H 872 ', ~mae

2247380 - 1- 45- MR- 00541 RADI O REPEATER ARCH
application is related to copendi ng application No.8813 %?28@)
entitled "Trunked Radi o Repeater Systent and sinultaneously fil'e
application No. 4588/019.83 (GB-A-2215946) entltled
"Processor-to-Processor Communi cations Protocol For a Public Service
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 other communi cations capability despite failure of
maj or components of the architecture (e.g., the primary site controller).
Radi o repeater trunking (time sharing of a single repeater comuni cati ons
channel anmong many users) is well-known. Early trunking systens used analog
control signals while some nore recent syst&&S have utilizetP MRt O
control signals. Control signals have been utilized on a dedicated controt_
channel and/or on different ones of the working channels for various
different reasons and effects. A non-exhaustive but sonewhat representative
sanmpling of publications and pRABROSREPEATER ARCHIMBCAIURE i of 2 art
trunked radi o repeater systens Is |dent|f|ed bel ow. U.S. Patent No.
3,292,178, Magnuski (1966)

This application is related to copending

application No.3®{3\LR (GB-a-2206018)
entitled "Trunked Radio Repeater Tfste "- and

Y
simultaneocusly filed PCT application No.\LS%% O
(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

U despite failure of major components of the
architecture (e.g., the primary site controller).

Radio repeatet'trunking (time sharing of a
single repeater communications channel among many
users) is well-known. Early trunking systems used
analog control signals while some more recent systems
have utilized digital control signals. Control
signals have been utilized on a dedicated control
channel and/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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The Bowen et al systemis an exanple of prior art sw tched channel repeater
systenms which avoid using a dedicated control channel -- in part by - X
provi di ng a handshake with the repeater site controller on a seized "i\ge"
wor.ki ng channel before communication with the called unit(s) is permtted
to proceed. There are many actual and potential applications for trunked -
radi o repeater systens. However, one of the nore inportant applications Is
for public service trunked (PST) sys3ens. For exanple, one netropolitan -
area may advantageously utilize a single systemof trunked radio repeaters
to provide efficient radio comuni cati ons between individual radio units
within many different agencies Each agency nay in turn, achieve efficient

(0 the police drbart REFRE - 18,455 B8y MERE ot o islanty " ' °

communi cati ons betwe®n PaténteNo. udj $3808151, s Peqsdohatetri f(A9BS) di f f er ent
units of detectives or narcotics agents and the Ilke) Sonetinmes it may be

i mportant to communicate sinultaneously to predefin roups of units -
(e.g., all units, alThefBewensataalcaystem dsomn we‘amgt i, etw).

At the same Ui@,eﬁtﬂedgﬂiﬁnﬁil(ﬁeﬂeathbeefyldt%u@M{itdl?'ﬁvoi@e
L anspor ot S Ieol 5 ok fS PShEFRECERARIRT, L i SIRLIRGF YL ooue
wel | - known tpﬁdvtdiﬁgnalhandahahetwﬂthltgethepepterlaﬂtelver 4 smal |
number  of ra@é%€§g¥¥g§r§ncgnsgigégleg&ix. working channel before
communication with the called unit(s) is permitted to o/
proceed. h
There are many actual and potential
applications for trunked radio repeater systems.
However, one of the more important applications is
for public service trunked (?ST) systems. For
example, one metropolitan atea may advantageously
utilize a einqle system of trunked radio repeaters to
provide etfioient radio communications between
individual radio units within many different
aqenoiee. anh agenoy may, in turn, achieve
efficient communication between individual units of
different fleete or aub-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
l agente and- the like) Sometimes it may be important
to communicate simultaneously to predefined groups of
unite (e q.; all units, all of the squad cars, all of
-the foot patrolmen. etc.). At the same time, other
~agencies (e.q., the fire department, the
'traneportation department the water department, the
emergency/rescue eervicee, ete. ) may be in need of
eimilar_communicatioq services. As is well-known to
those familiar with trunking theory, a relatively



service all of these needs within a given geographic area if they are
trunked (i.e., shared on an "a-needed" basis between all potential units).
There*\are a variety of trunked communi cations systens on the narket today,
eachiwith its own set of advantages and disadvantages. The one thing al
sueh systens have in conmmon is architectures which (1) prohibit the use of
optlnun15|gnalllng baud rates, (2) inhibit diagnosis, |ocalization and
correction of hardware fallures and (3) cannot continue to support trunked
operation shoul d any non-RF S|gnal poi nt téllure occur. The inportance of
each of these three points will be discussed individually. (1) Opt i mum
Signalling Rates The tel ecommuni cations industry invested substantial tine
and noney towards determining the optinmal way of transmtting data at 800
MHz for the cellular tel ephone network. Data transm ssion efficiency is

mportant since |t ghR91°RARBLOVE (HRMEKIDELEded kN aPFiLBRALEYS | of ency

of a system It was conc d that the optinal ud rate,is the hi hest

baud rate of bil evBPT¥AEEIAd Ia Qs these tq&’%%@i’baﬁaﬁ}‘dfﬂ 96688 ?Uﬁﬁort.
For Pubtic Servi ceateaniifn@he35Bre ahaiKed o4 Jw. A Saled ohaanel

bandwi dt h, 9600 bayd is t | ghest e t hat
Nevert hel ess, due tﬁsﬁgfﬁ\%ﬁﬁ %rfd’sxa? (!?ﬁft"é%?'hr%fﬁm%ﬁe'zgggg gg;l’é support
t he hi gher processing req@hesee e a5 sonr sty Q\fttmheghepmmuodcn&ﬁeps

t t 0
re;{ Zs' ?368%8 beﬁg) ChiyatlensS orl THL LN FodaP) Sk wPEnSyeePbURPkekaLE

, advantages and disadvantages. The one thing all such
N~ syétems 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
points will be discussed individually.
(1) Optimdm Signalling Rates
The telecommunications industry invested
substantial timé and money towards determining
the optimal way of transmitting data at 800
. , MHz for the cellular telephone network. Data
W ~ transmission efficiency is important since it
- increases both frequency 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 Service
Trunking (PST) éystems 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 requirements
associated with a higher baud rate; existing
systems either use low baud rates (300 baud)
or suboptimal baud rates (3600 baud).



(2) Local i zation and Correction of Hardware Failures A conputer prinmary-.
site controller which oversees site activity and detects site faults
expedites the failure detection and correction process. On the other hgpd,

i f that same conmputer enbodies all intelligence at the site, then fault
detection within the controller itself becones difficult to perform .
Exi sting systens either have no conputer to effectively detect failures,” or
a conputer which contains all site intelligence (and thus cannot -
effectively diagnose or recover fromits own failure). (3) Trunked Fai
Soft Operations There are at |east three reasons why site controller
failure should not elimnate trunking capability. First, since the system
is trunked, nore radios probably reside on the systen1than if it were a

conventional systemg 23 (5| SN, tru%? c?'dé??@ét éf r&L ked node

causes system overl oa systen1can ?e traffic
than a non-trunked system). FR§lNzam resuit in units belng forced of f the

sKstem-- ﬁr units ]E)el ng W%ﬂnﬁ:ﬁ&zﬁfﬁ‘ﬁ%&x‘ esﬂétéahi:?obfﬂknvm&ﬂ Sﬁ&gd
Cyetam o & syotom CYRReAR FASY ISVARy At dEtRctR dute; Eovhge |
frequenci es nanualIyypad&ﬁeisth!ﬁﬁl&iuﬂetd!ﬁeutban sndt conkrectyonhen a
user is forced to |H¥6§3§§)Eﬂdn the other hand, if that same
computer embodies all intelligence at the
eite,.then fault detection_within the o
controller itself becomes difficult to
perform. Existing systems either have no
computer to effectively detect failures, or a
conputet”which contains all site intelligence
~ (and thhs canhot effectively diagnose or
recover from its-own:feilure);
(3) Trunked Fail soft:Operations
' There are at least three reasons why
site controller failure 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 o
-~ and consequently, elimination of the \J
trunked mode causes system overload (since a -
trunked system can hnndle fat'more traffic
than a non-trunked system). This can result
in’ unite being forced off the system -- or
'units being unable to access the system to
begin with. T
Second changing the mode of operation
as seen by the users (e g., £tom a trunked
system to a system in which users must select
their own operating.frequencies manually)
creates additional confusion, particularly
when a user is forced to listen to all



6 conversations -- evengdhose that don't pertain togw mher (in a typical

trunked system -only thB8Se units intended to be a part of a conmunication
tune.to the frequency on which the communication takes place). Third, site
controfler failures are not statistically independent from energency
situations in the field. For exanple, the very stormthat m ght cause
energencies in the field could cause power problens damaging the site
controller. The advantages provided by a trunked comuni cation system may
t hus be needed nost at the tinme the site gontroller fails. Fault tol erance
can be the nost. sophisticated portion of a system and is not achieved
effectively as an afterthought to the system desi gn process. Yet to date,
trunked conmuni cati on systens have been designed with little regard towards
fault tolerance, forcing the end user to tie up capital in redundant
hardware in order to obtafanverieabibnsy --Aeivendithg sehdlrart] dee't \pettain
truly fault tolerant trunkgdy,gp Qi %higngﬁéxggqmggﬁyﬂdéﬂ; S M Lgn
and engi neering consi derat]ons roug out t evel opnent cycl e, begi rhi ng
with the very conception Shopreudjsscintended ta beusgartormiM cation

system nust be eval uated gashdn@eatibnataet £oOheY HraguitiPldiPvhich
including its fault tolerggge. A éﬁpeater site ar%hltecture for a trunked

communi cati ons syst em has “BEefCBEVRA5ALd ORn AR P1AIgr ce of fault
tol erance and therefore avoi ds Thirdjuadtet BontrenawntfiNatr &4 W€ ABOYS

In statistically independent from emergency
w ) situations in the field. For example, the
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. _

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 obtain reliability. Affording
the end user with a truly fault tolerant trunked
communications system requires system design and
engineering considerations throughout the development
cycle, beginning with the very conception of the
system itself.

A trunked communication 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 aforementioned shortcomings 1in
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existing tr

unki ng systens. According to a first aspect of the present

invention, there is provided in a digitally trunked 5 radi o repeater system

of the type
t ranscei ver

which tenporarily assigns RF channels to nobile digital radyo
S in response to channel requ nmessages transmitted by said :

nmobi l e digital radio transceivers over an control channel, a nethod of

providing 1
(a) receivi
means assoc
15 (b
communi catd
sai d reques
i dentifying
to said gen
said RF wor
RF 25 wor Ki
assi gnnment

to said Ry
cooperating

0 di strehtiibedngr tpkhRIngoBYEsAemsicl udi ng thﬁ fo:c | owi ng st Eps: i
ng a channel .assi gnnent..request ssage.with a first trunking -
i gt ed wﬁ‘r‘ﬁ°5ﬁa“80??e8p3r‘r&s§g3158_95 i E%di%@e( Bre¥*ontrol channel ;
) igeestaonngthewer ksngrovdded iassi gigdtialdyedirfuriked an RF
On Y@L ki eriaéapegg%&n 8231 ¢nbl kbe! WHIENG 2y eSponse 19
t message, (c) transmtting an RF channel assignnent” message 20
saf8igBFkRAgCRARRRER 59em°gaﬂe RiEgddmdr 8Add®annel in response
er ef 8fswRlibd §harBgponssl €BMeRanneNd redlielst Rstddes assi gni ng
klg channel agd faci |t§téng communi cations to occur over said
nCERGRMAF PR PEsABidemPRilg: digatelaradinokAnscaiders
wi dven arcBRdcontinklnghannel , aasaeitabddosi plrosidiery r espondwig
wok Ki e gk d . ] d;s tr i ans
5P E01EHRRA  ru R g bERE-B1C RETRTNL WHE! RO TS

3 and co nrcat’i ng

t her ebet ween $%€B$dvi de di stributed trunking control of said RF working

channel . Ac

15

20

25

30

35

cording(a9 ar8862P¥ngsacehanheih8sBighfBht request
message with a first trunking means associated with and
correéponding to said digital RF control channel;

(b) generating a working channel assignment
specifying an RF communication working channel with
said first trunking means in response to said request
message; C

(c) transmitting an RF channel assignment message
identifying said working channel over said RF control
channel in response to said generated working channel
assignment; and

(d)  temporarily assigning said RF working channel
and facilitating communications to occur over said RF
working channel in response to said generated working

channel assignment with a second trunking means W

associated with and corresponding to said RF working
channel, ._ ' ' '

said first and second trunking means cooperating
together and c@mmunicating digital trunking commands
‘therebetween to provide distributed trunking control of
said RF working channel.

According to a second aspect of the present
invention, there is provided in a digitally trunked
radio repeater system of the type which temporarily
assigns RF channels to mobile digital radio
transceivers_in_respdnse to channel request messages



I nvention, there is provided in a digitally trunked 35 radi o repeater
system of the type which tenporarily assigns RF channels to nobile digital

radi o ¢{wransceivers in response to channel request nmessages recei ved over
an RE control channel, a distributed processing systemfor providing
distributed trunking control including: 5 .~ first trunking neans
associated with and corresponding to said control channel for receiving

a channel assi gnnmetteieefiesterness Rfe, cdriraje rshaxinely, a whirdd mibwtedinel

assi gnnment speci f 'é%k . ' gﬁqu | RANS; | st
message, and for ﬁf r%‘%\&s_ t%%é"ggﬁﬁ] annleqiqj%?lgnmm&%ed:?a%eﬁspe I fying
sai d RF wor ki ng @entrel olreluddngRF control channel in response to said
generated worlg ng chawﬁs@s&mw%;m% UKL ddikifh MRS, associ at ed

with and 15 corresponding to said RFE working channel, said second trunking
nmeans bei ng sepaGRIFSTRPRANG e FHRRIGPT LS Thamgihf e HRCUEA BRI ng
connected to reca \tharinell gaNEigrinkoh t\Vadgued i€ hsdrigels A RIHer Stoi g second

ool 114t ng comMSIGY anie s S BB e R Rty NPnddr 4,
response to sai d ahamgvel eth itrsiong e Haon velidssEquesnmessage f iand  fomd
Funkng. LomiSRy FONRGEORRIE 1 AR A SHER AR il hying,
to control trunkiSidbREANFHMG@hamelcieyeie|said RF control channel in
response to said generated working channel assignment;
W and '
second trunking means, associated with and
'15 corresponding to said RF working channel, said second
trunking means being separate and discrete from said
first trunking means and being connected to receive
said generated working channel assignment, said second
trunking means for temporarily assigning said working
20 channel and for facilitating communications to occur
over said RF working channel in response to said
generated working channel assignment, '
said first and second trunking means cooperating
together and communicating digital trunking commands
25 therebetween to provide distributed trunking control to
control trunking of said RF working channel.



I n one enbodi nent, signal processing hardware (enbodied in a so-called
“trunking card", or "TC') dedicated to each radio frequency channel (and to_
a radio transmtter and receiver operating on the channel) provides thgys~
signal processing required for its associated channel. Each dedi cated :
signal processing trunking card operates essentially independently except
for higher-level required control coordination with other trunking cards®
and with the primary site controll ercgonputer. During.normal operation of¢
the system nost control functions aré& performed by the site controller
(e.9., a high speed conputer wth advanced, real tine control capabilities)
-- leaving the trunking card processors free to devote all of their
.processing resources to processing. signals associated with the specific RF
channel s they are dedicated to. Synchronization |ines and seri al

communi cations |lines are shared anpong all of the channel processing
trunking cards -- but flow of control Information during normal 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

dedi cated trunking control channel (any of -the trunking cards are capable
of operating on the control channel, but an arbitrary trunking card is

&

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

instructions to novin tonen emlsdd enbanedigriad GYBBEE ARG NatAwakRer W)
(embodied in a so-called."trunking_card", or "TC") dedicated
to each radio frequency chanhel (and to a radio transmitter
;hd receiver operaﬁinq on the chnnnel)_proﬁides.thé
signal processing required for its associated
channel. Each dedicated signal proégssing trunking
card operates essentially independently except for
higher-level required control coordination with other
trunking cards and with the primary site controller
computer. During normal operation of the system,
most control functions are berformed by the site
controller (e.g., a high speed computer with
advanced, real time control capabilities) -- leaving -f
the trunking card processors free to devote all of e
their processing resources to processing signals
associated with the specific RF channels they are
dedicated to. Synchronization lines and serial
communications lines are shared among all of the
channel processing trunking cards -- but flow of
control information during normal system operation is
between the trunking cards and the site controller.

One of the channel signal processing trunking
cards 1s 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

~



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 with each channel operating independently
as a.repeater with little or no coordination between the operation of

di £ f er ent channel s) unless and until an alternative site controller can be
brought on line. In the present enbodi ment of the invention, the trunking
card-assigned to operate on the control channel alnobst instantly detects
failfure 6f the site controller, and upon ﬁgch detection, controls the
trunkirng cards to operate in a "fail soft™ ode in which the trunking cards
no | onger attenpt to communicate with the falled site controller but

i nstead communi cate control information with one another over a backup

serial link (BSL) not used during normal system operation. Comrunications
between the trunking cards over the backup serial |ink is coordinated by
the control channgjadéynki nglf%gb§get ﬁﬁrit%a%tt %{Wendent Iy
mai ntai ns system'status, i nformation, eac r unki _ng card updat es t he
controchannel tSemmanRicationsan p "’BFFféP‘?t Fé'tﬂﬂ nel mankted tHhehanges in

status. In fail soéntroelechsanélor-fandt ma-dwmeaebdmﬁt&\scﬁﬁwrtd ol l'er
runking cards. PTY8 &k oRking eHaiBer’ th Horintedie FH Ty, "
passes nessages lmokbklbe uwhitsior véhhr&hbecqmtyhdmeoperator control

consol e during normal mogg peFoRtapt ByRteRsCOFRNGY 9P €GPS
orlgvpate Y controller causes the entire system to cease

operating (or at best, begin operating in a
non-trunked mode with each channel operating
independently as a repeater with little or no
coordination between the operation of different
channels) unless and until an alternative site controller
can be brought on line. In the present embodiment of
the invention, the trunking card assigned to
operate on the control channel almost instantly
detects failure of the site controller, and upon such
detection, controls the trunking cards to operate in
a "fall soft™ mode in which the trunking cards no
longer attempt to communicate with the failed site
controller but instead communicate control
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



the console directly to working channel trunking cards and the control
channel trunking card over the BSL during fail soft operation, and al so
nonitors status nessages generated by the various trunking cards and p@§ees~
t hose nessage on to the console. The control channel trunking card begins-:
assi gni ng wor ki ng channel s for trunked, communi cati ons when the fail soft
made is invoked instead of relying onithe site controller to assign *
channel s. The wor ki ng channel trunking cards al so begin perform ng control
functions in the fail soft node which are perforned by the site controller
in the normal node. Although advanced control functions (e.g., cal

| oggi ng, dynanic regrouping, and the like) are |ost when the fail soft node

i s invoked, tr n b it nta| d b u I ng contro
functions are® I?gl?tﬂ%% ar'rJ'DenAgs??1 tTUn n'é gﬁ?dgfggségnkgggﬁ failure of
the primry snnel the opedratdmcontrok mnmleftﬂvecinonnnsmﬁl mode

conmmuni cati ong @@iéf&ﬂ“ﬂé&lﬁiﬂEﬂHAdﬂibaé{héCmﬁwﬂﬂaeﬂnéﬁiéQhﬂtLd ﬂyr'ng

fail soft node the control channel trunking card determ nes during”each
i nbound cont r $hec EARAAL %HQir%%Fl¥rﬁ?|?R€¥ g ehanpel EruRkingobi e or i/

portabl e trangagde ard amfendaxua ehdnnel copanringCcaard bvep treuest) if

a nessage is n cei v, I f A 1nco ge,Ls arriying, the
t runki ng cardggghgﬁﬁéﬂ' &ﬁﬁH% %ﬁeﬁﬂgﬂ f b?%c%éggsm?ﬂe¥ﬁﬁgsage. For
exanple, if tb&artmomqa;ma@meateobrbn thei various teyonkingng to

communi cat e Welld gt s +euwué messdd€ GANELOLNENEBABL1E! UNking card
sel ects a free wor ki ng anne comuni cates a channel assignnent
The control channel trunking card ‘begins assigning \J

working channels for trunked communications when the
fail soft mode is invoked instead of relying on the
site controller to assign chanhels..-Ihe working
channel trunking cards also begin performing control
functions in the fail soft mode which are performed
by the site controller in the normal mode.
Although advanced control functions (e.g.,
call logging, dynaﬁic.reqroupinq. and the like) are
lost when the fail soft mode is invoked, trunking
capabilities are maintained because trunking control
functions are distributed among the trunking cards.
As a result, failure of the primary site controller
has little or no effect on normal communications and o/
trunking capability. ' '
In somewhat more detail, during fail soft mode
the control channel trunking card determines during
each inbound control channel slot (a time interval
during which a mobile or portable transceiver
transmits its working channel acquisition request) if
a message is being received. If an incoming message
is arriving, the trunking card assigned to the
control channel processes the message. For example,
if the incoming message is from a mobile unit
requesting to communicate with another mobile unit,



nmessage to the calling and called nobile units over the control channel,
and al so communi cates the channel assignment nessage to the sel ected

wor kingschannel trunking card over the backup serial link. On the other
hand, if no nessage is being received, the trunking card assigned to the
conttol channel polls the other trunking cards in the systemfor status
information,, each trunking card responding;§Ver t he backup serial |ink

wi thi-rn a corresponding time slot assigned to it. The entire polling process
is conpleted rapidly (e.g., prior to the end of the inbound control channel
nmessage slot). The trunking card assigned to the control channel
periodically sends synchronization signals to the other trunking card over

a_synchroni zat  on éhecéhie8y BRAANBY Eehinkihef Ualrs Wa1dBleSy e diper at i on

-- causing those ot her unitﬁ;to oosely synchroni ze working channel
communi cati ons wi tTPTRENE FPABRe L sFREMURICALEE: & Channed, assignment hannel
trunking card i s tiséagetto”thé ealdiagnahdoiialliedd mobilieGinitis Ghrdr

controls the tim f n Lzati i nnect.ed .to agll of the
ot her Y unki ng ca;%g.p ?é]nt@ﬁéi ge]?g'{rlrbéd gﬁ@o&l%gnt%fgw&j\ﬁa&% g"\h% he sync
pul ses generatedlﬁP%ﬂEﬁéoh?#gqnmﬁaﬁnepsﬂﬂaskﬁngtb&rGﬁk;qnsﬂjRark#mﬁcate

to the other trunkiHeh®el JEruiRIAG’ chP@ S¥8k</EhieS bal iy 'Halrid1 MAidSOf t
operation. Because each q&gngg% tr nklgg&car | ndependent|y processes the

RF signals being transmt d°HBeEL; dypy 1if; po message-d & {dnkr on an
associ ated channelge¢edved| athestgunkihggcard( assighed thathe Gohtid1

supported Wi thout channel polls the other trunking cards in the system
for status information, each trunking card responding
over the backup serial link within a corresponding
time slot assigned 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
'-= causing those other units to loosely synchronize
working channel communications with the control
channel communications. The control channel trunking

— card is the "master” of site synchronization timing,
since it controls the timing of the synchronization

" 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 trunking cards
whether the system is in normal or failsoft
operation. ' '

Because each channel trunking card
1nde§endently processes the RF signals being
transmitted and received by its associated repeater
on an associated chafinel, rapid rate signalling



overloading the site controller (all signal processing is perforned wthin
the trunking cards themsel ves) during normal operation and during fail soft
operation. Each trunking card is connected to the primary site controllér
conputer via a separate parallel. (e.g., RS-232C) data link. Thus, failure
'of a‘parallel link and/or a trunking card does not disturb communi cations
bet ween the primary controller and thé ?enalnlng trunking cards. Moreovér,
this feature permts the site controller (or a human service technician) ‘to
nore accurately diagnose any faults that do occur. Perhaps one of the nobst

i nportant advantages of the site architecture provided by the present

enbodi nent is that no single point failure can elimnate trunking
functional i t y{eSgoyl @60 baud) comn ribé | supponpedewithpmt hi gher-|eve
System feal Ul g9etiodatrfifdhe WHL%aRErSYTER faif0b2RRN0) are |OST, buf
signal processing -- re 1 nportant E capability -- is stil
performed in nterﬂﬁﬂmﬂeiﬁfkﬁﬁﬁQﬁﬂiﬁ VﬁéhéhaHHEItFPBKQPHQ‘G&ﬁH% (since

tsuff'k ci ent cgmlumwm w&e{%gxwi-ﬁawweﬁaeﬁsh hha?hu:&ﬁn@ﬁrﬂmot |oerfolr3 m

runking control_ processi nki n ai nit caw be

renoved from &8E¥ 8?€£ﬂf*égnal b%%rﬁf?ﬁ%g“?aﬁ n?Fnﬁ?"ﬂff %hg°less RF

channel . All thbnbmmmazy(kdtnecodEnoltet compheeprvﬁcrnedeonumcnnent (and

all are progr Qf(Xrﬁﬁc Ilyﬂs ? aggﬁ FQ?& thghhrun gqquﬁgrg£a55|gned
r S a

to operate on annel runking ¢ard can be renoved
from servi ce angpazedilek 1#%hk$ﬂ§/€§rﬂ EEH"B&“&SSPgﬁe oe® &%t ate on

disturb communicatipns between the primary controller W
and the remaining trunking cards. Moreover, this

»

feature permits the qite-controlier_(or a human

service technician) to more accurately diagnose any

faults that do occur. _

Perhaps one: of the most 1mportant advantages

of the site qrchitectu:e provided by the present

embodiment is thaf no sin‘gle point failure can

eliminate trunking functicnality.

Should the site controller computer fail,

higher -level system features (e.g., call logging and
dynamic regrouping) are lost, but signal processing

~-- and more importantly, trunking capability -- is -
- still performed in a distributed fashion by the \J/
channel trunking cards (since sufficient : v
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'ail 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 assigned to operate on



t he control channel (each channel trunking card is capable of acting as the
control channel trunking card). The system of this enbodi ment is sonetines
termed_a "digitally" trunked system because trunking control is effected by
digital signals passed over a continuously dedicated "control" data
channel. All units are programmed so as to automatically revert to the
predéterni ned prinmary control channel upon\gfing turned on or being reset.

| f the ‘expected control channel data format' ts not there discovered, then
alternative possible control channels are successively nonitored in a
predet erm ned sequence until an active control channel is discovered. In
this manner, the usual control channel apparatus at the central control
site may be tenporarily renmoved fromservice (e.g., for naintenance

pur poses). This sathef cantrelaichanpelni(eaciumhannel unting Gard is

operation in the e¥§§h§1*&%é R i18gHad" the [dodtX SR RnEE RATRRIhY

mal functions or is 0O rw se taken out of service. Should the backup seri al
link between the tf88Ri)ng cards fail while the prinmary site controller is

still ‘egerational, no opermie @ydten: odifunhd smrenbodtienteiniusaonétimesi al | ink
and the site contrgller co I cati,qn .path I | V. t he
synchroni zation |i ﬁrﬂgfﬁée%q:[mki %3“2’&?%% #if?esﬂ %%ﬁnﬁﬁ%‘éﬁé s
time increases sligbnityolein effenteZBbynidigitabmignalemassed evesnds)
due to |oss of 'Ooégpiéﬁ%m U YOI AEEo PONAAE AehNe1 Ki NgL1

i

channel s, but this acceéss tinme |1ncrease I s not rm¥|ce ble to %hg
use(. Per haps one Bpitic ape nrogrammesh s as fo (putomatically revert to

the predetermined primary control channel upon being
turned on or being reset. If the expected control
channel data format is not theie discovered, then
alternative possible control channels are successively
monitored in a predetermined sequence until an active
control channel is discovered. In this manner, the
usual control channel apparatus at the central
control site may be temporarily removed from service
(e.g., for maintenance purposes). This same feature
also permits continued trunked system operation in
the event that the regular control channel

. ' unexpectedly malfunctions or is otherwise taken out
U . of service.
v Should the backup serial link between the

trunking cards fail while the primary site controller
is still operational, no operational features are
lost because the serial link and the site controller
communication paths are used alternatively. If 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 synchronization between the control
and working channels, but this sliéht access time
increase is not noticeable to the user.

Perhaps one 6? the greatest advantages of the



site architecture provided in the present enbodinent is its fault tolerance
characteristics. Prior repeater architectures have been provided with sone
degree of fault tolerance only by providing redundant hardware such as a¢
backup site controller. This redundant hardware solution is not only
expensive, but is less reliable than the distributed processing
architecture provided .in the present enbodi nent. For exanple, the portibn
of the system which activates backup hardware can itself fail in the
redundant hardware approach and prevent 4 he system fromrecovering. The
arcghitecture provided in the present ehﬁbdinent, with just one general
purpose site controller, exhibits a three tinmes greater trunking
‘reliability than the trunking reliability of a non-fault tolerant
architecture with a customsite controller supported by a "hot" standby
site controller unit, In light of today's comunication needs, and what
current technol ogy can deliver, fault tol erant trunked communi cation
systens are nandat ed. Appra|5|ng a systenm s capabilities requires
under st andi mjtehaxchitecture preo %é“dé’éﬁgr&#%’#’hte%@%ﬁbqiwwﬁg a

?ﬁ' anfC]? bftwaéﬁlrﬁf\hmatbuu%?t ,crmctéﬂusﬁnter arlzﬁiof\tndt Ih n thtehe[ld
e e ectli ve eval uati on Sste enahl es one ose a
talk fault (RRRGSkRE ‘I"r'Bh%ﬁ& erﬁgpéﬁbﬁﬁgﬁeﬁf’ M8t t he
present inveldgree of VEAuby m)le&fachatmikx by [provdidimgdeedundadtui t h

ref erence tq}ﬂtr@, ogagﬂyhgg diﬁ‘@)&ﬂ?’sfﬁ ‘@Brﬁt}onefl GUpgis IS a general

expl anat ory
redundant hardware solution is not only expensive, \J

but is less reliable than the dis;ribuﬁedoprocessing
architecture provided in the present embodiment. For

-

example, the portion of the system which activates
backup hardware can itself fail in the redundant
hardware approach and prevent the system from
recovering.

The architecture provided in the present
embodiment, with just one genetal 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 a "hot" standby site controller unit. W/
' In light of today's communication needs, and o
what current technoloqy can deliver, fault tolerant
trunked communication systems are mandated.
Appraising a system' s capabilities requ1:es
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 fault 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'acoompanyiné drawings, in which:



trunked radi o repeater system enbodyinc this invention; FIGURE 2 is a
sinplified block diagramof a central control site (as well as a satellite
receivey site) In the trunked repeater systemof FIGURE 1; FIGURE 3 is a
sinplified block diagramof the general site architecture of the nmain
coritrqQller for the central control site; FIGURE 4 is a sinplified block

di agram of channel trunking cards used wi t hiZd the various channels of the
central site architecture shown in FIGURE 3; FIGURE 5 is a schematic

di agram of synchroni zation control line timng in the systemof FIGJRE 2;
FI GURES 6A-6E are schematic di agrans of exenplary signalling protocols for
the nmessages sent on the backup serial link shown in FIGURE 2; FIGURE 7 is

a schematic di agram of exenplary backup serial |ink polling nessage and
response timngs of the FIGURE 2 system FIGURE 8 is a schematic di agram of
exenpl ary backup serial |ink downlink poll and response timngs of the

FI GURE 2 system FI GURE | i ' a f r cku eria
| i nk channel assi gnnment %efs%sf%%s&%'géfﬂ% &&ﬂ&%@ﬁ%ﬁ%ﬁ%§
10- 13 are fl ow chrunked gadin Xepertex sysptenr enbaiying dhist eps per f or med

by the trunking cgh¢§dﬁigﬂ?35ysten1shomn in FIGURE 3 to I npl enment t he

failsoft node of operation; FlGURES 14, 15 and 16 are schematic di agrans
P FIGURE RE is a simplified b%.ock dq%gram- otg a

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

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

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

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

FIGURES 6A-6E are schematic diagrams of

. exemplary signalling protocols for the messages sent

U on the.backup serial link shown in FICURE 2;

v FIGURE 7 is a schematic diagram of exemplary
backup serial link polling ﬁessage and response
timings of the FIdURE 2 system;

FIGURE 8 is a schematic diagram of exemplary

K/.

backup serial link downlink poll and response
timinqs of the FIGURE 2 system; |

FIGURE 9 is a schematic diagram of exemplary
backup serial link channel assignmeht-message timings
of the FICURE 2 system;

FIGCURES 10-13 are flow charts of exemplary

| program prograﬁ control steps performed by the

trunking cards of the system shown in FIGURE 3 to



of exenplary signalling nmessages passed back and forth between control and
wor ki ng channel repeater stations of the FIGURE 2 system control console
102, and nobile units during origination of an individual call by a nDere
unit, an individual call by a control console, and an energency group cal]|
by a nobile unit, respectively, during Pﬂlsﬂﬁt operation; FIGURE 17 is a .
fl owchart of exenplary steps to be tak {to design a fault tolerant systém
and FIGURE 18 is a schematic diagramof a two nodul e Markov nodel of the -
system of the present invention. An exenplary trunked radi o repeater system
enbodyi ng this invention is generally depicted at FIGURE 1. As
I1lustrated, individual units of various groups communi cate with each ot her

(both withi h 3RS1RARHE" thed Had i X dﬁ&@éro?V‘G peEYPonyi a8 shared radio

repeaters which are part of eater system 100.. The dispatch
consol e 102 may be hEISVRES bt 135 And 5rEEEaPEF‘E?E%%nF%FFE‘TB4 or nay

be remotely letab&@mw&z@t heigria A TRy qa&seagéacphsseesuaﬁ anawi | | be
appreciated b §g in the ar t Ther |spatch

consol es 102 qgﬂﬁf%&xﬁn tgpfgégg) gﬂﬁ"ﬁinﬁngf ;)
supervi sory daspa:uohscmiscﬁh:e {RIGURE: znsystemyscentaelv\cbhselao153.

iated by th 1 RN d i
Sonehat mor o Aeptld MHAGH dprdify SPLpThaSXSHEGE W 1Rad0RUERT] 11

satel | ite recemidr byya meblils-unitg WI individupdcraldobyi e satellite
recei ver syst gghtol ¢onoled dibidnl énergeficyngreapt éab1sbyealO0 such

mobile unit, respectively, during failsoft o
operation: .
FIGURE 17 is a flowchart of exemplary steps to
be taken to design a fault tolerant 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 qenerally depicted
at FIGURE 1. As illustrated, individual units of
various groups communicate with each other (both
within and pcssibis outside of their.oﬁn group) via \/
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 alsc may be multiple dispatch consoles'
102 (e.g., one for each separate fleet) and a master
or supervisory dispatch_comsole for the entire system
as will_also_be appreciated by those in the art.

The central system 100 is depicted in somewhat
more detail at FIGURE 2 in conjuncticn with one or



that radio reception may tenporarily be better at one or the other of the
chosen antenna systenms. Thus, received signals fromthe satellite sites as
wel | “@s/the central systens are conbined in "voter" circuitry so as to
choose the best available signal for control or comruni cation processes. At
the . central site,-a transmtting antenna 208xand recei ving antenna 202
(which may sonetines be a commobn ant enna str cture) may be utilized with
conventional signal conbining/ deconbining circuits 204, 206 as will be
apparent to those in the art. The transmtting and receiving RF antenna
circuitry 200-206 thus individually services a plurality of duplex RE
channel transmt/receive circuits included in a plurality of RF repeater

"stations" 300, 302, 304 etc. ically, there y be 24 h
stations. Each stMi®SRFERLALE ERCatlarepusteme 19an 1y A YybF B8 |y
controll ed by a depprettadtedpnt the sh&bﬁltﬁe(tq@eivbtﬁxysmmmcaaaor-based

control circlit) deedfadbdCsBRRehihly s hed bl i de G GO o)

logic circ associ a ation are rol | ed

by trunki ng car dsthat (eadio resepsion mayptemporaridy e |hjg¢%e%mt rene
circuits) 400, 4Q%r ¢Ré StHefOBf Aﬁet Eababhummr&%my méiedl cat ed

for digital data co ons esi the trunkin
400- 408 conmuni caﬁ%"%\'ﬁ oﬂggﬁﬂbfhgfvgn&f‘&r ’\ﬁtﬁ'} te igites A% &%ﬁ]t*%l | er
410 via control dehe dentéal. systems ageycombinjed daﬂt'hmtta"' (ctxcwitrypnal

backup control | erg, i {,dg3i ERLaBP¥HEbRstOMVRI TR e GRSy SEASEA L

~ 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 aritenna circuitry
200-206 thus individually services a plurality of
duplex RF channel transmit/receive circuits included
in a plurality of RF repeater “"stations" 300, 302,
304, 306, etc. Typically, there may be 24 such
stations. Each station transmitter and receiver
Y circuitry is typically controlled by a dedicated
. ' control shelf CS (e.g., a microprocessor-based
control circuit) as is also generally depicted in
FIGURE 2. Such control shelf logic circuits
associated with each station are, in turn, controlled
by trunking cards TC (e.g., further
microprocessor-based logic control 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



pur pose processor (e.g., a PDP 11/73 processor with 18 MHz-J11 chip set).

Al t hough the major "intelligence" and control capability for the entire
systemresides within controller 410,alternative backup or "fail soft"\/*
control functions are incorporated within the trunking cards 400-408 so as
‘to provide continued trunked repeater service even in the event that L
controller 410 mal functions or is othérise taken out of service. An
optional tel ephone interconnect 414 nay al so be provided to the public
switched tel ephone network. Typically, a system manager termnal, printer,
etc., 416 is also provided for overall system nmanagenent and contro
(together with one or nore dispatcher consoles 102). A special test and

| ' f
cirout ts 500 shbS SaRsTBLIBECR aP8 BERIORAL Hadifl Bhelfiqud iy 1o
plurality of qlmpilted) ghaxl ber aagamperciigldlys avalkableciganenal y out put
therefromt hep@i-;saaaeﬁi-oea%s& Qghgrvm 2 PPt 114 :! Prded¥¥orfwifle | nput

signals. Thus rece|Vf§ from the central stemsite 100 are input
to respectivel®MEZz¥ I eh RaHR&I -vofidthough,ithe MRjoms while additi owal
simlar i nput*mgamsuneogeaaaat:edt&mrruwmty ifor the adwtiré e

receiver S|te o_l h W Q ate, respective voter
circuits. é%%l ge? 8‘3§3F égﬂk ré¥4%%ﬁt55§§gﬁvﬁack to the
trunking<uncb!¢kunlos HﬁailosoﬁhérGODWQPhyﬁuﬁqntdnﬁ axecessed as the
valid "recei Vf,%oébapakad @ithiahiehy @%%n&%@l&ﬁ%y'm-qioé ho Sad e

architecture control data conmmuni cation I's shown ;
to provide continued trunked repeater service even in o/

the event that controller 410 malfunctiohs or is
otherwise taken out of service. :

"An optional telephone interconnect. 414 may
also be provided to-the.public switched telephone
network. Typically, a system manager terminal,
printer, etc., 416 is also ﬁrovided for overall _
system management and control (together with one or i
more dispatcher consoles 102). A special test and |

- alarming facility 418 may also be provided if desired. :

The signal "voter™ circuits 500, S02, 504, 506 ?
and 508 are connected so as to receive a plurality of |
input digital or analog signals and to selectively
output therefrom the strongest and/or otherwise most
reliable one of the input signals. Thus, received
signals from the central system site 100 are input to
respective ones of the channel voter circuits-SOO-SOB
while additional similar input signals are generated
from receivers in the satellite receiver site 100-1
~and also input to the appropriate respective voter -
circuits. The results of the voting process are then
passed back to the trunking card circuits 400-408
where they are further processed as the valid

"received”™ signals.
A slightly more detailed view of the site



in FIGURE 3. Here, the PDP 11/73 controller 410 is seen to conmuni cate over
19.2 Kil obyte buses 412 with up to 24 trunking control cards TC controlling
respeeﬁvVe dupl ex repeater circuits in those individual channels. Another

hi gh-speed 19.2 Kil obyte bus 420 is used in the down link to/fromthe

di spatch-consol e 102 (this downlink including a downlink trunking card).

Q hér data communication with the central essor 410 is via 9600 baud

| i nks.as shown in FIGURE 3. The site contréﬁ r 410 may include, for
exanple, a 128 Kilobyte code PROM 1 Megabyte of RAM and 32 DHV-11/J
conpati bl e RS-232C ports (connected to respective ones of busses 412).
Controller 410 may typically be programred using m cropower Pascal to
provide a multi-tasking, event-driven operating systemto manage all of the
vari ous data conmarichditientyne t fooncantueledatdl comamhniciatd omadiss shawneach
contr ol ed repeal 9 ARG 31 Nndde? KhbORBb18003 BuneibiaCa® et lsne
anot her sim |l ar bus connected to an oOptiona controller

desi regéi i s noni t 8eed HKe éFPWl’-ﬁFE?oﬁY%Ee%go? K Phat¢cbm élzTHéﬂic

tr Unkid Cort r (Izl “Wﬁ:lda wytmfﬁbl doﬁtﬁelfeﬁﬁa&erhaeén\t«lrbﬂ.dih%pm S
provi di ng cl ock sync ro at e.g.,
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avai |l abl e and thaﬁndivﬂdu;tmthunndlutr|bﬂbhhetohﬂghkspbgdruBhﬂlshould t hen

be i mpl errent ed W iyQyRAG tale 50" {4THbRE SATERS! BRALM IR o/ O Al

over the control I'ts assocl.ated repeater eén a hlev
con(eptlonally mA#Hﬂﬁ!ﬁQhuQRPaaH9olgﬂd(ShQHaﬂPWRQ1ﬂk 1n¢1Ud1n9 a

downlink trunking card). Other data communication
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-11/3 compatible RS-232C
ports (connected:to tespectivé ones of busses 412).
Controller 410 may typically be progtamméd 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 time basis. .

. : At each controlled repeater channel, the 19.2

o ~ Kilobyte data bus 412 (as well as another similar bus

* connected to an optional'backup site controller if
desired) is monitored by an 8031 microprocessor in
the TC module. The TC trunking control module may
typically also receive hard-wired inputs providing
clock synchronization and a "fail soft" indication
(e.g., indicating that normal control by the central
controller 410 is not available and that an alternative
distributed control algorithm should 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 with~hedicated audio and signalling



audi o and control buses. In the preferred enbodi nent, conventi onal

dedi cated audi o signal paths (not shown) connect each control shelf CS_ mnth
consol e 102, and a conventional audio path switch (also not shown) is \J*
capabl e of connecting audi o signal paths of selected control shelves to -
vt her” sel ected control shelves, the tel ;EVone i nterconnect block 414, the .
cansol e 102, etc. Referring now to FlI in the preferred enbodlnent,
each trunking card TC i ncludes a m croprocessor 502 and associ ated random
access nmenory (RAM 504, a nultiplexer 506, and a nodem 508. M croprocessor
502 executes software stored in random access nenory 504 (which is
preferably non-vol atile) in order to inplenent various control functions,
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sel ect input of
embodiment, each trunking card TC includea a

microprocessor 502 and associated random access g
memory (RAM) 504, a multiplexer 506, and ‘a modem
508. Microproceseor 502 executes software stored in
random access memory 504 (which ia preferably
non-volatile) in order to implement various control
functions, including “failsoft' modea of operation.
Microprocessor 502 transmits diqital 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 tranamitter, control the repeater
transmitter andpreceiuer to process audio or digital -
signals, and disconnect power from the transmitter
and receiver in_order to avoid waste of energy. Also
via path 510 and'modem sos, ~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

-



the nultiplexer being controlled by mcroprocessor 502). Port Ais
comnected to primary site controller 410 via a dedicated parallel RS-232
line 4%2. Port B is connected to an alternative site controller (if one is
used)- via a simlar dedicated RS-232 signal path. Port Cis connected to
backup serial link BSL -- which interconnects all of trunking cards TC in
dai sy- chai n fashion (as is shown in FIGUREWE%. If multiplexer 506 selects
port A.(which it typically does during nor e‘%)‘peration of the systen), it
recei ves nessages (in digital signal fornm) fromprinmary site controller 410
and al so sends nessages to the primary site controller as well as to the
alternative site controller over the parallel line connected to Port B).
Simlarly, if nmultiplexer 506 selects Port B, it receives nessages fromthe

alternative site cefelfulelplakxer YeiHdg Wdtxfdllﬁd?w i dprddassopt all
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exegutes mul ti-tasdafigyechatin, d‘ralstﬂm:sqfats/varae ﬂmmxmn@mﬁmrmpd control
functions (e.g., call lqu n%ultiplexer 506 selects port A (which it
typically does during normal operation of the
system), it receives messages (in digital signal
form) from primary site 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). stmiiarly. if multiplexer 506
selects Port B, it receives messages from the
alternative site controller (and not primary site
controller 410), but all messages microprocessor 502
_ sends to the alternative - site controller are also sent
- to the primary site controller. In this way, the
o/ alternative site controller is constantly being updated
] 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 beipq
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,



dynam c regrouping, etc.) as well as sinple control functions (e.g.,
t runki ng channel assignnents, priority call handling and the |like) as
described in copendi ng application nunber 8813168 (2206018) entitled \ -
"Trunked Radi o Repeater Systent. During normal system operation, the

trunking cards generally sinply pass g ceived digital control signals on to.
primary site controller 410, pass digi control signals to be transmtfed
fromthe primary site controller to their associated repeater transmtters,
and perforned various other operations (e g., initiate transm ssions, unkey
their associated repeater transmtters, and the like) directly in response
to control signals sent to themby a primary site controller. During

nor mal oper at igyfamit Garaneing; e6e.Jcwa sl As imple pronesslng

resources to ocessin nal:s,r d r receiver and
signals to be!{ ﬁgeé’b %fﬁﬁﬁ %eﬁzyﬂngiriransréﬁgﬁ{?- so that the
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rates (e.g., OR&F system
backup seri al ‘iﬂﬂﬁl‘ @ aﬁﬁ[ use%ﬁ neeg $ﬁg |8n 22?#&}1%)00 erati owé of
the various trunking canﬂnt&tﬂ%@o?ﬂrhakeé BydéplR&PFQ&QR&SX##$%f+er 410,
and signal processing operations perfornmed by the various trunklng cards

ki mg. car do s, oReF 189 PEFERL, PeR e ARATs il 5B CERuRk Rl on |
signal s belngaxxaauqenitxnly shmplyspasis uhaeﬂved:dtptaaﬂscunarblane sync
control llnefi(£nala on to primary site controller 410, pass \J
digital control signals to be transmitted from the
primaty site controller to their associated repeater
transmitters, and performed various other operations
(e.qg.., 1nitiate transmissions, unkey their associated
repeater transmitters, and the like) directly in
reeponse'to control signals’ sent to them by a primary
site controller. During normal Operttibns.
nicrobroceesér 502 devotes most of its processing
resources to proceesing 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 -
transmission rates (e. q., 9600 baud). \4
Duting the normal mode of operation of system
100, backup serial link BSL is not used or needed.
The independent operations of the various trunking
cards are coordinated by primary site controller 410,
and signal precessing operations performed by the
various trunkiné éards'are lobsely'syhchronized by -
eynchrohization'siqnala'produced'by one of the
trunking éarde aeeiqned to the control channel, these
synchronizatidn signals Being communicated to the
rest of the ﬁrunkihg'cerds via'frame-eyﬁc control
line 520. ) |



Frame sync control line 520 is a single line that connects all of the
trunki ng cards together in daisy-chain fashion. This control line 520 is
used by whi chever trunking card is assigned to the control channel to
notify all other trunking cards of the beginning of each slot on the

out bound control channel. * One of the trunking cards and associ ated
repeater transmtter and receiver is assig to operate on the
predeterm ned full duplex control comruni c&tions channel. This control
channel is nonitored by nobile units whenever they are not actually engaged
I n comruni cations (such conmuni cati ons bei ng perfornmed on working channel s
assigned to the other trunking cards). Briefly, the control channel is
"slotted" (i.e., tinme division multiplexed), and "outbound" control channel
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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” (il.e., time division
multiplexed), and "outbound” control channel signals
are continuously transmitted by the control channel
transmitter. Mobile units monitoring the control

- channel synchronize with the frame synchronization

R signals transmitted continuously on the outbound

- 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
frame sync contreol line 520 (as well as passing them
to its associated control channel repeater
transmitter for transmission on the outbound control
channel). Referring to FIGURE S5, the control channel
trunking card generates a synchronization pulse of



about 833 m croseconds in duration approximately 5 mlliseconds (48 bits)-
after the beginning of each outbound control channel slot (the begi nning of
a slot being indicated by transm ssion of a 16 bit Barker code). Althoygh
.any trunking card is capable of driving franme sync control line 520 (since
any channel can be called upon to exec the control channel function), -
only the trunking card currently assi to the control channel actually
drives this line. The begi nning of each control channel slot is nmarked by a
positive going pulse on the frane sync control |ine 520. Each of the other
trunking cards of system 100 continuously nonitors the frame sync control
line 520, and the m croprocessors of these other trunking cards synchronize
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| engt hy procecehanhelefuncition)zi mpihcthwikenking card cudepahﬂgnt wor ki ng
channel tim ng.L$HEaet32the control channel actually drives this W/
line. The béginning of each control channel slot is
marked by a positive going pulse on the frame sync
control line 520.
Each of the other trunking cards of system 100
continuously monitors the frame syﬁc 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). Wwhen a mobile
unit receives a command transmitted on the outgoing
control channel to change frequency to a working
channel, the mobile unit is already synchronized with -
" the control channel timing. Since all working W/
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 sighals), communications between the mobile
unit and the working channel transmitter and receiver
is very rapidly eatiblished and no lengthy process of
resynchronizing the mobile unit with independent
workinq channel timing is necessary.
System 100 in “the preferred embodiment thus



System 100 in the preferred enbodi nent thus uses common timng for al
of, the working channels and the control channel (as well as the downlink).
In the_preferred enbodi ment of system 100, the duration of the pul ses
applied to franme sync control |ine 520 indicate whether the systemis in
t Re- normal node or the failsoft node. The control channel trunking card
tests for failure of primary site controILg;3410 and if a failure occurs
(and- fhe alternative site controller is not available or not installed), it
causes the systemto begin operating in the failsoft node by increasing the
duration of the synchronization pulses it applies to franme sync control
line 520. In the preferred enbodi ment, the synchronization pul ses have a
duration of 833 n1croseconds it tjm ) 0 | and
have an i ncr eased“8fPaFCBMObY (tgﬂ'g'@tg;. 9131 gwfgé'%%?té}g% nfg;%) when
system 100 i s in andl thet cobitesilr ichainniedo|(aa oreldi mouithe downbinkhi i onal
design is used to electrigga ey 15/ NC
'|'ine 520, 1 g%‘ P%%'ﬁh%é*ance iﬂé}& ‘@fdéyéfé’ﬂ‘ 16

cont rol thereby r at the frame sync confro
line Witl fail updurasipmr @fofthe,pulsen mylém;l tq (frane SYRG FoRYEMhel

It r unki ng Ic:?rg ffu hsnbﬂscoplmdawkwmxowlwh drd 46 NEn 50 (WS rmde
ine itse ails a nki e the
i nternal |l y-genera %88 |ﬁ&é%@ﬁh@hpﬂ§§ﬁgﬁfﬁﬁﬁ?atl ?ﬁé&f#ﬁ?%@ﬁ#of t he
control channel sgruhkdnig stairdh teatianfor \Eaidiuxe dﬂamﬂmmzesttti me is
I ncreased when thg %o@?ﬁ Q%!clzﬂ@welﬁ,darﬁ P fﬁrﬂﬁre %WQ”(ZR& e h the
con&LoI channel , bu S
alternative sxte controller 13 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 18 in
failsoft.

Electrical isolation circuitry of conventional
design is used to electrically isolate the trunking

\/ cards from frame sync control line 520, thereby

reducing the chance that the frame sync control line
will fail upon failure of any trunking card. If the
control channel trunkihg card fails to apply
synchronization pulses to line 520 (or the line
itself fails), all other trunkihg cards use their own
internally-generated independent synchronization
timings instead of the control channel _
synchronization timing. Working channel access 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 loss of loose synchronization between the



increase (from 280 m|liseconds to 320 m|liseconds) due to | oss of |oose
synchroni zati on between the control and working channels is not

noti ceable to users of nobile units. Wien system 100 in the preferred \J
enbodi ment begins operating in the failsoft node, the nultiplexers 506 of;
al | trunklng cards select port C and ;?g’zackup serial link (BSL) becones
active (during normal operationin th ferred enbodi nent, the BSL does
not carry any signals). Wen failsoft is invoked, the trunking cards cease
passing signals to and receiving signals fromthe primary site controller
410, and instead, control steps inplenmenting trunking and other
functionality are performed in a distributed fashion by the trunking cards
with signal s” bntrebnandi warkdngechennedse is mad mptdaearbla 2ot he BSL.

Whi | e failure pfed e BShogQ!gduagggent systen1100 fron1operat|ng in the
failsoft nmode 1nt e erred ngsglge i s, hi Iikel that the
BSL and the primary s SnCBHPFGP ﬁgﬁ aﬁ?q M %er nat i ve
site antroHfﬁéqﬁﬁjldp&bhtinql1atthbefaamudﬂUnmodﬂuaﬁhl.connunlcates-_
control signals car g{g&

fail soft node.™ ﬁﬁ&pwg ﬁf% sbhaﬁ? Fq'f"r S:rtl-%%ng ?;rc?/ﬁfrﬂ 1£33“4':|}f1e BSL --
no other trunkimdg thedbncknpmgierl 2Aaks<BSH)c ncones agqidvr to a pol |

message from t Efﬂgr abrﬁhgnaghﬂa@emh I% M pééréfﬁ@rﬁmm%nt

enbodi nent, nessage pPr ot oco IS -as | ows: St rt bi 1) Data
bit (8) th g does not carry any siqnals) \%Len ét( )

ilso
is invoked, the trunking cards cease passing signals
to and receivinq signals from the primary aite
controller 410, and instead, control steps
implementing trunkinq and other functionality are

| performed in a'distributed'fashion'by the trunking
cards vith slgnals beinq communicated between the
trunkinq cards via the BSL.. While failure of the BSL
would prevent oystem 100 from operatinq 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.

W,

- The BSL communicntes control signals between B
the trunking cards when system 100 is in the failsoft W
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 trunking card. 1In the preferred
embodiment, message protocol for the BSL is as
follows: | | .

Start bit (1)
Data bit (8)
Stop bit (1)

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



Stop-bit (1) Communications on the BSL is half-duplex. Only a few different
t wpes of nessages are carried by the BSL in the preferred enbodi nent.
Such "‘nessages include an update poll nessage, an all-poll nessage, a
downli nk poll nessage, and a channel assignnent nessage. Wirking channels
ar-e assigned with channel assignnent nessages carried by the BSL. Update
pold and all poll nessages are used to maintgi n current channel assi gnnent
i nformati on within each trunking card (arrﬂv.~ rticularly within the control
channel trunking card) -- as well as to pernit the downlink trunking card
to notify the system console 102 of channel availability and other status
I nformati on. Downlink polls provide a nmechanismfor granting the downlink
trunking card authorization to place consol e-generated channel assignnent
and channel unkey nmessages on the BSL. Approxinmately 20 mlliseconds after
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N card (and particularly within the control channel
trunking card) -- as well as to permit the downlink
trunking card to notify themsystem 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 after the
beginning of each frame of the inbound control
channel, the control channel trunking card determines
whether an inbound message (e.g., a mobile
unit-generated channel assignment request message) is
present. If an inbound message is present, the
control channel trunking card waits until the message
is received, and respbﬁdé to it if it is a group
call, individual call, or emergency call channel
request message (all other inbound messages are
ignored in the preferred embodiment during
£ailso£t). 'In response to a channel request message,
the control channel trunking card assigns a working
channel (if one is availhble) by generating a channel
assignment message, transmitting the channel
assignment message on the outbound control channel,
and also applying the~channel assignment message to
the BSL. The trunking card associated with the



assi gnment nessage, transmtting the channel assignnment nessage on the
out bound control channel, and al so appl yi ng thechannel assignnent nessage
to the BSL. The trunking card associated with the wor ki ng channel bgyng
assigned by the channel assignnent nessgge constantly nonitors the BSL, and
establ i shes conmuni cations with the ngﬁ%esting nobile unit in response to .
t he BSL-carried channel assignnent message. Working channels are "dropped"
(i.e., becone inactive) as soon as signals transmtted on themtermnate :
(in the preferred enbodi ment, the "hang tine" during which a working
channel remains allocated to a particular comunication after the nobile
unit on the active working channel (or the console) unkeys is very short
except when speerhingrichannel dedrgrrssicpidd by ctheiclatnelll ed). In the
preferred enbogdj e 1 | | at |t Ki channel
ﬁmgggem ﬁﬂﬂﬁ&%oﬁ%{%eﬁxé?as S LEos LEhéE ¥EY X dith

unkeys its assocl a fransmtter a S 10 process |nconiqgarorking
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no | onger carré agtive onversations --. and -wor ki ng channel trunking cwfds
i ndependent | y &8 SﬂFﬁH@m&ﬁﬂ ' scontinue service to working channels.

When system 100 is i nWorking Icheiineinioyre fdoopped? Chaengl trunking card

uses poling {gedghgr mg;wa; e D6 feells Y PRRER1 PGy e avail abl e
for reaSS|gnnen?. n-updat e pol I -nmessage is Used to request responses from
al | working chthew texrmimate ddnthmpreferzediepbodimentast®anged
"hang time” during which a qorking_ghanﬁel_remains ;J
allocated to a particular cbﬁmunicaﬁ#qn after the

mobile unit on the active work;ﬁg chanhel (or the

cdneole) unkeys is ve:y'shbft éxcept.yhen special

priority, eme:gencyﬂcgila are being handled),_ In the
preferred embodiment, the_truﬁkinglcard associated

with a working channel unkeys its associated

transmitter and ceases to_procéss 1ncoﬁ;ng working

channel signals as soon ag_(or ve:y_ehottly after) a
communicated message ends. Thﬁg, working channels

become free for reassignment as.soon és.théy no

longer carry'active conversations -- and working

channel frunking cards independently gnd-autonomously : .
discontinue sexrvice to working 6hannels._ (%

When system 109 is in the failsoft mode, the -

control channel trunking card uses p0111n§ to

determine when channe%s have been'dtopped and are
_available,for reassignment. An update pdll message

is used to request responses from all working channel
trunking cards having a status which has changed

sinée_thg last poll message,_-An all-poll message
forces all channels to respond, and is sent at least

once every two seconds td all trunking cards in the
preferred embodiment.. Any trunking card that fails

to respond to the ali-poll message 1s considered to



since the last poll nessage. An all-poll nessage forces all channels to
respond, and is sent at |east once every two seconds to all trunking cards
in thé\preferred enbodiment.. Any trunking card that fails to respond to
the all-poll nessage is considered to be unoperational by the control
channgl tyrunking card and is renoved fromservice (although not actually
physi cal | y di sconnected in the preferred égbodinent). In the preferred
enboditent of system 100, there are 24 tr G!ng cards as well as a downlink
trunking card. In order to increase the rate at which polls are responded
to, any given update poll or all-poll message communi cated over the BSL is
directed to only half of the trunking cards (although every poll pronpts a
response fromthe downlink trunking card). Thus, not all working channels

are polled at onc hﬂ&#ﬁﬁqi t I [ channel | ed. wifh
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In the preferred ¢adidiily diddhledted 1 GH sy e
trunki?nj cards, andsi gn;ldg ﬁarri ed by it arﬂrae ti%‘?ﬁ*ﬁ{fon rruc}ji"ﬁoq%i;ed in

order to prevent data tr iRFefsined ienRedimant Q% 4 HE™ BR% t r unki ng
card transnmits a nfranard @4 thrairnkitig lrds (s iveXlirddta Adursxidler nm ned

i vided | nto Tt SECTHAHF e, 2 Bndl 0 AR Y e € S
mlliseconds. Whewhileh @aklslanshpeapondedh g any dikare ypdate ekl no
i nbQund nessage i pTAIHo11 imddHid  donhiril i¥dd over the BSL is
directed to only half of the trunking cards (although
every poll prompts a respodié 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 formet 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 predetermined time
period (slot) assigned to it. The control channel
inbound frame is divided into fifteen equal slots
each having a duration of 1.778 milliseconds. When
the control channel trunking card determines that no
inbound message is ptesent} it transmits its poll
message (either an all poll or an update poll
message) during slot O (see FIGURE 7).

As can be seen from FICURE 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



nmessage (either an all poll or an update poll nessage) during slot O (see.
FIGURE 7). As can be seen from FI GURE 6C (a schematic diagram of an _
exemplary format for a poll response nessage), poll response nessages g@ye
relatively short in the preferred enbodinent -- including only a parity
bit, a response bit (always set for a poll response), a bit indicating
whet her the respondi ng channel is assig&nd or unassigned (this bit is sef
if the channel is assigned and in otherMse unset), and a 4 bit field

i dentifying the respondi ng channel. Downlink trunking card poll responses
are in the sane format in the preferred enbodi nent, except that the

assi gned/ unassigned bit is set if the downlink trunking card has received a
nessage fromthe console and is otherwi se unset. In the preferred

snbodinepthhthﬁdhﬂﬁ%}ﬂﬁ@%ﬂafﬁ&ipbqietﬁttrxiﬁwsmprmgtager(anpeXElearyd
ormat of which.i OowWn i nLEl 6 fles Y, . update
pol | channel s f—ef}c’?ﬁ', Jlup?a%oﬁ&%ﬁgiﬁ%}fésﬁié 2?‘%3 ‘,gégﬁﬁhéol I
channel s 1-12 EhanAneloris|asgigned emnmunassigmed (Ods Bitolis seki 46 this
o ot 2% S BT Sty s bt osp i o = S
i ndi ' i - | e
assi gnment nes%de)biq'r%&%g{]‘iwww She Q?“‘r%%_%oﬁh‘?ﬁe n update
pol I channel s Doléhliasns agrunkirsg [caxad lpalbhinnesporisd® aresinethg pamei ng
pol | responses Jn_sl.ot - | ye i N I dto
i ndi cate a pol Ifohq'utgsttsn (s]u;e% ﬁ%ﬁ%&%{%%%%%‘l %ﬁpﬁgn%ﬁg gg d
responds duri ngesignedfunssnignednbit is set if the downlink

trunking card has received a message from the console

and is otherwise unset. )

o/

In ;he pre£9rtgd émbodimen;,.the "poil type"”
field of thézpblling mesaige (an exempli;y_fqrmat of
which is shown in FIGURE 6B) specifies the type of
poll: npdate.poll chinnéls.lelzl(QSH)f update poll
channels 13-24 (3DH), all péll 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 1ndicétes that the message
contains-thg-first bytg of the channel aésignment
message). _

_ Trunkinq_cards 412(1)4412(12)_respond to an Q;J
update poll channels 1-12 message or all poll -
.channels 1-12 message by placihq_poll'tesponses in
slots 1-12 respectively folldwiné 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 ﬁhifteenth 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_me#sage'requites all trunking



sl ot- of an update poll or all poll to channels 1-12, and al so responds
during the thirteenth tinme slot of an update poll or all poll to channels
13- 24 Jrunking 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
al-l-pol |- nessage requires all trunking ~cgrds associated with channels
the all poll is directed to (as well as tHE downl i nk trunking card) to
respond so that the control channel trunking card (and worki ng channel
trunki ng cards, which generate subaudi bl e status signals) can determ ne
whi ch trunking cards are operational. Any trunking card which does not
respond to an all poll directed to it is considered to be unavail abl e by

the control changglrdd WHddtd ¥ with |cROhhe IBSERECA19I pB81acd ol O Channels
1-12 and 13-24 are. sent_by the control channgP trunklngﬁcgrd about, once

every 2 seconds. difechathit® e wakkas the dewalipk & cantnnel
trunki ng cards hae nesp o&{des‘sdl\/fﬁldt have combgell ehannelherhakingldardipdat e

poll or all poll) re es
cont r o+ channel (l‘r'?g ﬁ%ﬁ&g%c }{L hose %ﬁ’?’?ikgﬁigﬁgf h‘e'ﬁgéf‘ ?sl;‘tf?e o]
carry a differ enmsubavilidflerpeintys (signalah ahh determineawhich downl i nk

pol | message, Or ¢/riHY!carhd WE&Yp mefaﬁh.Upﬂﬁyeteahmﬁ%sw
responses i nform system 100 In fallsoft whi ch g*channel have been

dropped and are ddichdees qot saapepfiehe. 2R BH\MPP pirected o i o
speci al nessage Wy @br{ﬁcuuzrew ﬁ&mdw&vsnhbmakbygthar gohtrioaspond by
pIqELng a control chaahe Gl £¥E§r§§§ ved .iiogkagemessages'directed to
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
noncontrcl channel ttunking cards having states which
have changed since the last peoll (update poll or all
poll) to respond. The update poll messages are sent
every control channel time.slot except 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 channel assignment message). Update
poll message responses inform system 100 in
failsoft which working channels have been dropped
and are available for reassignment.

A downlink poll message is a special message
which requifes the downlink trunking card to respond
by placing a control message it has received from the
console 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 the site controller and console
102. Console 102 is used by a dispatcher to
initiate, monitor and otherwise participate in
calls. During normal operation, messages generated
by the console are cemmunicated to the downlink



console onto the BSL. When system 100 is in the nornmal node and site
controller 410 is operating normally, the downlink trunking card
comuni cat es nessages between the site controller and consol e 102. Conggl-e
102 is used by a dispatcher to initiate, nonitor and otherw se participate
‘in calls. During normal operation, nes es generated by the console are
communi cated to the downlink trunkigggxard (which in the preferred
enbodi ment is identical to the control channel and worki ng channel trunking
cards) which sinply passes the nmessages on to the ite controller (such
messages i nclude channel request nessages and the like). The site
controller perforns the tasks. requested by the consol e nessages, and then
sends responsive/confirmtion nessages back tao _the dommllqr trunk ng card

for communi cat tsunkiag Grndh (Wi iR the REgfersed e MRPIAment 118 sof ¢
node, the dOMiaahctiemklﬁaguwchams ERERHRIIC and woring hehdmhekd site

control |l er 410 and_i nstead i(ﬁl ssa s bet en the contro
channel trunki h§uBkt &%ﬁd‘t‘f@%c ngFVSB R IEL B IR Bi e .
messages SUppOtbedhﬁayﬂme:unnnrcuimmresuch1ueequqystﬂn:kndamghsnseppbdted
dui rng nor nal (st oA dd ol LR EERTI000IR o1 40\ SHOUEL

Fegdsy tessdy KEd e

trunki ng card ransterring c reguest nessages gnd unkey
messages from pegfesmeoithe Sashs gmauestagd by ther thm’éﬂe& |W53F?&JRE 6D

i's a schemati Coliad@haf Feridds @éyvé EBRIE 1irffa tA 0P W d SUgOs | BhBRE ed
channel request nessage and Fl. 6E s | ary format for a
downl i nk ori gi &8t &ec e %@‘égﬁ"#%@rd&ﬁ%‘mé'ﬁ Rng card alsg
back up to the console.
~ When system 100 4is in failsoft mode, the
downlink trunking card ceases communicating with
the failed site controller 410 and instead commmicates
nes&xﬁs hameen'uxecnntrolcdunumﬂ tnnﬂung(xud and
the BSL. In failsoft, the types of console
messages supported may be somewhat more limited than
the messages. supported duirng normal operation. 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
xemplary format for a downlink originated channel
unkey message.' The downlink trunking card ‘also
communicates messages (e.qg., unkey messages and
status information messages) -from the BSL up to
console 102. |
Hhen a downlink trunking card receives a
channel request or unkey message :rom the console
during failsoft, it waits for the next all poll or
update poll'message'to'bedgenerated by the control
channel trunking.card. and then responds to that poll
message with an indication that it has received a



comuni cat es nessages (e.g., unkey nessages and status information
messages) fromthe BSL up to console 102. Wen a downlink trunking card
receryes a channel request or unkey message fromthe consol e during
failsoft, it waits for the next all poll or update poll nessage to be
generated by the control channel trunking card, and then responds to that

poll message with an indication that it h ceived a consol e nessage.
The control channel trunking card soon thefebafter originates a downlink
pol | message -- authorizing the downlink trunking card to place the nmessage

it has received fromthe console onto the BSL (see FIGURE 8). The control
channel trunking card nonitors downlink poll responses to determ ne whet her
the console at the dispatch center has requested a channel assignnent,

since the controlcddwd @l mésyakeNd Thed cittrJENChAAReE €AMREAgSaE@NTENT
nmessage i n response to the dﬁmnllnk channel reqﬁgst QEEZﬁgi% é;snentloned
t

previ ously, acti RPBRr¥AREetfkfRcPriginates Ardrveh %R8® Their
channel s as soon sastlssrizihhgathendoWwnld nkndaunitingncardots fylate €ret rol

hannal t Ki t h d " Upe [ V]
noxt updat o pol | He4a9€ k| ARE ERERVeR Ao Rt Ceotdlfe S5f0 1A BeE,
al so nonitors t he smavFIGURBoB).r esponses to deterni ne whether or not to
drop channel (unkey) at 4hg ébﬁ@%hoen%qglﬁ CANRIRg A MERLEHEsCONL T Ol

channel trunking card generates:- console cha Q@g request messages to assign
channels, it is Rkngotiarnapopses it} detecming ighether: the
\_ corisole at the dispatch center has requested a

channel assignment, since the control channel
trunking card must qeneratema channel assignment
message in response to the downlink channel request
message. As mentioned previously, active working
channel'trunkinq cards independently drop their
channels as soon as communications have ended and
only.notify the control chaﬁnel trunking card that
they have dropped channel ubon receiving the next
update poll or all-poll message.. Each working
channel trunking card also monitors the downlink poll
responses to determine whether or not to drop channel

- (unkey) at the direction of the console. Although

\/ the control channel trunking card generates console

* channel request messages to assign channels, it is
the working channel trunking cards themselves that
release active working channels in response to
- channel unkéy messages produced by the downlink
trunking card in response to downlink polls.

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



rel ease active working channels in response to channel unkey nessages
produced by the downlink trunking card in response to downlink polls. The
downlink trunking card nonitors all traffic on the BSL. and constant| o/~
updates the console with the contents of channel assignment messages,
hrobi | € uni t ori gi nated channel request nessages, and channel
“active/inactive status. This informati f£§ used by the console to prOV|de
i ndi cati ons to consol e operators of ongoing comuni cations and to
confirmthat actions requested by the operators have been successfully
taken. FIGURE 6A is a schematic diagramof an exenplary format for a
channel assignnent nessage generated by the control channel trunking card

in response to | f 0L ate ann reguest nessage
recei ved by the%%%ﬂ réﬁ‘gggh%efgge 8af8%£a (i&? éi
ori gi nat ed chahﬂbﬁh@uﬂk&tahessay@Vplbes@<!uduesdiﬂilg/takembmnl|nk

trunking card. The cEHEGRECOANIS al BeRematicdd a %% r(r)lTehchannel

. assi gnment ness%ge to be transmtted on_the qutbou channel , and
during the san@XESRLARY FOFMAE £PFeaschannels asnisminent, message|
assi gnment rresgmmemaaﬁ&heThentbannehaﬂﬁﬂlQWi Sk typnsmi tt ed

on e UL AL E5 Y ey SHRAER N o o L ™
nobi | e units) quaeaﬁemﬁtedgmrkpngvcﬂabryelth(q Iusmmulr ahariresinel tr unki ng
card mai ntains rapedltier Fed¥iibalbe €BIRNEoRRIL %%?iqmt}é'd Yadakey this
table based UPpiquedt message plabed on the BSL by the & ~
Y e ownlink
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
units 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
responses to its polls, so that it can alvays
determine which channels are available and assign an
available working channel)

' The working channel trunking"cards all monitor
the channel assignment messages carried by the BSL,
and the trunking card associated with 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



det erm ne whi ch channel s are avail abl e and assign an avail abl e wor ki ng
channel ). The working channel trunking cards all nonitor the channel

assi gapent messages carried by the BSL, and the trunking card associ ated

wi th an affected working channel responds to the working channel assignnent
nessage by transmtting a confirmati on nessage, then listening for
handshake signalling transmtted by nobile xglts whi ch have noved to the
new y-.assi gned wor ki ng channel in respons t he channel assignment
message on the out bound control 36 channel, and then supporting
conmmuni cati ons between the nobile units now on the working channel. FI GURE
9 is a schematic diagramof the relative timng of a channel request
message, outbound control channel assignnent nessage and application of the

same channel assi @HErMeIESaAdethen! Bp, tiﬁEf@BﬁhﬁgﬁthEbﬁuRﬁeﬁéeeﬁ

channel assignment nessa e gener at ed b e contr annel trunking card

i ncl udes a pol | i ndhfytRoRtigcunits nawnegsﬁbe rey&ing chanpgldi.c aFIGURBde
OBH si nce system 293(16Uﬂpﬁéhémﬂeiﬁpaﬁhﬁ'aﬁmsia&h% Weda tiirref &uh&a&t of @

ni bbl e~ ndi cati ng ethe “Lhe ¢ assign ue:

consol e or by a nd eqﬁﬁ’%ﬁmﬁfﬁﬁﬂﬁ f?ggg,“§@€5WW& ﬂ&ﬂé #ype
field, a Ioglcallqﬁﬂﬁgmmeatl nsnagbeandfaphbicamﬂhmgcdhthe(nima nmobi | e
uni t requested theradlhel ﬁsbl%nhﬂghcﬁibﬂﬂgéf Q%@P@Sﬁ mobi | e stations

(rather than just an individ uni een called, a field
cont ai ni ng desi gnati on of Referzhnfinte BIGY a§§wgﬂe&heﬁnzé agsdgaments er 1 ed
enq\glnent) a calpeafs§g@UgehPrated by the control channel trunking

card includes a polling byte (code AAH), a message
type field (typically code 08H since system 100
supports no special messages when in failsoft), a
nibble indicating whether 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 indicating if
a group of mobile stations (rather than just an
-individual mobile unit) has been called, a field
containing designation of the channel being assigned
- (1-24 in the preferred embodiment), a called group 1D
\_/ field indicating the group or individual mobile units
v being called, a hang time field specifyinq the length
of time the working channel trunking card being
- assigned should permit the working channel to remain
assigned after communications terminates, a
standard/special bit (always indicating standard
rather than special communications during failsoft in
the preferred embodiment), a bit indicating whether
incoming meeséges should or should not be repeated
(the value of this bit depends on the type of
communication -- for example, console-to-individual
communicationS'requiggs neo repeating, but
console-to-group communications does require



field indicating the group or individual nobile units being called, a hang

time field specifying the length of tine the working channel

trunki ng card

bei ng assi gned should permt the working channel to remain assigned aftzr
comuni cations termnates, a standard/special bit (always indicating
| soft in the

_standard rather than special conmunicatigns during fai
preferred enbodinent), a bit |nd|catné;

shoul d not be repeated (the value of this bit depends on the type of

comuni cation -- for exanple, console-to-individual comrunications requires

no repeating, but consol e-to-group conmunications does

require

et her incom ng nessages shoul d “or

repeating), and a 8-bit parity field. Wen system 100 is the failsoft node,
it is acceptable for only a subset of the different types of channel

assi gnment nesgepgesting)nl hypdawas-diite parity fipld.t ed.

failsoft: individual

In the preferred
ted during

enbodi ment, three typﬁﬁef{f S@%@Q@hoﬁsi'sggai”%#ﬁ%%ﬁeiog il{;o&c]{)

ssagés (est

communi dat’i on

et ween

consol e and ana¢eeptakilel foxbiond yum; F“brﬂettetqﬁeéﬂ\et W Lifexenty fapeobi | e

units), group ggl éhasﬁaqgs%aa@m% He'saG

group), and e Pgé“E?"ﬁE!gageg”( ithenpreferxsd embpdipent,, thuas,
except that theypeskbagchhamm a¥ignineit ineswageyladle dupgdted 0-13 are

Cards. of & ne pPUF PR, A=t ABRRE e ViRl T P il

q,by t he trunking

soft node.

operation of SYQseabloehdng communication between console and an
individual mobile unlt.or_between_two individual
moblle units), group call meeeaqes (establishing
_communications between tﬁe console and a group of

mobile units or between_ell mobile units within a

group), and emergency messages (identical to

14Oy NI €d1e
consol e and a group of l'e’units or between all mobile units within a

nmessages

The

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.

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
(decleion block 602). 1In the preferred embodiment,
all trunking cards are identical in order to promote

interchangeability (and to provide other advantages

as well). In the preferred embodiment, each trunking

card includes an on-board manually-operated three
" position switch which is used to instruct the

;J



failsoft node wll now be described in connection with these flowcharts.
FIGURE 10 is a flowhart of exenplary programcontrol steps perfornmed by
each .twunki ng card to determ ne whether system 100 is operating in the
normal node or in the failsoft node. Each trunking card first determ nes
what function it is performing by testing the state of an on-board switch
(deci siorn block 602). In the preferred epbodinent, all trunking cards are
identical in order to pronote interchangéaﬁglity (and to provide other
advant dges as well). In the preferred enbodi nent, each trunking card

I ncl udes an on-board manual | y-operated three position switch which is used
to instruct the trunking card whether it is associated with the control
channel, the working channel or the downlink. Decision block 602 sinply
determ nes the position of this switch in the preferred enbodinent. If
desired, a softwartrunkinaicaxd iwhether it s ;sspciatedwhthathee

substituted for the @Rl dNamel At et Wididhg XKhiie) CORt €Res Of the
regi ster can be changed under_software contro ggﬁsndlqgeggon vari ous
r i

condi t%6ns so t hatdg{iHR¥ens RAci el ibie ERingethe
automatically wt lppsitiveronthds byitchurmtieghre ferred Témbodinent.

channel trunking d,is, the ope | 0 referred

enbodi ment that c iqﬁﬂéﬁi' apcﬁg%‘g%%/%r'a%&?{?e&?%i ?é%#?eﬁgdgi. The control
channel trunking cetraragetkockiorrcamdersurstituted ctorrtheer 410 is
operating correct lppfifa 0 y-dPe Pt Ed bl €h MERdI SEné OEnELOREBCHE ¥ReSi L e

conkipller responses_expected by the control  channel
. register can be changed under software control

depending 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 trunking card tests whether the
primary site controller 410 is operating correctly
(e.g., by determining whether four consecutive site
controller responses expected by the control channel
trunking card over its dedicated RS-232 parallel
communication line are "bad® -- that is, not present
or unintelligible) (decision block 604). If the
control channel trunking card determines primary site
controller 410 is operating correctly, it continues
to apply pulses of normal duration (about 833
microseconds long) to frame sync control line 520
(block 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 parallel site controller 410 and to
perform functions it is directed to perform by the
primaty site controller via control signals passed to
it over its associated RS-232 port (block 608). On



trunking card over its dedicated RS-232 parallel comunication |ine are
"bad" -- that is, not present or unintelligible) (decision block 604). If
the control channel trunking card determines prinmary site controller 410" is
operating correctly, it continues to apply pulses of normal duration (about
833-n1croseconds Iong) to franme sync.cqntrol line 520 (block 606), and _ -
. executes a "normal" node control ch software routine (whi ch, anong

at her things, directs the control channel trunking card to pass all -
nmessages it receives fromits associated repeater receiver on to parallel
site controller 410 and to performfunctions it is directed to perform by
the primary site controller via control signals passed to it over its
associ ated RS-232 port (bl ock 608). on the other hand, if decision block
604 det er mi nahd lvtthdhchgrid i § detbsiont bbbk 604 deiteapeirads nghat operly,

h I |4 £ unki I .g., 3
535 m cr osSnag ity 40e RbArPRRLER TR RACBAIAR T 0T afi %o
the other tr@raper s dehe heontyel echanoels trunking iraridbegins node -- and
begi ns executﬁﬁ%%éf ‘Lﬁp&t,ﬁ%t?@igegoyy ge WA o @413 Imite Sl scoisesd 1w

greater detai y 1n cohnection w{ RE 11- (bl ock 610, 612)
Vor ki ng chand@ngk Ml?ﬂ‘%a:f‘%@'&?grﬁfnshﬁﬁeh?e Andicating*q A} the

failsoft ”Dd%ﬁ))ﬂ{d%&‘dwt‘bﬁuﬁldiﬁﬁl esras ethat pystem Q00 ILamdweimver sync
e 920 (e Yl ke Shdle 0 KhATHRRERNS BP0 Shcolt
failsoft nmodefailllemtid 46 twane ennt&ne vhicbomill be discussed

in qreater detail ehortly in connection with FIGURE

11 (block 610, 612) .

Workinq channel trunkinq cards determine

whether system 100 is in the faileoft mode by

testinq the duration of sync pulses they receive over

sync line 520 (decision block 614) Working channel

trunkinq cards execute normal" uorking channel

eoftwate routinea when system 100 is not in

£ailso£t mode (block 616), and execute failsoft

working channel software routines when the system is

in the failsoft mode (block'61§) ' Similarly; the

downlink trunking card tests the duration of the

pulses on sync line 520 to determine whether system W/

100 is in the failsoft mode (decision block 620), "

executes normal” downlink software routines when

\o/

the eystem is operatinq 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 preferted embodiment, memory 504 of
each trunking card stores a copy of the normal and
failsoft control channel software routines, normal

- and failsoft workinq”channel software routines, and
normal and failsoft downiink sottuare routines
(even though only. the one control channel trunking



wor ki ng channel software routines when the systemis in the failsoft node
(Rl ock 618). Simlarly, the downlink trunking card tests the duration of

t he pulLges on sync line 520 to determ ne whether system 100 is in the

fail soft mbde (decision block 620), executes "normal" downlink’software
routines” when the systemis operating in the "normal" node (block 622), and
executes failsoft downlink software routiTes when the systemis operating
in the failsoft node (block 624). In the preferred enbodi nent, nmenory 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

only the one cont C I 'guﬁ- I t ont r ol
channel routines gﬁg%ﬁ%&“ﬁ%&%%i&:? r%?ﬁ%&%g?ggéQgéﬁt%gsqﬁ%tgﬁ%m I nk
routines). FlGUREaRd psly thendewm Saunpking eavdr executieo| eps
i ncluded in the fabWwhlBhkC¢utdingdyinnel software routine of FI GURE 10

contr o channel 1 rans. ((ETCURE, TH G, BAIOwch Tk, f xRARAAEH BHASLAT ng
being controll ed bgntrodnetepsoizic iuiédaire the hbaidebetosontirailor or tiner
begi nni ng of i he SAsps, BSEEUAEd Foutiiy e EHURETI0T 10 82, T e
channel trunking eanptrad: channed firunking icaxd reaiitseforo thenbeginndng
channel assi gnmengeNRSgaatriol W e C(WEEEE16AIBES LK TBIDITE -
recei ved during .
" control channel frame timing being controlled by a
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
message on the outbound control channel, and also
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 channel assignment message, the
control channel trunking card simply waits for the
start of the next control channel slot -- since the
current slot is nearly over by the time the channel
assignment message terminates (in the preferred
embodiment, a three-slot delay is introduced
between receipt of a channel request message and
transmission of a channel assignment message to give



the last slot (decision block 632). If a channel assignnment nessage is to-
be generated, the control channel trunking card controls its associ ated
repeater transmtter to transmt the assignnent nessage on the outboundy -
control channel, and al so applies the channel assignnent nessage to the BSL
*(bl o¢k 634; see FI GURES 6A and 9). Thq*gontrol channel trunking card then

t ests whet her an incom ng nessage i s being received (decision block 636).
After transmtting a channel assignnment nmessage, the control channel
trunking card sinply waits for the start of the next control channel sl ot
-- since the current slot is nearly over by the tinme the channel assignnent
nessage termnates (in the preferred enbodi nent, a three slot delay is

i nt roduced bet necel t ch | L€ lﬂﬂg transn155|on of
a channel assfgﬁ ms@a%’g&tger élie]JRS %’ gggg%e con qﬁ er e[l me to process
t he channel m&st —-arahd tkishthreerslolictg) ay %qum the fail

soft node to a&?&ﬁwemnstmelmaa)tol %rase%u@ aqmmrﬁlmrmﬂsage is
coming in froma nobile unit (de ock 636 3?8) t he cont ch&gnel

trunking card recei v (&M ﬁBﬂF oRegsage 48 ifaning An
det erm nes wheai Imbillte it ctmkiaasbgoaknsasr e@IE), rotss agntixteli si on

bl ock I I

Tessages are AhRSE i Eng ERER ERefiERe R RIS SRANIBT [ SO
nmode -- all ouhamaquﬂhibqkwﬁ4@) ahdndetenmsaggeyhaahg;|&ﬁuﬁtxh If there
I's no incom nErOHd 10 add iiifenEPEeGEE s t! REsEAYe aedIUNH Bradii ng card

tests
642). Only individual, group or emergency channel ‘\J

assignment request messages are handled by the
control channel trunking card during failsoft mode
-= all other inbound: control channel messages being
ignored. . _ .

If there is no incoming control channel
message, -the control channeﬂ'tfunkihg card tests
whether the downlink trunking card has a console
message to place on:the BsLT(by's1mp1y 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 trunking
card generates a downlink poll (block 646; see .
FIGURES 6B and 8), receives the message placed on the -/
BSL by the downlink trunking channel in response
to the downlink poll (block 646) and then
determines whether the console message is a channel
assignment request'(decision block 642) (the control
channel trunking card ignoring console unkey
messages).

If either the console or a mobile unit has
requested a channel assignment (tested for by
decision block 642), the control channel trunking
card determines whether a channel is available for
assignment by testing a channel assignment table it



whet her the downlink trunking card has a consol e nessage to place on the
BSL (by. sinply testing the |last poll reponse) (decision block 644). If the
downl j\ak trunking card does have a consol e nessage to place on the BSL, the
contiol channel trunking cared generates a downlink poll (block 646; see
FIGJRES 6B and 8), receives the nessage Rk%ﬁ?d on the BSL by the downlink

t runki ng channel in response to the downl* poll (block 646) and then
determ nes whet her the consol e nmessage i s a channel assignnent request

(deci sion bl ock 642) (the control channel trunking card ignoring console
unkey nmessages). If either the console or a nobile unit has requested a
channel assignnent (tested for by decision block 642). the control channel

testing a channel SXEem HARRARCH Es| pemory, 54 NG, APROLABIT BPHaEER any
constantly updat ewith ipgidl | réspenaessdaningothécfaiilsodtt modde(aadd with

h | all ' leBf ' | | ' 4
e dedi cat od Rso9 Pata oL, SLENEAE phCLb ot RLLR PRBMASHTCIE BV o

trunki‘rg card al r sd®e icentxeller él&tQseﬁnﬁt%H@ﬁﬂéF!&PﬁoB&??an i nf ormation

stored within it pariala Vel gril pRENCAUE Png A& OChbriNalCmbaeNBsCERALY) - | f
a channel is not avail able (decisi nfglocé an in nal flag is set so

648) , er
that the channel 8& FREHting Cay reg §eﬂ%¥af%ﬂt59 bBSAEUE3ANG i ng t he
next control changhlaniel allécattionainformatsonhabtoekedf wekhinstee EhGURE

6A)_that all Chan@ﬂéséyé%én§W3£g£83§t6§9)faiis@fehﬁgggl1LS

~ neéessa:y). If a channel is not available (decision
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 assignment, the control channel
trunking card stores the channel assignment in an
internal buffer it uses to construct the channel
assiqnmént message shown in FIGURE 6A (block 652) in
preparation for transmitting the channel assignment
message during the next control channel slot (block

W _ 6}&). Control then returns to decision block 630 to

- wait for the next control channel slot. *

| If 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 determines whether it is time for an:
all-poll message to be generated (block 654) (e.g.,
by teéting the value of an internal timer to see
whether two seconds or so has passed since the last
all-poll message was generated). If it is time for
an all-poll message, the control channel trunking



avai | abl e for assignnent, the control channel trunking card stores the
channel assignnment in an internal buffer it uses to construct the channel
assi gnnent message shown in Fl GURE 6A (block 652) in preparation for \J°
transmtting the channel assignment nessage during the next control channel
“slot (block 634). Control then return deci sion block 630 to wait for, -«
the next control channel slot. If no outgoing channel assignnment nessage
needs to be generated during the current control channel slot, there is no
i ncom ng control channel nessage, and the downlink trunking card has not
recei ved a consol e nessage, the control channel trunking card determ nes
whether it is tinme for an all-poll nessage to be generated (bl ock 654)
(e.g., by testing applisisuanoaldrpallemessager(tooeitberhthecdowno seconds
or so has pad?f Pﬁcghggger@y:éylﬁﬂgﬂéﬁﬂma Pge MQSGQG”QBGkGdkor|f it is

time for an messa t he contro anne trun I ng card applies
an all -pol | ntebsagesppasa thenallnptl frepsagennanrd) updates B (bl ock

656), | ooks fOInLhGMWHMQ gt rdd mltheeecsageolaauauadat es an -

i n-service" abl tored jn the c an n rd Tenor S84
V\:;‘ll C?\ i \s/I used ﬁﬁaﬂc% e&?r%%g g}é gﬁe?'gf Elgl gaﬁg #ech c%annel s
are not in sewhich thannel@-are Tperationsl candnwhichuchangedar areonsi der s
al | trunklngﬁéﬁé 8wge§Qf@Q Q%ﬁdéﬁ”&gﬁbt(’fﬂeaéhnﬂgbh CRanAgsg to be

non- operatio 0€és not "attenpt to assign:their associated channels as
wor ki ng chanﬁ%t@nkﬂbﬂbﬁeﬁd|qpﬂ§#4ﬁﬁﬂ<#ﬁ}cﬁﬁﬂpuﬁpﬂhcﬂFévlUbéF? A9 s to

respond to anpgt! rBben@%%a% hﬂgl-rtfoDIIQﬁeﬁﬂiqa to be W
non-operational and doea not attempt to aseign '
their associated channels as working channels.

However, it a trunking card which previously fails to

respond to an all-poll message begins once again
responding to_such messages, the control channel
trunking card updates its in-eervice-table.to
indicate that the channel essocieted with it is once
again operational.

I1f decision block 654 determines that it is’
not yet time for an all-poll message, the control
channel trunking card generates an update poll
message to either the low or the high channels (in
the preferred embodiment, update poll messages are c M/
alternately generated to the low and high channels)
(block 660),'decodee any :esponses'to the update poll
message, and updatea its qhapﬁel asaignﬁent table
(stored in its memory 504) to reflect the current
status of any chehnele whieh have been'aseigned or
released since the last all poll or update poll
message was generated (block 662).

FIGURE 12 is a flowchart of exemplaty program
control ateps performed by working channel trunking
cards when syetem 100 is operating in the failsoft
mode (block 618, FIGURE 10). The working channel



respondi ng to such nmessages, the control channel trunking card updates its
I n=service table to indicate that the channel associated with it is once
againﬁéﬁératronal. | f decision block 654 determines that it is not yet tine
for an all-poll nessage, the control channel trunking card generates an
upflat e pol |l message to either the | ow or qhe hi gh channels (in the
preferred enbodi nent, update poll nessages éfé alternately generated to the
| ow ahd hi gh channels) (bl ock 660), decodes any responses to the update
pol | nessage, and updates its channel assignment table (stored in its
menory 504) to reflect the current status of any channels which have been
assigned or released since the last all poll or update poll nessage was

generated (bl ock GEAINkIhGRRrd? wial tas ffow\Citee nedit axpii®| pPpilseroqr sghe

control steps perf | h t n s{em 100
IS operating in thi;{#%d?ga \tAQFr?th)dgg'(‘b %8{ L{E&Gﬁfﬁd?és g wcéz)gr‘k

channel t r unki RSl atblogkss 6772, tﬁ?é.neﬁ&ﬁbyndﬁommeablrsqh& meaeaseo,
and thep | ooks forgg ,ppébeﬂesswa %xtm& &waﬁinémuém) IT an

al | - pol™ nmessage i resg t he wor ki ng nnel trunking card geternlnes
age e

whet her the ali-p V?ﬁﬁhﬁﬁnﬁﬁft!} Tpﬁﬁ}gfes?? ndizegkeds
directed to channed:s 16-¢é.g0¢ 21 fvthe rig;awmella idiéc t@d cd dchénnels

(doci s on block 67e-2% #ad b pREKAAY cHahel St o Mot or ki ng
channel trunking messo¢tatedewisd qitmnaiklhg ithaveed notinkeapgondrtio
responds to the polje (R19CK0880es¥iye (decision block 678). If an
ill-poll message directed to the working channel
trunking card is received, the working channel
trunking card responds to the poll (block 680). And
at the same time, the Qorkinq channel trunking card
analyzes responses generated by other trunking cards
and updates an internal “1n-service channel status
table accordingly (block 682) In the prefetred
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 transmitted over the active
working channels along with other information so as
to update mobile units active on the working channel °*
of current system status. Hence, in the preferred
embodiment, all trunking cards (not just the control
channel trunking card) maintains an in-service
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 since 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



at the same tinme, the working channel trunking card anal yzes responses

generated by other trunking cards and updates an internal "in-service" _ .

channel status table accordingly (block 682). 1In the preferred enbodigent,
.systemstatus information (e.g., whether the systemis in normal or :

fail soft node, which channels are ass&@nad, and whi ch channels are in s

service) is continuously transnitted over the active working channel s al ong
with other information so as to update nobile units active on the working
channel of current system status. Hence, in the preferred enbodi nent, al
trunking cards (not just the control channel trunking card) naintains an

I n-service table and a_chapne|l assi.gn t table. If the working channel
t runki ng carcl%Eﬁ%ﬁﬁiﬂgs(§E°ﬁ Gaggqbogﬁ ssage has been generated by the

control channel trunkiggther dopltiredk chafneli ttmagpinylcard thes updat e pol |
Teasage direcretriseredch AORRIINC LA HaRdaUY, i ¥depide Ha D 0C)
the channel bantquired by theemexkismg channed dgmnigdawy cand. gincmtrol
channel trunki gige Cab@nD2AKILEANKIRY Tad@Vilg %@fammm{m respore# is
required by the working. channel trunkiy rqd; since t downl i nk trunking
card is the orﬁ&‘@rﬂh&ghgt83pﬂm-3ﬁ? Mtﬂ? il itRYRTs. however,
the downlink tewekdegnianit raynkdngpeiaticdigay tanspplyanerati ng unkey
ressage [nsly SCbhpm BTN WIS pibolol SINHRsdeaid 1oLy, o)
downl i nk respond;kﬁnghchannel to drop channel. Accordingly, all QJ

working channel trunking cards monitor downlink

poll responses, and if the_dowﬁlink responds with a

message instructing the-ﬁork;ng éhannel_trﬁnkinq card

to drop its channel, the Qotkingichanﬁel'trﬁﬁking

card controls its rgpeatet ttqnsmitﬁé: to tidnsmit a

dotting string and then stqp_trqnahitting iifogether

(decision block 688, block 690). -

Finally, if the control channel trunking card

has generated a channel ﬁssiqnment nepgage gdrinq the

current_control_chgnqel slot (as tested for by

decision block 692), the_working'chﬁnnél trunking

card controls its aasociatgd repeater transmitter to

begin transmitting if the channel assignment message g;;

selects the working chﬁnnel trunking card {block .

694), stores the logical identification of the caller

in its memory 504 (block 696), and contihues to

supervise the operafions of-the_aséociated working

channel repeate;_trgnsmittef'and receiver for the

duration of the call. The working channel trunking

card updates its channel status table after all

~ operations it performs, and thqnﬁﬁaituhfor'the
beqinninqﬂof the next control_qhanngl.slpt {blocks
698, 682, 670). | |
FIGURE 13 is~a flovwchart of exemplary program



message instructing the working channel trunking card to drop its channel,
t he worki ng channel trunking card controls its repeater transmtter to
transmi-t a dotting string and then stop transmtting altogether (decision
bl ock 688, block 690). Finally, if the control channel trunking card has
generat ed a channel assignment nmessage durj the current control channel
slot (as tested for by decision block 692),™the working channel trunking
card controls its associated repeater transmtter to begin transmtting if
t he channel assignnment nessage sel ects the working channel trunking card
(block 694), stores the logical identification of the caller in its nmenory
504 (bl ock 696), and continues to supervise t he operations of the

associ at ed wor ki ng hannel eater, tr tt n re ver fo
duration of the caF Rﬁiﬂ%ﬁ ?Yﬁﬁﬂqﬁ}‘aﬂ? ’Eé"f
channel st atus tablsqsa:fwerloﬂ |1 =0 dax etai:hmit e o sese B!GJRBretONval ts for

Lhe begi mni ng of 1 b cBRleeY)! " O AREL 1ok EreBlR - B3P w s

FIGURE 13 is a flomcha ary pr-ogram s perforned by t he
downl itk trunking G&redhﬂlvéﬂ'ﬂw af 1, inext ‘?%ﬂ‘éﬁb‘f ichanne ) ot | GURE 10,

bl 0§k |624¥]- Thr: dlo t'eUl'ﬁiU&'Hicfj?ﬂ‘iU wadx_t& imrn t&&éﬁmm %éﬁhétilwt )rit
control channel slo si.on 0C en er nj nes e e
control channel t rﬁﬁﬁ('ﬁ‘ Stm% p'fﬂt’gﬁg%ﬁr I]chﬁ P eg] o‘ﬁbe ‘Iélr*
nmessage on the BSLo@dm sipgate quksl heissa@s)on [the BSL | (duﬂsﬂ;mr S

gener at ed by the cQ 'lto”i{ Ghﬁ%ne}qé,runkifg.%ﬁ AJ]&&’&’M& %ﬁém&%fard

no ors the responses
“L/ the control channel trunkinq card, the downlink

trunking card monitors the responses to the poll
message generated by the various wbrkinq channels,
and informs the console of all status changes (e.g.,
working channels that were assigned but have now been
released). In the preferred embodiment, the
downlink trunking card main;ains a first in first
out queue in its memory 504 so that several messages
intended for the consocle can be temporarily stored
until the console has a chance to receive and anal&ze
the messages (block 708).

o The downlink trunking card also maintains an

U inbound queue containing channel request and unkey

- messages generated by the conaole. If there is a
console message in the inbound queue (as tested for
by decision block 710), the downlink trunking card
responds to the control channel trunking card poll
messade (regardless of whether the poll message is an
all poll or an update poll message 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 6C). In the case of an all-poll message, the
downlink trunking card responds indicating that it
is opefational (decision block 714, block 716) even



nessage generated by the various working channels, and infornms the consol e,
of all status changes (e.g., working channels that were assigned but have

now been released). In the preferred enmbodi ment, the downlink trunking ggrd ~

‘mai nttains a first in first out queue in i menory 504 so that several
nmessages i ntended for the consol e can teénporarily stored until the
consol e has a chance to receive and anal'yze the nessages (block 708). The~
downl i nk trunking card al so mai ntai ns an i nbound queue cont ai ni ng channel
request and unkey nessages generated by the console. If there is a console
message in the inbound queue (as tested for by deci sion block 710), the

downl i nk trunki a responds to t e con e ard pol
nmessage (regar d‘lr%séh% °w§§t her %Pﬁxes";}ml I }, ??gnbéhcg%l‘{}g ';h %n updat e
pol | nmessage am®@BLiegardl ess of which bank of channels t he poII message is
directed to) wth an-i t e JBSP

pl aced on the BSL (blogg g%% 93&?%%%;%&?{&5? f%ﬁﬁﬁgﬂgage fﬂﬁhé{# poII
message, the dAwAeYRIipknRPAd Bessace fsiesisien RIPRY tH@c’ 4 tthe

operational (defdwnDink! eetinkifg Rlatek eCldns eves 1nbbf.mHh%ﬁ\JeS w consde

nmessage to be %ﬂced n. thﬁsg-g £ the control )a’mnel trunki ng card
generates a do b e d &ge there Axs apYMnkeY) messagqes | i nk

trunking card museatshbaboqnquemdaw davecaZhsgher Preicrite any
" channel - asel gnratte renhBBET, E31SheenY HERCEY Spf 2358, AsHS bl ock
720). " If a preferred embodiment) (block 720). If a
console-oriqxnated unkey message is stored in the
queue, the downlink trunkinq card generates a
channel unkey message and applies 1t to the BSL
(see FIGURE. 65) (block 722) If a channel ‘assignment
request meeeaqe oriqinated by the coneole is stored
in the queue, the downlink trunkinq card generates
a dovnlink channel requeet message (see FIGURE 6D)
end nppliee this meesaqe 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_trunkiﬁq"c;rd monitors the channel
assignment request meseage_end-communicatee its AN
contents to the console via the downlink queue, and
also stores the loqicel ID"oflthezeellea'individual
or group (block 728). |
FIGURES 14-16 lre t1mzng diaqrams of exemplary
signals transmitted and received by eystem 100 during
operation of the system in the feileoft mode.
‘These signalling sequences and timings are basically
: 1deﬁtice1 to those generated by the system during
normal operation (as déécribed in copeﬁding application
number 8813168 (2206018).
entitled, "Trunked Radio Repeater SYStem")

o



consol e-ori gi nated unkey nessage is stored in the queue, the downlink
trunki ng card generates a channel unkey nessage and applies it to the BSL
(see”KLGURE 6E) (block 722). If a channel assignnent request nessage
originated by the console is stored in the queue, the downlink.trunking
card_generates a downlink channel request nessage (see FI GURE 6D) and
applies this nessage to the BSL (bl ock 724) g1 f the control channel
trunki ng card has generated a channel assi nt nmessage rather than a pol
nmessage (as tested for by decision block 726), the downlink trunking card
nonitors the channel assignnent request nessage and communicates its
contents to the console via the downlink queue, and also stores the |ogical
I D of the called individual or group (block 728). FIGURES 14-16 are timng
di agranms of exenplary signals transmtted and received by system 100 during

operation of the 141, t fall spft, nmode. . Jhese, signalling sequences

alrcl)d timngs are bgjsl%egql)}%'dg"n ellgsalo 0 %d%%‘bbbﬁe‘f'é{‘éﬂ ‘59“‘?‘“39§9§39ﬁ during
nornag&gperation (gt eyatieme d Q0 diggreth mp apbf ferenca tnnthe 8?13168
2206 , entitl Y ]Fﬁgggt ' _ ner users
E)f t he rri)bi l e uni ??ecrgmrﬁ(?gt :Eﬁfgu \?ﬁ sys?%?n%%%%’g%%na% gl‘?#’éﬁgﬁce I n

t he operation of meﬂstéﬂ%&?ﬁﬁmlfw*%ﬂw sere noticsuppprted|

cal ling functions far aheotfadlmpdt abde (e & dpéefal "BEL1 Peqaespeci al call

e Jonct s giAehAER 1S, Weattld 5 U e g b, B S
U aupaudible status information constantly being
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
, transmitter to transmit a continuous stream of
control messages which all inactive mobiles monitor
and receive. Dufing this time, if no incoming
control channel radio messages are detected by the
control channel trunking card during a control frame,
the control channel trunking card polls the working
and downlink trunking cards via the BSL beginning
'apptoximatély 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 trunkinq card to keep track of the



wor ki ng channel s referably includes a bit indicating that system 100 is in
failsoft so that users do not initiate special calls during failsoft
operation (or the nobile units may thensel ves have intelligence which -
inhibits all but individual, group and energency calls frombeing initiated
when the systemis in the failsoft node)~, FI GURE 14 shows the signals )
) generated by system 100 during the fa|+sp}t node of operation when the
nobile unit originates a call to another individual nobile unit. At A the
control channel trunking card controls its associated repeater transmtter
to transmt a continuous stream of control nessages which all inactive
nobi |l es nonitor and receive. During this tinme, if no incom ng control
channel radi o nessages are detected by the control channel trunking card-
during a contnctiwdameoﬁﬂthexyuninuaﬂﬁhﬁnmelsuanﬂngheangepotbs t he worki ng
and downlink { Vi P5e4NbYY p ly 20
mlliseconds a]pt er clt‘:ﬁ&E{aég:}slr?mnﬁegg%%?escont‘rgotl’pcﬁggnglg&?rqg#g Up to twel ve
wor ki ng chann&runkimg hannek: and the downlink trunking card respond with
st at ES }nf ﬁr mat i on, dd ®Yy ][igntdmmrﬁ:wt thatnelisheenktongriginate klelep\i
track of the Vit t vario a col | ect
consol e messa &‘#retd*ﬁ} t@%oﬁﬁ?ﬁiﬁguﬁﬁ hé’gﬁg“%&% Qiﬁﬁgt'%a nobi | e
unit that wi shmstaaya)rarglm eantrollichannel cinl synghsondsmawi&bsi gnnent
request nessa oqiggng§1 {%Fi d ISMQEEEQQhS”‘&hkh the received

| VI

control channel nessages. assi gnnent uest nessage
i ndi cat es individual call assiqnment requeat messaqe 1n icates QJ

the logical ID of the called and calling mobile
units, along with other information. During normal

operation of system 100, the control channel trunking
card merely passes this request message up to the
primary site controller 410. However, during
failsoft operation, the control channel trunking
card itself responds with a channel assignment
two-message pair transmitted on the outbound

control channel at C, and also sends a channel
assignment message to the working_channel.trunking.
cards and the downlink trunking card over the

BSL. .
L The selected working channel trunking card U
- processes the new call beginning at D by transmitting * .

the confirmation message. The 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,eand-transmits 384 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

L3



the logical ID of the called and calling nobile units, along with other

I nfformati on. During normal operation of system 100, the control channel
trunki g card merely passes this request message up to the prinary site
controll er 410. However, during failsoft operation, the control channel
trunki-ng® card itself responds with a channgl .assi gnment two-nessage pair
transmtted on the outbound control channeL)G& C. and al so sends a channel
assi ghnent nessage to the working channel trunking cards and the downlink
trunking card over the BSL. The sel ected worki ng channel trunking card
processes the new call beginning at D by transmtting the confirmation
nmessage. The originating nobil e (which has by this tinme noved to the

wor ki ng channel fERgHRRTY erleOMYIFed P it CHANELr ASRARRRRN! MESSagE

transnmitted on thé outbound control chann recel ves a confirmation
nessage transnitt8gsigmmept,Sables takrfleck the nevwi¢hangelyi s of

dotting and then gggigniedit)niai@ aihis uﬁsdaft.ed hn #@¥Fdk eos hasnel trunking
card recei ves the dottigg transmttlijr#% e no%e and tra? mF.

uni t-k&y/ unmut e nEE8RBALted oyan A i 1% REt8 #Ps audio.
Meanwhi I e, all wosubagdiblehmensages ikt 1G. carts dmlmkhtmnkﬂiaqnel

assi gnnent tabl es r I | iy p ed
information is trgkgﬁt?£§§g$g%h aC|\M3vwﬂE|Hg ﬂanne?ﬂQH ssgggd?§F
nessages at C. ThBSHo®APPak and, dn&Rrmesthe é?%‘iﬂ)%%‘ t9€ thensBrnaedi gnnent

message over the Bgkighmentand infornms the console of the channel
-~ ) 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 transmitter to
transmit 896 to 2816 bits of dotting, thereby |
dropping all mobile units from the channel. At this
point in time, the working ghannel trunking card has
autonomously released the working channel. The
working channel trunking card responds to the next
control channel polling message with its unassigned
status, and the control channel trunking card (as

N well as all of the other working channel trunking

L cards) updates its channel assignment table to

v 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 console to indicate that the
conversation has been discontinued.

FIGURE 15 is a schematic diagram of exemplary
signal timing of signals occurring in response to
origination by the console of a call to an individual
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 radf{o messages are detected by the



assignment. At 1, the transmtting nobile unkeys and sends a non-slotted -
unkey nmessage to the working channel receiver. In response, the working
channel trunking card controls its associated transmtter to transmt Q96
to 2816 bits of dotting, thereby dropping all mobile units fromthe ;
. chammel . At this point in tine, the 1ng channel trunking card has - "
aut ononously rel eased the working chanfel’. The wor ki ng channel trunking

card responds to the next control channel polling nmessage with its -
unassi gned status, and the control channel trunking card (as well as all of
t he ot her working channel trunking cards) updates its channel assignnent
table to reflect the release of this working channel. The domnlink t runki ng

card moni tors Jdige 40 KREnGRIN ekt A LA Udnt £5P Whignngd Sends an

unkey nessage to t console to in t hat the conversa as been

di sconti nued. MFE\QWFE'daP?éHGmS-hec%Mgr anunking rﬁﬂ%ﬂy s@halb. timng

of signals occwélé&;sméeamenaagt Qoow:glgaaiam &Y ifeienael ecpira call to
an i ndi vidual nobile, un Qtrol channel tr€$s€$ts a conti nuous
n

stream of contGUIYRLCA 8§ %ﬁléﬁdé dual.cald mefea9e ®ceive, anWf
no i ncom ng cddwmliulnahmhkiaél cardssafuring tied asdrmabyméde of control

channel . trunkl%&c@?tgg Q g.l lggan%le H&mj‘(iﬂg‘ %l?ﬁll% cip ot her

trunking cards he co wi sfiing to origrnate an 1 ndiVi uaI cal
conmuni cat es atPukdii simply P&PIB dgadadiyidualissmll messageion tard.

During the noig@imdPgcs PteOBBhtroled 4205 fHP HibpdPhaanidgk trunking
card However, in the failsoft mode of operation, the \J
downlink trunking card responds to the next poll
generated by the cdntro; channel. trunking card with a
poll response indicating the need for a downlink
poll. The control channel trunking card then.
generates a downlink poll, and the downlink
trunking card sends a call frequest message to the
control channel trunking card over the BSL. At C,
the control channel trunking card generates a channel
aesignment-message,-transmitq this message on the °
outbound control channel, and also applies the
message to the BSL to control the assigned working
channel ttunking card to begin handling the new
call. ‘The selected working channel trunking card .
activates its associated transmitter, all other
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 chanhel at D.

=4

When the conversation has_tefminated. console sends
an unkey message to the downlink trunking card at



woul d sinmply pass this individual call nessage on to primary site
cantroller 410 for proper handling. However, in the failsoft node of

oper at\on, the downlink trunking card responds to the next poll generated
by the control channel trunking card with a poII response indicating the
need for-a downlink poll. The control chanpelNtrunking card then generates
a downlink poll, and the downlink trunking @479 sends a call request
nessage to the control channel trunking card over the BSL. At C, the
control channel trunking card generates a channel assignnent nessage,
transmts this nessage on the outbound control channel, and al so applies
the nmessage to the BSL to control the assigned working channel trunking
card to begin hand |ng the new call. The sel ected working channel trunking

card activates its associated transmtter, all other working channel
trunking cards update theln TasRABBeasS Jhfemextyqont (ﬁ’gﬁ aly and t he

downl i nk trunking éfﬁﬁklﬁéoéﬁdtbenQWde gd1al, amhatswalliatsi gnment has
been nmade. In response 0 rec ound caontr ol

assi giwent nmessagetTRRE Eﬁl Féﬂdnéﬂa"g L&W éi {]o't%e&%qgned wor ki ng
channel and recei vpelz, cohlchnthaonon&@ge:!unnﬁe tounking axdhel at D.
When the conver sat ﬁggégﬁil&e&?}lggﬁ%@s QAN 1R Otg‘ke)f[ A'Gesthdd the

downl i nk trunking C sponse to the next c rol channe
trunki ng card- genetat shepdpwnlink poddi- he dawaldfk SPPHREHRL t he need

for a downlink pol hpp¥bshthEcconsold wHitey alessayeity s BSYpi cal |y
gengrates al nost Inn?ghaael%onk@oggﬂmﬂ¥“;ll working channels trunking
cards -- including the working channel trunking card
handling 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 with its unassigned status.
The downlink trunking card decodes the poll
response message, and sends a message to the console
confirming that the working channel has been dropped.
Group calls originated by mobile units and the
. console cause system 100 to generate signalling which
W R .
"~ is essentially identical to that shown in FIGURES 14
and 15, the principal difference being 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 confirmation message. The
control channel trunking card maintains within its
memory 504 a list of individuals and groups of mobile
‘units that have already been assigned to a channel,
and responds to a mobile 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 mobile unit



to the downlink poll, the downlink trunking card applies the consol e unkey
nessage to the BSL, which is nonitored by all working channels trunking.
cards -- including the working channel trunking card handling the workiJig
.chanpel to be dropped. At J, the workigg,channel trunking card transmts
896 to 2816 bits of dotting to drop al® ~flobile units fromthe channel. Ip -
response to the next control channel trunking card polling nessage, the
wor ki ng channel trunking card responds with its unassigned status. The
downl i nk trunking card decodes the poll response nessage, and sends a
nmessage to the console confirmng that the working channel has been

dropped. Goup calls originated by nobile units and the consol e cause
system 100 t o tenkeimectheggabupngontieckatsons adrieadly wdainiingalon 0 t hat

shown iR H‘3J¥§%14c€§¢e15orkﬁﬁgpéhﬂﬁh3 | difference being that all nobile
units of a call group_rather _than an 1 ndividual nobile unit swtch to the

assi gned wor ki ng chanfhtPURE Bbahg mceshemasicoddagram of exespdaryThe

control channadigmanking 66éd_rﬂ‘lih&t_éh9§n?’i thie" £alil B2 Mbde04n2 | st of -

i ndi vi dual s and qrou s-gf'nbbile uni ts that hav 'alr?ady been assi gnedwo a
channel , and ?@E%B e 50 2 RoBPPEIBRFY. FPYPnSRLE dditiaged Byoap that has
al ready been mabilhedunbta cAtnAgl the gentreli channailvitdunking ktagagnal s on
t he out bound n ' dj th |li_ng . aobi | ni t to
join the grouggggﬂetrgggigﬁhg rggg?'gégg??}ngg§%’§ﬁ3ggggpﬁggﬁgFEiﬁﬁ
channel . FI GURiramsnit -a seaptinueua; agraamorfegomtraly meisgagelsi ng occurring

during the fandH mpﬂeiﬁactgeaoﬁssi1g,a9eegggg§ng%dghguawﬁghk initiateQJ
by a performs routine polling functions. .The_mobile unit
wishing to originate an emergency group cali
transmits an aqsignment.request megsaée oﬁ the
inbound control channel in synéhronism_ﬁith the
received control channel messages at B;. The control
channel trunking card responds by_causing_its
agssociated transmitter to transmit a chinnel_ ’
assignment message designating tha ca1i§d'q:oup and_
also by placing the channel assignment ﬁessaqe on the-
BSL at C. | | |
All mobile units within the called group
immediately switch to the assigned wérking channel, .
‘and the assigned working channel_trunkiné_card keys T
~in response to the channelxassignmeﬁt message carried
by the BSL. Handshaking occurs at D, E and F. At
G, active mobile units on other working chgnnela
receive subaudible channel asgignmeht mess;gés
updating them on the status of system 100. When a
transmitting mobile unit unkeys, it pends:p unkey
message at I. The working chahhel trunking card
times a hang time delay period after tﬁe transmitting
mobile unit unkeya_d-'thus naintaihing_the channel
assignment to the emergency call. When the hang time
expires, the working channel transmits dottinq at J




nmobi e unit. At A, the control channel trunking card causes its associated
control repeater transmtter to transmt a continuous stream of contro

messag®es which all inactive nobiles receive, and meanwhile perforns routine
pol li.ng functions. The nobile unit wishing to originate an emergency group
calt trahsnmits an assignment request nmessage on the inbound control channel
in synchronismwith the received control chanfel nessages at B. The control
chanrel trunking card responds by causing its associated transmtter to

transmt a channel assignment nessage designating the called group and al so
by pl aci ng the channel assignnent nessage on the BSL at C. Al nobile units
within the called group imediately switch to the assi gned worki ng channel,

and the assigned working channel truynking.card keys in response to the
channel assignnenttﬂégggﬁﬁ gg?r?@%‘@f PﬁatBSEP 5H3§H§F§H SdoFeng D E
and F. At C, acti vehanhel cbackt toothet tentwolkichgnfiednnand thea ve

subaudi bl e channel é'gn e PERSRYER Li,pdatﬁ‘n LRSHeR" toh 2 A%t of
system 100. Wen 59??a*sﬁ¥? i%g noglleehﬁit unggyg, ot §én§? a unkey
message’at |. The B@tki fxomhthecrontinli shansed trupkiaghseard. Bhedel ay

pﬁri odI after the :ﬁfﬂi{‘i‘xétéﬁﬂnﬁahi hﬁuu:&:m elseutsru s Wit dicy g tthﬁ
wor ki ng channel ¢ rUpRRIENe; PEABUE “hich {3 Laede to, BAaSE SRR o dr op
fromthe working céssfighméntktablebewithiroltheheontirolacthannel wriwmydrg S
Lransmiier: IN 1 oepRRSEnaehlCoRRBY Rk h EhhAReio Ul Hy iad, Ui N0

and is also used by the downlink trunking card to

inform the console that the working channel is no

longer assigned.

FAULT TOLERANCE EVALUATION

Following the initial system 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

W required at each stage.

Step No. 1: Fault Tolerance Objectives

Initially a fault tolerance specification is
developed. This provides 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 service contracts, the various
modes of operation induced by failures, and the need
for communication cantingency plans for various



wor ki ng channel trunking card responds with its unassigned status which is

ysed to update channel assignment tables within the control channel

trunki ng card and the other working channel trunking cards, and is alsQy*

used by the downlink trunking card to informthe console that the working:

. channel is no |onger assigned. FAULT NCE EVALUATI ON Fol | owi ng the
initial systemfunctional specificatiofn, five steps, executed as an

i nteractive process, can be used for designing the systemto be fault

tolerant. These are shown as a flowhart 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. 1: Fault Tolerance Qbjectives Initially a fault

tol erance specification is devel oped. This provides an objective

measur enent f oPMREFRRSIAY- when the design is conplete. More inportantly, it

aids the end user in pRamplestofigspecifitcapartanaferthe and personnel

resour ces needed fgg naggtainigg and supporting the system as well as

hi ghl i ghti ng nBREELEIFBELPN 88 Eontracts, the various nodes of operation

i nduced by failures, and the need for communi cation-contingency plans fr

various energencieftq§§egggg§ep;?§pecific parts of the specification
are: (Fault) Coverage ol er ance definit'oqézexist for this term
(neither to be confused w tﬁ"RﬁtB@ErE@lf”%Vef’zf&J&lq tionft, Mth®het ween 0
and - for this term (neither to be confused with RF

coVe:age). Coverage is a number between 0 and |

1l which-ind;cates what percentage of errors \/

"can be automatically detected (first

definition) and then automatically

circumvented via reconfiguration {second

definition). The £irst;§e£inition is clearly

a procedural subset of the second, and is

preferred since what.constitutes successfully

L

automatically circumvented via reconfiguration
can be vague. The advent of microprocessors
and computers have made coverage figures of

' 90% easily achievable and coverage figures of

" 95% achievable with reasonable engineering

-} design efforts. Figures in excess of 99% are

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

Redundancy vs Graceful Degradation:

Some applications require complete
redundancy, although most can take advantage
of "graceful degradation.” The former offers
little additional benefits to the end user



1 which indicates what percentage of errors can be automatically detected
(first definition) and then automatically circunvented via reconfiguration
(secondvdefinition). The first definition is clearly a procedural subset
of the second, and is preferred since what constitutes successfully
automatical ly circunvented via reconfiguration can be vague. The advent of
m cr oprocessors and conputers have nade coﬁﬁrb@e figures of 90%easily
achi evabl e and coverage figures of 95% achi evable with reasonabl e

engi neering design efforts. Figures in excess of 99% are achi evabl e, but
are significant engineering undertakings. One should note that coverage
figures are difficult to substantiate and that dual redundancy usually

of fers poor fault coverage articularly when dealing with conputers.
Redundancy vs Gracef ul hik&l?ﬂﬂmib ﬁpﬁﬂpéﬁﬁloﬁsrr§unN§QRnﬁmdﬁQ§

redundancy, al though rmst &@Wei‘ aﬁtaameﬁ sgtagahe ud.q&&wtﬂoqn ' The
former offers little addit] benq%¥p€ g t he engg ?
comitting capital for co %md/ A }Yeﬂﬁ?p v \*/I’H"E‘ﬁ §1°[ qieﬂee“p

wai ting’for a failure. Typsame) buwbienos a\uL | fgatargsvewhen a0 failute not

all, features when a fail u&&@ggg{% ‘}Pd%{él ?B igwggge%ﬁ;?l ! t,g'qrs\q %?}e ent

capltal I n ot her ar eas (e , are S rce a
systeminto a ' capital 1n other areas (e.g., radios).

Failure Modes:

. Failures will force a system into a
variety of modes. It is important that
"acceptable” failure modes truly be
appropriate to the application. For example,
converting an airplane at 35,000 feet to a bus
should an engine fail is an obvious mismatch
(doing so on the graund is, of course,
acceptable). A more subtle mismatch is
converting a fully loaded trunked system to an
overloaded conventional one just because one
computer has failed.

W, ey MTBE - Mean Time Between Failures:

- This is the average length of time,
given that the system is functional, 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 system (e.g., the MIBF of
individual components, the MITBF of the system
vhere a failure is considered to be losing at
least 1/2 of the channels, or the MIBF of the

system's trunking capability).

MTIR - Mean Time to Repair:



variety of nodes. It is inportant that "acceptable” failure nodes truly be
appropriate to the application. For exanple, converting an airplane at

35,000 feet to a bus should an engine fail is an obvious m snatch (d0|Qg-So
on the ground is, of course, acceptable). A nore subtle msmatch is
.conwerting a fully | oaded trunked syst o an overloaded conventional one .
j ust because one conputer has fail ed. BF - Mean Tine Between Fail ures:

This is the average length of tine, given that the systemis functional,
that the systemw || continue to function. Various MIBF figures can be
significant, depending on the characteristics of the different nodes of
operation of the system (e. g t he MIBF of i ndividual conponents t he MIBF

of the system where a faH "i's, considered to be I g g& | east 1/2 of
t he channels, or the MIBF *?m?% %wﬂ%???%ﬁk?ﬁ&gﬁgb ime.  MITR - Mean
Time to Repai r: Tjiivers d HiaiMaredeas eogidr pedi i Ith,atgl:l\telw:lalf ailure has

occurred, that it w [l t | Llure. there are
various fi gures of i rl‘l"t é‘treels%t% ‘Q"J;ngf‘ﬁg'hf% %{ﬂéLﬁ/NTRA‘of 'A%Egl conmponent s
to MITR of channel s, %M“Q)TVW ef%qumseoinin@mm.oframimjs o/

features. Step No. 2£roﬁ?¥ﬂ€@fﬁ‘Rfotin}f@ugﬂtEome%'ogﬂﬂ the
vendor and system sel ecti o g'a procurlng agency shoul d consi der t
of hann 1 © MTTIR of computers, or even to

MTTIR of various features.

Step No. 2: Feature Prioritizaﬁion g o/

Both system design by the vendor and system
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. 1In this case, trunking is more important
‘than the one channel, so the end user would rather
run 19 channels trunked as oppdsed 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 system designed to go
into a conventional failsoft mode is less desirable
than a system_which aimply loses features (e.g.,
interconnect and dynigic regrouping), but maintains
trunking with no noticeable change to the end user.



comuni cati ons problens being addressed in order to prioritize the various
functions performed by the system Sonme functions are absolutely critical,
otherﬁ»are hi ghly desirable while still others serve as conveniences. By
ranking the various features, graceful degradation of the system can be
desighed.  In fact, this step is the key for ching failure nodes with
their targeted end use in the field. An obvrods exanple is a 20 channel
systemwith a failure of the control logic on one of the channels. 1In
this case, trunking is nore inportant than the one channel, so the end user
woul d rather run 19 channels trunked as opposed to switching to a 20
channel conventional failsoft node. In a trunked conmunication system the

priority tends to R ?‘J:‘i‘rldzatl'g‘%mxeéi'vﬁé@?tnGQHH“BbC%' 8%s 8 $y &hanai ng

t he node of operatlon users IS means a system desi to go

into a conventiona® q%ﬁﬂﬂﬂﬁnﬁﬁf?%ﬁIQ%SPHES#PSbFBQtP&Hd&"59§t$hpwnpéh

sinply |oses featuuder.c. The iNittewvissérasd dlheagha uee&euauaab» but
mai nt ai ns trunki ng th ng not|cq$ble chan use The fornmer

h
i gnor s’ user needs F §5RAYeS 21108 thgéﬁFﬁgggﬂf8PP*B§°5F&8.ng t he
burden on the end preblefhdy glamingsthecburdencod tber systensdesigueirsi.t

t hal | [ I d th
creates a nore challengin aryﬁﬁﬁid{#’%Fge gg1a¥rgkgslggfknguggr en on e

system desi gners. An exenp esira eature priorities is as
fol lows: 1) mobi | e PRSI iedhhiamtEHREOWS : di spat ch consol e operation 3)
trunking (full speed accegs) mobile-mobile communications

— ’ 2) dispatch console operation

3) trunking (full speed access)
4) priority scan

S) channel logic diagnostics
6) call queueing

7) dynamic regrouping

8) patch

9) interconnect
10) background diagnostica
11) user validation

‘Step No. 3: Architecture Definition

U | ..»  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 one must also consider
interdependence, functicnality distribution,
redundancy, and coverage/recovery 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



4) priority scan 5) channel |ogic diagnostics 6) call queueing 7) dynam c
regrouping 8) patch 9) interconnect 10) background di agnostics 11) user
Yali dation Step No. 3: Architecture Eefinition Defining a fault tol erast™
architecture adds another |ayer of co Fﬂgrations to the design task.
Functionality, modularity, hardmare/s re trade-offs and ¥
I npl enmentability are still prine considerations. But now one nust al so
consi der interdependence, functionality distribution, redundancy, and
coverage/ recovery algorithnms. These additional problemelenents
significantly increase systemconplexity and processor |oading. One of the
results of sound architecture design is nodularity. This is also the case
in fault tol ebecomdesieyen ecxeptimpurtanty f o igoal tedtbamihymyzéh

hardware and fﬂ&&%&ﬁg&‘g‘%ﬁcﬂé% ew it Vi SVE"e g%?e' m%gi? té %%e goal

is to mnimze inter enci 65 berween Varl ous m dto
m nim ze the hﬂnﬂéﬂisﬂznaﬁ@wamymhﬁﬁjQi;hﬁR§K§F¢cmoﬁnyepanppdaﬂaIOteature

This will m naﬂy2§amcnr1<at1atyédﬁm hatrishe Jeei %fnmﬁe%hﬂhen a failyre
occurs and HBXI ﬁg&gp ablllty of success, of the reconflguratlon
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reconfiguration process. Similarly, reducing

“common" hardware minimizes the likelihood that _
single point failures will cause .the entire system to \o/
cease operating. :

Although hardware and software are usually
considered sepa;ately. they are very interdependent
in a fault tolerant desién. 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). _ o .

Nevertheless, one specific software issue
should be highlighted: Scoftware modularity is
extremgly_important; In a'fault tolerant system,
reconfiguration capabilities are achieved by having
virioﬁs hardware modules support similar
functionality. Consequently, software modularity
assures greater code simplicity, predictability, and
reliability by forcing a single version of software
to exist for any parficulat function.

Error propagation is another consideration. -
When a failure in the system occurs, it is possible
for it to.spreéd (e.g., a failed component on a
computer bus can cause the entire computer to cease
operating). 1In a trunked system, this further
suggests modularity. and distributed processing --

"~



Al t hough 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" becones blurred at the
system |l evel (in evaluating a system neither should be considered w thout
urder st andi ng the trade-offs nmade between the two). Neverthel ess, one
speeific*software i ssue should be highlighiﬁ@} Software nodul arity is
extremely inmportant. In a fault tolerant System reconfiguration
capabilities are achi eved by having various hardware nodul es support
simlar functionality. Consequently, software nodul arity assures greater
code sinplicity, predictability, and reliability by forcing a single
version of software to exist for any particular function. Error propagation
i s another consi degdlgc@duradfitiy aHelig Licendht U BBl tBWEESl Sfuhétisdns

possible for it to _sprea .0.,.a failed conponent on a conputer bus can
cause the entire c8Rpft @S'}(qg'gésé?e W‘%ﬁﬁ‘g). In a trunked system this
further suggests nodul ari Rartdeuliextky diun exl tonuddsyy mystem, allcthesei ng
the platement of all, '

13Hyn'¢§§% &P PHERA
Particularly in a trt'}%% ng"qstyist ernd a .ﬁé?eﬂcig%s% er at i%ns suglgléé?qp?%%i ng
channel signal | i ngcontredniableagh channek with gyersll aite conteehiin n
a site controller. aTlyitd tichtda A1 FANINLHEl X B ERaneDibe Mhifering
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U well as significant reconfiquration capabilities. 1t

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 so that they can be removed from
service. Coverage should be achieved via both
intra-module (self-diagnostics) and inter-module

- diagnostic algorithms. Inter-module testing of
N\ cdntrol module “"sanity” should employ only the
| e*iating hardwate interfaces, and not extra
hardware. On the other hand, inter-module testing of
non-éohtrél functionality, such as RF, often will
require specific hardware.

'In a trunked system, diagnostics should have a
negligible effeét 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 monitering of diagnostic
peripherals, and all other diagnostic functions, are



controller, which can then be a general purpose conputer, enabling the use
of off-the-shelf hardware, nulti-tasking operating systens, and high |level
| lnguages. These, in turn, offer greater software and hardware reliabi{jty. ~
The next architectural consideration is that of coverage. The purpose of
coverage is to detect failed nodul es 30 that they can be renoved from

servi ce. Coverage should be achieved both intra-nodul e

(sel f-diagnostics) and inter-nodul e diagnostic algorithnms. |nter-nodul e
testing of control nodule "sanity" should enploy only the existing hardware
I nterfaces, and not extra hardware. On the other hand, inter-nodule testing

of non-control functionality, such as RF often will require specific
hardware. In a trynked ssyste should have. .a gl i gi.bl e effect
on site contr oFPEg“FSSGl *3 g:? ?ﬁ?r’g FHare Xpul q&'b? prle' 5 ng
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their IIkeIIhOoccurrence and their consequences. This is followed \J
by designing algorithms for detecting the moat
probable failures. Complete coverage of any, let
alone all, modules is impoasible. Nevertheless, the
coverage relative to the probability of £ailure of
each hardware and eoftware component ehould be
| estimated and the resulta used in evaluating the
appropriateness of the given architecture. This
involves naximizing coverage for the moat likely
failures, but also considering the consequences o£
failing to detect certain failures when they occur.
At this point the necessary reconfiguration
algorithme 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, besidea RF failuree, the
most likely failure is the.aite controller or its
peripherals. In the preferred embodiment"ehould the
£ailure o£ a peripheral go undetected its
consequences are minimized (eince its hardware is not
lumped into the same box as the heart of the
system). As an additional precaution, any peripheral
failure of miediagnoaia that could result in severe
consequences if undetected has an alternate path for
verification on the part of the site controller. The



occurrence and their consequences. This is followed by designing
aLgorithnB for detecting the nost probable failures. Conplete coverage of
any, “ k alone all, nodules is inpossible. Nevertheless, the coverage
relative to the probablllty of failure of each hardware and software
cenpgnent” shoul d be estimated and the resu used in evaluating the
appropri at eness of the given architecture. L}%hls I nvol ves maxi m zi ng
coverage for the nost likely failures, but also considering the
consequences of failing to detect certain failures when they occur. At this
poi nt the necessary reconfiguration algorithns and their resultant

conpl exity nust al so be consi dered, for even perfect coverage is useless if

t he system cannot reconf f t t

bESIng RF fallures ‘@$:i§n£$“?r§g% U#gil i%h%gr&{ggggﬁ ?éflgghSFeits
peripherals. In tknpr%fml%ﬂtmwf rmthgr gPretessorsi abserving Lhe
peripheral go “”detfféé’dcohéf%ffé‘éeq S“hgggl:éﬁgoﬁ-ﬁe%ﬁ befave A

hardware is not |unped into e sanme box as tﬁ% syste
an additional precAnteROmaRglyeranAnGRrrect diagnosisqipLythe #iteat coul d
result in severe cUGREESILES bf me&eomd ﬁascaasakhebmyeamhbtkoue

verification onthegart of th gég‘)ntrol+ h sane is true for
channel 1 ogic card REPFEPRer % 'é° rea P |?f|d% B ’St‘ﬁsf" processors
observing the site control Recovéxrycks tthe ccplninatbop ofntbehave

aut onomously. an : NGAkfEbe BupddeE fn Pl SRS srﬁﬁecmtaﬂhksrtm 9e‘mf oghe

processors only affects t rocessor rest of stem
Recbﬁery is the cuI%%t’f’%n i the pr jorities of Step No. 2,

functionality overlap among system modules, and the
coverage all come into play. System operational
modes must be defined and detailed as to what
features/functions are available under the various
fault reconfiguration modes. Once the various modes
are defined, the transitiong between the modes must
be determined. This usually réquires intermediate
states. All states (technically, each operationaL.

" mode is considered a state) must be carefully
examined and defined at this point. It is imperative
that oscillatory behavior of state transitions be
avoided, and that vhen a module diagnoses itself or
another module as bad, its decision only affects
itself.

A methodology must exist for verifying the
coverage and reconfiguration 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 capable of independently
testing the operatidh of each of the trunking cards



architecture definition. This is where the goals of Step No. 1, the
priorities of Step No. 2, the functionality overlap anong system nodul es,
ahd the coverage all conme into play. System operational npdes nust be y*
defined and detailed as to what featureg/functions are avail abl e under the
svaribus fault reconfiguration nodes. ngé the various nodes are defined, .
the transitions between the nodes nust determined. This usually requires
intermedi ate states. Al states (technically, each operational node is
considered a state) must be carefully exam ned and defined at this point.

It is inperative that oscillatory behavior of state transitions be avoi ded,
and that when a nodul e di agnoses itself or another nodule as bad, its

deci sion only gitReht sigRiieiAdElYyAULHG raastd@eféﬁaiﬁeru;sehl tHeng the
coverage and regonflguraéhﬁégprocess ThISéH? t he ﬁﬁ% riate tine to
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nmoni tors repea exed tashion whineth
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controller). Failures of, peripherals renaln erlpheral and
onl'y the funct £5R% Pef"&m A0 Haed, 3%t ni%ﬂ’roi SeRaged &he
downlink fail pagingi a\ohltexlmtﬁmculneainmd),etwmmdmtspho_nand t he

di spat ch Centeiine?.Ch%ﬂ@ﬂl&“ﬂhé“%féﬂ“%ﬁﬁ%roller-£ail._trunking QJ
control is assumed by the repeatgr-cqnttqlucards:
Trunking continues and users perceive 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: Cost/Resource Utilization

It is now time to dgtermine whether the system
is still affbrdable, and whether some of the desiqﬁ
objectives established earlier are really worth the
cost. A well engineered fault tplerant system has
little, if any, idle hardware whose sole purpose is
to achieve redundancy. Expensive, idle hardware '\
suggests either the initial design is inadequate, or
possibly the design constrainta are too demanding.
Should the fault tolerance capabilities appear to be
too costly, further architecture design efforts and
strategic relaxation of the design objectives of Step
No. 1 can be expended.

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 auggested by the list? Is the



fromservice and used as the downlink (as opposed to paying nonthly for the
unused; redundant phone line). Should the site controller fail, trunking
contfel i s assumed by the repeater control cards: Trunking continues and
users perceive no difference in channel access tine. Even if additional
chanrel -logic fails after the site contrdl)ler has failed the systemwill
continue to reconfigure. Step No. 4: CostYResource Utilization It is now
time-to determ ne whether the systemis still affordable, and whet her sone
of the design objectives established earlier are really worth the cost. A
wel | engineered fault tolerant systemhas little, if any, idle hardware
whose sol e purpose is to achi eve redundancy. Expensive, idle hardware

; i ther the initial . U ! . desi
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appear to be too cmddityiohaltumdenstandinguobtadsiegh dyfrfing themdlesignegic
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architecture shoul e exam ned 1 n e feature priorization
est abMN/shed in St ebtepative opeiak t—'égsnwgar-ation nmodes, with their
relative probabilities ofTrRecaféRi€ectiaral s adhplexity whalad Gecriteria
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t he desi gn processextsbiesMeasutingi¢ompdasisy clams heoidiffighelt. Block
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over-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 degree to which the system can detect it and
successfully reconfigute. Without Markov modeling,
reliability claims are virtually impossible to verify

and reconfiguration is far from trustworthy.

Steg.Nb. S5: Modeling
The system may be modeled to determine whether

it meets the fault tolerance objectives selected in
Step No. 1. Markov chains are an excellent tool,
- providing MTBF and MTTR figures 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 burned in it proves to
be an.excellent model.
(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 calculated



exi st. Measuring conplexity can be difficult. Block diagrans, state

Qiagrans and flowcharts can be over-sinplified by |unping conplex issues
i'nto single blocks, conbining states, and hi ghlighting extraneous det ans.

They also fail to represent the relationship between the probability of a’
fai lbure and the degree to which the sys&en1can detect it and successfully,
reconfigure. Wthout Markov nodeling, «1§1|ablllty clainms are virtually

i npossible to verify and reconfiguratlon is far fromtrustworthy. Step No:
5: Modeling The system nay be nodeled to determ ne whether it neets the
fault tol erance objectives selected in Step No. 1. Markov chains are an
excellent tool, - providing MIBF and MITR figures as well as providing the
probabilities of the system being in each of its possible states. It is

based on the follow ng: (1)u,§@mm 'H%&Saékﬂ fegchpe Wth an

exponential probability duiqéi) #ﬂ{}uég%é¥l ngéeégkg%gnﬁpp%%&allty rat es,

but if equipnent is burned e (2)

Failure rates for an aggrew:ﬁemﬁlmrd:s GRTE h)esdeeepmlieleui byl y distributed

since exp(A) *exp(B) = exp(ébmﬁ,?1 {}gq }yr@eggge can either be cal cul dked
ual

using mlitary handbooks for ngonents maki ng up the
assenbly, or can be dét)ermﬂki:!io‘,ﬂ%rﬁm&’iw intervadt &, &3F) =P(failure in

tine interval t, t+T) = exruxp(-T)/-r) Thighd Wi Pe BEPaPHroxifEted as
| simply /T with no loss o£ accuracy in
" the final result. ' W,
(4) Theorem: Every finite state irreducible
| _speriodic Markov chain has a limiting
_distribution. This limiting
distribution is the ‘only equilibrium
fdistribution. _
(S5) At equilibrium-— P(beinq in state k at
time t) is the same as P(beznq in state
k at time t+T). _
(6) It can be shown that the steady state.
solution is the'worst case MIBF figure
(it gives the highest failure rate
possible qiven the system is working at
time t=0).
(7) The sum of the probabilities of exiting )
- a stste_must equal one (1nc1ud1nq the
probability that a state exists 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) Operatienel states are states in which
the system is available (e.g.,
~trunked). NonQQpesstional states are
states in which the system is not



sinply /T with no | oss of accuracy in the final result. (4) Theorem
Every finite state irreducible aperiodic Markov chain has a limting
distinbution. This limting distribution is the only equilibrium
distribution. (5) At equilibrium- P(being in state k at tine t) is the

sane.as P(belng in state k at tinme t+T). (6) It can be shown that the
steady state solution is the worst case BE-figure (it gives the highest
failure rate possible given the systemis king at time 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 return to itself). (8)
The sum of the probabilities of all states equals one. (9) The MIBF of
the systemis the reciprocal of its failure rate. (10) COperational states
are states in which the systen15§.§yabhable (e.g., trunked).
Non- oper ati onal states are states In i ch the systemis not avail abl e.
(11) The failure rate for{}hd §?§?eﬁ??éufﬁer§ﬁﬁ1%P'tﬁ@'pﬁ&&ﬁﬁq|Hﬂ(§??ﬁ
entering a non-operational statguil6 €¢h¢ pRebabiditiesnof Saterdnyva

o/

non-operational state.froﬁ any
operational one. See below:
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With these eleven £acts,'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

\*/ snall interval in time, the probabilities of changing

to various states are shown with arrows. The steps
in solving for the probabilities of being in each of
the four states are shown below:

- Two Mbdule Markov Model

From the model, derive the matrix:

P,(t+at) 1- (Ax+ky)at Apot Aot At :1:::
P,ltect) A 0t 1-tA *A )3t 0 0 3
Pylteat)| — Ayt 0 1= A Jot 0 :3:::
P (t+at) 0 A ygox P 1-x.8¢ .



Oper Fel to States Non--Op [err] Wth these eleven facts, a Markov nodel
cin be constructed and a solution found using |linear algebra. A two-nodule
exanple is shown in FIGURE 18. Modul es "x" and "y" each have different\o~

failure rates and identical repair rates. Gven any snall interval in ting,
the probabilities of changing to various states are shown with arrows. The-=
steps in solving for the probabilities o _bging in each of the four states
are shown bel ow. Two Mdul e Markov Nbdeltfr mthe nodel, derive the matrix:

[err] Now perform these steps: 1) Rearrange ternms 2) Divide by [err] 4
3) Include [err] (t) =1 [err] 4) Include the fact that Limt [err] Solving
yields: [err] The interpretation of the states can be considered two

di fferent V\/aysﬂo‘,;\spéi%:qﬁ athdwd oxecerey i al Case (both nodul es needed): [err]

1) Rearrange terms

2) Divide by At

4
3) Include EPn(t) =1
n=1
P_(t+At) - Pn(t)

4

4) Include the fact that Limit

at—>0 at
- - - - -
1 1 1 1 1 P, ()
0 SO, A A Y I £ AT
o | = | X ~Og*Ay) 0 0 P,(t)
0 My 0 “Oythg) 0 P4(tL
0 0 My Ay A -

Solving yields:

N \/
P, = —_t - i
AtAgtAy
. Ay
, =
O A thg) D pthy)
= ’\yxr
Py = -
AL A A
P, =1 - (P + Py + Py) .




[err] System[err] [err] Parallel Case (either nodule is sufficient for
operation) [err] Asystem= [err] [err] In the serial case the system

requi kes both nodul es to be operational, neaning that state one is the only
operational state. In the parallel case just one of the two nodules is
requi.red for the systemto be oper ational , nquing states one, two and
three*are operational states. It is clear tgas for the serial case the
failure rate should be the sum of the fallure rates for the two nodules. In
fact, the nodel 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 nodel
we woul d have no idea what the failure rate is. Even this relatively

si npl e nodel denonstrates how conplicated the solution can becone. Val ues
for the various failure anThecpaterpzetation iof tblesisitlniieadqqn treont and an
e e T oorveabhaTaerad Wl B:2CKARE CAGA°al° BpIR D KRIRE

si mul t aneous equati ons extensive nm pertorme

sophi sticated software packages are avail abl e for performng the conplete
reliabidity analysis. To denonstrate the useful ness of Markov nodeling, a
ten channel version of the design depicted in FIGURE 2 was nodel ed and

conpared to a non-fault tolerant design that uses 3 redundant site
Serial Case (both modules needed):

Pav = Py
) Asystem = ;:(Plux“y” = Ay
mmr==xjh;
parallel Case (either module is sufficient for operﬁtion)
Pav=Pl+Pz+p3
Asystem = ?f;“’zhy)+!P3Ax))
\TBE = Al ¢ 2A§A5 + A, + A ¢ A2 4 A
Py By * Ayt AP
N In the serial case the system requires both

* modules to be operational, meaning that state one is
the only operational state. In the parallel case
just one of the two modules is required for the
system to be operational, meaning 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.



controller. The results shown belowindicate it is three tinmes nore likely
for trunking capability to be lost in the non-fault tolerant systemwth a
redundant controller than for trunking capability to be lost in the fayut-
tol erant systemof the preferred embodi ment. NON- FAULT TOLERANT  FAULT -

-

TOLERANT Redundant SC NO YES . NO Trunki ng MIBF in years .
0. 999 87 312 P(failure) j1dVears 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 MIBF - 1 year Failure is defined as:
Trunking card MIBF - 2 years Loss of trunking Stations MIBF - 1 year

OR MITR - 48 hours Loss of nore than 3 channel s NOTE: A
redundant site controller is optjonal i ? gaul t ant Ar chij tect ure.
Wi le the present irk¥eRibhistebabivalycFipede °'T%“T)'F’é%

consi dered t hd¥e ddipINECatéd athe Cablatfonr eaar bedomehodiVehies for

dificati to I
K?tlen!t?gnl ?gs'dr%v%"i§°‘§?p€?§ﬂ‘55%tena ipB?lkga%lggrellangtJ}hﬁéﬂGQ 3 (Serial No.
2206019), fr cubdtitutéed suppfrontit and ap dffr-gbe-shed £] ai ns of which o

relate to a @Mé%n@fhwfwﬂreei,seiz!.eecemw%uéw td soiveinked
system and to a trunked radi o repeater system
the simultaneous equations. " If extensive modeling is

to be performed, fairly sophisticated softwvare

packages are available for performing the complete :

reliability analysis. | A
To demonstrate the usefulness of Markov

modeling, a ten channel version of the design

depicted in FIGURE 2 was modeled and compared to a

non-fault tolerant design that uses a redundant site

controller. The results shown below indicate it is

three times more likely for trunking capability to be

lost in the non-fault tolerant system with a

redundant controller than for trunking capability to

be lost in the fault tolerant system of the preferréd

embodiment.
NON-FAULT'TOLERANT FAULT TOLERANT \‘J
Redundant SC NO YES NO
Trunking MTBF i '
.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 MTBF - 1 year Failure is defined as:
Trunking card MIBF - 2 years " Loss of trunking
stations MTBF - 1 year .- OR
MTTR - 48 hours Loss of more than 3
' channels
. NOTE:

A redundant site controller is optional
in the Fault Tolerant Architecture.
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10 the system being operable alternatively in a normal node and in a
fail-soft node. CLAI M5 1. In a digitally trunked radi o repeater system
of t-hg,type which tenporarily assigns RF channels to nobile digital radio
transceivers in response to 5 channel request nessages transmitted by said
nobi] e digital radio transceivers over ar Rt control channel, a nethod of
providing distributed trunking control including the follow ng steps: (a)
recei ving a channel assignnent request 10 nessage with a first trunking
means associ at ed mﬁtﬂhéhg tBer BERIRAF ninYSNELPR BR§i PEPPREEEGRLPER channel ;
(b) k_genercra]tti I’lglﬁi’_ﬂﬁrkhagdﬁfbapﬁéheﬁﬁst_gﬁdiﬁﬁidé:pe_di tyi bg anemosonmdmi cation
wor ki ng channel _with.sa iL,rst trunking neans ipn res to.said request
15 message. (c)PFPERSRRL: PRY Bhe ket ERd, Fubodtiehfne onbtas 8 SRRt ng
sai d wor ki ng chlenabpaventsspdtReseoskibledhinnthei artesponse to said
generated wosking cha@Rghedssl 90PN 28 B tish pafiint! AIBPEALL YN

assigning sard RF workin annel and facilitating communi cations to occur

over said RF moNRinﬁaéﬁ&gﬂeﬁ (feréapotice £406819)gechEPEt WBiGHr KhdE§ channel
assi garent W t hagpseeaRiloh ¥8ka0gi GBANStRE S€LAdh8do¥ WAi8RIre0aEESRBNEI NY
to said RF morklnﬂ 23 %hanne sai d fligt fnd second trgnkhﬂg means
cooperat i ng t ogBeRBPIaART BRRERY LAY FGlHRBLE AFOPPURRFALIEBNAENES

t her ebet ween t otpunkedesgsséemn| bahddtdrankrugkedntadiootepaateRFsysitiemng

channel . 301  tne2systAnBLIRY 85etabEkahitdrNAeE b0y SPhda"RERAL:

U mode and in a fail-soft mode.



further includes the step of communicating said generated worKking channel
assignnment fromsaid first trunking nmeans dlrectly to said second trunking

means over a communications link. 35 Luﬂ cIa|n12h,
wherein said method further includes the foll m;mm nﬂ”"]
testing for conpletion of said comuni catlons vet sai d w@)rkrng RF channel «

with said second trunking nmeans; (ii) deassi gni ng sai d working RF
channel wi t hEBBIMSy second trunklng means when said testing step reveals s
sai d communi cations haum eomilgiitedlyandufiked radionmmepestengsystessage

I ndi cating sa a NRNt LT i W@ df t
t runki ng neaf? t\?‘%‘ %3' dnggkn%gurﬁ%cgﬂ onss‘@c%gfé #lﬁlﬂ% é?fe?ﬁ:)d alsrlsn
claim3 furt mebllllecld;d;mlt k@@i@lﬁﬁﬁﬂmvﬁr@psﬂbﬁeﬁnqnﬁﬁn@ ating a

channel agsi g Rh ﬁ%&ﬁﬁés oM Wt ahsa3tSdE by ¥h id inoPrauni cating
sai d consol e channel assignnment 15. request nessage from sai d con oI eto

said first tAdeHitHd RasHS FrRaNSERIYISAYRT AN difs JQHIEOk chanpne

digitally trankr@tirfomldzr ngsmtmm‘uﬁelm ﬁzy.nﬂc:ﬁmkg c&bﬁﬁmbrarl ly
assi gns RF channel geg :g%! taI e di,o transceivers in response tGJZO
channel requé®f S4P°RF control channel, a distributed

]|co_roce33| ngksyst em(faor [:renmdxm@ @& sihaﬂnﬁle@ammq@ xequesti ncl udi ng:
Irst tr | : D F ey ol
channel | 101! asTaye éﬁ;@’ L LA IR UL e d Al £k

assl| gnment quest rressa for
generati ng aommsnyméxo &l Gy gt adlp & f‘-‘;ﬂ‘ﬁg}' 1 ng
(b) generating a working channel ass;gnment QJ

specifying an RF communication working channel with
said first trunking means in response to said request

15 message:;

(c) transmitting an RF channel assignment message
identifying said working channel over said RF control
channel in response to said generated working channel
assignment; and

20 _ (d) temporarily assigning said RF working channel
and fécilitating communications to occur over said RF
working channel in response to said generated working
channel assignment with a second trunking means
associated with and corresponding to said RF working s

25 channel, \

said first and second trunking means cooperating
together and communicating digital trunking commands
therebetween to provide distributed trunking control of
said RF working channel.

30 2. A method as in claim 1 wherein said method
further includes the step of communicating said
generated working channel assignment from said first
trunking means directly to said second trunking means
over a communications link.

35 3. A method as in claim 2 wherein said method
further includes the following steps:



channel in response to said request nessage, and for transmtti

channel assignnment nessage specifying said RF working ¢ ver said RF
conttlls channel in 30 response to said generated worki nmﬂgﬂﬂwﬂ,ﬂ”ml
assi gnnment; and second trunking neans, associated with a _ to
sai d-RF worki ng channel, said second trunki-ngreans bei ng separate and *
discrete fromsaid 35 first trunking neans and bei ng connected to receive

sai & gener at ed morking channel assignnent, said second t runki ng nmeans
for tenporarily assigdiing sai FefdihFaehaanaletien @f fsadditating

communi cati ons t eoa@uiiciMAlorflichdiF MK vt G 1 dHanRSIDGRSEh t9asai d
gener at ed morkin% chaqu#_a signnent, 5 sald first and second
trunki ng nmeans c¢ 5%%?’ [ gfﬁkﬁﬁﬁlﬂﬁaQﬁﬂj comuni cating digital trunking
comrands t her ebet ween (tid Jpr ovidiasdigmiingutsed @ noditingy RMtghEnnial cedtkol

trunki ng of said MY, RINE tem. | NGl ai further

I ncl udi ng 10 %cons’rgulinl czﬁgldg%s neans “803}?5&%&;’%"21 V\s/'regelﬁdgsézﬁ%cf:fnﬁq sr%ts%d second
trunki ng means f &eveahfufadst ioppmamicatdensathavevsdupie tadnagid assi gnrent
fromsdid first trunking ifeansohingaidaki %pw$§§a§gui nel Al Q§%ﬂ§. 7
A systemas in claim 6( V\h?raei n sad sec&n 15 trunki ngr;rtrielans {l}%%:l udes:

means for testi nJSPGSIGHRGN ifFiomSads Fecand Hrunkises means o Sxid
wor ki ng channel , faeats trunkdeds me@hs@ovedi Gaild Wonkuid cadtsid Mhae. sai d

o end o Totgleien o O MR Ay O G X SO Sl b othe
i ndj cating sai d @zgddimdmany steps of:

(i) generating a channel assignment request
message with a console; and ' |

(1i) communicating said console channel assignment

15 request message from said console to said first
trunking means over said communications link.

5. In a digitally trunked radio repeater system
of the type which temporarily assigns RF channels to
mobile digital radio transceivers in response to

20 channel request messages received over an RF control
channel, a distributed processing system for providing
distributed trunking control including:

. first trunking means éssociated with and

A corresponding to said RF control channel for receiving

- 25 a channel assignment request message, for generating a
working channel assigﬁment specifying an RF working
channel in response to said request message, and for
transmitting a RF channel assignment message specifying
said RF working channel over said RF control channel in

30 response to said generated working channel assignment:
and |

second trunking means, éssociated with and
corresponding to said RF working channel, said second
frunking means being separate and discrete from said

35 first trunking means and being connected to receive
said generated working channel assignment, said second



from sai d second-trunking neans to said first Trunki ng neans.

A systemas in claim6 further including: conso rating a
channel assignnent request nessage; and downlin mlm Hmﬁﬂw bet weags
sai d consol e neans and said connunlcat,en§> ans= aonmuniscasl ng 30 said
channel assignnent request nessage generated by said console neans to said
first trunking neans over said conmmuni cations neans. 9. A systemas in

C|a'”563§hererﬂﬁkah§ meatis Ebunkem@owaanaylnsbu@mangxaa;d(woqkﬂngng sai d®
secon nki n n
Eagpﬁg 153 2 §3HQagqg§u% n&'ﬁ?&d@%ﬂﬁ% %{; cdusystem as

in claim9 wh €S neans generating an
updat e pol | oweragaidnaFfmprwemuunhcaDEAQ1@aFGS@EW§ﬁeqﬁﬂqa#ﬁwsage to said

second trunkpafa0adan Qbiindl CneamminkcalgiherRans: and S said
second trunkFng neans i ncludés means for rece|V| g a|d date nmessage

and nmeans5for resg@ddi f§red sadd seFeRde tFONK %F% d

trunki ng neapgg E%%e"re|a%8%uﬁﬂrdc\ﬁftrlhgnm@h&rar1eltmnmg aonndnds a
previ ously recelved u date ol| s én claim

10 wherein s&h@T ﬁF@aﬁ Ji:E %35F6&%§ﬁﬂqn§ﬁﬂﬂh%§§f%6% pIeX|n
means for prevhtired tirunkding sifosaid RFpwexkd ngechainrilgi t al si gnal s

bet ween sai d flrs%étruaylg%tgﬁa%% agdc§%&% %?%%HQHH@“?H&EL&?KHB over said

conmuni cation 15 ans
10 communlcations means connected between said first and

second trunking means for communlcating said generated
working channel ass;gnment from said first trunking o/
means directly to said second trunkxng means.
7. A system as in claim 6 wherein sazd second
15 trunking means 1ncludes'
means for testlng for completlon of said
communications over sa1d RF working channel
means for deass;gnxng said RF worklng channel when
said testing means reveals said communications have
20 completed and
means connected to said communications means for
communlcatlng a message lndlcatlng said deassignment
from sald.second trunking means to said first trunking
. means. ' _ _ N
25 8. A system as in claim 6 further including:
console means for.generating a channel assignment
request message; and '
downlink means connected between sa1d console
means and said communrcatlons means for communicating
30 said channel assignment requeSt'message generated by
.~ said console means to said first trunking'means_over
said communications means.
9. A system.as in claim 6 wherein said first
trunklng means 1nc1udes means for polllng sa1d second
35 trunking means over sald communlcatlon means
10. A system as in claim 9 whereln.




10

15
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said polling means includes means for generating
an update poll message and for communicating said
update poll message to said second trunking means over
said communicating means; and

said second trunking means includes means for
receiving said update poll message and means for
responding to said update poll message if said second
trunking means has released said working channel since
receipt of a previously received update poll message.

ll1. A system as in claim 10 wherein said
communication means includes time division multiplexing
means for providing time division multiplexed serial
digital signals between said first trunking means and
said second trunking means over said communication

means.




