and“processes digital

30 signals communicated over said working channel said
trunking processor 1ncluding~ ' o

means for de- aSSigning said working channel in
response to said_received_release s1gnals, '
first means operative in said normal mode for

35 forwarding said received release signals to said site

"controller; and



difgital control signals between said down |ink trunkfng—processof—aﬁd~sa
central site controller processor;.and 20 - .. a bac
bet ween said down |ink trunking processor and said pI m Elgﬂ gj hj
procgssors operative in said fail soft node for comunisCaki ta

control signals between said down link t ng processor and said plural
t runki ng processors, 25 'sai d backup k comruni cating said digital

control signals betg@@@n&%daﬁgueiséfstpoewﬁsgasdaméiiasafél mbaleC Fgxonsol e
upon failure or absence of said_site, control ﬁroc essor. 19. A nmethod for

achi eving rel iX9WREIHRG FRARNSH 3BSigRPENH §tPF ﬁkFﬁgnPé§|8VFEb§ater
system subst BdcKkp Ycotmiini€abionsCclihrdtyl ther efanking peotbesor

acconpanyi ng dra trupnki radio eater te suhstantial ly
as herein desd??iﬁﬁﬁ%f?% r%ﬂgé $§?£§gi gﬁgggﬁ%mns$%? Fﬁht5§§onpanying.
drawi ngs. 5 channel trunking processor performing processing of
digital signals associated with said control channel.
18. A system as in claim 10 further compr151ng'

_ _ a dispatch console;

(L a down link trunking processor:;

10 . means connected between said dispatch console and
said down link trunklng processor for communicating
digital control signals between said dispatch console
and said down link trunking processor:;

means connected between said down link trunking
15 processor and said central site controller processor
- operative in said normal mode for communicating said
digital control signals bétween said down link trunking
processor and said central site controller processor;
and - ~ .

20 a backup link connected between said down link
trunking processor and said plural trunking processors
operative in said fail soft mode for communicating said
digital control signals between said down link trunking
processor and said plural trunking processors, '

- 25 said backup link communicating said digital

control signais between said trunking processors and
said dispatch console upon failure or absence of said
site controller processor. | '
19. A method for achieving reliable communication
30 within a trunking radio repeater system, substantially
as herein described with reference to the accompanying
drawings.
20. A trunking radio repeater system,
substantially as herein described with reference to,
35 and shown in, the accompanying drawings.




