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METHOD AND APPARATUS FOR INBOUND CHANNEL SELECTION 
IN A COMMUNICATION SYSTEM 

Related Applications 

Application No. 08/397,322 filed February 28, 1995 by Gorday et al., 

entitled "Method and Apparatus for Determining a Quality Level of an 

Analog Signal in a Radio Communication System." 

Field of 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 protoc~l. 

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 ~~4~ed tr~rnission protocol is a 

transmission protocol in which at least. one predetermined time slot is 
25 reserved on at least c>ne pred~temrlned iribound channel for ·each 

selective call device which.is.active·jp.. 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 u~d for transmitting a ·1orig inbound 

30 message. ·The notif,ication is giVen within an outbound message which is 
sent in response to ~-short inbound message sent by the selective call 

device informing the communication system of the existence of the long 

inbound message. 

An example of a contention· inbound transmission protocol is an 
35 ALOHA protocol, which is well known to one of ordirtacy skill in the art. 

Inbound messages sent by an AL()HA protocol are typically. transmitted as 
soon as they are generated. When two such messages happen to be 
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transmitted on one channel such that some portions are transmitted 
simultaneously, one or both messages may not be received correctly. Jn 
this event, the messages are not acknowledged by the communication 
system and each selective call device repeats the message after a random 

5 delay. 
The communication system may be a wireline or optical or radio 

communication system. In a wireline system, the inbound channels may 
be separated by physically different wires, or may separated (particularly in 
the case of high speed wireline systems) by band limited channels, or by 

10 both. Jn optical or radio communication systems, the channels are 
typically separated by band limited channels, but may alternatively or 
additionally be separated by time division duplexing. 

Some systems which have an outbound signaling 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 protocol&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 ~els which the selective call device is designed to use. 
However, in some communication systems, some inbound channels 

are not as effident when used for inbound messages when using an 
ALOHA protocol. For example, in some radio communication systems, 
some inbound rtJ;dio 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 

/I 
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coverage substantially equivalent to _the out})ound radio channels. The 

restricted channels are.not as efficient for transmitting.inbound messages 

using an ALOHA protocol, because the selective call device may not be in 

the coverage area of the restricted channel. 

Thus, what is needed is ~ improved technique of selecting an 

inbound channels which is to be .used for transmitting an inbound 

message using an ALOHA protocol in a communication system. 

Summary of the Invention. 

Accordingly, in a first aspect of the·present invention, a method 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 

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 ofinbound 

channels, and generates the first message and eouples the first message to 
25 the transmitter using an ALOHA protocol on an inbound channel which 

is in the AWHA subset of the set of iribound 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 communication system. The selective call 

30 device has a set of inbound. charuiels. The selective call device includes a 
transmitter and a processing system. The tra.nSmitter 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 
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generates the first message and couples the first message to the 

transmitter using an ALOHA protocol during an AWHA portion ?f the 

inbound channel when the first message is a first message type. 

Accordingly1 in a fourth aspect of the present invention, a system 
5 controller is used in a communication system. The communication 

system includes selective call devices and the system controller. The 
communieation system has a set of inbound channels. The system 

controller includes a processing system fut generating a first message 
which is transmitted to the selective call devices. The first message 

10 includes a subset identifier which identifies an AWHA subset of the set 
of inbound charm.els for use by a set of the selective call devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 FIG. 1 is an electrical block diagram of a radio communication 
system, in accordance with the preferred embodiment of the present 
invention. 

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 comm~cation 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 fl~~ chart of a method used in the system controller· for 
identifying a subset of. inbound channels usable by a selective call radio 

for transmitting fl;n inbound message using an AWHA technique, in 
35 accordance with the preferred and alternative embodiments of the 

present invention. 



• 

W097/02667 Pcr/US96/06421 

5 

FIG. 7 is an electrical block diagram of a multichannel selective call 
. . . 

radio, in accordance with the preferred ·and· alternative embodiments of 
the present invention. 

FIG. 8 is a flow chart of a method used in the selective call radio, ht 
5 accordance with the. preferred and alternative embodiments of the 

present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

10 Referring to FIG. 1, an electrical block diagram of a radio 
communication system JOO is shown in accordance with the pr~ferred 
and alternative embodiments of the present invention. The radio 
communication system 100 comprises a message input device, such as a·~ 
conventional telephone 101, a facsimile machine 120 or a messaging 

15 terminal 122, connected through a coriventiorial 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 transmitter/receivers 103, throu~h one or 
more communication links· 116, which typically are twisted pair 

20 telephone Wires, and additionally can include RF, microwave, or other 
high quality audio communication links. The system controller 102 
encodes and decodes inbound and outbound tel~hone 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 alphanumeric 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, iii.eluding unsolicited" and 

30 ·response messages, ·received.by the radio frequency transmitter/receivers 
103 from the plurality of selective call radios 106. 

An example of an outbound alphanumeric message intended for a 
selective call radio 106 is an alphanumeric page message ~tered from the 
messaging_terminal 122. An example of an outbound analog message 

35 intended for a selective call i'~dio 106 is a voice page message entered 
from the telephone 101. Examples of a response messages are 
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acknowledgments and demand response messages. An acknowledgment 

is an inbound ~ transmitted by a selective call radio 106 which 

indicates successful reception of an outb~d message. A demand 

response message is a message sent from a selective call radio in response 
5 to a command·. included in an outbound m'essage from the system 

controller 102. An example of a demand. r~ponse message is a text 

message initiated by the selective call racHt!, 106, but which is not 

transmitted until after a demand resp~ comm.and is received from the 
system controller ~02. The demand response command, in turn, was sent 

10 by the system cOn.troller 102 after an inbound message requesting 
permission to transmit the demand response message was communicated 
from the selective call radio 106 to the sys:tem controller 102. A response 
message is tratisirdtted 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 demand response message is tr~tted using an 
'. 

unscheduled technique which is a slotted· ALOHA protocol, well known . 

to one of ordinary skill in the art. Wheri the demand response is 
transmitted using an ALOHA protocol, it is called a ·demand AWHA 
response message. An unsolicited messa~e 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 WlSolicited message can include a r~uest to transmit a scheduled or 

demand response which can include data: such as alphanumeric data. 
Unsolicited messages are transmitted Uf:!il)g the slotted ALOHA protocol. 
The inbound anif outbound messages are. included in outbound radio 

signals transmitted from, and inbound radio signals received by, a 
30 conventional ariferma 104 coupled to the radio frequency 

.. • 1'i 1 j. 

transmitter/receiver 103. 
TJ'. 

It should be,~ted that the system controller 102 is capable of 

operating in a distributed transmission control environment that allows 

mixing conventi~al cellular, simulcast, satellite, or other coverage 
35 schemes involv~ a plurality of radio frequency transmitter/receivers 

103, conventi~ antennas 104, for provi~ing reliable radio signals 
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within ageogtaphic _area as large as a l\l'Qr(dwi.cie n~ork~ ¥oreover, as one ~f ordinaey'~kili in the art wot4d reco~,-the telephonic and selective call r~did 'coII\munication ~·.functions may. reside in sepa~ai~ system ·coritt6uers .102 which op~~~ either independently or in 5 a networked faShl~. _·. . . . . . 
· E~ch of the ~eJ.ective call radios 1o6 .assigned for \1Se ~ the radio communicatio1i sy~feui 100 has at leaSt onea<fdress_ as~gned thereto. whicll-is a uniqii~ ~t&ttve can. 'address. 'Pte selective call .address enables the transmissi0n 6£ :~: xnesSage from the sys.te,in a.mtroller ib2 only :to the 10 ·· ·addressed selecti~e call radio 106. 
It will be appr&ia'.ted 'thit.the selective.ca~_~ad~o 106 is Qne of several types ()f radios, fucludmg two l.Wy'pagers, ~ony~~onal mobile radios, ·convention~l-or_,~ed mobil~_ra~ios whichhave a __ 9:ata t~al attached thereto, or which optionally have _dat~ .terminal _capability 15 designed in. Each .of th~ selecti~e atll radios _196 a~igned for use in the radio conun~catiQn .. sistem 100 has. an addr~~ assigned thereto which is a unique selectiv~ call ~ddress. The addres~ '~~bles the transmission of a message fron\ the system controller 102 only 'to the addressed _selective call radio; and id~iifies messages.an~ ~~ponseS-~!=eived,at the system 20 controller 102 frC>m the selective call radfo~ I1urtheJ:more,. e~ch of one or more of the selective call radios lo6. can h~:v~ ~ ~q~e ~le.phone number . assigned thereto, ~ telephone number being µnique: with~Jhe PSTN 108. ·A list of ~ ai&~d selective can adg~es~s and correlated telephone numbers for the ~lective call radios is stored in the system 25 controller 102 hi tfu!:ro!m of a :Subscriber data ba8e. 

Referring to FIG: 2/an electrical. block d.ic1gram of the system controller 102 is·; sh~, in accordance with the'. preferred and alternative embodiments of th~ pr~sent illvention .. the syste1ll controller 102 queues data and stored. voiti; messages for tr~iort to the selecti.ve call . 30 radios 106, connectS ·.teiephon~ c8.Ils. for tr~mission to the selective call radios 106, and receives acknowledgm~ts, demand responses, unsolicited data and stored audio messages, and ~lephone calls from the selective call radios -106: 
The system cori.troller 1o2 comprises a cell site controller 202, a 35 processing system 204, an outbound m~ssage:·iri~~ry 208, a subscriber data base 220, and a telephone interface 206. The cell site controller 202 is 
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coupled to the radio frequency transmitter/receivers 103 (PIG. 1) and fixed 

system receivers 107 (FIG. 1) by the links 116. The cell site controller 202 

transmits outbound messages which include selective call addresses to 

the transmitter/receivers 103 and controls the transmitter/receivers 103 
5 to transmit radio ttansmission cycles which include the outbound 

messages, using one or more outbound charm.els as scheduled by a 

message handler function. The cell site oontroller 202 also processes 

inbound messages from the selective call radios 106. The inbound 

messages are received by the transmitter/~Ceivers 103 and fixed system 

10 receivers 107 on a set of inbound radio channels, and are coupled to the 
cell site controller 202. The processing system 204, which includes the 
message handler function for routing and J'rocessing messages, is coupled 
to the cell site controller 202, a telephone interface 206, the subscriber data 

base 220, and the Outbound message memory 208. The telephone 
15 interface 206 handles the switched telephone network 108 (PSTN) (FIG. 1) 

physical connection, connecting and disconnecting 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 subscriber, 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 In:eSsage memory 208 is for storing a queue of messages which 
are queued for delivery to at least one of ·t;he plurality of selective call 

radios 106, whefem each message of the queue of messages is associated 
with a selective can address, also stored ~1:': 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 digital 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 nece~sary, portions of messages 

• 
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within frames of· a tr8Jtsmis~ion cycle. As desc~bed ~bo.ve, messages may 
have either digital inf.orinatipri, such,. ~s. -~ alphanumeric :Qtessage, or 
analog Wo;Il\ation; ·.~uch as voice. A g.iSitalporti~ .of a .cycle which, in 

. accordance with. ~ preferred emb9d~~t of the p~tJnvention is 
S one or more control frames, is prep~ for transmission_by.the message 

handler function~ which determhtes from the subscriber data base 220 the .. . . . . . .. · . . . . ~ ... · . . . . . : .· . . . . . -

selective call addresses .. of selective call.radios associated with both . . . .· . ' . . . ~ \ . . . . .. -· . . ~ ."· . . : . . . . . . .. 

· numeric and analog messages which are ip..clwled in th~ cycle. An analog 
message is includ~ within one or :mt>~ :analog frames. Inasmuch as the 

10 analog information is typiccilly one or more voice signals, the analog 
frame is alternatively called a voice fr~e. · . · . 

The. message· ~dler tul\Ction 81~~ identifies inbound. messages as 
being assoeiated with one of the selective can. radios in·.~ ~tmscriber data" 

··:· .·.-. ,. ,_ : .. · ... , ,. . . 

base 220 and identifies response messages as being associated with one of 
15 the outbound· :messages in the outbound ~es~age memory 208. As one 

. example of an ~peration of. the syste:m controller 102,. the_ delivery of an 
outbound message store~ in the. outbo~d· inessage memory. 208 is 
completed when: the outbound message lta.S been COD\lllunicated to the 
int~ded selective call radio 106; the. outbotllid message is a~know~edged 

20 by an inbound acknowledgment generated b.r.the.selectiye.cail radio 106; 
the outbound message is presented on a display of thE! selec;tive call radio 
106 by a user action; a user inbound respol)Se is generate4 by.a. user and 
communicated back to the system_ contr0,llel". 102 from the selective call 
radio 106; ·and the ilser inbound response. is identwed by the message 

. . . . . . . ! 

25 handler function as having been generate4 by the user specifically in 
response to the outbound message. In this exam,ple, the message handler 
function generates another messag~ \.'V~ic;h i~ ~t to the originator of the 
outbound message tO notify the orighultor that the outbound message has 
been acknowledged by the ~ectiv~ call radio 106 and responded to by ·the . 

30 user of the selective call radio 106 . 
The system controller 102 schedules transmissions _of the demand 

responses , and acknowledgments from the seledive call raqios 106. The 
scheduling of.inbound D\~ssages under-~ertain circumstanCes improves 
the throughput of the inbound charinel. irl comparisc>n to ·~at. achievable 

35 for an unscheduled., random input inbonnd channel organization 
scheme such as that used in an ALOHA system. AS described in more 
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detail below, a scheduled inbound channel may be a portion of the total 

time available in· a half duplex single frequency radio channel (a single 

radio carrier frequency which is time shared for both outbound and 

inbound channels). .f\.lternatively, the scheduled inbound channel may 

5 be some portion of the time available, or all of the time available, in a 

channel having a radio carrier frequency which is different than the 

outbound channel radio frequency. Methods for identifying scheduled 

times will be described below. 
System controller 102 is preferably a model MPS2000 ® paging 

10 terminal manufactured by Motorola, Inc., of Schaumburg Illinois. The 

processing system 204 preferably includes a conventional computer 

system 212, and Conventional mass storage media 214. The conventional 

computer system 212 preferably comprises a plurality of processors such as 

VME Spare processors manufactured by Sun 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 subscn'ber 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 Sy-stem 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 progr~ 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 
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interface 206 are implemented using conventional input/ output sections 

of the model MPs~Ooo ® pagipg _ tenninal. _ 
.. . .' : '. - . . 

The rad~o c;omm.~~a?on ~ystem ~00 .. °-~.the_ present invention 

preferab~y uti~es ~ $ynchron()us fnpi\e str:u~~ similar _to FLEX™ (a 

5 high speed paging protocol by Motorola, -~c~ of SchaUin.burg, IL.) on the 
outbound -channel for addressing,- digital messaging, and, _.voice messaging. 

As dtScribed above, tWo types of frames- are used: control fraµies and 

voice frames. The control frilmes are preferably used for control, 

addressing; and delivecy of digital-messages ~ ~lective call radios 106. 

10 The voice frames Ue used for delivering .~log voice meSsa.ges to the 

selective call ra~ios 106. B()th types of fr~!n~s are iden~cal in length to 
standard FLEX™ frame and _both_frames begin with the stand_ard FLEX™ 

synchronization. These-two types of frames are time multiplexed on a 

single forward ~el. . 
· 15 Referring to FIG. 3 a timing diagram which. illustr.ates features of the 

transmission format of an outbound signaling protocol utilized by the 

radio communication systein ioo of FIG. 1, ap.d which includes details of a 

control frame 330, in accordance with the preferred m,td alternative . . . : . . 

embodiillents of the p~esent invention. Control_ frames 330 ar,e also 
20 -- classified as digital frames 330. The outbo~d signa}ing_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 transmi~d ir\ each hour 310. Normally, all 
fifteen cycles 320 are transmitted each hour. _ Up to one hundred twenty 

25 · eight 1.875 second uniquely identified ~~es including control frames 

330 and analog frames 345 il!e transmitted in each of the cycles 320. 

Normally, all one hundred twenty eight frames are transmitted. One 
. ; . ..'. . .. : .... 

synchroriizatlon signal 331 lasting o~e hundred fifteen milliseconds and 
11 one hundred sixty.millisecond.uniquely-id~tified bloeks 340 are -

30 transmitted in e~ch-of the control frames 330. The synchronization signal 

331 includes a first syl'lc portion 337, a frame inf~rmation word 338, and a 

second sync portion 3$9. The frame information word 338 includes 21 

information bits and 11 parity bits. A bit rate of 1600 bits per second (bps), 

3200 bps, or 64:00 bps is usable during the blocks of e~ch conttol frame 330. 
35 The bit rate of the blocks 340 of each ·control frame 330 is communicated 

to the selective call radios 106 during the synchronization signal 331. 
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When the bit rate is 1600 bps, 8 thirty two bit uniquely identified words 
350 are transmitted in each block 340. For bit rates of 3200 bps or 6400 bps, 

16 uniquely identified words or 32 uniquely identified words, 
respectively, each having 32 uniquely identified bits, are included in each 

5 block 340. In each word, at least 11 bits are lised for error detection and 
correction, and 21 bits or less are used for information, in a manner well 
known to one of ordinary skill in the art. In some words, 15 bits are used 
for error detection and correction, and 17 nits are for information, in a 
manner well known to one of ordinary skill in the art. The bits and 

10 words 350 in each block 340 are transmitted :in an interleaved fashion 
using techniques well known to one of ord:inary skill in the art to 
improve the burst error correction capability of the protocol. 

Information is included in each control frame 330 in information 
fields, comprising system information in ~e 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 friQlle 330. This is called global 

information. Each vector packet and short ~essage packet in the 
information field 335 of a frame 330 corres~?1"18 to at least one of the 
addresses in the address field 333 of the sa~ 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 le,ast one or more frames 330. 
The boundaries of the fields 332, 333, 335, ~~ are defined by the words 350, 

not by the blocks 340, and the length of the fJelds 332, 333, 335, 336 are 

• 

variable, depending on factors such as the tyPe and amount of system .,. 
information included in the block informa~ field 332, the type of 

35 addresses used, ~d the amount of informC?-tion in each message. Thus, 
the length of each of the fields 332, 333, 335, 336 can be shorter or longer 
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than a block 340. The unused field 336 can be zero length when the total 

of the lengths of the other fields 332, 333, 335 equals eleven blocks 340. All 

vector packets and short messages intended for a partjcular selective call 

radio 106 which.has been activated for.standard service are preferably 

5 scheduled for transmission in a prede~ined one of the frames 330 of 

each cycle 320, so as to allow the particular sel4\!ctive call radio 106 to go 

into a low power _(non-receive) mode during 9ther frames when short 

messages and vectors are not included for. the Particular selective call 

radio 106. The block information field 332 in frame. zero includes the 

10 following real time information: year, month, day, date, hour, minute, 

and one-eighth mmute. 

The vectors contain :iriformation which specifies the starting word of 

a long message in terms of the protocol. divisi~ns describe_d above, and -
additionally, radio. channel ·information such as radio channel frequency, 

· 15 subchannel offset from the radio channel freqUE!ll.cy. The starting 

position and length of a long message, a short message, or a vector packet 

define the protocol position of the long message, short message, or vector 

packet. 

When a selective call radio 106 detects its address within a frame 330, 

20 the selectiv~ call radio 106 processes the associated vector packet or short 

message packet w~!hin 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 receive and 

decode a long message or an analog _message in eith~ the same frame 330, 

25 or another control frame 330 or an analog frame 345. 

Referrili.g to FIG. 4, a timing diagram 400 shows outboµnd and 

inbound channel radio signals for a first type of radio communication 

system, in. accordance with the preferred E!lnbodiment of the present 

invention.· The outbound. channel radio .signal/' which is transmitted · 

30 during an outbound portion 420 of a control frame 330, and the inbound 

channel radio signals, which are transmitted du:1;ing an inbound portion 

of the control frame 330, are thrie division duplexed on the same radio 

carrier frequency. The o~tbound channel radio signal is generated and 

transmitted using the protocol described With reference to FIG. 3. The 

35 inbound channel r~dio signal is generah?d and trans:Mitted using a 

conventional digital protocol having a synchronization portion and 
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information words which are error protected. The inbound channel 
radio signal is transmitted beginning at a time slot 440 boundary. The 
control frame 330 shown in FIG. 4 is preceded and succeeded by control 
frames 330 and analog frames 345 (not shown in FIG. 4)1 the order of 

5 which is determined by the type of messages_ generated for transmission 
from the transmitter /receivers 103. The in~ound portion of the control 
frame 330 comprises a scheduled portion 430 and an AWHA portion 450. 
When a selective call radio 106 transmits an inbound message, the 
message is transmitted beginning at one of a predetermined number of 

10 periodic time slots 440 defined during each frame 330, 345 of the 
outbound signaling protocol. 

During the outbound portion 420, an.outbound channel radio signal 
is transmitted from the transmitter/receiver 103 to one or more of the 
selective call radios 106. The synchronization signal 331 (FIG. 3), block 

15 information field 332 (FIG. 3), address field 333 (FIG. 3) are shown as a 
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/inpound 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 en~ 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 
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. . . : 

response 413 is tw~ time slots 440. Each of .the plurality of scheduled 

responses 406, 410, 412, 413, 414 is a radio signal trans.tn.itted from one of 

the selective call radios 106 in response:to a _command 455 which is 

completed in one of. the outbound messages 404, 405. Scheduled response 

5 410 is transmitted by one of the selecti~e cctlt. radios 106 simultaneously 

with portions of scl:l.eduled respol1Ses 412 ~d 413, which are transmitted 

by other selective c~ radios 106. Sched1~1.ed ra;ponse 410 is an example of 

a sched:uied response whi~ overlaps, in tb11e, other schedul~d responses 

412, 413. A scheduled response overlap c0nqition will occur, for example, 

10 when the system controller 102 schedules d¥£erent selective call radios 

106 to transmit scheduled responses, of which at least some parts are 
expected to be received at the. same time by r~ceivers in different 

geographically separated transmitter/receivers 103. 
The start time of each outbound message .404 is d~ed as a frame 

15 number, block number, and word number. A command 455 iS 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 identified 

selective call radio 106, as well as a scheduled response time at which the 

identified selective call radio· 106 ~ansmits a scheduJed. response in an 
20 inbound chanilel radio signal, the schedule.cl response comprising a data 

unit. The command 455 includes a designated length of.the data unit~ 
The outbound.messages 404 also may include data 457, such as a 

alphanumeric infoJ;lll.atlon message. The start time of each scheduled 

response 406, 410, 412, 413, 414 is defined relative to the 

25 outbound/inbound boundary 402. 
. .. 

Synchronization and timing fuformation required by the selective 
call radios in the radio communication system 100 for both receiving 

during the outbourid portion of the contr~l frame 330 and transmitting 
during the inbound. portion of the control frame 330 1s 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 in the outbound radio 
signal when the outbound message 404 includes the selective call address 

of the selective call radio, thus identifying the selective call radio 106 for 

35 processing the outbol.ind message 464. When a command 455 is received 

within the outbound message 404, or in a plurality of outbound messages 
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and processed by the selective call radio 106, the selective call radio 106 

then transmits one 'of the scheduled responses 406, 410, 412, 413, 414 with 

the designated data unit length and at the scheduled response time 

commanded by the system controller 102 in the command 455. 

5 Correspondence between the commands 455 received by identified 

selective call radios in the outbound mess~ges 404 and the scheduled 

responses 406, 410, 412, 413, 414 from the identified selective call radios is 

indicated in FIG. 4 by arrowed lines from outbound messages 404, 405 to 

the scheduled responses 406, 410, 412, 413, 414, of which an example is line 

10 415, which connects from a command 455 completed in outbound 

message 405 to scheduled response 414. Another example is line 416, 

which connects from a command 455, not shown in FIG. 4, that is 

completed 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 

systeJ:n, in accordance with the preferred and alternative embodiments of 

the present 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 radio 

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 

ALOHA 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. 

.. 
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•The c~ntrof frl:lme 33o durati~n and Pl'()WC~l~ divisions -of the 
outbound chmrl.el r~dio signal are th~, smne ~s th~~ described above with 

. reference t~ FI(;. 3 for a col"ttJ..o1 frame 330. .~gm~ts 403 (FIQ. 4), which 
. include the synchrQnizatio~ signal' 331 (FIG. ~); block information field 

5 332 (FIG. 3), ad4re88- field 33;3 ~(FIG. 3), ~ tr~l'J\itted at the beginning of 
the contr~l fr~e ·:Jt~() .!lltd. ~ frame 520~· A pl~ality of outbound 
messages s04, 505 are transmitted within _the co~~l fraµie 330 by the 
transmitter /rec~iver l03. (Outboun.d m~ge$ are also b:ansmitted in the 
frame 520, and ·in o~r frames not shQ~· ih :FJ(;. 5.) The inbound frame 

10 · period 530 startS at ·ar\ btl)oun4 frame bo~~ 502, exten~s to a ~ext 
· ' ~boilnd frame bOLll}d~iy ~ot and include~ .. ~· plur~Jity of time slots 440. 

The mbound frame b~~dar}r sq2 has ~ offset mne. 525 measured from •the beginning of the <>utbolll\d control fratp~ 330, whiq'\. is. c()nstant and 
can be any valtu! 81'eater ~- or ~qual to zero .. J\n inbo~ci fram~ period is S30 iS idep.tified.by the sam~ frame nqmber as the outbo~d- control 
frame 330 to which the· offset time 525. is re~~. The scheduled portion · .. -. .. . . : . ·.··· .. -515 is at a position which starts a~ an inbound frame boundary 502 and 

·. ends at a .scheduled/ALO:f,IA boundary SlO. The ALC?HA portion is at a 
.. position which starts at the scl,.eduled/ ALOHA boundary 510.and ends at .· 20 . an inoound frame boundary 502." A plurality pf. ~eduled responses 506, 
507 are ~itted as data units during the scheduled portion 515, each 

·· data. unit extendin~ oyer one or more .time .slots ciefine~ ci~ing each 
inbound frame period 530. Ea~ of th~ plurality of sche4uled responses 
506, 507 is. a radic). signal transmitted frOin OI\~ of ~ identified selective 

25 call radios in re~ponse to. one ~ the putbotqld messages 504, 505. As 
described above for ~e first type oi radio COilUJ:l.unication system 100 (but 
not shown' in FIG. 5), a scheduled respons_e can be transmitted by one of 
the selective call radios 106 simultane01.1sly with portions of other 
schedtiled responses which are transmitted by other-selective.· call radios. 

30 106. 
· Each segment 4,03 irlcludes the synch.ron~ati9n slSJ:l8133l (FIG. 3) 

which marks the ~utbound frame boundCl.ry 401 and fucludes 
inforniatlon describing the offs~t time 525 to'the inbound frame boundary 
502, and a position of the scheduled/ ALOHA boundary 510, for example 

35 . as numbers of time slots .. The offset time vane'.s fr<>m 0 time slots to a . 
. 

value which may exceed the length of the outbound control frame 330. 
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The outbound messages 504, 505 include one or more commands 455, 

each command 455 identifying one of the Selective call radios and ., 

including the information described above fur the first type of radio 

communication system 100. The start tirii.e of each scheduled response 

5 506, 507 is defined relative to the inbound frame boundary 502. 

Synchronization and timing information required by the selective 

call radios in the radio communication sy~ 100 for both receiving on 

the outbound control frame 330 and transinitting during the inbound 

frame period 530 is determined from the segments 503 and the outbound 

10 messages 504. The operation of the selective call radios 106 is the same in 

as in the first type· of radio communication system 100. Correspondence 

between the command 455 received by identified selective call radios in 

the outbound messages 504, 505 and the scheduled responses 506, 507 

from the identified selective call radios is mdicated in FIG. 5 by arrowed 

15 lines from outbound messages_ 504, 505 to the scheduled responses 506, 

507, of which an example is line 513, which connects from a command 

455 con:ipleted in the outbound message 505 to the schedul~d response 

507. In a manner similar to the example gi~en in FIG. 4 for 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 transmitting an inbound message 

using an ALOHA technique is shown, in accordance with the preferred 

and alternative embodiments of the preS:ei;tt 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 com)iliiation of conventional . 

program instructions stored in the system~~Dn;troller 102, as described 

above. At st~p 605, an identification is made of a subset of the set of 

inbound channels which are allowed for usr by all selectiye call radios 106 •. 

for transmitting messages using an ALOHA technique. This is preferably 

35 done by a system maintenance person, usD:tg an input terminal coupled 

to the system controller 102. The channels allowed for use by all selective 
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call radios 106 are typically inboUil.d cliannels. whicl1 have. ubiquitous 
coverage over a large geographic are~. of the ;rCl_dio :~o~unic!'ltion system 
100, wherea,s those which are not alloweq for use,by all se.iective call 
radios 106 are those for which ~ rac:J.i<> c,~v~rage a~a is a s~all portion of 

5 the total coverage a,.rea 'of the r~dio commuµica,tj.ol\ system 100. As an 
example, a s~ operator may tempor~li ~4d one or two inbound 
channels to provide reliable coverage_ of a CQp.vention site. These 
channels are not app~oprlate for \ise for. aj1 S.~ve. call radios 106 for 
ALOHA t~ansmission5, so are not in the.ALOHA subset of channels 

10 usable for all $elective call radios 106. ~-tms identification of the .. . . . ,,, , ... , ... 

ALOHA subset is made,· or chan.ged, ~ o'+tbd~d global me8$age is 
genei:ated by the system controller 102. fof ,Q"~si011, at step 610 in a 
control frame 330 to· ~ ~~ective call radiQ~ 106-. The global message is 

' . . . ·-: . . . . . ... · . 

included in the block infprmation field 332, ~d. includes an identifier . . .;.• .. . .,_ . . . . 

15 identifying which chail]l~l~ are in the A~OH.A, s~s~. 
Under some circumstances, there are sel~ti\I'~ call radios 106 which 

can b~ appropriately alloYJe4 .to use an inbounQ., chafmel for ALOHA 
transmissions when the ihbound challn.el)s 11ot a,ppropriate. for use by all 
selective ~all radios i~6. An example of such a circuqistance is a selective 

20 call radio 106 which is operating in. a. coverage :area. of aµ inbound channel 
which has restricted geographic co~erage, a~ in th~ ca~, of the convention 
center described above. Selective ~ll radfos ~-~§.operating in the restricted 
area are appropnately allowed to use. the inbourui channel, which is a 
restricted ALOHA dtannel, ~ed f~r restricted ALOHA transmissions. At . .. . ·, ~ - .. . . . . . ·. . . . 

. 25 step. 615, identifi~a?on of one or more channels "4-Sable for restricted 
ALOHA transmi~si~ns, preferably by a sy~tem maintenance .person, using 
an input terminal, ' Whei;i an identification is made or changed of the 
subset of channels appropriate for restri~ted ALOHA transmissions, an 
outb~i.md message is.~erated for tra,.nSmissiC:,rtat-step 620 to the ·· · 

30 selective call radio 106, ~r to a group of ~ctive_c~ll radios 106, which 
includes an indication of the htbound channels .so identified. At step 625, 
the system controller 102.transmits an protocol.separation identifier in a 
control frame 330 which identifies.thepoSition of the ALOHA.portion 
and scheduled po~tion · ~f each inbound channel w~ich is identified for 

35 use by any selective can radio 106 aS inbound. channel or restricted 
ALOHA channel for ALOHA transmissi0ns or restricted ALOHA 
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transmissions. At step 630, an inbound message is received at the system 
controller 102 which has been transmitted using an ALOHA protocol on 
an inbomid channel identified at step 610 or 620. 

Referring to PIG. 7, an electrical block diagram ·of a multichannel 
5 selective call radio 106 is shown., in accordance with the preferred and 

alternative embodiments of the present invention. The selective call 
radio 106 includes ·an antenna 702 for intercepting and transmitting radio 
signals. The antenna 702 is coupled to a conventional receiver 704 
wherein the intercepted signal 703, described above with reference to FIG. 

10 3, is received. Receiving includes filtering to remove undesirable energy 
at off channel frequencies, amplification 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 310. The 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 coupled 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 sp~aker 728. The 
processor section comprises a microprocessor which is coupled to an 
analog to digital ~nverter (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 coup~ 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 .I signal using an analog to digital conversion 
technique such as'~*-'J'tive differential pulse code modulation (ADPCM). 
A bit recovery fun. converts digital signal to binary d~ta in a 
conventional ma~. A synchronization function acqUires and 
maintains bit, wor~,, ~~ock, frame, and cycle synchronization with the 

35 outbound signaling.p~ocol from the synchronization signal 331(FIG. 3) 
of the frames 330, 345 (FIG. 3) m manner well known to one of ordinary 

.. 
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skill in the art'.. A ble>ck ~org deco(i,er functiQn de~od~s the words 350 
(FIG. 3) included in the blocks ~O qf tl)e out:t>ound si~ling protocol in a 

manner well kn.o~ to qne of ordittary ·sl<iJJ. ,in the art. A message 

processor function decodes outbound wo~ds and processes. an outbound 

5 message when an a~dre~s receivecl in the .add.r~s fi~ld 33S.(FIG. 3) of the 
outbotind signaling protocol matdies an_ ~deci address stored in the 

· EEPROM 718, o~ ~hen a gfobal indication, ~- re~eiv~d, in _a manner well 

known to one of 'ord,inary skill in the art for a select;ive call device 106. 
An outbound. message which has J?e~· d~fued.to_ be for the selective 

10 call radio· 106 by ~ ~ddress matchlng or globa} indi~atpr is processed 'by 

the message pro~.,r £unction according to the- contents of the outbound 

message and ac~otdmg to mod~s s~f by marnpulation of the set of user 

contt"ols 720, in a -~~nv~tionai m~r.. .·An 'atert sign,~ -is typically 
generated wh~ -~ ()Utbound. mes~ges .includes. user info~ation. The 

15 alert signal is co:up1.ed tO ~e aiert device' 722, which is typically one of an 
audible and silent ~l~rting d~'1ice. . 

When the ~utbound. message illClu.,des alphanumeric or. graphic 

information, the W~rmation is display~d. c.m the displ~y 724 in a 
conventional Il'ia.fui~~ by a display. function at a time determined by 

20 manipulation of th~: set o.f ll8er conti;:qls .no. Wheri the outbound 
message includes a11d1o information l'.Yhlch is voice, the _message 

handling function ~onverts. the.'voice signal to an. analog signal which is 

coupled to the spealcer 728 through the audio amp@~ .726, which 
amp1.ifu!s the sisnai'm a.c~nverttio~al m~~r. Inbound messages are 

25 g~era:ted irl dlgi~l furn\ by a inbound me~age function, in .response to 
user manipulation. of the s~t .of controls . 72.9 -o~ an event. detected by the 

pro~irig syst~ 710, such as receipt o(an. o~tbound mes~age or 

occurrel1.ce of a predetemuned titne of d~y,in a ~onventional manner. 

An inbound meSsag~ .is. Ser\erated and enooded using the protocol· 

30 described wifu re~~~e to FIG .. 4 and. FIG~ ? for the reverse (inbound) 

channel and coupled to. the DAC 715, w~rein it is con~erted to an analog 
signal which modulates the transmitter 708, in' a marlrier well known to 
one of ordinary skin in the art. The convehtiona1 transmitter 708 

generates an RF· signal, which.is'transmitted 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 is a conventional part 
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having a unique set of masked program instructions, a portion of which 

perform the unique functions which are described below. Preferably, the 

microprocessor 716 is similar to the DSP56100 digital signal processor 
(DSP) manufactured by Motorola, Inc. It will be appreciated that other 

5 similar processors can be utilized for the microprocessor 716, and that 
additional processors of the same or alternate type can be added as 

required to handle the processing requirements of the processing system 

710. It will be appreciated that other types of memory, e.g., ultraviolet 

erasable programmable read only memory (UVEPROM) or flash ROM, 

10 can be alternatively utilized for the ROM 714, as well as the RAM 712. It 

will be further appreciated that the RAM 712, the EEPROM 718, the ADC 

711, the DAC 715, and the ROM 714, singly or in combination, can be 
integrated as a contiguous portion of the microprocessor 716. 

The prc:>cessing system 710 performs functions including at least 
15 portions of the bit recovery, synchronizati.On, block word decoding, 

message processing, display, message handling, and inbound message 

generation described above, which are conventional, and other functions 
described. below with reference to FIG. 8, which are unique. The 
conventional and unique 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 68HC11 microprocessors manufactured by Motorola, ~c., of 
35 Schaumburg; IL. 
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Referring to FIG. 8, a flow chart of a met:hOd used in the selective call 

radio 106 is shoWn., iit accordance with the preferred and alternative 

. embodiments of the present inventfon. This method includes unique 

ALOHA channel sel~on (ACS) functions programmed within the 

5 processing systelil 710 o~ the selective call.r~~iQ.106. Th~ unique ACS 

functions are controlled 'by a ~que coDlb~tion of conventional 

program instructions stored in the processing system 710. At step 805, the 

processing sys~ 710 recovers a default ALOHA sub~ of the set of 

inbound.charui.els 8nd a·default set of ALOHA.portions of inbound 

10 channels from the memory in th~ selective call device 106, and initializes 

an ALOHA subset of the set of inb~und chUtneis and a set of ALOHA 
.. . . . . . . 

portions of inbounti ·channels. The initialize<! ALOHA subset of inbound 

channels identifies .·inbound channels in the ~et of inbound channels 

which are to be used by the selective 01ll radi.o 106 f~r transmitting 

15 inbound messages which are to be traru;mi~ed u,s~g the ALOHA 

technique until the selective call radio 106 rec~ves newer information 

defining or adding to the ALOHA ·su~set of inbound channels. The 

technique for determining in the initialized A.LORA sµbset from the 

stored subset is con~entional, but the use of the default ALOHA subset is 

20 unique. The default ALOHA subset c~ be anything frqm an empty set, 
. . . . . ;. '. . . 

i.e., no channels are designated for ALOHA transmissions, to a complete 

set of inbound channels. Typica.lly, the default set includes at least one 

channel, thereby allowing an unregistered selective call radio 106 to 

transmit an unsolicited registration request us:i.ng .the ALOHA technique. 

25 The initialized set of ALO~ portions of .. inbound channels identifies 

8cheduled/ ALOHA boundary positions (and therefc>re ALOHA portions) 

for each inbonnd ~l which is ueable iri. the system for ALOHA 

transmissions. The default set of ALOHA portions of inbound channels 

can be one ·schedllied/ ALOHA position.used commonly· for all inbound 

30 channels, or several values defining differing scheduled/ ALOHA 

positions for each inbolind channel or groups of inbound clwmels. The 

technique for deterlni.nirig the initialized set of ALOHA portions of 

inbound channels from the stored default set is conventional, but the use 

of the default set of AWHA portions of iriboml:d chaIU\els 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 
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the set of inbound channels for use by all selective call radios 106 active 

on the system. The ALOHA subset identifier comprises bits in the block 

information field 332 conventionally arranged to identify one or more 

inbound channels. The message is either a global message, identifying a 
5 new ALOHA subset for use by all selective call radios 106 active on the 

system, or a selective call message of either an individual or all call type, 

identifying the new ALOHA subset of the set of restricted inbound 

channels for use by an identified group of the selective call radios 106 or 

by only one addressed selective call radio 106. At step 813, the processing 
10 systems 710 updates the ALOHA subset stored therein by replacing the old 

subset with the new subset. It will be appreciated that alternative 
methods for identifying the subset inbouiid channels which are allowed 
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 ~WHA transmission purposes. 
In another alternative, an outbound mess~e 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 AWHA subset. At 
step 815, the selective call radio 106 receiv~ a global outbound message 
which includes a scheduled/ AWHA boundary identifier (protocol 
separation identifier) for an inbound chanri.el. 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/ AWHA boundary 431 (FIG. 4), 510 (FIG. 5) of 
an inbound channel. The position of the sqieduled/ 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 infgrmation in the global 
" message, in a manner sllnilar to that descri~d 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 
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by the default set of ALOHA portie>ns or by transmission(s) of one or 
more scheduled/ ALOHA boundary-identifiers· 

At step 825, the processing systeill 710 g_~erates an inbound message. 
The fu.bound message is typically one of the-following types: an 

5 linsolicited inbound message, a demand ALOHA response message, a 
scheduled- aclqiowledgment, or a scheduled, ~sponse. Unsolicited 
inbound messages and demand ALOHA resp~~ me~sages are a first . . . . . ·.-

type, "ALOHA", which are generated by the processiz).g system 710 and 
transmitted by the transmitter_ 708 at time slots and on inbotind channels 

10 as deterinined by the processing system 710 ~sing the ALOHA technique, 
while the scheduled' acknowledgments and s~heduled responses are a 
secorid type, "scheciuled",.whi~h are transmitted accor_ding a schedule 
recei\red in an ~'Utbound message which includes necess~ry scheduling 
information such -~ inbound channel identification, starting time slot, 

15 and· data rate. The timing, modulation, and Channel selection are 
controlled by the processing systein 710. A~ ~tep 830, the ~ of inbound 
message is determined by the processing system 7io. Whet:t the type is 
"scheduled" at step 830, the inbound m~sage is transmitted at step 855 
using the sched~led inbound channel at the sc1leduled time slot, which is 

20 during the scheduled portion of the inbound channel: When the type is 
not "scheduled" at step 830, and when the radio comtnunication system 
100 is a frequency division multiplex system a,s described with reference to 
FIG. 5, ~e pro~ssing system 710 determines further whether the 
outbound frame 330 in which the last ALOHA channel_ identifier or 

25 protocol separation identifier has the San\~ frame number as the inbound 
frame in which the inbound message is generated for transmission at step 
835. When the outbotll":d frame 330 _in which the last AWHA channel or 
protocol separation identifier was received is determined to have the 
same frame number as the inbound frame in· which the ·inbound message · 

30 is generated at step _830, the transmission of ~ inbound message is 
delayed -by the processmg system 710 atstep 840 until the next inbound 
frame 530. When the outbound frame 330. in which the last ALOHA 
channel or protocorseparatioll. 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 
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chosen randomly at step 845 by the proces~ing system 710, and the 

inbound message is then transmitted at a .time slot determined by the 
processing system 710 in the ALOHA portion 450, 518 of the randomly 

selected channel using an ALOHA technique at step 850. For example, 

5 using the ALOFl.A technique,. the inboun~ message is transmitted starting 
at a time slot relative to the scheduled/ A'( .. OHA boundary 431, 510 which 

is chosen at random over a predetermined interval of ALOHA time slots, 
. . . 

in a manner well known to one of ordinary skill in the art. 

When 'the radio communication system 100 is a time division 

10 duplex system such as described with reference to FIG. 4, steps 835 and 840 

are eliminated. 
Steps 835 and 840 are also eliminated in accordance with an 

alternative embodiment of the present invention used in a time division 

duplexed system as described with reference to FIG. 5. In the case of the 

15 alternative em~diment, an inbound message being transmitted using an 

ALOHA protocol is typically transmitted by an a selective call radio 106 in 

the ALOHA portion of the frame 330 in which message is generated. In 

the altemative embodiment of the present invention, an inbound· 

message is transmitted using an ALOHA. protocol in the inbound frame 
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 AWHA 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 AWHA 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 AWHA portion to being less th.an 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 improv~ents when used in systems 

which share some similarities with the described system, but which can 
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be -qtrlte dlffe~~ lll. ~~~ -~spects. In particajar, the sy~~ need not be 
radio nor ev~'Wii'eless. Fe>~ eXam.ple~ in_a w~~ poiitt w multi-point 
systeni having ~ plurality ofselectl~e call deviceS and a plurality of 

-iribound chanru!IS (e.g.,'. a plur~ty of wire pairs), some in.bo~d channels 
5 cart-be demgna~e4 for- all ·selective call _devices to be for AI.()HA 

transmissions arid others for scheduled transp:iissions, by using the 
techniqU:e described above. For example, mes~ages shorter than some 
fixed length can _~e- designated for ALoHA transniissi9ll on an AWHA 
channel. -- ' - - - . - --

10 Furthermore~. when the communication sy~te:tn is _a radio 
; . . . 

communication 'system, it need n()t pe a radio conµnµnication system 
which: uses a pro~col of~ FLEX™ family, sµch ~s _the ReJILEXTM or 
InFLEXion ™ p~l)tQ~ol. Other prOtocols such ~~-the Protocol used in the 
ARDIS™ system ~ouid be modified to Provide the functions described 

15 herein. 
By now-it·s~ould be appreciated that there has b~f:?n provided a 

method. and apparatus for improving inbound. II\e~sage tf).roughput by 
controlling the selection of ~ ALOHA subset o.f-inbo~d channels used 

·, . . .. , .. . 

by a selective call device in a communication system having multiple 
20' inbound channels. · 

We claim: 
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be quite different in other respects. In particular, the system need not be 
radio nor even wireless. For example, in a wired point to multi-point 
system having a plurality of selective call devices and a plurality of 
inbound channels (e.g., a plurality of wire pairs), some inbound channels 

5 can be designated for all selective call devices to be for ALOHA 
transmissions and others for scheduled transmissions, by using the 
technique descnoed above. For example, messages shorter than some 
fixed length can be designated for ALOHA transmission on an ALOHA 

channel. 

10 Furthermore .. when the communicatio~ system is a radio 

communication system, it need not be a radio con:ununicati.on system 
which uses a protocol of the FLE)(TM family, such as the ReFLEXTM or 
InFLEXion TM 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: 
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Oaims 

1. A method used in a selective call device, wherein the selective call 
5 device is used in a communication system having a set of inbound 

channels, said method comprising the steps of: 
identifying an ALOHA subset of the set of inbound channels; and 
transmitting a first message using an AWHA protocol on an 

inbound channel which is in the AWHA subset of the set of inbound 
10 channels when the first message is a first message type. 

15 

2. The method according to claim 1, wherein the step of transmitting 
further comprises the step of selecting the inbound channel randomly 
from the ALOHA subset of the set of inbound channels. 

3. The method according to claim 1, wherein the first message 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. 
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7. The method· accor~mg to claim 1 wherein said inbound channel has an 
ALOHA portio~, and wherein in said step of transmitting, the first 
message is transmitted. in the ALOHA portion of the inbound channel. 

5 8. The method according to claim 1, wherein the·selective call device is a 
radio device. 

9~ .. A method used .in a selective call device, ·wherein .the selective call 
device is used ip a.radio· communication system.having a set of inbound 

10 channels, comprising the steps of: 
identifying an ALOHA subset of the set of iribound channels, and a 

position of .an ALOHA portion of each of the ALOHA subset of the set of 
inbound channels; 

identifying an inbound channel which is in the ALOHA subset of 
15 the.set of inbound channels; and 

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 
25 identifies an ALOHA.subset of the set of inbound channels, 

and 
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 0£ inbound channels -when the first 

30 message is a first message type. 

35 

11. The selective 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. 
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12. The selective call device according to claim 10, wherein the first 
message type is one of a unsolicited inbound message and a demand 
ALOHA respo~ message. 

5 13. The selective call device according to claim 10, wherein the 
' 

processing system generates a second message and couples the second 
message to said transmitter using one of the set of inbound channels 
when the second message is a second message type. 

10 14. The selective call device according to claim 13, wherein the second 
message type is ~ of a scheduled acknowledgment and a scheduled 
response. 

15. The selective call device according to claim 10, wherein the 
15 communication system is a radio communication system and said 

selective call device further comprises a recei'yer, coupled to said 
processing system, for receiving a subset identifier, and wherein said 
processing system identifies the ALOHA subset from the subset identifier. 

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. 

25 

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 sy8tem recovers a default AWHA 
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 AWHA portion.1 and wherein in said processing system 
couples the first message during the ALOHA portion of the inbound 

35 channel. 
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19. The selective call de\ri~e ac;:cording to claim io, wheren\ said selective 

call device "further compr~~ ~ radi~ rece1y~r and where~ the transmitter 

is a radio transmitter. · · 

20. A selective call devi~e used in a radlo communication system, 

whe~ein the ~lective ~cill 'device has a set "of ~boitnd charm.els, said 
selective call device coriiprlsmg: . . .·.... . .. 

a trarislnitter. for transn:iitm\g a first message; and 

a processing system, cou:pled to .said transmitter,. wherein the 

processing system . · · . . . 

Identifies cin ALOHl\ subset of°the set of mbound channels, 

and a position of an ALOHA portion of each of the ALOHA subset of the 

set of inbound channels, 
·.identifies Jn inbound chann~ which is m the ALOHA subset 

. . ... 

of the set of inbound channels, ~d 
generates the fi!st message. arid couples the first message to 

said transmitter using an ALOHA protocol d'Lirlng an ;ALOHA portion of 

the inbound ch8nnel when the first message is a first message type. 

20 21. A system coritroller used in a comimmication system, wherein the 

communication ~ystem c~mpris~s selectiv~ call cleviees ~d the system 

controller, and. whe~ the. communication s}rstem, has a set of inbound 

. channels, the system controller comprising 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 ~ubset ~t'the set of inbound channels for use by a set 
of the selective call deVices. . . . . . 

22. The system controller accordfug to claim 21, wherein said processing 

30 system generates a protocol sei:)aratio~ identifier which is included in a 

second message which is transmitted to the selective call devices, wherein 

said protocol separation id~ritifier identi.~~s a positi~n of an ALOHA 

portion and a schedUJ.at portion of each of the :ALOHA subset of the set of 
inbound channels~· · · 

35 
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23. The system controller according to claim 21, wherein said system 
controller further comprises a radio receiver and wherein the transmitter 
is a radio transmitter. 


