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Applications 5 Application No. 08/397,322 filed February 28,
1995 by Gowdegrioads7al . , entitled "Method and Appar apowosssmeddet er m ni ng
a Quality Level of an Anal og Signal in a Radi o Comruni cation System™
10 Field of the Invention Thi s

. invention relates in general to nultichannel comunication systems °

and in particular to selecting an inbound radi o channel for

transm ssi on of BETISOBIANIE APFARATUS FOR INBOUNDCTHANNEL SELECTION

~Background of the Invention INACOMMUNICATIOREYSTEMS of transmtting
i nbound messages in a mul ti channel communi cation system which

includes a plurality of 20 selective call devices and which has a
plurality of inbound channels are RelatediApplifationg which use a schedul ed
i nbound transm ssion protocol and t echni ques whi ch use a contention
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predet erm ned i mng pﬂela Rﬁmﬁfdﬁnumcahoﬁ%y%@émve call device which is
"active in the conmunication system Anot her exanpl e of a schedul ed

i nbound transm ssion protocol is a transm ssion protocol in which a
sel ective cdPl device is notified Bieldof the Invention

This invention relates in general to multichannel communication
systems and in particular to selecting an inbound radio channel for
transmission of a message using a contention protocol.

15
Background of the Invention

Known techniques of transmitting inbound messages in a
multichannel communication system which includes a plurality of
20  selective call devices and which has a plurality of inbound channels are
techniques which use a scheduled inbound transmission protocol and
techniques which use a contention (unscheduled) inbound transmission
protocol. An example of a scheduled transmission protocol is a
fransmission protocol in which at least one predetermined time slot is
25 * reserved on at least one predetermmed inbound channel for each
selective call device which is active in the communication system.
Another example of a scheduled inbound transmission protocol is a
transmission protocol in which a selective call device is notified of a
demand response time slot to be used for transmitting a long inbound
30 meséage. ‘The notification is gwen within an outbound message which is
sent in response to a'short inbound méssage sent by the selective call
device informing the communication system of the existence of the long
. inbound message. o
- An example of a contention mbound transmission protocol is an
. 35 ALOHA protocol, which is well known to one of ordinary skill in the art.
- Inbound messages sent by an ADOHA protocol are typically transmitted as
soon as they are generated. When two such messages happen to be



demand response tinme slot to be used for transmtting a | ong i nbound 30
nmessage. The notification is given within an outbound nessage which is
sent in response to a short .i nbound nessage sent by 'the sel ective call
devi ce i nf or §g@okége communi cation system of the existence miTAIS60842Ng

| hbound nessage. An exanpl e of a contention inbound transm ssion
protocol is an 35 ALOHA protocol, which is well known to one of ordinary
skill in the art. | nbound nessages sent. by an ALOHA protocol are
typically transmtted as soon as they &re generated. Wen two such
nmessages happen to be WO 97/ 02667
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protocol and use ad&% yge separated f bgﬂ{\dd%vgs?gggn Sf' on pr otocol ,” because a
schedul ed i nbound®
Some systems which have an outbound s1gnalmg protocol which is
synchronous are designed so that the selective call devices acquire
15  synchronism to the outbound signaling protocol and use a scheduled
inbound transmission protocol, because a scheduled inbound
transmission protocol is typically more efficient than a contention
inbound transmission protocol for several types of inbound messages,
such as some demand responses and acknowledgments. However, a
20 contention transmission protocol can be typically more efficient for other
types of inbound messages, such as some unsolicited inbound messages.
Thus it can be desirable to provide for both types of inbound transmission
protocols.
Prior art systems typically provide for a mix of scheduled and
25 contention inbound transmission protocols by designating some types of
messages to be transmitted using an ALOHA protocol and other types of
messages to be transmitted using a scheduled transmission protocol. A
selective call device then uses the indicated technique on an authorized
inbound channel. . The authorized inbound channel is typically any one
30 of the inbound channels which the selective call device is designed to use.
However, in some communication systems, some inbound channels
are not as efficient when used for inbound messages when using an
ALOHA protocol. For example, in some radio communication systems,
some inbound radio channels (hereafter, "restricted channels”) are
35  geographically restricted to areas smaller than an area covered by the
outbound radio channels while other inbound radio channels have




transm ssion protocol is typically nore efficient than a contention

I nbound transm ssion protocol for several types of inbound nessages,

such as sone demand responses and acknow edgnents. However, a 20
contention transm ssion protocol can be typically nore efficient for other
‘types of | Migvidssessages, such as sonme unsolicited i nboggd/®&oa0ES . ;
Thus it can be desirable to provide for both types of inbound transm ssion

protocol s. Prior art systens typically provide for a mx of
schedul ed and 25 contention inbound transm ssion protocole by designating
sone types of nmessages to be transmt®@ed usi ng an ALOHA protocol and
ot her types of messages to be transmtted using a schedul ed

transm ssion protocol. A selective call device then uses the
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‘coverage substantially equival engum@eopg{ebﬁﬁgﬂubﬁdl o channels. The
restricted gpannel s are not as:efficient for transmtting inbound nessages

usi ng an ALOHA prot coI because,.t he sel ective call, devjce t bein
the coverage area é“\ggsﬁt*?.acfeféaa%ﬂ?&hﬁgh\ e present invention, a méthod is

used in a selective call device. The selective call device is used in a
communication system having a set of inbound channels. The method
includes the steps of identifying an ALOHA subset of the set of inbound
- 15  channels, and transmitting a first message using an ALOHA protocol on
an inbound channel which is in the ALOHA subset of the set of inbound
channels when the first message is a first message type.
" Accordingly, in a second aspect of the present invention, a selective
call device is used in a communication system. The communication
20 system has a set of inbound channels. The selective call device includes a
transmitter and a processing system. The transmitter transmits a first
message. The processing system is coupled ‘to the transmitter. The
processing system identifies an ALOHA subset of the set Qf‘:inbound
channels, and generates the first message '_and couples the first message to
25  the transmitter using an ALOHA protocol on an inbound channel which
is in the ALOHA subset of the set of mbound channels when the first
message is a first type.
Accordingly, in a third aspect of the present invention, a selective
call device is used in a radio c_o:hm\m_ication system. The selective call
30 device has a set of inbound. channels. The selective call device includes a
transmitter and a processing system. The transmitter transmits a first
message. The processing system is coupled to the transmitter. The
processing system identifies an ALOHA subset of the set of inbound
channels, and a position of an ALOHA portion of each of the ALOHA
35 subset of the set of inbound channels, identifies an inbound channel
which is in the ALOHA subset of the set of inbound channels, and




5 Thus, what is needed is an inproved techni que of selecting an
I nbound channels which is to be used for transmtting an i nbound
nmessage using an ALOHA protocol -in a conmuni cati on system

Summary of t Repbmoseetion 10 Accordingly, in a fPCHUSEOpRLt oOf
t’he present invention, a nmethod is used in a selective call device.
The selective call device is used in a communi cati on system having a
set of inbound channels. The net hod i ncl,udes the steps of identifying
an ALOHA subset of the set of inbound 15 chﬁhnels and transmtting a
first message using an ALOHA protocol on an inbound channel which is
in the ALOHA subset of the set of inbou channel s when the first
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processing systemis coupl ed ocessi ng
systemidentifies an ALOHA s F%ﬁéémﬁﬁkﬁgﬁMWIN& channel s, and
a position of an ALOHA portion of each of the ALOHA 35 subset of the set
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FIG. 2 is an electrical block diagram of a system controller used in the
radio communication system, in accordance with the preferred and

20  alternative embodiments of the present invention.

FIG. 3 is a timing diagram which illustrates features of the
transmission format of an outbound signaling protocol utilized by the
radio communication system, in accordance with the preferred and
alternative embodiments of the present invention.

25 FIG. 4 is a timing diagram of outbound and inbound channel radio
signals for a first type of the radio communication system, in accordance
with the preferred embodiment of the present invention.

FIG. 5 is a timing diagram of outbound and inbound channel radio
signals for a second type of the radio communication system, in

30 accordance with the preferred and alternative embodiments of the
present invention,

. FIG. 6 is a flow chart of a method used in the system controller for
identifying a subset of inbound channels usable by a selective call radio
for transmitting an inbound message using an ALOHA technique, in

35 accordance with the preferred and alternative embodiments of the
present invention.
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generates the first message and couples the first nmessage to the
transmtter using an ALOHA protocol during an ALOHA portion of the

i nbound chawmoetrasben the first nessage is a first nessagerCIyysd6/06421
Accordingly, in a fourth aspect of the present invention, a system 5
controller is used in a comruni cation system The comrunicati on
systemincludes selective call devices and Lhe systemcontroller. The
communi cation system has a set of inbound channels. The system
controller includes a processing systeanor generating a first nessage

which is transmtte t he eI ecti devices. The first pnessage 10
includes a subset %é&us,ag,e Eah 1P$‘Ta§§° ﬁ“ﬂﬂéﬂgﬁ@%@ﬂtﬁfe@% set
of inbound chanesdie, froaccuﬁ’arhe witls eiie pifeferh&i and altbinative @imboditveatsof

BRI"EF DESCRI PTI ANES 15 ~ FIG 1is an electrical block

di agram of a radio com‘rum ca |o tYuS)tem i n-accordance with the
preferred enbodi mentlCof i RAlqy ghasrkof a metl ediin the selective call radigyip 2 i s

an el ectricab bhomtdahceowithnthé paefeyreﬂemdczlﬁdmaﬁ\beeemhcmhemS bhehe radi o
conmuni cation s rdance with the preferred and 20 alternative
enbodi ment s of ﬁéeseeg}eﬂs\gm??ﬁventlon o -~ - FIG 3 is atimng diagram

which illustrates featurﬁ%p RIPTT %;%gﬁa of an out bound
signaling protocol utilize .%I'LﬁﬁDESC dgﬁ)?'g%rbﬁmm | olﬁ system in

accordance with the preferred and’ al ternative enbodi ments of the

present invadftion. Referring to FIGG1, an pleckical blogly disgaymahackdisut bound and

i nbound channel cbfnﬁhtﬁucauon sy‘st@ﬂiib@ id SHovn fith hédorlldit@ Withtthe g&éﬁh@d
conmuni cation s eag nce wi th theﬁgﬁefe nbodi nent of

..aCco
the present inv rema ve em ° 1m t%iOf g‘ﬁ gre&en'ﬁ i 1‘0 out bound
and i nbound chasgemmynidition systemslﬂgnampnseeramwmpuygeme, such asadi o

conmuni cati on sysh@dhtional &leplitieOr01 2R Focsivhilé nidvhind’ EX066 £ dnadBaLiAkt er nati ve
enbodi ment s 10 e inal 122, %Eneusieec%d % ugi‘\la dsnventional switched telephone
network (STN) 108 by conventional telephone links 110 to a system
controller 102. The system controller 102 oversees the operation of a
plurality of radio frequency transmiitter / receivers 103, through one or
more communication links 116, which typlcally are twisted pair
20 telephone wires, and add1t10nally can include RF microwave, or other
high quality audio communication links. The system controller 102
encodes and decodes inbound and outbound telephone addresses into
formats that are compatible with land line message switch computers.
The system controller 102 also functions to encode and schedule
25 outbound messages, which can include such information as analog voice
messages, digital alphanumenc messages, and response commands, for
transmission by the radio frequency transmitter/receivers 103 to a
plurality of selective call radios 106. The system controller 102 further
functions to decode inbound messages, mcludmg unsolicited and
30 response messages, recéived by the radio frequency transmmaer/ receivers
103 from the plurality of selective call radios 106. -

. An example of an outbound alphenumeﬁc message intended for a
- selective call radio 106 is an alphanumeric page message entered from the
. messaging terminal 122. An example of an outbound analog message

35 intended for a selective call radio 106 is a voice page message entered
from the telephone 101. Examples of a response messages are



FIG 6 is a flowchart of a method used in the systemcontroller for

I dentifying a subset of inbound channels usable by a selective call radio
for transmtting an i nbound nessage using an ALOHA technique, in 35
accordance wiywhotigepreferred and al ternative enbodi nents oPCENIS96/06421
present invention. WO 97/ 02667
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FIG 7 is an electrical block diagramof a nuliichannel selective call
radio, in accordance with the preferred and alternative enbodi nents of

the present invention. FIG 8 is a flowchart of a nmethod used in
the selective call radio,_in accorq_gce with the preferrﬁgt ri
alternative enbodlﬁﬂém"é’m%@smd ESFPORSR MIGPTagRs: An owledgment

DETAI LED DESCRI PTlx%%&HE %’?ﬂmnﬂ:&edb aEidé&iV@ldaﬂ radid-106 whichan oun
el ectrical block dj m | 0 S I s shown
I n accordance wt W?%@%P@‘F%%%g tion nrﬁ(?i;1 ﬂ{gr na H/egg% %M\B&g of the
present inventi on.respanseankssage is a mesyaggFentiroBna sele adiprin respense
message input @evie comandSnduded ma@mxtbaﬁnaaﬁéss ﬁaho&& Sdlem a

facsimle machine 12 sagin cied rough a
conventional sw tccﬁ’é‘gm@g{ ME egcam%lg'ﬁ %%E #\/aeﬁ%&]onal
t el ephone |inks 1IMessageinitistedrhy the sele@@ﬁ@ Fdll radio 1106, butwhichds st cont rol | er

102 oversees the qpfsalitiad itilafter a dexﬁkh!d 2bdpionse Comtlindl fs/ 1B4OBE ¥rom the

transmtter/recei ver 103 rmre co i.C on |ink
116, which typi calsiy§ H} €0 qwlgetrgtgﬁ ¢ démand response co fand, it %“T was sen
10

by the system controller 102 after an inbound message requesting
permission to transmit the demand response message was communicated
from the selective call radio 106 to the system controller 102. A response
message is transmitted by an selective call_ radio 106 at a time scheduled by
the system controller 102 and designated within an outbound demand

15 message, or the déemand response message is transmitted using an
unscheduled technique which is a slotted ALOHA protocol, well known .
to one of ordinary skill in the art. When the demand response is
transmitted using an ALOHA protocol, it is called a'demand ALOHA
response message. An unsolicited message is an inbound message

20 transmitted by a selective call radio 106 without having received an
outbound message which requires a response. An example of an
unsolicited message is an inbound message from a selective call radio 106
which alerts the radio communication system 100 that the selective call
radio 106 is within radio range of the radio communication system 100.

25 An unsolicited message can include a request to transmit a scheduled or
demand response which can include data such as alphanumeric data.
Unsolicited messages are transmitted ugin_g the slotted ALOHA protocol.
The inbound and outbound messages are included in outbound radio
signals transmitted from, and inbound radio signals received by, a

30 conventional anfenina 104 coupled to the radio frequency
transmltter/receiver 103.

It should be noted that the system controller 102 is capable of
operating in a distributed transmission control environment that allows
mixing conventional cellular, simulcast, satellite, or other coverage

35 schemes involving a plurality of radio frequency transmitter/receivers
103, conventional antennas 104, for providing reliable radio signals




20 telephone wires, and additionally can include RF, m crowave, or other

hi gh quality audi o conmunication |inks. The systemcontroller 102

encodes and decodes i nbound and out bound tel ephone addresses into

formats that“ﬁgigﬁgnpatible with land |ine nmessage 'switch conputers.

The systemc %er 102 al so functions to encode and scﬁﬁgﬁ&gavé

out bound nessages, which can include such information as anal o e
nmessages, digital al phanuneric nmessages, and response conmands, for
transm ssion by the radio frequency transmtier/receivers 103 to a
plurality of selective call radios 106. The Systemcontroller 102 further
functions to decode inbound nmessages, including unsolicited and 30
response messagewithh Lye *F% the radio frequency transmitter/receivers
103 from t-he plur aﬁgﬁﬁ‘g@ cﬁ%és@ém 2% & W idwide network.. Moreovlh £xanpl e

of an out bound &P dinary skilkinthe arhweould dedopiniz, the teleriS gLl YE cal |
radi o 106 is an selestize eal radiolRAemIRFSAEE SRLEE( etel?@%k_\?c ana/messagi ng

' gd o Toromt
ﬁsg%g{ 108 maysresidetimnded for a
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termnal 122. AgeSx@iPL - an:copt bo, g nal 0g: ne

selective calgl _r.ggi%wi t(lsﬂs'%R%ﬁﬁré@gd‘éﬁ’ﬁb@&gﬁeGMwHﬁependentf &Myt he
t el ephone 105 I%(‘é‘?fm% e‘bf??b}?_!_bsp_onse nessages ar e'_;'. '_ WD 97702667

'PCT/ US96/ 06421 - Each of the selective ios 1 L6

acknow edgnent Scaﬂﬁlﬂﬁ%dé,% | o’aeégn nlggé%sgle%:as%@ﬁ%ﬁ%‘ﬁ%mdio is an

i nbound message tr.a{l,sm.t. edBy-.a .S Ih@:ﬁf.f leasicone addmsmasbimedtheleto

i ndi cat es succeXgH 152 ERiguE shlegtivercalbad diess) ITHE S8 &GRre dlguqlg%&nd '

response nmessagéhe gransmissioAGHF sS@BEsabt 3 ’ﬁ‘ﬁglgigsgérrlvcgn@ 81‘ i&spg;:ﬁliz@%onse
1Yl ' : €

5 to a conmendadifessdtlidpan;put hoynd messe FUHE .Sy
}égﬂgggﬁl?ﬂaéﬁﬁda response nessage is a text

control l.er .102.. An xaﬁg e Ol.ad: i ; St i Gl
“message i nitiated blg“il e Fopeaatod tiatithe seidéitveld ralild) 108 G .iq? nOt”?ln
transnitted unttypeaif eadias, drefaashg’ W%?epa%gmgrgvdn ‘d;iglcgo\lgﬁeg rad'ig‘(ﬁ ©
cpnygnhonal or trunked mobile radios which have a data terminal
attached thereto, or which optionally have data terminal sépéi)ility.

15 designed in. Hach of the selective call radios 106 asmgned for use in the

radzs commumcatlon system _100_ i'ia's.ar_l_ address éssignéd thereto which i
a unique selective call address. The address enables the transmission of N
. Ist_ess_age from the systsg;__cbntrqﬂsr 102 onlyto the addressed selective )
©call rsdip,'.ar_l_d identifies messages and re: _pon's'é.s;-é:csi'v::éd at fﬁe syst
20 controller 102 from the selective call radio. Furthermore .' each ofys iy
_ more of the selective call radios 106 can haveaumque .t’;lle hone ‘:‘e ‘:
assigned thereto, the telephone number be'ing;ﬁiquem{ﬁ{ the Psu'rnltr N
- 108." A list of the assigned selective call addresses and correlated
| telephone numbers for the selective call radios is stored in the s tem
25 controller 102 in the form of a subscriber data base. 7
Referring to FIG. 2, an electrical block diagram of the system
controller 102 is shown,maccordance with ﬂ;é':px"efer}éd and alternative

embodiments of the prés_'enf"inv'entiqn'.'_.'f[‘_he_ system controller 102 queues

- data and storedvomemessages for transmission to the selective call - -
30  radios 106, connects telephone 'célls'fdr_ tréiﬁiiiissidn to the Isslective call

‘ radios 106, and rece I'ives acknowle_dgmsnfs,“démand responses,
unsolicited data and stored audio messages and +clcei - ’
e s, and teleph
. : selective call radios 106" . ge > and telephone calls from the

. Th.e system_cqtf&pllér_loﬁ comp'r'i"s_es'a. cell sité controller 202, a
' processing system 204, an outbound messagememory 208, a sﬁbscriber
data base 220, and a telephone interface 206. The cell site cbﬁtroller 202 is



system control |l er 102. The demand response conmand, in turn, was sent 10
by the systemcontroller 102 after an inbound nessage requesting

perm ssion to transmt the denand response nessage was communi cat ed
fromthe sel ewbisyeeeeal | radio 106 to the system control | er PCHUSIM6EIponse
nessage is transmtted by an selective call radio 106 at a tinme schedul ed
by the systemcontroller 102 and designhated within an out bound denmand
15 nessage, or the demand response nessage isgtransmtted using an
uhschedul ed technique which is a slotted ALOHA protocol, well known

to one of ordinary skill in the art. Wen the demand response is

transmtted using an OHA ocpol cal.l.e ma .
response nessage. CRHP@'rIE\is'ES’Iﬁhg ‘é ﬁ%@é"{gégﬁm tt?'% m:%@%@é%ﬁ‘dﬁmd
transmtted by a sybient receiverd 107 @#Go1 linlsut16h rsite epntrdlien202
out bound message i chhs @m ich 3R ﬁi&%”géie%h% c&i
{seméoungl‘ég age ¥ aflflresse tg 106

unsolicited nessa IS an I n

rom ective c
which alerts the rtBgi Eﬁlﬁmrﬁ%ﬁ“’@ﬁ gp@rﬁoﬂ‘%’ﬁﬁﬁ ’\Yﬁrsc]éﬂsl
radio 106 is wist hito teaxchngit t@digarnism:bnonaychswdnmm&ade the oytboamd100. 25

An unsolicited ne 0, led or

demand response mﬁ%ﬁgﬁ%ﬁ%&mgsuc% atsi%{ahﬁ nurrerl o Q‘?gy

Unsol i ci ted messadeessage hapdlex fumetion.  Ehe,gell site ?ﬂ 207 @ls8 PrOSeHeD| .

The i nbound and ouhbew&ﬂm?mrthelsahbmdaﬂmdiwmmn'ﬁhémb@nd
are'} fell

signals transnitteg S&g% ffﬂ?@heW?gﬁgfe&%ﬁ% f¥ed Systalf]

conventional antenna
transmitter/rdfei egeivers. 107onaseto sdia Wreﬂldtﬁfgtmﬁkedsﬁﬂsﬂ‘ém

contr o: ler 102 is celipielcontoller 202, 'Dnep?éde Bystesi 2{14; mﬂé}emcmdm&msa on
7L 2T e e o R MGG oS 4 s,
of radio f requencﬁotﬁ"aﬁ%nrﬁ’ft? eontreller 2R, 3 telephone;iterf: %@@rﬂ’?(ﬂi FC &latms
104, for providi ndhase 2@ birel thacthitbsingid dassage memory 206) The AepHone
PCT/ US96/ 0642]15 interface 206 handles the switched telephone network 108 (PSTN) (FIG. 1)
physical connection, connecting and discbnnecting telephone calls at the
telephone links 110, and routing the audio signals between the telephone
links 110 and the processing system 204.
The subscriber data base 220, which is coupled to the processing
20  system 204, stores information for each sx_ibscriber, including a correlation
between a selective call address assigned to each selective call radio 106
and the telephone number used within the PSTN 108 to route messages
and telephone calls to each selective call radio 106, as well as other
subscriber determined preferences, such as hours during which messages
25 are to be held back from delivery to the selective call radio 106. The
outbound message memory 208 is for stonng a queue of messages which
are queued fot délivery to at least one of the plurality of selective call
radios 106, whetein each message of the queue of messages is associated
with a selective call address, also stored i in the outbound message
30 memory 208, of one of the plurality of selective call radios 106 for which
each message is intended.
Analog messages are converted to dlgxtal form by the processing
system 204, prior to being stored in the outbound message memory 208.
The message handler function schedules outbound messages and the
35  selective call addresses associated therewith for transmission within a
transmission cycle, by scheduling, as necessary, portions of messages




7 Wi thin a geographic area as |arge as a worl dw de networKk.

Mor eover, as one of ordinary skill in the art would recognize, the-
t el ephoni ¢ and sel ective call radi o conmunication system functions
may reside in ... separate systemcontrollers 102 which operate either
I ndependenwo9782667 N 5 a networked fashion. PCT/USOSHaer of the |

sel ective call radios 106 assigned for use in the radio

comuni cati on system 100 has at | east one address assigned thereto

which is a unique selective call address. Ete selective call address - v
“enabl es the transm ssion of a nessage fromthe systemcontroller

102 only to the 10 addressed sel ective call radio 106. I t

w il be appremat hat- t he. sel: ectlve call radi o ,106_i s one of several
types of radios?* %‘Fﬁﬁp ge ﬂemhe rt‘é’PV?rdBFﬁség?SdaPlﬁs

conventi onal orhavemiﬂmddxgrtallmfomﬂhon s\tntcdtsh uatairia:mes gagabr

atfached 't heret AP shanad ’vb! B cg'ﬁg?m&
desi gned i.n. ﬁﬁfﬁl ecl}lgctl §| Ostggf "assi ghe dse in the
ragi o communi ce?tCF ng%"eéﬂ%ﬂa PEEPEG ARAISIORHE ch i s

‘a uni que seISectoneeombte extdral feamds) és prbgaceh forrtedrisaissidre by rthelméss@eon of a

ressage from t M Rich e %@ﬁﬁn{ﬂ@éﬁts&%% iV e

call radio, entl nmessa OSes Tecet ve € system
20 control | erse F@l‘r?‘i‘ﬁr’@sgeél é?le%"%%ﬁﬁflp 5 agsogigtedyeithbpth  each of one
or nor e criuméwc and analogmtessagesmhichsaré(iﬁcluéed hattﬁe @rclenl ArienbRigephone

gg'mer | 1]008%%&%5#%?%8 ass| ed s;e}lmg trve calllq ad res?gg%g\«déhl nthe

correl at ed %Eﬁ?ﬁ?@%w B ONe Tagre-veice signals; thesanaleg i s stored
in the system Zr"ﬁamets)altemhheelyjcﬁnedattdieefranmof a subscriber data base.

Ref to FIG - '

cgn?l(r)l Ingr 202 i S Esl’hefiﬂes@é hérg%l%ﬁﬁtcéﬁﬁh ﬁ&ﬁl&%g; lﬁeﬁr&mgy dsqgﬁ ernative
enbodi ment s of %W@E’él’ﬂd ‘i"FﬂC} ‘g . rﬁaétﬂﬁtm é‘FbSEG erdataes
data and storedaasemmmgﬁestespohsmssagesambemgmbmcme&mﬂvmecaﬂI 30

radi os 106, 500@3@%%51&{ @i e Siabots '&nto?gtzl)@ 98l &t i ve call

radi os 106, and rec S .ac nts
unsol icited dat¥ 9 Br &fe g‘“’dllt? ?égﬁgﬁéleliﬁ?%‘)ff%m t he

-sel ective cal | owbiowsd hE8sage stored in th‘ﬁ‘loatlay.utdememgemémery 2@Risconpri ses a

cell site cont rd?)hl;ﬂéteaoﬂ'heni the outbound message has been communicated to the
intended selective call radio 106; the outbound message is acknow]edged

20 byan inbound acknowledgment generated by the selectlve call radio 106;
the outbound message is presented ona dlsplay of the selectrve call radio
106 by a user action; a user inbound response is generated by .a user and

- communicated back to the system controller 102 from the selective call

radio 106; and the user inbound response is 1dent1ﬁed by the message

25 handler functlon as havmg been generated by the user specifically in
response to the outbound message In this example, the message handler
function generates another message whtch is sent to the originator of the
outbound message to nottfy the ongmator that the outbound message has
been acknowledged by the selective. call radro 106 and responded to by the -

30 user of the selective call radio 106 . _

The system controller 102 schedules transmlssrons of the demand
responses and acknowledgments from the selective call radios 106. The
scheduling of inbound messages under certain crrcumstances improves
the throughput of the inbound channel in companson to that achievable

35 for an unscheduled, random input mbound channel orgamzatron
scheme such as that used in an ALOHA system As described in more




35 processi ng system 204, an out bound nmessage nenory 208, a subscri ber
data base 220, and a tel ephone interface 206. The cell site controller 202
i's WO 97/ 02667

PCT/ US96/ 064 97102667 PCT/US96/06421
coupled to the radio frequency transmtter/receivers 103 (FIG 1) and fixed
systemreceivers 107 (FIG 1) by the links 116. The cell site controller
202 transmts out bound nessages which i@plude sel ective cal

addresses to the transmtter/receivers 103 and controls the
transmtter/receivers 103 5 to transmt radio transm ssion cycles which

i ncl ude the outbo nmessag sin ne e out po | s as

schedul ed by a gtaﬂrh%@’&gae @r'ﬂr’ acgﬁnnecliﬂgayéé?ﬁpﬁrﬁg gﬁﬁ?%fq 202

al so processes time avaﬂahhdnrmhaiﬁdupieb&rmnglerfeeqmnacmdm cbamuel {a single 106

The i nbound rag% re&é % &dls%kisﬁafeaafas%ﬁ{ SutboRaaianer s 103
mboun: i¢

and fixed system %?ﬂ?@hé?%#‘ﬁ?ﬁéndﬁb?@gﬂt charigg!g?emand

are coupled to th
204, whi ch inc3 udes sdrhe portion oﬁeheﬁgm dvatleble; of all aff ithe tifrer avadlablendn and

processi ng nmessag I d&gg%{{ %gg 02, a

t el ephone i nterfa%&ghg%g aeﬂ.bscrfui)m déq?ﬁnﬁf%h1§%§§ t an %

out bound nessage the glivadiofrequensy. Msthodsfer identifying Sﬁhﬁ}ﬂﬁ@ t he
swi tched tel ephonﬁnﬁgw_mrﬁe d@&;ﬁmﬂbw( FIG 1) physi cal connecti on,

connecting and disco e I|nks
110, and routing thergélg%&% Si gﬁ!{lﬁ?ﬁ%%%iﬁ%&éﬁ?ﬁ% @me@ﬁ%}ﬁ 110
and the procel@i nigrmjmalapapgfactured by Motorolgy, dng, gk %‘Fl}%@? ‘HSt]H“H&%eTQQO
which is coupl ed pfocetsing spstems20doprefiftablyistindes @4onsémticrml icofapinet i on f or

each subscri ber, %ﬁ?&i{ 1332 68 ﬁ&&n@gaf s dsm:iggm@amﬂ SEhE ChhYéitlal

addr ess aSS|gned 0 eac I ve phone
number used wit hi ePTRRtepsyemOd 2 prefesakly comprigge a plurality aﬁarqceﬁ@amwé\ &l s

to each sel ectivevns Bpiﬂ.qiu@céﬁﬁrs m&nuﬁl:furad betSiai Microsystems, Inc. These

15 processors include memory such as dynamic random access memory
(DRAM), which serves as a temporary memory storage device for scratch
pad processing such as, for example, the outbound message memory 208,
acknowledgments received from the selective call radios 106, and for
formatting of messages destined for the selective call radios 106. The

20 conventional mass storage media 214 is preferably a conventional hard
disk mass storage device. The subscriber data base 220 is preferably stored
in the conventional mass storage media 214.

It will be appreciated that other types of conventional computer

systems 212 can be utilized, and that additional computer systems 212 and

25 mass storage media 214 of the same or alternate type can be added as
required to handle the processing requirements of the processing system
204.

The processing System 204 performs functions including the message

handler functions described above, which are conventional, and

30 functions described below with reference to FIG. 6, which are unique. The
conventional and unique functions are executed by the conventional
computer system 212 and controlled by a set of program instructions
stored in the mass storage media 214. The unique functions are
controlled by a unique set of program codes generated using conventional

35 programming tools. The cell site controller 202, and the telephone

L€




subscri ber determ ned preferences, such as hours during which nessages 25
are to be held back fromdelivery to the selective call radio 106. The

out bound nmessage nenory 208 is for storing a queue of nessages which

are queued .for delivery to at |east one of the plurality of selective cal
_radi os 106,wol®ewén ecach nessage of the queue of nessagePCTUSAGeE2I at ed
with a selective call address, also stored in the outbound nessage 30
menory 208, .of one of the plurality of selective call radios 106 for which

each nessage i s intended. ' Anal og gessages are converted to
digital formby the processing syste 04, prior to being stored in

t he out bound nessage nenory 208. - The nmessage handl er function
schedul es out bound ssa es and the "~ 35 selectiyve iall addr esses

associ at ed t her &ferfc Pfeaﬁgﬂl Hping; Gonyentional IRPYH/ORFRYY BRLOYT| e, by
schedul i ng, as mﬁ&h@ﬁﬁﬁkﬂhﬂﬁnﬂmbﬁquyngﬁenngnh . WD 97/ 02667

- PCT/ US96/ 06421 dio conunumcaPon ) steg\ 100 o%thg %rgsent mvgntxon

wi thin franes :of ansm SSI.ON1 C e , rressehges may
haye either di glﬁfﬁﬁerﬂbrly Stikizes %ﬁY“@H@H"%?Iam& iniartosE &

anal og i nf or gat i peed]pm\gpmtocollby%tdrala llwaSﬂ\thﬂﬁugyIH)aomﬂieCh in

accordance wth- rgagg 5 one
or nore contr.ol %“raorr"gdscfa pre ar l lE éﬁ%%%’%%ﬁg QEX@%&& &

handl er functi orfs dgscH emq%% %esSams@?cm@ hframes 88d220 t he
sel ective call aweef:iaﬁss oTheebmmn framesihte prefiraish a&ed)(foﬁ&ﬁd:rdla th both

‘nunmeric and anal gegg\%}%zgﬁ& dléﬁ'lr dlrcﬁ%llél%{egggestgsh &lllerad#ll fb@al og

nmessage is inclu I'n"one of ames. lhasmnu as the 10
anal og i nf orifat i1 yaice ';rgmmarsyu% Qsd Pens@neless‘fw\sssasﬁema
frame is alternaelective calbiddiob 06/ Bath tjrpémﬂif frames are identical in length to

standard FLEX'm frame and both frames begln with the standard FLEX™
synchromzatlon _These two types of frames are tlme mulhplexed on a
single forward channel.

15 Refernng to FIG. 3 a txmmg dlagram whzch ﬂlustrates features of the
transmission format of an outbound mgnahng protocol utilized by the
radio commumcatron system 100 of FIG., 1, and which includes details of a
control frame 330 in accordance with the preferred and alternative
embodiments of the present mventlon Control frames 330 are also

20  classified as digital frames 330 The outbound s1gnalmg protocol is
~ subdivided into protocol divisions, which are an hour 310, a cycle 320, a
frame 330, 345, a block 340, and a word 350 Up to fifteen 4 minute
uniquely identified cycles are transmltted in each hour 310. Normally, all
fifteen cycles 320 are transmitted each hour. Up to oné hundred twenty
25 eight 1.875 second umquely 1dent1f1ed frames mcludmg control frames
330 and analog frames 345 are transmitted in each of the cycles 320.
Normally, all one hundred twenty eight frames are transmitted. One
synchromzahon s1gna1 331 lastmg one hundred fifteen milliseconds and
.11 one hundred s1xty ‘millisecond. umquely 1dent1hed blocks 340 are -
30 transmitted in each of the control frames 330. The synchromzahon signal
© 331 includes a first sync portlon 337,a frame mformauon ‘word 338, and a
second sync portion 339. The frame mformauon word 338 includes 21
information bits and 11 parity bits. A bit rate of 1600 bits per second (bps),
3200 bps, or 6400 bps is usable dunng the blocks of each control frame 330.
35 The bif rate of the blocks 340 of each control frame 330 is communicated
to the selective call radios 106 during the synchronization signal 331.




The nessage handl er function also identifies inbound nessages as
bei ng associated wth one of the selective call radios in the subscriber

dat a base 220 and identifies response nessages as being associ at ed

Wi th one of Wb97#82667 out bound ‘messages in the outbound nessXGa/UEHSMIL 208.
As one exanpl e of an operation of the systemcontroller 102, the
delivery of an out bound nessage stored in the outbound nessage nenory
208 is conpl eted when: the outbound neg?age has been communicated to
the i ntended sel ective call radio 106; the outbound nessage is

acknow edged 20 by an inbound acknova edgnent generated by the selective
call radio 106; he. ) e.l S gnﬁ:is of the
selective call ra Snﬂ!‘eglt }asg?fﬂgg( %ﬁﬁtuﬁg@&y 1§ ng%onse S
generated by. a. %ﬁmmsnutted mcn;n]mblncka%@df"babitwﬁs h3200\bnscm 6480 bpsl | er
102 fromthe sel egf E?lhenhﬁedufoi‘éé eré%m iditiRarwbsiaound response

is identified b the e | er, havin ener,at ed
by the user spe%:ll"F?Re&F‘I"ﬁ %ad‘ vmg g ?%@P%ﬂﬁ%g&%g‘ e3qh ¢ hi s

exanpl e, the Besddgek 3I4ﬂ’ldh$ach word, dtlaaxhl&bngameus&deﬁ)rammmecmBmge whi ch
Is sent to the Orehogféaaaﬁrm&fzi Bis or Jes 24/ LBAY Bk HESHDRARON, T Ahbdertyh

ori gi nator that e out

ound sa een ackn W ed by t
sel ective call r&ﬂ%%o’é‘?ﬁfﬁ’ flbﬂ}fya’?hg“ &d i aresus ct i ve
call radio 106. for error detecﬂibn anylstoerectiont aral lébit&G& fmhnﬂmrmlon, in a

transm ssi ons of ﬁwnto W”ﬂ%ﬁf?mf‘kw r};lgs {pm the

sel ective call schedul ages under
certain ci rCLM’sta‘ﬂE JS}Qp‘Pc?\?S@bl‘xk 340;37e %SBE i‘ﬂaﬁfm ‘?fg Tthannel

i n conparison to ishag texbhigueabbell kidwhdo ome of ordiveaiyskil] in thedintnté nput
I nbound channel %Qﬂrst error ﬁ%&)@% ﬁ&t}ﬁg p'fé@:@oi.n an ALCHA
system As descri Inin . L. .
PCT/ US96/ 06421 ormatmn is included in each control frame 330 in li\éormatlon
fields, comprising system information in the frame information word 338
15 and a block information field (BI) 332, one or more selective call addresses
in an address field (AF) 333, one or more of a set of vector packets, short
message packets, and long messages in the information field (IF) 335, and
an unused field 336 having no useful information therein. One aspect of
system information included in the frame information word 338 is the
20 frame number and the cycle number. The cycle number is a number
from zero to 15 which identifies each cycle 320. The frame number is a
number from zero to one hundred twenty seven which identifies each
frame 330 of a cycle 320. The block information field 332 includes
information which all active (i.e., not in a battery savings mode) selective
25 call radios 106 decode during the control frame 330. This is called global
information. Each vector packet and short message packet in the
information field 335 of a frame 330 corresﬁpnds to at least one of the
addresses in the address field 333 of the same frame 330. Each long
message in the information field 335 corresponds to at least one vector
30 packet in the information field 335 of at least one or more frames 330.
The boundaries of the fields 332, 333, 335, 336 are defined by the words 350,
not by the blocks 340, and the length of the fields 332, 333, 335, 336 are
variable, depending on factors such as the gype and amount of system
information included in the block information field 332, the type of
35 addresses used, and the amount of informa:_t.ion in each message. Thus,
the length of each of the fields 332, 333, 335, 336 can be shorter or longer




detail below, a schedul ed i nbound channel may be a portion of the total

time available in a half duplex single frequency radi o channel (a single
radio carrier frequency which is tine shared for both outbound and

‘inbound channels). Alternatively, the schedul ed i nbound channel nmay 5 be .
some porti omodte2ére time available, or all of the tine aROTGRS6R642I n a
‘channel having a radio carrier frequency which is different than the

out bound channel radi o frequency. Methods for identifying schedul ed

times will be described bel ow temcontroller 102 is
preferably a nodel MPS2000 paging 10 term nal manufactured by Mtorola,
Inc., of Schaunmburg Illinois. The processing system 204 preferably

i ncl udes a conventi opal . G er- - V. 12 nvent nmass
‘storage nedia 2%1?" ﬂ C}ggg@:p,ﬁ\?gﬁgpﬁ ﬁeﬁﬁé fhe&ergg?léﬁrw %’Fg?a@ ably
conprises a pl uofitietlgngths of thesther QethSBZa"B3 335 equdldelSpen blogk®d4(s sAlls
manuf act ured by yguyhy ghél{e&%&iﬂt&hﬂéaﬁa elmﬁde&?orsp Qﬁﬁﬁﬁi‘rséleh&% g menory

U 3 O Ul o WO gl SeSSAtf o o,

t enporary nrermr
for exanpl e, 5t hechediblfot msa@wmawem&mmed oneanfithe \freanen3at of

recel ved {1 om t bgtoglcRdin/ tdaﬁo%ﬂ%ﬁsp Bula? BéledtiVe call racigl V6B Weng of

nmessages desti nec ective adl QS nti onal

‘mass storage medig a2 Z" PQWﬁFé‘F‘%ﬂ' g?“tfé‘f‘ﬁes when mass
st orage devi ce. messages laadriedkors dmmtbashd@d(for ﬁmnarheulabbgleelﬁweull

the conventi ona&a@a%sstx%a}ﬂ&m field 332 in framé bedtf s RPT EC1 Al ed
t hat ot her E'lé e?PJF conventional: co uter és eré?s f%) can

utilized, a OVEINg; TER “E'Ie‘&gffﬂlﬁqg’?‘ 5, manth, day, utyguautey or age
medi a 214 of thanda:mz-elgh'di tmnume type can be added as - required to
handl e .t he processi Snfdrmia &Hi‘tm"g

The processi ng s;istrle‘% {2’04 perfor s func??gym?ﬁ?bﬂ?ﬁnﬁgage WOI&(M
handl er functi oAdCRSMEssagenABTYSOf e RAPLoRo d&‘G?W%FlF%ﬁ‘E?F H’He

functions descr atiditidmallgyradio chargie} information Blich ag radiioi. dhnaebfraqumy. The

convent i OnahSanGu’bEHaﬁHQI Ei‘ﬁé@tﬁdm%@ﬁﬁh@éﬁﬁﬂﬁé% Bf TR %GRt naI
conput er system 212 and oI I a se rogram.i nstr ns
stored in the nES%¥ r?l &WE"P%?‘F@? " or packet
control | ed by adefinedhe pmtocﬁl ms:tgmaaﬁ dong ywasage: émmmesgageonvemtobnal
35 programm ng praaggts The cell sit e contr oI ler 202 and the tel ephone
~ When a selective call radio 106 detects 1ts address within a frame 330,
20 the selective call radio 106 processes the associated vector packet or short
message packet within the frame 330. ‘When a selective call radio 106
decodes a vector packet in a frame 330 which corresponds with its
selective call address, the selective call radio 106 is directed to recelve and
decode a long message or an analog message in either the same frame 330,
25  or another control frame 330 or an analog frame 345. .
Referring to FIG. 4, a timing dlagram 400 shows outbound and
inbound channel radm signals for a first type of radio communication
- system, m accordance ‘with the preferred embodiment of the present
invention. The outbound channel radio srgnal which is transnutted
30 during an outbound portion 420 of a control frame 330, and the inbound
channel radio signals, which are transmitted during an inbound portion
of the control frame 330, are time d1v151on duplexed on the same radio
carrier frequency The outbound channel radio signal is generated and
transmitted using the protocol described w1th reference to FIG. 3. The
35 inbound channel radlo signal is generated and transmitted using a
conventional d1g1ta1 protocol having a synchromzatlon portion and
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interface 206 are inplenented using conventional input/output sections

of the nodel wd @& pagi ng term nal. The radi CPCESOSMMN42RL | ONn
system 100 of the present invention preferably utilizes a synchronous
frame structure simlar to FLEX[err] (a 5 high speed pagi ng protocol by
Mot orola, Inc. of Schaunmburg, IL.) on the out bound channel for
addressing, digital messaging, and voice massygl ng. As descri bed
above, two types of franmes are used: control franmes and voi ce franes.
The control frames are preferably . used for control ssing, and
delivery of digi tEformaiion 3 gl%éf‘? gErog protected; O’];helg@oun (F aRg voi ce

frames are used fmdﬁeigmbisﬂnmmﬂled@:egﬁuﬁngaﬁameslotmbmdary Tel ective

g?lalnd;?gi gi&?gkrﬁmm anﬁsﬁﬁ]ﬁgﬁgms %emﬂﬂﬁ m‘:l’aryo (ﬁ_tB]([err]

synchr oni zat i on goframes A3 (ngtshowmen Rl ﬁbl’d@&@tﬂ@rﬂ) a
si ngl e forward chaie is de’cérmmed biyethe type of hiesbdges génératddior dradisaassish Whi ch

|Ilustratesfeatu [ un
signal i ng prot ocofr E}H{I nggsrg ﬁre%&@@?s"ior%zd?%e g@mnlﬁéﬁtﬂoﬁn% ﬂ’?r?bo of
FIG 1, and whi chiTame 3o ﬁ|a§<=bed1& porh%mfaadanr%@m%porﬁqn 450.
accordance w th th&mraeéaéétﬁfé éultiraahé 206 Giangmits an inboiiRAdhemRAEs the t he

present invention ified as digital
frames 330. The ou egé;%%d signa |ng p&nﬁh ?J&?e o?gpr&ieg%%a\ﬂ;& % og

prot ocol di vi ¥ onperig F(@W‘%l Dﬁiﬁﬁnegl@n%%fémaz@wéﬁﬁthe frame 330,
345, a bl ock 340, outbdundwigrhliipOprdtbedlo fifteen 4 mnute uni quel y

{if1een cycl be EZoaQ?"‘{ﬂéns i {lﬁ’%ahaa‘?‘ﬁfﬁﬁn o bR ThambeL ity 2
ei ght 1.875 seconi§ ftansmitied fram M%ﬁnﬁﬁ%fé'scqlm 103i tagpnecon more Hf thees
330 and anal og f rq@sive4allaadiosn06s ThelspHchidnation aigl 83T RIS 3), $26ck
Normal 'y, al |3 one; undl ed, kiARa$ B, dd MRSl 365 (AR B) b SionaSs o
segment 403 (FIG. 4) at the beginning of the outbound portion 420 of the
control frame 330. A plurality of outbound messages 404, 405 are
transmitted within the outbound portion 420 of the control frame 330.
The outbound portion 420 starts at the beginning of the control frame 330
20 and ends at an outbound/inbound boundary 402. The scheduled portion
430 is at a position in the control frame 330 which starts at the
outbound /inbound boundary 402 and ends at a scheduled/ALOHA
boundary 431. An outbound/inbound identifier which is transmitted in a
block information field 332 of a control frame 330 identifies the position
25  of the outbound/inbound boundary 402 relative to the beginning 401 of
the control frame 330 as a number of the time slots 440. The ALOHA
portion 450 is at a position in the control frame 330 which starts at the
scheduled/ALOHA boundary 431 and ends at the beginning 401 of the
next frame 330, 345. A protocol separation identifier which is transmitted
30  in a block information field 332 of a control frame 330 identifies the
position of the scheduled/ALOHA boundary 431 relative to the
outbound/inbound boundary 402 of the control frame 330 as a number of
the time slots 440. A plurality of scheduled responses 406, 410, 412, 413,
414 are transmitted as data units, each data unit extending over one or
35 more time slots 440. For example, scheduled response 410 is four time
slots 440, scheduled response 412 is five time slots 440, and scheduled




synchroni zati on signal 331 |asting one hundred fifteen mlliseconds and

11 one hundred sixty mllisecond uniquely identified blocks 340 are 30
transmtted in each of the control frames 330. The synchroni zation signal
331 includes a first sync portion 337, a frame information word 338, and a
second synow@erazeem 339. The frame |nformat|on wor d 338 iRUIuRdEes4al
information bits and 11 parity bits. A bit rate of 1600 bits per second

(bps), 3200 bps, or 6400 bps is usable during the bl ocks of each
control frame 330. 35 The bit rate of t bl ocks 340 of each control
frame 330 is conmuni cat ed to the selective call radios 106 during
‘the synchroni zation signal 331. WO 97/ 02667
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Wien the bit rafePeesadkhisgye h%emt%w t%hbqfthanmawf%h%ﬂtﬂlﬁ#ed wor ds
350 are transni responses 406o410HRI2; 14134414 i e radiotsignal emnemitBRDrolmeneof 6400

bps, 16 Um&b@eéﬁvb%ntrhdioﬁqw%‘i@s fo HRbMNEING 45550hichigd words,
respectively, each 9\%?’8 Fﬁ@g enti-fi eq}l?g %P%f e | n I'uded in each
5 bl ock 340. In® EE'PFIFt ng, of (e autboyn¢ messages e rﬁ%ﬁoé'é?l on
and ' coBreéwcmtramsmhttédHymme dﬂieaelecavecnlkuﬂlbmiw& smudtmEmmiy in a

-manner wel | wﬁlkﬁ sQf 3Bediiled Bﬂ§éé ﬁh'dﬂdtﬂ'@ Wiﬁclrﬁéttetr ni@gg wor ds,
15 bits are use or, eﬁﬁ‘ﬂﬁ@ﬂ%@ correctlgfg i t.s are
for informati onPYigiher selective F%%W@Equ in
the art. The bi tasschadhled(iespmselsvlﬁdﬁ) owquqza;m ll:lrm;lotliet()schecmled aespunseed in

an interl eaved n dlnar
i T f4@§ *1!19 A scheduld &ﬁé‘dweguﬁsco%iﬁmkmm Q:Eﬂ?é; y

art LOL CQrrecti on
t he protoc oﬁo Wwheh the SYSfleﬂ?ng?‘F }%Hﬁgﬁﬁl ‘éﬁ'{q‘ﬂ‘ ‘lﬁ%ﬁ‘! ‘Pﬁ ame 330
in information 106 to trhnsrhttssched]dpd n'espmgses,lefmalniﬁ:iemwom pamtstah-e frame

dinformation wor ¢y be g&glvgdqtqﬁgséxﬂgmy%e{‘;eﬂ%%‘? one or

nore sel ective ca aﬁsses I'n-,an dr'ess 333 one or

nore of a set 0539&‘3’ ¥, SrRarated frapsmitter/receivers 1
The start time of each outbound message 404 is defmed as a frame

15 number, block number, and word number A command 455 1s included

in one or more of the outbound messages 404, identifying one of the
 selective call radios 106 by a selective call address of the idenﬁfied
selective call radio 106, as well as a scheduled response time at which the
1dent1fned selectlve call radio- 106 transnuts a scheduled response in an
20 inbound channel radio signal, the scheduled response comprising a data

unit. The command 455 includes a demgnated length of the data unit.
The outbound messages 404 also may include data 457, such as a
alphanumeric information message. The start time of _each scheduled
response 406, 410, 412, 413, 414 is defined relative to the

25 outbound/inbound boundary 402. '

Synchromzatlon and timing mformatlon reqmred by the selective
call radlos in the radio communication system 100 for both receiving
dunng the outbound portion of the control frame 330 and transmitting
during the inbound portion of the control frame 330 is determined from

30 the segment 403 and the outbound messages 404. When a selective call
radio 106 receives the outbound radio signal, the selective call radio 106
processes the outbound message 404 included i in the outbound radio
signal when the outbound message 404 includes the selective call address
of the selective call radio, thus 1dent1fymg the selechve call radio 106 for

35 processing the outbound message 404. When a command 455 is received
within the outbound message 404, or in a plurahty of outbound messages



nmessage packets, and | ong nessages in the information field (1F) 335, and
an unused field 336 having no useful information therein. One aspect of
systeminformation included in the franme information word 338 is the 20
frame nunber waypeyabed cycl e nunber. The cycl e nunber is a nuPGEES9%6/06421 from
zero to 15 which identifies each cycle 320. The frame nunber is a

nunber fromzero to one hundred twenty seven which identifies each

frame 330 of a cycle 320. The bl ock infornat|g? field 332 includes
isnformati on which all active (i.e., not in a Dattery savi ngs node)
selective 25 call radios 106 decode during the control frame 330. This-is

acker Ontne  ndieRpge bafhe rvvasal ol bche kRS L EERIGE | .,

| east one of the thentraﬁsiﬂitesnesfthesdhedabdmspoﬁses&%,me ﬂfZ,ﬁlh% Gamwithr ane

330. Each | ong he lﬁﬁ.ﬂq ds to at
| east one vect or %d@%ﬁ%@? .1euF rrﬁtlon stﬁ‘z%di.ﬂ%% g east one
or nore frames 3390mman emﬂmﬁmmucegﬁe 69“332“ 335, 336
are defined byst h€omuspond@ite between tui cdmmiahds U5D edceivddby itenhtified | engt h

of the fields 332 ctors
such as !the type gﬁlg %rif d?é@ma@% outbound’ﬁ{d}s%ﬁogﬁﬂaw %ghﬁ'ldéé
bl ock informati onrﬁp@mess@é Qzé 2afHe, 414 @@%dﬁ%@%@ﬂw £Ad I8 é?munt
of i nformation iniedicdedts FAGe4 by aetowed lines firtudr dutbouinid edessupeb 404, 40560

ol ds 332,333 HPuctidfictiesBinstl 966 100417, 284)%14, of which a\@%x%ﬁﬂé%ﬁn? han

a bl ock 340. t8e dhBswhichi wraedsdramm epmmand 458 cgmplofed intqitbeund|
of the lengths of pidiga. mtofscnédﬁlea&aspoi@ammmwmﬁi;ﬂuwmmks 340.

AL oo o7 VG 0 OB RSGNE RS, NGO e, Bk
service are pref epgmp}eted in an earlier control frame 330 than the control frame 330

shown in FIG. 4, to one of the scheduled responses 406 in FIG. 4. Another

15 example is line 417 which indicates connection from a command 455, not
shown in FIG. 4, that is completed in an earlier outbound control frame
than the outbound control frame 330 shown in FIG. 4, to a scheduled
response that is in a later control frame 330 than those shown in FIG. 4.

Referring to FIG. 5, a timing diagram 500 shows outbound and

20 inbound channel radio signals for a second type of radio communication
system, in accordance with the preferred and alternative embodiments of
the pi:esent invention. The outbound channel radio signal, which is
transmitted during an outbound control frame 330, is at a first radio
carrier frequency. The inbound channel radio signals, which are

25 transmitted during an inbound frame period 530, are at a second radic
carrier frequency (i.e., frequency division multiplexed with the outbound
channel radio signals). The outbound channel radio signal is generated
and transmitted using the protocol described with reference to FIG. 3. The
inbound channel radio signal is generated and transmitted using a

30 conventional digital protocol having a synchronization portion and
information words which are error protected. The inbound channel
radio signal is transmitted beginning at a time slot 440 boundary. The
inbound frame period 530 comprises a scheduled portion 515 and an
ALCHA portion 518. A frame 520 which can be either a control frame 330

35 or an analog frame 345 is shown following the outbound control frame
330 in FIG.5.




5 scheduled for transmssion in a predeterm ned one of the franmes 330 of
each cycle 320, so as to allow the particular selective call radio 106 to
go into a | ow power (non-receive) node during other frames when short
nmessages and vectors are not included for the particul ar sel ective call
radio 106. WRIMREEK information field 332 in frane zero ippqiddsigsedne 10
followng real tine information: year, nonth, day, date, hour, mnute,

and one-ei ghth m nute. The vectors contain information which
specifies the starting word of a long ﬂ;ssage in ternms of the
protocol. divisions described above, and additionally, radi o channel
information such as radi o channel frequency, 15 subchannel offset fromthe

radi o channel frequ St ar -~ positionand I-ength of a | ong
message, a short rress%ycém%’i Mauﬁél?ﬁe@dpmtocd@mmmhﬁtheot ocol

\%S* tion Iof t he Péhgu radmr sigmal swe tite saiiée e gk descnbedpa’bco%
en a selectiv efa-bh M]q; [ ane
= “’ 306: Q%"ﬁ&‘r’pﬁ%%@g?@oc.éfl#&@%% dhKaichor

t he selective c %ﬂorocgpses t
short Mndanﬁetmsﬁan/ﬁemal |

nressa e
radio 106 %ﬁd&ﬁés”)aadd;esscﬁemmmo a),aréhaﬂenﬁéawthéﬂ Bedifihing? onds
withits smbesﬁubpﬁﬁﬁlelsse a[,ﬂ gg% i al! ' Q i s
directed to: recel#%s%ﬁgg 50 “decode A on paes gﬁug?%"ég message in
ei ther the sane =504, 505 gre E?n%ﬁél’ rﬂ'lesbnﬁ'ohﬁranamowtaa anal og
frame 345. tfansnuﬁ%ﬂmvergl%o (Bubound mebsag’eslﬁréialéﬁ h%'?ﬂbéﬁ@e o&ls
outbound and ' framé 6ROl ﬁh?d\@?fraﬁ% 'n%t§h 't ﬁg&r zﬂ] he e radio
communi cat i gy enod?é‘?ﬁs?%}s | N a. . {“a(g ce ? f mboypd fmment of
the present P t e o Q: |extmdgrlalanewtn chis
transmtted 30ln %@mhmmobqn Obmﬂlmdudaﬁa@luﬁhgoafﬁﬂdesgﬁgtg 0,330, and
t he i nbound Thedhbﬂmei_ ﬁrag{g Boﬁm?b 2 h\gggég)f& n%é%ﬁ%g? E’%pl exed .

i nbound porti onyia pac ﬁetg,tro mg@ﬁ%duhuhaaamhntmﬂo

on the sane radio
signal is gener &F’é&e@ﬁﬁ value greaterrthm ot equal&orz@rd hﬁnﬁﬁp&ﬂﬁp éﬁ d with

- reference tasFl 630&1d€hﬁﬁe§5y th@QQHl@Ch- gu EF'%d:Iﬁq @P%'IH dicon 0151 ated and

transmtted usi ent] ona
synchr oni zat i on?l]%o 3%)nt°a‘ﬁal & Offset tlme Szg is re ted The scheduled portion

915 is at a position wluch starts at an mbound frame boundary 502 and
o ends ata scheduled/ALOHA boundary 510 The ALOHA portion is at a
o posrtlon which starts at the scheduled/ALOHA boundary 510.and ends at
| 20. | an mbound frame boundary 502 A plurahty of scheduled responses 506,
507 are transmltted as data units during the scheduled portion 515, each
~ data unit extending over one or more time slots defmed during each
mbound frame perlod 530 Each of the plurahty of scheduled responses
| _506 507 is a radxo srgnal transmltbed from one of the identified selective
25 call radros in response to one of the outbound ‘messages 504, 505. As
described above for the first type of radro commumcahon system 100 (but
not shown in FIG. 5), a scheduled response can be transmitted by one of
| the selective call radlos 106 smultaneously with portions of other
. scheduled responses whxch are transnutted by other. selective: call radios -
30 106.
Each segment 403 mcludes the synchromzatlon s1gnal 331 (FIG. 3)
| which marks the outbound frame boundary 401 and includes
, | lnformatlon describing the offset time 525 to the inbound frame boundary
o 502, and a position of the scheduled/ALOHA boundary 510, for example
35 ' as numbers of time slots. The offset time varies from 0 time slots to a
value which may exceed the length of the otitbound control frame 330.

o
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i nformati on words which are error protected. The i nbound channel

radi o si gnalwosmeansmi tted beginning at a tinme slot 440 bE&HEEPY4H e
control frame 330 shown in FIG 4 is preceded and succeeded by control
frames 330 and anal og franmes 345 (not shown in FIG 4), the order of 5
which is determned by the type of nessages ggnerated for transnission
fromthe transmtter/receivers 103. The inbound portion of the control
frame 330 conprises a schedul ed portion 430 and an ALCHA portion 450.

When a sel ective gall 106 tr
message i s trans H{bﬂ ﬁﬁ?ﬁ@g%ﬁag@nngﬁ%f@aggﬁgpggﬁnﬁgggﬁﬂ%er > 10
periodic time sl oéah@émmaﬁdﬁéﬁldmﬁﬁmgmp ipelegtive calltadips and

out bound si gnal i 4 Béﬁ'a!bgvé'lr&m@t D o 420, an
out bound channel %o €| qummatxon escrl fﬁ@u@@;

rans tte
transnitter/recei SHRPYIHC Setem 1% gf‘ C@@F@%‘ﬁ% T&ERYSF adi os
106. The syncig ons06a60Dis défgmll reHlﬂve(tﬁlt& mquﬂd ireme bosndary 8%t i on field

332 (FIG 3), addres X;mﬁll 5 ﬁ-edb theSgde@Re 403
(FIG 4) at the be |ng e outboun prtlo . control
franme 330. A plur agiey irptheradipy ‘PE?E"H@@E‘ 5&3’6 gl?%rgo 1eceiViNgOitt t ed
wi thin the outbougg mﬁbbuﬁdn cé@ftobfratriec330carid mansmmagaﬁmng the inboued

out bound portion ; 20
: éé‘gﬁ?\éﬁ'l{ rﬁ%ou ng %gﬁ%gaw H e Séé}ﬁeﬂg %3 %d the %tmd

and ends at an ou

402.. The s%g {a%l p.or
430 is at a pHditmepsagas Pie E‘bﬂPPSWat‘PP seleghive % same in
out bound/ i nbound &oineher firstd Bedsidraditieomrumicationdciystedi M&J—ﬁorrespondmaﬂdary

431. An out bound/ b%gééﬂ%% P lciell byl aRARIRA SEEAVE &l radios Bl 0K

information field contro

t he out bound/ i nbothfd® '?{Bs\%'%t ﬁ%ﬂ‘%}égﬁ?s ;:§ %8@ #8}1 of

the control fr aﬁeﬁaﬁﬂﬂﬁsldanﬁﬁed)eéledivetdaﬂ adios is imdicatéd Gn FIGe5 by @owed

ortion 450 i $5at ;R PR tefn@! fH"Ene t he
gchedul ed/ AL boundary é@? gﬁ%%&g&% S04 565 %Eﬂd&ﬂé&'?e?ioi\éésssw

nnin
next frame 330, 328/, ok %h@@cﬂxagwg%lﬁsaﬁﬁ‘%% i cppp %&WFSCOFPE?E% tted
30 in a block ini3s emhpleted iretid ABowkd messager F5 torthascligbiledieerpiohses t he

position of the sghedyl e Al-GHambRHahY eﬁ%p[@éﬁ%ﬁ‘fﬁ HQ. 4 B6r the first type
of radio communication system 100, but not shown in FIG. 5, command
20 455 can be generated to schedule responses in inbound channel frames
occurring after the next outbound channel frame from the one in which
the command 455 is generated.
Referring to FIG. 6, a flow chart of a method used in the system
controller 102 for identifying a subset of the inbound channels usable by
25 one of the selective call radios 106 for transinitting an inbound message
' using an ALOHA technique is shown, in accordance with the preferred
and alternative embodiments of the present invention. This method
includes unique ALOHA channel control (ACC) functions programmed
within the processing system 204 of the system controller 102. The ACC
30 functions are controlled by a unique combmahon of conventional
program instructions stored in the system ¢ controller 102, as described
above. At step 605, an identification is made of a subset of the set of
inbound channels which are allowed for use by all selective call radios 106
for transmitting messages using an ALOHA technique. This is preferably
35 done by a system maintenance person, using an input terminal coupled
to the system controller 102. The channels allowed for use by all selective




out bound/ i nbound boundary 402 of the control franme 330 as a nunber of

the time slots 440. A plurality of schedul ed responses 406, 410, 412, 413, °
414 are transmtted as data units, each data unit extending over one or 35
nore tinme slots 440. For exanple, schedul ed response 410 is four tine

sl ots 440, wocteekisy ed response 412 is five time slots 44ORCHuﬂmmmueduled
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response 413 is two tine slots 440. Each of the plurality of schedul ed
responses 406, 410, 412, 413, 414 is a radlg signal transmtted from one of
the sel ective call radios 106 in response to a command 455 which is

conpleted in on ound, ne 404, 405 ched led response 5
410 i s transni t'faéﬁ d@éf‘ﬁ’ ecl@gn{als vgaplaia é‘i‘ﬁlﬂ“ﬁaneousl y
with portions momweedt AEEENZAOPER hiQareimf tlllﬂ:’sadldrmntmanreahonsystem ed
“by”other sel ectiooemﬁiﬂréasrtﬁdé@ﬁhﬁ@re%hsﬂb%@fé a%éégfﬁﬁ &ah exanpl e of

a schedul ed res n ti,ne, " responses
412, 413. A sohErel %ES’B g‘%x‘x’&‘%h‘%‘&ﬂ&ﬂ ?‘?VGFP% arpa e smallportien afp

10" when thés ythedntat @qveregt arealdfahe chrbdtdoesndniﬁ:inomsystanl 1901 iAscarcal |
20105, 1OBiply s ehagba apergaaSindty i Bbokid™ o
di fferent mrgg*cfeyreixe@grcgygﬂ GANVERTOD site Jhese 103,
The start tine dfamabmrembapmmﬁag&sﬂﬁdr alkseledtmeemlllaadmsfmarfm- 15
nunber, bl ock nAE@HA tmﬂnw&mnmnoﬁn% Yot 5§ws§t bﬁalaxl{ilﬁﬂ In
-one or nore, of {153@ E(;tb un n:essgﬁ ]
sel ective ¢ e, for ]?8]659%?“3 é“ﬁa‘:ﬂfé’l phEhet i fi ed
sel ective cal I ARQHA bfibset dsmade) orachan ed:,tmobdtb@hﬂcegmalsﬁxeﬁage i@t which the
i dentified sel eg&{&&eg%&lmé@égml&g&mpsﬁ fo?‘ t%n%ﬁﬂsesgolﬂ d regi)&nse in an .
“control frame 330 to all selective call radios 106. The global message is
included in the block mformatxon ﬁeld 332, and. mcludes an identifier
15 xdentxfymg Wthh channels are in the ALOHA subset.
- Under some cn:cumstances, there are selective call radios 106 which
“can be appropnately allowed to use an mbound channel for ALOHA
transmissions when the inbound channel is not appropriate for use by all
selective call radlos 106 An example of such a circumstance is a selective
20  call radio 106 which i 1s operatmg in a coverage area of an inbound channel
which has restricted geographlc coverage, as in the case of the convention
center described above. Selectwe call radios106 operatmg in the restricted
area are appropnately allowed to use the mbound channel, which is a
restricted ALOHA channel used for restricted ALOHA transmissions. At
25 step 615, 1dent1f1cahon of one or more channels ysable for restricted
ALOHA transmzssmns preferably by a system maintenance person, using
an input terminal, When an 1dent1f1cat10n is made or changed of the
subset of channels appropnate for restncted ALOHA transmissions, an
outbound message is generated for transmlssmn at step 620 to the -
30  selective call radio 106, or to a group of selectlve call radios 106, which
 includes an indication of the inbound channels SO 1dent1f1ed At step 625,
the system controller 102 transmits an protocol separation identifier in a
control frame 330 which identifies the posmon of the ALOHA portion
and scheduled porhon of each mbound channel which is identified for
35 use by any selective call radio 106 as lnbound channel or restncted
ALOHA channel for ALOHA transmissions or restricted ALOHA




20 inbound channel radio signal, the schedul ed response conprising a data
unit. The conmmand 455 includes a designated length of the data unit.
The out bound nessages 404 al so may incl ude _data-457, such as a

al phanuner | wo sfeéerat i on nessagfr, = Lgﬂ HAStE«EEB of each SRORARIOE2
-response 406, 410, 412, 413,. 41% i %ﬁ@@ﬁgrel atj ve to the 25

out bound/ i nbound boundary 402. I zation and tim ng
i nformation required by the selectlve E@” radios in the radio
‘commruni cati on system 100 for both receiving during the outbound
portion of the control frame 330 and transmtting during the inbound

portion of the control frame 330 i detig‘i’ &d from, 30 ecf ﬁ%men. 403
and the out boundTABERIGINS, diit StgR \aessags is received gy fem
receives the out bmmdleraIﬁZMWi:dsbdehetrMﬁBdmm@m ATLHA ffifiocol on

processes the outh SRAHR! 4 ql ¢ ﬂ} Hgpput bound radio
si gnal when the out oun messgﬁEJ ILncl.u e. sel ective call address
of the selective calkRe 7+ ieRcleqtyica r‘éo‘fl‘h@aﬁ@@ «fjamultighanpelyi 0 106

for 35 proceSsisgeﬁmmmmsmsam,wécchmﬁhrﬂm fefrediandr ecei ved

Wit e out oy 55 6ibHthens of e pRlllihivelith, e I TTARA0°S
PCT/ US96/ 06421 radio 106 includés an antenna 702 for intercepting and transmjtting radio ang

paocessed by t hesigahBctThecarttiehha 782l isdcolied tdha c&ﬁb@ﬁdﬂb@r@l%wezr@dlg 106 )
then transmts o t n Wit
t he desi gnated dgﬁﬁeg%ﬂ &g@ﬁpﬁ%g %é\?ﬁ@éagécﬁé Iag ‘Jigwéébf% %&’%ﬁ;
comanded by QheSSgsgteeW%n mgm den filtesingsiormsmpvessndesirgble energy
Corr espondence bet pffehahhel feqoen dinplificarfory epih)filteded isigria Frequen

selective col) ﬁ%%zizgﬂo&r;@e%?? m&ﬁwﬁé@g %F”%s@f?ﬁd%é% i o5
i s i ndi cat 6enventional menper.o we@ezwrn'@
404,405 to signal 705 which is coupled to a processing section 310 'I'he receiver 704
15  also has a power control input 707 coupled to the processing system 710.
The processing system 710 is coupled to a display 724, an alert 722, an
audio amplifier 726, a transmitter 708, and a set of user controls 720. The
transmitter 708 is c'ou;iled to the processing system 710 by a modulation
signal 713 and a channel control signal 706, and is also coupled to the
20 antenna 702. The audio amplifier 726 is coupled to a speaker 728. The
processor section comprises a microprocessor which is coupled to an
analog to digital converter (ADC) 711, a digital to analog converter (DAC)
715, a random access memory (RAM) 712, a read only memory (ROM) 714,
and an electrically erasable programmable read only memory (EEPROM)
25 718. The demodulated signal is coupled to the ADC 711. The processing
system 710 is coupled to the transmitter by the DAC 715. The ADC 711
converts the demodulated signal from an analog signal to a digital signal
in a conventional manner, for processing by the processing system 710.
When the demodulation signal is an analog signal, the analog signal is
30 converted to a dxgxtal signal using an analog to digital conversion
technique such as adaqptnve differential pulse code modulation (ADPCM).
A bit recovery funct;gm converts digital signal to binary data in a
conventional manner. A synchronization function acquires and
maintains bit, word, !qlock, frame, and cycle synchronization with the
35 outbound signalmg protocol from the synchronization signal 331(FIG. 3)
of the frames 330, 345 (FIG. 3) in manner well known to one of ordinary
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t he schedul ed responses 406, 410, 412, 413, 414, of which an exanple is line
10 415, which connects froma conmand 455 conpl eted i n outbound

message 405 to schedul ed response 414. Another exanple is line 416

whi ch connects froma command 455, not shown in FIG 4, that is.

conpl et ed i \WQv/036671 i er control frame 330 than the contr oPCEUSIM6EI0
shown in FIG 4, to one of the schedul ed responses 406 in FIG 4. Another
15 exanple is line 417 which indicates connection froma command 455, not
shown'in FIG 4, that is conpleted in an eardq er outbound control frane
than the outbound control frame 330 shown |n]FIG. 4, to a schedul ed
response that is in a later control frane 330 than those shown in FIG 4.

Referring to FIG timn 00-,shpws.outbound 0 i nbound
channel radio si lgaq‘SFﬁa “gé’g%?%g*’?@o‘ie"é’ﬁ ﬁm dg dﬁa 350 )
system in accor%ﬁ'ﬁé)mqhhﬂadqm qtedarl@ckSé?&Oaaﬁ@heouthonadumbngquotmatm f

Ehe prets;anfj hnvema rv@lph%’%ﬂwaﬁe@ibomwa@u%&haatﬁ A}lﬁés%?gé Sd

ransm tted during an out bound.contrq at ~a first radi
carrier fr equenc?g Lﬁlﬂﬁtb‘?fhdﬁcr? tqoé'dlragwgl‘glﬂl‘ipr‘lﬁmsﬁaﬁ%ﬁb%do
transmitted dbri message whemarl afideese rwmeddna'he address &ield333c(FE B)rad dhe
carrier frequencyyfly aﬂ%e%w &ma%aaés mléﬁlbéu&aeshd%&ékt&ﬁa fmyhound
channel radio si M}éﬁﬁ oun%g radl O SiI g‘? | S nera ed -
and transnitted Pt @ 55 iGN 5, recely 3. The

i nbound channel kadwn i gneadt oldlrgeyi@kdhedh&mlt foramahctwedallsleng:eaO&BO
conventi onal d' g'ﬁlrﬁbut%%a%&sﬂ Wlﬁclﬁhﬁé’ﬂ@é?!’ &&bﬁﬁﬁk&%%%&% Qélél:nve

radio 5i gnal e Wﬁptﬁéﬁyﬁt@a Ramateniny on gobelipdieatyr h ean

i.nb 8
lobplyndicater isprressspd byne
i nbound frane pethodxeﬁﬁgecpmpessmeﬁrmhsnhechrklmg othel conteits ofithe @utbound

or an_anal og 1 a s SUF SR 6 Mkl BERTu BEIRUGRBE Y o PREC O

ut’poun ntr rame
330 in FIG 5. controls 436, gqa G%wmona manner. An alert signa. is typically

PCT/ US96/ 06421 generated when an’ outbound messages mcludes user information. The
' 15  alert signal is coupled to the alert dev1ce 722, which is typically one of an
" audible and silent alertmg dev1ce ' :
When the outbound message mcludes alphanumenc or graphic
information, the mformatmn is dlsplayed on the display 724 in a
_ conventional manner by a dlsplay functlon at a time determined by
20 mampulahon of the set of user controls 720 When the outbound
| message includes audlo mformatlon wluch is voice, the message
handlmg function converts the voice s1gnal to an analog signal which is
coupled to the speaker 728 through the aud.to amplifier 726, which
amphﬁes the s1gnal ina conventlonal manner Inbound messages are
25 generated in d1g1tal form by a inbound message function, in response to
user mampulatlon of the set. of controls 720 or an event detected by the
processing system 710 such as recelpt of an outbound message or
occurrence of a predeterrmned tlme of day, ina conventronal manner.
_ An inbound message is, generated and encoded using the protocol
30 described with reference to FIG. 4 and FIG 5 for the reverse (inbound)
| channel and' coupled to the DAC 715 wherem itis converted to an analog
- signal which modulates the transmitter 708, in a manner well known to
one of ordinary skrll in the art. The conventlonal transmttter 708
generates an RF s1gnal which is'transmitted by the antenna 702.
35 - TheRAM 712 ‘the EEPROM 718, the ADC 711 and the DAC 715 are
© preferably convent1_onal parts The ROM 714 is a conventional part




17 The control franme 330 duration and protocol divisions of the
out bound channel radio signal are the sane as.,those descri bed above with
reference to FIG 3 for a control frane 330. Segnents 403 (FIG 4), which

i ncl ude t hepwaysaageni zati on signal 331 (FIG 3), block infeCTasssoes2si el d

5 332 (FIG 3), address field 333 (FIG 3), are transnitted at the

begi nni ng of the control frame 330 and the frame 520. A plurality of
out bound nmessages 504; 505 are transmtted within the control frane
330 by the transmtter/receiver 103. (QItbound nmessages are al so
transmtted in the frame 520, and in other frames not shown in FIG
5.) The inbound frane 10, period 53 starts at, an i pbound frane yndary
502, extends to AAYEE a unique pehinf IRES fastryctions, a?ﬁﬂ“‘?‘h@fﬁa‘é&‘
p:c]lc,lr ality of ti mpegforirbthdAhique functibme wmbbumidéscnﬁmedb@ww.ai?geféfﬁblﬁaheanl
of fset tine 525 ontro
frame 330, whi ch |s Q?Js{)fﬂh&smuﬁtp?o B{%gfg%diﬁo wg’gﬁipgé&gﬁn or
equal to zero. manefagtured bieMaserola dn CSI}O"ﬁlsbq sane

frame nunber a&s tdnm bsvessbre eat be lutilized foﬁmrm;dq&otessuhvw) ahldethaffset
time 525 is rel at% %& I?eg%gg&g ﬂ?%%&zﬁé’@raltemate%ﬁgc&m%aﬁd@%“O” whi ch

starts at an |nboun

schedul ed/ ALOHA. TB@wiTed tg hgndle thn@rmg;fsﬂ?m%s ‘gtthﬁ processing systepyn

which starts at tA16. Seivilllbb agphdcidtéd Hmtnthertybed ﬁﬁdnm:% .81, uRBaviolet | nbound
frame boundary 50 ar
transmtted as dzf?asﬁﬁ#)#%%%%ﬁ 8@&&5&%‘8 Wgﬁ gcn' ﬂasthkw, dat a
unit extendi 7§ owen beraltesnatinaly utitiged eagiwiell r@@tbaw 712. iThbound
frame period 530. wﬁ@ﬁ@ﬁﬁ'&ér w@alwmmma@mmm the AIXO06,

507 is a radio si | e ve 25
call radios in re@?e 15‘?@:% &t}% %E%élﬂg’ssagg &&%%DSS Bés
descri bed above fiBtegraed faﬁras@orttggy@uémomw thawHgrppEaceHAr 46t em 100 (but
not shown in FIG 5)The 5&@%@@?«&59!3@ erfofns hmdﬁon@smlﬁa imeame of

t he sel ectivegecal !!35'#? ¥;QHH
schedul ed reglgonf}iorﬁgﬁél ar elt?rans er se |ve ca radl os 30

106. EJ0essagR) PEeRessing qhﬁplamdwsqaﬁe gmdz moynd@gmge 331
(FIG 3) whi efaidmdédaﬁwahb@uedwmohrmemﬂéwmﬂ%@a&mmm

502, and & posi t .r%'%&@?# RiloR 2 f“aﬁﬁi’l%‘éuw%ar Yl el

conventional and umque functions are executed by the microprocessor

20 716 which is a conventional microprocessor controlled by a set of program
codes stored in the mass storage media 214. The unique functions are
controlled by a unique set of program codes generated using conventional
programming tools. .

It will be appreciated that the processing system can be alternatively

25 implemented without the microprocessor 716, by implementing the
conventional and unique functions described herein with a combination
of conventionally available off the shelf integrated circuits such as CMOS
shift registers, clocks, gates, counters, DAC, ADC, and RAM, and that
further, some or all of the conventionally available off the shelf

30 integrated circuits used to implement the processing system can be
alternatively implemented in an application specific integrated circuit. It
will be further appreciated that the microprocessor 716 can alternatively
be a conventional microprocessor, such as a microprocessor in the family
of 68HIC11 microprocessors manufactured by Motorola, Inc., of

35 Schaumburg, IL.




35 as nunbers of tine slots. The offset tinme varies fromO tine slots to a.

val ue which may exceed the length of the outbound control frame 330.
WO 97/ 02667

PCT/ US/ 96/ 06421 . ' .18 The .,
out bound neweagemweb04, 505 i ncl ude one or nore commuands 4BEIAUSIENE421 each
command 455 identifying one of the selective call radios and

i ncluding the information described above for the first type of radio
comuni cati on system 100. The start tine of $ach schedul ed response 5
506, 507 is defined relative to the inbound Tranme boundary 502.

Synchroni zation and timng information required by the sel ect i ve cal |
radi os in the radi o_conmmuni.c syste 0Q for Qon

t he out bound controlR ‘?"&Hﬁt%%%baﬂcf‘ ﬁ?‘grf?ﬂltt qu%‘é‘eﬂtﬁ’ ‘F?dk ve call
frame peri od 530radio #@4 isrshioway in pceerdanceswijivthe Audtﬂlmmﬁltvsound 10

”Essagfﬁ 5$4 I%ﬂ&ﬁhﬂ’éﬁ@ﬂf e Pé.%,eﬁteix%htws qaixé n{e?g%&sqcm@es ﬁnfqgle same in
as I n e I rs r adi,o on . s em ence
hotwaen the comAlBHS shhdt s&&&m TGS et ke TR B8R o0

t he out bound Smspmgmn@systéﬂm&nﬂﬂtmlwtmemﬂl wﬂméﬂﬁoﬂbesnﬁq;& AGS7
fromthe 'dent'fffguaﬁé Sfetédfﬁrcﬂ&h' éaomaﬂiaﬁam doRvEhfiona? by arrowed

15 lines fromo ound nessa es. 5 to the'sc d,re es 506,
507, of whi ch PRS0 3t %in@rﬁzwcesmses{sge A0 At SRRIAR e

455 conpl et ed i m@em@m@%mg&smfadtﬂwﬁémbeﬁt@thewmfse

507. In a W&nneruﬂsb %haﬁﬂel&ﬁﬁdmmes&!dfeﬂLOBLfb&ucﬁtsféFmbbﬁﬂ”St type

355" can_be_obhor dumep AR08 enpaC i HECieI RNV hal eics 108 e AR e
occurring aft er 4 ALGHA subsétmfrible setzofinboundachannelsrandhe setraf ALOTIA ch
the command 455 4 i #hbslnd channels. The FOAAIIUNALOPLA bbse of InBdud Char t
of a method usedc:hanne 1dse¥\t1hes mbound channels in the set of inbound channels
which are to be used by the selective call radio 106 for transmitting
15  inbound 1 messages which are to be transnutted using the ALOHA
techmque until the selective call radio 106 receives newer information
defining or addmg to the ALOHA subset of mbound channels. The
technique for determuung in the 1mt1ahzed ALOHA subset from the
stored subset i 1s conventional, but the use of the default ALOHA subset is
20 unique. The default ALOHA subset can be anythmg from an empty set,

" ie, no channels are de51gnated for ALOHA transmissions, to a complete
set of inbound channels. Typlcally, the default set includes at least one
channel, thereby allowing an unreg1stered selectwe call radio 106 to
transmit an unsolicited reglstratlon request using the ALOHA technique.

25 The initialized set of ALOHA portlons of inbound channels identifies
scheduled/ALOHA boundary posmons (and therefore ALOHA portions)
for each inbound channel which is usable in the system for ALOHA
transmissions. The default set of ALOHA portlons of mbound channels
can be one scheduled/ALOHA posmon used commonly- for-all inbound

30  channels, or several values defmmg d1ffer1ng ‘scheduled/ALOHA
positions for each inbound channel ¢ or groups of inbound channels The
téchnique for determining the 1mt1a1_1ze_d_ set of ALOHA portions of
inbound channels from the stored default set is conventional, but the use
of the default set of ALOHA portions of mbound channels is unique. At

35 step 810, the selective call radio 106 receives an outbound message which
includes an ALOHA subset identifier, identifying a new ALOHA subset of




controller 102 for identifying a subset of the inbound channels usabl e by
25 one of the selective call radios 106 for transmtting an inbound

nmessage using an ALCHA technique is shown, in accordance with the
preferred woondgsd al ternative enbodi ments of the presentPCTRSSHNE4N. Thi s
et hod I ncl udes uni que ALCHA channel control (ACC) functions

pr ogr ammed within the processing system 204 of the systemcontroller
102. The ACC 30 functions are controlled b%"é uni que conbi nati on of
conventi onal programinstructions storéd in the systemcontroller

102, as descri bed above. At step 605, an identification is nade of a

subset of the set_of . i un annel.,s re or use by

all selective calqherSSHP%E‘b?BBH cﬁannels er“”'ter%gﬁﬁgéf 9@5’3’%@‘&1&%

ALOHA techni que. drhile systami.cThe ALQHA3sulsseh ldnyifier aqmpmsrhntmheﬂmﬁeck
erson, using an r C ¥ﬁ&§

I5)02. The chagnel thgcﬁﬁatiog\ &18%32 &%RJeﬁﬂPnall arr{a ﬁge& P&I& %%O‘S}I%l%%

PCT/ US96/ 06421  inbound channels. The message is elther a global message, iden

call radios 106 fﬁ@nWﬁﬂé@bsMW@dbymmmhadmeo@bcmmw
coperage over B e SROPRARIE GiiSRenlel BP el fh FRMRHEFE! LR LR KR

100, whereas thos ar e not a |"owe or "use ctrve

radi os 106 are t HdQEﬁWBMWtAF@OI%ﬁ@SGbO%ﬂ@QP@fo testrieted imbrund portion
of 5 the tot alcreﬁﬁersafeﬁugésﬁaﬁﬁdémé PO Rbleatived Bal BYALi6a IS As

an exanpl e, stem era r _two i.nbound
channels to glr) owt@'eo? I(mfbﬁ é %‘? “@%@?ﬂli‘#ﬁ y%ﬁqSngg t?:ﬁgggcessmg
channel s are Hbt Si’p?ﬂmﬂpﬂoamdﬁf@rﬂlﬁ LOBIA subset stoped theseindy! teplacing theidd f or
ALOHA transm ssi QiibsetS®itAItRe Relv sdbséd”lGItW% ateafthsmmiﬂhﬁve 10 usable

ord o™ S ot A SO A A e B
for use by a selective call radio 106 for ALOHA transmissions are equally
usable. For example, the subset of channels which are not allowed for
15 ALOHA use could be identified, since each channel is either usable or not
usable by each selective call radio 106 for ALOHA transmission purposes.
In another alternative, an outbound message which is identifying
channels which are (or the channels which are not) usable for ALOHA
transmissions can indicate only changes to the ALOHA subset, such as by
20  adding or deleting a channel or channels from the ALOHA subset. At
step 815, the selective call radio 106 receives a global outbound message
which includes a scheduled/ALOHA boundary identifier (protocol
separation identifier) for an inbound channel. The scheduled /ALOHA
boundary identifier identifies the position of the scheduled/ALOHA
25 boundary 431 (FIG. 4), 510 (FIG. 5) of an inbound channel. The
scheduled / ALOHA boundary identifier comprises bits in the block
information field 332 conventionally arranged to identify a channel and
an position of the scheduled/ALOHA boundary 431 (FIG. 4), 510 (FIG. 5) of
an inbound channel. The position of the scheduled/ALOHA boundary
30 431, 510, which is stored in the selective call radio 106, is updated by the
processing system 710 at step 820 by the information in the global
message, in a manner similar to that described for the ALOHA subset of
the set of inbound channels. It will be appreciated that the
scheduled/ALOHA boundaries 431, 510 for all inbound channels which
35 are in any ALOHA subset for any selective call radio 106 are determined




generated by the systemcontroller 102 for transm ssion at step 610 in a
control franme 330 to all selective call radios 106. The gl obal nessage is
included in the block information field 332, and includes an identifier 15
i dentifying which channels are in the ALOHA subset. . Under some
ci rcunst ancw 977 e are sel ective call radios 106 whi ch peruseseén: be
appropriately allowed to use an inbound channel for ALCHA
transm ssi ons when the i nbound channel is not appropriate for use by all
selective call radios 106. An exanpl e of sug% a circunstance is a selective -
20 call radio 106 which is operating in a TOverage area of an inbound
channel whi ch has restricted geographic coverage, as in the case of
't he convention [dlcefad.tfler dﬁﬁ‘ d above. Sel ective_ call radios 106
operating in th&Yrthe Lepto r&PBSQ{)E Y Ssrsmission(®af ope®rt o use the
i nbound channel mudelschedlsled/ALOHArbesndaqtnlénﬁﬁﬂSA channel , used for
restricted ALOHA tr D on_of one or
R@?@P%QBOBI% preEegsn')lE sy§l'e%E7 g erdl60 L %%d lpnesés]age abl y

nor e channel s u?@‘g restrict T ansi SSions,

by a system nmi H%h‘&‘é“ 9 mjessage lsarmgaﬂy one ofathe.fﬁﬂwnzgemmn V\hen an

i dentificati&n nmsohx:itedcmbohmhgm#sa:ge,hhhmand ALOHA eésp

appropriate for K] d nmessage
1s generated forSEt ggsﬁagg}d?ﬁ at Eﬁﬁ%%?z%ﬁ%&m?ﬁ%sese t‘f'&g}call radi o
106, or to a gr dRh® ésmanﬁa%ﬁa%mpommnssages areimfitstides an

i ndi-cation of thme,ﬁAMDHAChwhmhla&egmend&db)fﬂﬁcpm&ss @5710 and t he

t troll | t
control fram 3?0“‘;’%‘.@%% UE b ianBiin %ﬁ.‘%“ﬁ%ﬁﬁ%ﬁfﬁ"‘“ﬁ hd Bt @
and schedul 1die ﬁh‘?ﬂ’fﬁ‘}&?ﬂl‘& 17 W%@gl‘\[&ﬁﬁw]@@i‘lﬂ@r 35

use by any sel thlleetheedchedtddd aclhﬁrﬁ/vhdgmehtamtﬂ sdhedalidd REporases hve h ed

ALOHA channel t"s@ﬁéd{]l
20 transm ssL\Z_;gzﬁ ep . %Iﬁ.ra{é' our#dﬁr?gsg%regﬂe% sgléedu,%d at the
syst em cont Fefet TO%“ ﬂH’F é§e§§é§‘ﬁ“f @h&ﬁﬂ‘i@dﬁ@%ﬁ@’ scheduting,

protocol on information such as inbound channel 1dent1ﬁcat10n, starting time slot,

' 15 and data rate. The ’ammg, modulatlon, and channel selection are
controlled by the processmg system 710. At step 830, the type of inbound
message is determined by the ' processing system 710. When the type is
"scheduled" at step 830 the inbound message is transmltted at step 855

| us1ng ‘the scheduled inbound channel at the scheduled time slot, which is

20 durmg the scheduled portlon of the mbound channel When the type is
not "scheduled" at step 830, and when the radio communication system
100 is a frequency d1v1sxon multlplex system as described with reference to
FIG. 5, the processing system 710 determines further whether the
outbound frame 330 in which the last ALOHA channel identifier or

25 protocol separatlon 1dent1f1er has the same frame number as the inbound |
frame in which the mbound message is generated for transmission at step
835. When the outbound frame 330 in which the last ALOHA channel or
protocol separation 1dent1f1er was recelved is determined to have the
same frame number as the mbound frame in which the inbound message =

30 is generated at step 830, the transmission of the inbound message is
delayed " by the processmg system 710 at step 840 until the next inbound
frame 530. When the outbound frame 330 in which the last ALOHA
channel or protocol ‘separation identifier was received is determined not
to have the same frame number as the inbound frame in which the

35 inbound message is generated at step 835, or when the message has been
delayed at step 840, one of the inbound channels in the ALOHA subset is



an i nbound channel identified at step 610 or 620. Referring to
FI.G 7, an electrical block diagramof a nultichannel 5 selective cal
radio 106 is shown, in accordance with the preferred and alternative
enbodi nent s GQgololiaepf €S€Nt i nvention. The sel ective call PCT/USH/842106

I ncl udes an antenna 702 for intercepting and transmtting radio

signals. The antenna 702 is coupled to a conventional receiver 704
wherein the intercepted signal 703, described_gbove with reference to FIG
10 3, is received. Receiving includes filtef ng to renove undesirable
ener gy at off channel frequencies, anplification of the filtered

signal , frequency conversi on of therﬁﬁsgnal 703, and %g{)dal tion of
the signal 703 |nchﬂsenraﬂé§ﬁﬂ)§ﬁt$@ﬁzﬁ45ké( Processing syetete/ 10, gndther ey

genter at e§18 d$godqh9&ﬁqﬂ 70 %tnérlg ﬁeﬁxﬁémﬁtt@aﬂ §tm®ﬂb§de1fem1&1@’ftn 0§6I ng
section e receiver al g0 Quer ] ofél[-}?i"a priorA

coupl ed to the prFEESEFNE ¥ & Iﬁ%% BLEdeih 5 oM i s
coupl ed to a di splselec@ichannekusing an2L.OHA tedmﬁi@cﬁt@f 0. fEqr ex@mple,

it ;agglrpplt te gr t ZO?he%ﬂBgé‘gsﬁghmw thé snbotthd 'n%@?aof is tanaRsed hﬁli-tiﬂ gmd
a channel control gtHHF Siﬂsgdsﬁ ?‘?g’ Wﬁ%‘%’é‘dﬁ&’ﬁﬁ@ %C}go
The audio anplifids cﬁd@m@mndpmedvar@ Brmed’mervﬁi@f ALOHp% tmessots,
section conprises jg rq,ﬁhﬁ&r%ﬂw gdinRhyeskillan analog to

digital converter (Al i tal to analo COJpRerte 715,
a random access nenor e7rf§€°g ﬁ%%ﬁ?\ﬂ%ﬁﬁ@\ﬂh?%é%swn and an
electrically aﬁasdnpéemsy@mmmdemedmlﬁlmmsigps 835 and 84he
denodul at ed si gnalaph SRR to the ADC 711. The processi ng system

710 is coupled to the a The

converts the denodul a?é@ %351 %Pcﬁ%?&g zf%‘ Elealb’rﬁﬂ:o Eﬁza} #4 signal
in a coventional ritermativel embpdimendsifridetpreséns iprention uged éy o Gme7digision
Vhen tPeddterm' dul 6&11 @@fg@&naa@ue&r%awﬂrré@fmgew{n% FRctheicise S0the
converted to al”_sign ng an.anal og to digital .conversion.

t echni que suc?;l A t PR, “%b‘l}\‘%“g ?J%"d% E%ﬁ@f\ﬂg an
A bit recovery furmLOHd& protoenltis tyfigallyatransryitted h}barbmsaleytlmmsﬂ fadia 106 in

conventional mann QA Wﬁi@@tﬁ\'&‘%ﬂ Eﬂwﬁiﬂﬁm@%@é generated. In
mai ntai ns bit, ;& ,ag %v ?IBEE an tﬁ\ﬂ nch.ronl zat'l on, thcghe 35
out bound si gnal i ng"p & @mﬂgﬁ{ %Hlll??fe’é %’ﬂ 3)
of the franes 330,mBdBage & Brnsmittedrnsing wel ALREAWprotocolnia thfe ipbdund fxame
20 530 in which the message is generated. The alternative embodiment has
a deficiency that, in a frequency division multiplexed system as described
with reference to FIG. 5, when the offset time 525 is less than the duration
of one frame 330, 520, 530, a predetermined maximum ALOHA portion of
the inbound message is defined, during which a boundary or subset
25 change will not be transmitted in an outbound message and before which
a selective call radio 106 will not transmit an ALOHA message. This
avoids problems with an ALOHA message being transmitted in a non-
ALOHA portion of a message during the frame in which the change is
transmitted, but restricts the ALOHA portion to being less than an entire
30 inbound frame.

It will be appreciated that the unique method and apparatus
described above which provides an improved technique of channel
selection of channels which are to be used for ALOHA transmission of
inbound messages in a radio communication system 100 having multiple

35 inbound channels provides similar improvements when used in systems
which share some similarities with the described system, but which can
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~skill inthe art. A block word decoder function decodes the words 350

(FIG 3) included in the blocks 340 of the outbound signaling.protocol in a
manner welwolowessy t 0 one. of ordinary skill in the art. Arcwessga21
processor function decodes outbound words and processes an out bound 5
message when an address received in the address field 333 (FIG 3) of the
out bound si gnaling protocof matches an enbggdded address stored in the
EEPROM 718, or when a global indication is“received, in a nmanner well
known to one of ordinary skill in the art for a selective call device 106.
- An out bound ne \gn-ch has een determ ned_ tg-be for -the selective 10
call radio 106 ﬂ"t"ﬁ H‘F@tsorlnmaﬁrﬂlﬂ%’&mnﬁédp%%ssed by
t he nessage pr oadioswr dvlenwﬁrelnssacﬁmdcanqﬂe,arﬁdlwnedqbaﬁt to afultifpeieut bound
message and ac SRR Al f user
control s 720, ‘igbfinrlga\{:/%% ﬁfr%ﬁ%l K daHd’eaerr‘# SI aﬁ{;ﬁr plqcally
generat ed when PIWI Jutre pairs), |sﬁFt§r1ﬁ*BP chamnels 15
alert -signab i sanba;demgmtadtfbeahlsdetuutecanlc&ev?&a tobblf@hAL@HA{pl cally one of

an - audi blg ﬁﬁ%m?{slﬁﬁ'foﬂe?sr fdrrb‘lhgcﬁ.\ﬂb&%ransmms]gonshay s gtt%ehe out bound

- nessage . i ncl udes  al:phanu or- grap
i nformation is teshaid %/‘g‘?fc’f'}ﬁe‘fﬁhoﬁﬁs ra?wmeme%sages shortez thargemenal manner
by a displ ay fliixedllmgthtcanbudalgﬁate&mm’ﬂsbﬁﬁ tr2fsmissioh onl @1 ADDHA the set
of user controlg -Wen t he out bound" : nmessage incl udes audio

i nformation whi cﬁ IS voice,-the nessage: . handl i ng-function converts
the voi ce dlgnal’ Bu%herameogrhgngthwcomm%wcmon system isqupAdiad to t he speaker

728 through tthﬁhtdthﬁcétiBi{s @h, #3fbed Wit Be a radio cofffthhichsn biiedl gnal in a

conventi onal ma I nbou ital form
. by a inbound né’g %ﬁ&e‘ﬁﬁﬂ?m&q‘ﬁ%m& %Eﬁ%#l’p ation of
the set of contlnHL m@‘ protamle@therpmtemleaut}yasﬂmpmtocol usediedsE ng
system 710, SUQ&KRBEW%?ﬁbﬂtcdiﬂdEb& Mbdifiedns prosRiRdBe Fanctions desead r ence of

a pr edet er rﬂsneq\e;_élge of day;, in a convent i onal manner .
' By now it should be appremated that there has been prowded a
" method and apparatus for improving mbound message throughput by
controllmg the selection of an ALOHA subset of mbound channels used
by a selective call devxce ina commumcatlon system havmg multiple
20 mbound channels

Wé claittt:



An i nbound nessage is generated and encoded using the protocol 30
described with reference to FIG 4 and ﬂ!ﬁmﬂu“ﬂ" Qtuﬁﬁverse (i nbound)
channel and coupled to the DAC 715, whe ' ted to an anal og
signal which nodul ates the transmitter 708, in a manner well known to

n

¢
i
one of ordi nawvgomedeél in the art. The conventional transm tPeT/USSEN6421

generates an RF signal, which is transmtted by the antenna 702. 35

The RAM 712, the EEPROM 718, the ADC 711 and the DAC 715 are

preferably conventional parts. The ROM 714 isza conventional part WO
97/ 02667 PCT/ US96/ 06421

22 ' havi ng a uni que set of masked programinstructions, a portion
of whi ch perform the uni.que functions whigh are described bel qw.
Preferably, the be qu‘ter#’%ef*ffﬁ‘rt rresRests. JIndparficular,the ?H%‘re’ﬁgl‘-f??él%%e

digital signal proadiosmr even wireleBSPFormaxarhplel in edvisgd bbirdrtolmulti-peint | t
wi Il be appreci at %ﬁg\aﬁaﬂ%@ir luralﬁy%f%iegtgvé)ém&?ﬁ@éssarﬁ?& gﬁ’@raﬁyb' zed for
t he m croprocessor, ., an tﬁ i tronal processors of] the sane
of alternate type EEpshRTIEl leg a pluralig ot WAERPAE)SARE FHGEA SHRBER, ng
requi rements ob t ken peclesignateg foy sllselective call dé€iced to bei ok ALOHPPr eci at ed
that other types Qlangbiils fnd othéﬁls PRl ied uansnﬁsﬁaﬁé,qﬁ) ﬁsiagqaéammb' e
read only nenory EI?RG\X&'Sor l.a 10 an be alternatively utilized
for tho Rou 714 Seehmate escribed ke For rample, messaae shirier famcome
appreci ated that tfixedRédgthilkan behdesigiied/ forl SLOH% trabEmission on & IALOHA DAC

715, and the ROM ¢§4nnéi.ngly or in conbination, can be i ntegrated as
a contiguous pQqrtion g he m crqprogessor 716. . The_ processing
system 710 perforns f wetheamare, et ommugication systegy it 2 gAdicof the bit

(rj_eco?/er y, synchr orbaghifitatibh epstenty) itineel not Bga radio compreS@EONEYSERR S| Bga
O SPLe, e5oa0e Uit Ll o G0N L BRIy mch PR RLABHESE D2
Xion™ protocol. Other protocols such as the protocol used in the
ARDIS™ system could be modified to provide the functions described
15 herein. '
By now it should be appreciated that there has been provided a

method and apparatus for improving inbound message throughput by

controlling the selection of an ALOHA subset of inbound channels used

by a selective call device in a communication system having multiple

20 inbound channels.

We claim:



described below with refer t i ch are uni que. The
conventi onal and uni que fuﬁmm]@! (ﬂg H ed by the m croprocessor 20
716 which is a conventi onal ~controlled by a set of program

codes st or ewoionoiése nass storage nmedia 214. The unique f umEITUSsG06dzIe
.controlled by a unique set of program codes generated using conventional

programm ng t ool s. It will be appreciated that the processing
system can be alternatively 25 inplenenteqayﬁthout the m croprocessor
716, by inplenmenting the conventi onal®and uni que functions descri bed
herein with a conbination of conventionally available off the shelf
integrated circuits such as CMOS shift registers, clocks, gates,
counters, DAC, ADC, and RAM and that ., further, sonme or all of the
conventional |y available off the shelf $83M&tegrated circuits dsed to

I npl ement the processing system can be alternatively inplenented in

an application spegihethodvhsedr int £sele¢tiveldall ddvice, whereinvehe Iseleetite edlher

i ated that,th ' 716. t] . b
ovent  onal 5 Gl Bl Bh A EanluldioR sl Ralie o ot smbound P
of 68HCL1 mi cr opthepmelsosaid rasthod comprising thestepebh, Inc., of 35

Schaunburg; |IL. ident¥@ing /4D ABGOHA subset of the set of inbound channels; and
PCT/ US96/ 06421

s . . 3
Referring to FIG 8, Senppitiinga fistspessage pping aﬁ‘s’éﬁomtﬂﬁgt%g\z%ﬁive cal |
radi o 106 i s shdnhound chanwsl vehich isvn the ABOSLA subset df £hel sell ofsinhaund e

embodi nents 1f tdMAnREIRSEREn (HRVRRE heBsaghils & fifet heskagBdbpéles uni que
ALOHA channel sel ection (ACS) functions programred within the 5

processing system 710 of the sel ective call radio 106. The uni que ACS
functions are ccht The mathod agcording e daimbilnwhergin ghe siepafrirarsmitting
further comprises the step of selecting the inbound channel randomly
from the ALOHA subset of the set of inbound chanmels.
15
3. The method according to claim 1, wherein the first messige type is one
of a unsolicited inbound message and a demand ALOHA response
message.

20 4. The method according to claim 1, wherein the communication system
is a radio communication system and in said step of identifying, the
ALOHA subset is identified by a subset identifier received in a frame of an
outbound message.

25 5. The method according to claim 4, wherein in the step of transmitting,
the first message is transmitted during an inbound frame which is next
after an inbound frame which has a same frame number as an outbound
frame number in which the subset identifier was received.

30 6. The method according to claim 1 wherein the step of identifying
further comprises the step of recovering a default ALOHA subset of the
set of inbound channels and a default set of scheduled/ALOHA
boundaries from a memory in the selective call device.



programinstructions stored in processi ng system 710. At step 805, the
processi ng system 710 recovers , Eﬂﬂﬂw I I%ubset of the set of
i nbound channels and a defaul t comy iti ons of inbound 10

channels fromthe.-nenory in the selective call device 106, and-initializes
an ALOHA subwew7/03661 he set of inbound channels and a set OFCTAISI6#6421
portions of inbound channels. The initialized ALOHA subset of inbound
channel s identifies inbound channels in the set of inbound channels

which are to be used by the selective call ggpio 106 for transmtting 15
I nbound nmessages which are to be transmtted using the ALOHA '
technique until the selective call radio 106 receives newer information

. defining or addipg.t0 th LOHA subset, of inbound chanpel s, The

t echni que for de Er’]?herf?‘ﬁg‘ ac[‘:ﬂ’éf’ﬂﬁi%‘? Wﬂeﬂgﬂiﬁlﬂa‘gdﬂgg?n‘i channe) bas an '
stored subset isAJ&Mlénpontion) and wherein inseidostep lof trhsmittingAtt@Hfirss ubset i s
20 uni que. The defaadd isAbdrdmifbd 38 the ALCRAIBYHOR Of the M R t,

i.e., no channels are designated for ALOHA transm ssions, to a conplete
set of inbound channel's. Typically, the default set includes at |east one
channel , t her Bby 8alThewnethodracoording &t elaiul 15 wiherdin the selbdtiveamilladelide is@
transmt an unsolifibt®Rridecdi stration request using the ALOHA techni que.
25 The initialized set of ALOHA portions of inbound channels identifies
schedul ed/ ALOHA boundary positions (and therefore ALOHA portions)

f or each i nbound9cmmethodiused in 8 seleativecilhdevice, aylsdrein therseliciié\call

transmissions. T fi 5. radio e FAuRRh il _H'Eﬂ}ﬁ?#l' (
can be one sq@ed?ﬁﬁﬁ%ﬁgéﬁ& used cgﬁgﬁfs;&%or a Qgﬁﬁgﬁﬁﬁﬁhﬁgo
ev I

on
channel s, or Ay QBPTRARG h?en‘?jem Pfering schedul ed/ ALCHA
positions for each i nidentifyinganAd.OHA spubsepef the sehobimbdund zhmehels, afidea

techni que for deb%éiﬁbﬂid?ﬁntﬂﬁomggﬁdffpea%ﬁbf@ﬁe AL RAbLd: P Indlet of

i'nbound channel s.fbr' om st or ed a set 1s conventional, but the-use
of the default sEPBMOAS €%rtions of inbound channels is unique. At 35
step 810, the sel ectiidentifitihg andnbowd chavel widichais inuhb AOHAeswmgeofvhi ch

{Agcgg;iggegg A5 OHené st i tinbSiH kharfiiels; ad@Nt 1 fyi ng a new ALOHA sgté_sratsgg; 06421
transmitting a first message using an' ALOHA protocol during an '

ALOHA portion of the inbound channel.

. 10. A selective call device used in a communication system, wherein the
20. - communication system has a set of inbound channels, said selective call
- device comprising: ‘ _ '
a transmitter for transmitting a first message; and
a processing system, coupled to'said transmitter, wherein said
processing system . - I :
25 identifies an ALOHA subset of the set of inbound channels,
and _ . _ y : .
- generates the first message and couples the first message to
" said transmitter using an ALOHA protocol on an inbound channel which
is in the ALOHA . subset of the set of inbound channels when the first -
30 message is a first message type. '

11 The seleétivé call device according to claim 10, wherein the processing
system selects the inbound channel randomly from the ALOHA subset of
the set of inbound channels when generating the first message.

35



24 the set of inbound channels for use by all selective call radios
106 active on the system The Hﬂ Mt i fier conprises bits
|y arranged to

in the bl ock i nformation field

_identify oneoerozer e i nbound channel s. The nmessage PET/Es66421a gl obal
- message, identifying a 5 new ALOHA subset for use by all selective call
radi os 106 active on the system or a selective call nessage of

either an individual or all call type, 30identifying t he new ALOHA
" subset of the set of restricted i nbound channel s for use by an
I dentified.group of the selective call radios 106 or by onIy one
addressed selective cal] radiq 106. At step 813, the proceSS|n
g{f"the ol d

systens 710 updagedherselestivepall dguice ag%qxﬂgeston@mﬁ pyhetein the
subset with theniasageiypeiis ohé ofvalunsbRicitadbinbound aflessiigd ard helendrd/ e

met hods for ideng Pﬁ sug§ I nbound channel s ich are all owed

for use by a se?ﬂi§|ve cg ra |g§i06 for ALOHA transm ssions are equally
usabl e. For exanple, the subset of channels which are not allowed for 15
ALOHA use coBl diBe Thdaelecivedall device acorlingondisim 18, eilidheth theabl e or not

5 et hor *al e PROGERRY Sy8i8m sttt %egg%Jé‘%é CRRER i BE B e b M’M’OSES
channel s whi ch me@sqaﬁtqmdmmt@rmwnsr@ the st Qfslabp‘énlﬁ@i/l

transm ssi ons c%mnﬁb@a@@mbggage@gg&mmbg ﬁéQA@_. subset, such as by 20
addi ng or deleting a channel or channels fromt LOHA subset At

step 815, the selective call radio 106 receives a gl obal outbound nessage
whi ch i ncl ud@s 34sdhedslestivacadidevice aerardingitonelpin 43, whexsimths second

separation i denhuefssa?ge)typeris afle b b ettistitéd adialowltigmeah et b edhedd ki
boundary identi H@%r gent I fies the position of the schedul ed/ ALOHA 25
boundary 431 (F Zl')s 510 (FIG 5) of an inbound channel. The
schedul ed/ ALOHA boundary identifier conprises bits in the block

i nf ormati on fl els. Fhe selatied talbdavicy addordiigesd éleink 46 Whéteimfehannel and

o Prbound e %Pﬁmﬁlﬁsﬁg&g?é.%ﬁ?@fabf egé‘é%ma%ﬂ'sétf e A 5o %)l
510, which is sﬁ@is@wqwl deviee furthercomprides pargceiven Goupleditodaidd by t he
processi ng syst ppdceifindsystesy) fS2fechiyind @ stbiddid@itifn, and Wierahehal

ressage, 11 s TR ot o CALEIER sl iy 3B S8

20 16. The selective call device according to claim 15, wherein in the
processing system couples the first message to the transmitter during an
inbound frame which is next after an inbound frame which has a same
frame number as an outbound frame number in which the subset
identifier was received.

. 17. The selective call device according to claim 10, wherein the selective
call device further comprises a memory, coupled to said processing
system, and wherein said processing system recovers a default ALOHA
subset of the set of inbound channels and a default set of

30 scheduled/ALOHA boundaries from the memory.

18. The selective call device according to claim 10, wherein said inbound
channel has an ALOHA portion, and wherein in said processing system
couples the first message during the ALOHA portion of the inbound

35 channel.



schedul ed/ ALOHA boundaries 431, 510 hannel s which 35 are
I n any ALOHA subset for any sel ectl\i f“ﬁ“llm ml rare det er m ned

WO 97/ 02667 PCT/ US96/ 06421
25 by the default set of ALO—IA portlons or by transm ssion(s) of one
or nor eW@etiexden ed/ ALOHA boundary identifiers. PCT/UR96/86428 825,
the processing system 710 generates an i nbound nessage. The i nbound

message is typically one of the following types: an 5 unsolicited inbound
nmessage, a demand ALOHA response-nessage, schedul ed acknow edgnent,
or a schedul ed response. Unsolicited in%)ound messages and demand
ALOHA response messages are a fi rst - type, "ALOHA", which are

gener at 0 2V L1 BOLEIRSYSHERNIAC s Bhune n il el s Mg, 1,

t he processing sysalladevxrofwshﬂgcqmprwaﬂ die cegeiverend wherejm the tranemitter

schedul ed acknow gdgrRnb tramsshiehedul ed responses are a second type,
"schedul ed", which are transmtted accordi ng a schedul e received in an
out bound nessage whi ch includes necessary scheduling . - - information such

as inbound chahneR0. desdledtivearllalevicetugediing mdmecwmqmqaﬁlonaswmw rate.
The timng, nodul atﬂe%in tﬁsGele&wm@An &8 hhE s F inbound ChiuRlls @didy t he

processing system 1 %ﬁlﬁ R 830. t.he type of -i‘hbound - message i's

det er i ned by t he SPFTEs %es QPHIE: \Nren the type is - - "schedul ed"
at step 830, the |nb0Lmttan¥m§tagéot gatmmﬁ@ngtatﬁutnwssa@eepms% . using the
schedul ed | nbound chandBtocaisiidSydtedeeolysied b BEdSkisminki, Whirtirdthe dUT I g
the schedul ed Bortlon Q i hbound channel ;- When the type is not
"schedul ed” at’s Ytsge%hen t he radi o- communi cation system 100

is a frequency d| vi si on rrullder}ﬁf'@s anyALOKL A subset of itheoset\af tinboustchchannels; o
FIG 5, the processiitortidEoR anl ALGH A PBra6R of A 6N thePlOFIA silitet of the
set of inbound channels
1dent1f1es an mbound channel Wthh is in the ALOHA subset
15 of the set of mbound channels, and _
generates t the first message and couples the first message to
said transmitter using an ALOHA protocol dunng an ALOHA portion of
the inbound channel when the first message is a first message type.

20 21. A system controller used m a commumcauon system, wherein the
commurucanon system compnses selectlve call devrces and the system
controller, and Wherem the commumca'aon system has a set of inbound

 channels, the system controller compnsmg a processing system for
generating a first message which is transmitted to the selective call

25  devices, wherein the first message includes a subset identifier which
identifies an ALOHA subset of the set of mbound channels for use by a set

 of the selectlve call devmes '

22. The system controller accordmg to clalm 21, wherem sa1d processing

30 system generates a protoool separatlon identifier which is included in a
second message which is transmitted to the selective call devices, wherein
said protocol separatxon identifier 1dent1f1es a posrtlon of an ALOHA
portion and a scheduled porhon of each of the ALOHA subset of the set of
inbound channels.



out bound franme 330 in which the | ast mmlnmuuru:“ﬁntl fier or 25

prot ocol separation identifier has t f er as the inbound
frame in which the inbound nessage is gerferated fdr transnmission at step
835. Wien t mosumtErund frane 330 in which the | ast ALOHA cREFHS96/06421
protocol separation identifier was received is determ ned to have the

sane franme nunber as the inbound franme in which the inbound nessage 30 is
generated at step 830, the transm ssion of t i nbound nessage is

'del ayed by the processing system 710 at step 840 until the next inbound
frame 530. Wien the outbound frame 330 in which the |ast ALOHA

channel or protogpl,..separation identifier was,recgjv i s de ernlned not
to have the sanﬁr'gﬁ%gmeﬁmﬁ’?ﬁﬁﬁéc@ﬁ%%ﬁﬂmi'i FRILFAIE (85188 | nbound
nessage i s generairdrbller fatther 8dmprises wiradid teeeives andewhasirbrentransmitter

del ayed at step 840,38 tradkndifts. | Nbound channel s in the ALOHA subset is

WO 97/ 02667 PCT/ US96/ 06421
26 chosen randomy at step 845 by the processing system 710, and

t he i nbound nessage is then transmtted at a tinme slot determ ned by
t he processing system 710 in the ALOHA portion 450, 518 of the

random vy sel ected channel using an ALOHA techni que at step 850. For
exanpl e, 5 wusing the ALCHA techni que, the inbound nessage is transmtted
starting at atime slot relative to the schedul ed/ ALOHA boundary 431,
510 which is chosen at random over a predeterm ned interval of ALOHA
tinme slots, in a mnner well known to one of ordinary skill in the
art. When the radi o conmmuni cation system 100 is a tinme division
10 dupl ex system such as described with reference to FIG 4, steps 835 and
840 are elimnated. Steps 835 and 840 are al so elimnated

in accordance with an



alternative enbodi mrent of the present invention used in a tinme division
dupl exed system as described with reference to FIG 5. In the case of the
15 alternative enbodi nent, an inbound nmessage being.transmtted using an
ALOHA pr ot oc i ically transmtted by an a selective c Li%rradio 106 in
t he ALOHA por Ponm%#Pt he frame 330 in which nmessage is gene} Bipoerpeqzt

the alternative enbodi nent of the present invention, an inbound :
nmessage is transmtted using an ALCHA protocol in the inbound frame 20
530 in which the nessage is generated. The alternative enbodi nent has

a deficiency that, in a frequency division nultiplexed systemas descri bed
with reference to FIG 5, when the offsetl/fine 525 is | ess than the
duration of one franme 330, 5 , a predeterm ned maxi mum ALOHA
portion of t he i nbound nessa

it Hefined, during which a boundary or
subset 25 change will not be tr Ikt P&%n an out bound nessage and
bef ore whi ch a sel ective cal m&li b 1 will not transnt an ALOHA
nessage. This avoi ds proble a/igh an RLOHA g age being transmtted
in a-*non- ALOHA portion of a 65 e during f ke ane in which the
change is transmtted, r¢dlidcls the ALQHA t to being |ess
than an entire 30 inbound free. g,lé d apgteci ated that
t he uni que nmet hod and appar bdakcri bed aboge i chSprovides an

i nproved techni que of chan ction 41 JC gell]s which are to be
used for ALOHA transm ssi ' S § a radio
comuni cati on system 100 i ! 35 i qnnel s provi des
simlar inprovenents wh i Y Jare sone
simlarities with the i pem i but wht WO 97/ 02667
PCT/ US96/ 06421 27
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In particular, the system need not be
in awred point to nmulti-point

be quite different in other respects.
radi o nor even wireless. For exanple, _
system havi "god7jpedf al ity of selective call devices and a plurality of
i.nbound channels (e.g., a plurality of wire pairs), sone i Fowwsssmgnnel s
5 <can be designated for all selective call devices to be for ALCHA
transm ssions and others for schedul ed transm ssions, by using the

techni que descri bed above. For exanpl e, nmessages shorter than sone

fixed length can be designated for ALOHA 2/Ansm ssion on an ALCHA
channel . 10 Fur t her nore, t he communi cation systemis a radio

conmuni cati on sysg gm

r adi o communi cati on system

whi ch uses a protfcol he FLEX fapROGESS] as]the ReFLEX[err] or
| nNFCEXi on[err] protocor. rp gﬁgcog S$Egh as fhe propggol yysed in the
ARDI S[ err] systeém could be npdifi provide the funftions desqgribed 15
her ei n. By now it |shogl ted tHhat there Tas| been
provi ded a met hod and fppaf afjusofeUTteRPr §vijng ijnbound ne
t hr oughput by controll §ng th selectlon f jan ALCHA subs i nbound
channel s used cebysaesel petiye |[dgUTeRURGE|i T @ (OBLEPHOREI st em
having mul tipl e cONTROQWH Lgapheld-MEssAGE W | N EERFACE WO
97/ 02667 MEMORY F&db PCT/ 6421
27 be duite different in regpeet b, Jln particul ar system
need not be radi o nor venf wi rel esg.\For _ejanpfe, in a oint to
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system having a plurality of selective cal
-i nbound channels (e.g., a plurality of wire pairs), sone inbound channels
5 <can be designated for all selective call devices to be for ALCHA
transm ssi A¥R9IHRE670t her s for schedul ed transni ssions, by PRETHSP6HME1
.techni que described above. For exanple, nessages shorter than sone

fixed length can be designated for ALCHA transm ssion on an ALOHA
channel . 10 Furt hernore, when the conmuni cation systemis a radio

devices and a plurality of

‘communi cation system
whi ch uses a protocol
| nFLEXi on protocol.
ARDI S[ err] syster

protocols such as the proto
ould be nodified to provide the f

it need not be a radi o comruni cation system
of the FLEX[err] famgpy,
O her

such as the RePLEX[err] or
used in the
nctions d

ri bed 15

her ei n.

By now it shoul d be appreciated that there ha

been

provi ded a method fnd appafatus T OoN i nprgving I nbdund nessag
throughput by | cyceen | v § veie zagt i oné c?@uéhg}ﬁc%tzé%} | nbound
chgnnel s used by a selectlw call devic nicatio system
havi ng mul ti p| e 20~+riotrechanrets-

96/ 02667

28

in a selective {cal

devi ce,

vie Ul ariir
P 06421
320 d ai ns A net hod used
' 5 devi CETsqused
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wherein the sel ective cal
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channel s, said nethod conprising the steps of: i dentifying an

ALOHA subset of the set of inbound channels; and transmtting a
first nessag&og@é§$7an ALOHA protocol on an i nbound channel which is
i-n the ALOHA SU of the set of inbound 10 channel s whecTrdsesisssst
message is a first message type. 2. The nethod according to claiml
wherein the step of transmtting - further conprises the step of
sel ecting the inbound channel randomy fromthe ALOHA subset of the
set of inbound channels. 15 3. The ngghod according to claiml,
wherein the first nessage type i s one of a unsolicited inbound
nmessage and a demand ALCHA response e nessage. 20 4. The net hod
according to claim1l, wherein the conméni cati ®n system is a radio
comvuni cati on systemand in said step & iden® fying, the ALCHA
subset is identified by a subset identifier@gceived in a franme of an
out bound nessage. 25/ 5. e ord g to claim4, wherein in the
step of transmtting, . the fTrs 4sa is transmtted during an
i nbound frame which i §nejt ] |af g ifnbound frame which has a sane
frame nunber as an out bourjd ~ (fr urpe in which the subset
i dentifier was received. |30w he] agcording to claim1l wherein
the step of identifying qut{ee i ses the step of recovering a
default ALCOHA subset of tlhe <el—0rfi nbolind channets and a default set
of schedul ed/ ALOHA o\ ' a mepory in tﬁ%\felective cal
devi ce. WO 97/ 026
PCT/ US96/ 06421 -
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t he

29 7. The nethod according to claim 1l wherein said i nbound channel
has an ALOHA portion, and wherein in said step of transmtting,

first nmessage is transmtted in the ALOHA portion of the inbound
channel .  WO9026¢he et hod according to claiml, whereinPCRASRAER! | ve
.call device is a radi o devi ce. 9. A nmethod used in a selective
call device, wherein the selective call device is used in a radio
comuni cati on system having a set of inbound 10 channels, conprising the

‘'steps of:
channel s, and a
subset of t he set of

channel s; and

protocol during an

sel ective call device
comruni cation system has
devi ce conpri si ng:
nessage; and
wherein said
subset of the set of inbo
generates the first nessa
transmtter using an AL
the ALOHA subset of the§
is a first message type®
claim 10, wherein the pr
randomy fromthe ALOHA s
generating the first ness

procesqi

identifying an ALOHA subset of the set of-
poshtion of an

Z @inbound channel s:
i nbound channel which is 8r§t he ALOHA subset

por_t_l
]

portion of thz(:ﬁ

comuni cation s
i nbound chann

transmttersfo
¢ Ssi ng syste c
I 1 st em 25
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35 WD 97/ 02667

PCT/ US96/ 06421 - 30 12.
The sel ective call device according to claim10, wierein the first

nessage typWa /03¢ of a unsolicited i nbound nessage and PCRAIR0G421

ALOHA response nessage. 5 13. The selective call device according to
claim 10, wherein the processi ng system generates a second nessage
and coupl es the second nmessage to said transmtter using one of the
set of inbound channels when the s é&ond nessage is a second nessage
type. 10 14. The selective call devic€’according to claim 13, wherein

t he second nessage type is one of a schedul ed acknow edgnent and a
schedul ed response. ‘ o )t YA || device according to
claim 10, wherein the 15 co DENTIRY CHANNELS, h radi o conmuni cati on
sysfem and sai d sel ecti ngﬁgr c@W%rises a receiver,
coupled to said process el ivlng a subset identifier,
and,wherein said proceski Hentifies| the ALOHA subset from

t he subset identifier. 20 16. The sel
claim 15, wherein in the pr ocessi
to the transmtter during an Walal ch is next after an
i nbound frame which has a saMp TRANSMITEGLOBBEr 2 out bound frame
nunber in which the subset MESSAGE INCLUDING ANechi §8R.

ALOHA SUBSET IDENTIFIER

]

IDENTIFY A CHANNEL NOT
IN THE GLOBAL ALOHA
SUBSET ALLOWED FOR
ALOHA USEBY A
SELECTIVE CALL DEVICE

i

TRANSMIT A SELECTIVE
CALL MESSAGE INCLUDING | 620
AN ALOHA SUBSET
IDENTIFIER
TRANSMIT A MESSAGE
INCLUDING A PROTOCOL] 625
SEPARATION IDENTIFIER
RECEIVE MESSAGE SENT

ON AN ALOHA PORTION OF | 630
AN ALOHA CHANNEL

FIG. 6

ctive call device according to
system couples the first nessage

615




25 17. The selective call device according to claim 10, wherein the
sel ective call device further conprises a nenory, coupled to said
processi ng system and wherein said processing systemrecovers a
déf aul t ALOHAwo s7/02667SUbset of the set of i nbound channel s apcikmesedeéarlt set -
of 30 schedul ed/ ALOHA boundaries fromthe nenory. 18. The selective
call device according to claim 10, wherein said i nbound channel has
an ALOHA portion, and wherein in said processing system coupl es the
first message during the ALOHA portion of the inbound 35 channel.

WO 97/ 02667

PCT/ US96/ 06421 777 . 31 19.
The selective call device according to claim10 _wherein said selective

call device further conpri Q‘.iE@oVEﬂIUEF‘AQﬂ_Q'IAL@Hﬁ.QQBmI‘AWD’I e transmtter

is a'radio transmtter. S PORTION DEMBOUNS THANNRSCe in a radio
conmuni cati on system rce has a set of

i nbound channel s, said selective call ri sing:

atr ansm tter for transmtti I’IC ﬁEéEWMEQQRQEQﬂCE{Dﬂ]NG

processing system coupl ed to SgihHA SRANNELGDENTHER!
system I dent’

channel s, and a position of
subset of the set of inbou &MT&]BL@HASUBSET

Y

RECEIVE MESSAGE INCLUDING PROTOCOL |~
SEPARATION IDENTIFIER 815

Y

UPDATE ALOHA SUBSET
* 820

#ie 10 proce55| ng
t he set of inbound

f each of the ALOHA
Y
813

GENERATE AN INBOUND ™
MESSAGE 825

[]

YES _/DOES INBOUND MESSAGE \\NO
TYPE = "SCHEDULED™?
835

830

' No o/ WAS AN ALOHA CHANNEL OR
, SEPARATION IDENTIFIER
RECEIVED IN THIS FRAME?
Yy s YES + 840
TRANSMIT THE INBOUND DELAY INBOUND MESSAGE|
MESSAGE AS SCHEDULED UNTIL NEXT FRAME
BY AN OUTBOUND

MESSAGE
i 845
s

SELECT AN INBOUND
1 CHANNEL RANDOMLY
FROM THE ALOHA SUBSET

* s 850

‘ FIG. 8 TRANSMIT THE INBOUND MESSAGE IN

THE ALOHA PORTION OF SELECTED

INBOUND CHANNEL BASED ON THE
SCHEDULED/ALOHA BOUNDARY




i dentifies an inbound channel which is in the ALCHA SUbS@LHA@EWNT AR

of inbound channels, and gener ates the frrst l.cssagc nd
couples the first nmessage to- said transmtter using ja %Lé]—(f Erot ¢ocol
during an ALOHA portion of t he i nbound channel whgn % 251 $ade
Is a first nessage type. 20 21. A systemceggtroller ys d 1n..a

communi cati on system wherein the comuni cation system conprises
selective call devices and the system controller,

Control i or 8?,”3??&5%%3%%%23@ %ﬁé@% ‘*‘*’Por mEEO ocolvi8 5154 e

message which is nonmenezt ene&ﬁbﬁ'ﬂ%?‘“ﬂ%@?@ n

the first message qhRiRhKHRE cRariel éntlﬁ&aﬂiﬁéte 610\/01-620 ldentlfles an
ALCHA subset of the s t of, inb d cha %gﬁfm?c t he
sel ective call devi c %gé a tr er accor f:ln“'m{g claim
21, wherein sabd pebcw!scd.bradio loéy%ﬁmgéﬁeﬁcﬁ? aad on

identifier which izfeifivedarbbdinients of the Presest tm V\mhebeleahwaﬂpmtted
dent 11er 1 dent i R Déipcliiles meﬂr"%ﬂ‘éﬁiﬁg 0%8#%%%%‘%%\5%3% ed
portion of each ofsigrals. mbanm@éiﬂzas coupleddo q;gonvenho &fannel s.
£ 1D il e e s 7, o o MAARS
system cd®tr v J’Fah ‘@‘ﬁﬁgqg ? é%"ﬁ%gﬁﬁé?g‘% &Fhe
transmtter iaf off chueohinel fneqngndes,@mphﬁcauon of the filtered signal, frequency
conversion of the signal 703, and demodulation of, the signal 703 in a
conventional manner. The receiver 704 thereby generates a demodulated
signal 705 which is coupled to a processing section 710. The receiver 704
15 also has a power control input 707 coupled to the processing system 710.
The processing sectiori710 is coupled to a display 724, an alert 722, an
audio amplifier 726, a transmittér 708, and a set of user controls 720. The
transmitter 708 is coupIed to the processing system 710 by a modulation
signal 713 and a channel control signal 706, and is also coupled to the
20 antenna 702. The audio amplifier 726 is coupled to a spéaker 728. The
processor section comprises a microprocessor which is coupled to an
analog to digital converter (ADC) 711, a digital to analog converter (DAC)
715, a random access memory (RAM) 712, a read only memory (ROM) 714,
and an electrically erasable programmable read only memory (EEPROM)
25 718. The demodulated signal is coupled to the ADC 711. The processing
system 710 is coupled to the transmitter by the DAC 715. ‘The ADC 711
converts the demodulated signal from an analog signal to a digital signal
in a conventional manner, for processing by the processing system 710.
When the demodulation signal is an analog signal, the analog signal is
30 converted to a digital signal using an analog to digital conversion
technique such as adaptive differential pulse code modulation (ADPCM).
A bit recovery function converts digital signal to binary data in a
conventional manner. A synchronization function acquires and
maintains bit, word, block, frame, and cycle synchronization with the
35 outbound signaling protocol from the synchronization signal 331(FIG. 3)
of the frames 330, 345 (FIG. 3) in manmer well known to one of ordinary
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(57) Abstract

A system controller (102) is used in a communication system (100) which has a set of inbound channels. The system controller (102)
includes a processing system (204) for generating a fixst message which is transmitted to selective call devices {106). The first message
includes a subset identifier which identifies an ATOHA subset of the set of inbound channels for use by a set of the selective call devices
(106). A selective call device (106) includes a transmitter (708) and a processing system (710, The processing system (710) identifics the
ALOHA subset of the set of inbound ¢hannels, and generates a second message and couples the second message to the transmitter (708)
using an ALOHA protocol on an inbound channel which is in the ALOHA subset of the set of inbound channels when the second message
is a first type. The transmitter (708) transmits the second message.




