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Field of the Invention

This invention relates in general to two-way messaging systems, and
in particular to two-way messaging systems employing frequency reuse.

Background of the Invention

Current two-way messaging systems use frequency reuse to

maximize the communication capacity of the system. The frequency reuse
25 pattern traditionally includes a fixed number of communication cells. As
"~ the number of communication cells in the frequency reuse pattern

decreases, the system capacity increases, as well as the noise interference of

the communication system. In contrast, as the number of communication

cells in the frequency reuse pattern increases, the system capacity decreases,
% as well as the noise interference.

The noise interference includes co-channel and adjacent channel
interference. Co-channel interference occurs from communication cells
utilizing the same communication frequency. Adjacent channel
interference occurs from adjacent frequency channels where harmonic

3 noise is coupled between channels.

Currently selective call transceivers within the messaging system
which experience severe noise interference cannot receive messages until
the interference subsides, or the users of the selective call transceivers
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I's a nethod and apparatus that substantially 5 reduces noise interference
Wi thin the two-way nggSagelbSihe! flskhitir/etition is a method of transmitting an
outbound message in a two-way messaging system having a plurality of

5 cells employing frequency reuse. The method comprises the steps of
transmitting the outbound message utilizing a first frequency reuse plan,
awaiting a positive acknowledgment confirming that the outbound

. message was received with an acceptable quality, and retransmitting the
outbound message utilizing a second frequency reuse plan, in response to

10 receiving a negative acknowledgment and also in response to failing to
receive any acknowledgment within a predetermined time after
transmitting the outbound message.

A second aspect of the present invention is a controller for
transmitting an outbound message in a two-way messaging system having

1 a plurality of cells employing frequency reuse. The controller comprises a
processing system for directing operation of the controller, an input
interface coupled to the processing system for accepting the outbound
message originated by a user, a transceiver interface coupled to the
processing system for controlling a base transceiver for transmitting the

20 outbound message and for receiving an acknowledgment response, and a
timer coupled to the processing system for controlling the processing system
to await a positive acknowledgment confirming that the outbound
message was received with an acceptable quality. The processing system is
programmed for transmitting the outbound message utilizing a first

25 frequency reuse plan, and wherein the processing system is programmed
for retransmitting the outbound message utilizing a second frequency
reuse plan, in response to receiving a negative acknowledgment and also
in response to failing to receive any acknowledgment within a
predetermined time after transmitting the outbound message.

2 A third aspect of the present invention is a two-way messaging system
for transmitting an outbound message, the two-way messaging system
having a plurality of cells employing frequency reuse. The two-way
messaging system comprises a controller for controlling operation of the
two-way messaging system, a plurality of base transceivers coupled to the

3 controller for transmitting the outbound message and for receiving an
acknowledgment response, and a selective call transceiver coupled by radio
with at least one of the plurality of base transceivers for receiving the
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outbound message and for generating the acknowledgment response. The

controller comprises a processing system for directing operation of the

controller, an input interface coupled to the processing system for accepting

the outbound message originated by a user, a transceiver interface coupled

5 to the processing system for controlling the plurality of base transceivers

for transmitting the outbound message and for receiving the

acknowledgment response, and a timer coupled to the processing system

for controlling the processing system to await a positive acknowledgment

confirming that the outbound message was received with an acceptable

10 quality. The processing system is programmed for transmitting the

outbound message utilizing a first frequency reuse plan, and wherein the

processing system is programmed for retransmitting the outbound

message utilizing a second frequency reuse plan, in response to receiving a

- negative acknowledgment and also in response to failing to receive any

15 - acknowledgment within a predetermined time after transmitting the
outbound message. ' :
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Brief Description of the Drawings

FIG. 1 is an electrical block diagram of a two-way messaging system in
accordance with the preferred embodiment of the present invention.
5 FIG. 2 is an electrical block diagram of a controller and a base station in
accordance with the preferred embodiment of the present invention.
FIGs. 3, 4, and 5 are examples of frequency reuse patterns utilized by
the two-way messaging system. '
FIGs. 6,7 and 8 are timing diagrams of frequency reuse plans utilized
1o by the two-way messaging system in accordance with the present
invention.
FIGs. 9, 10 and 11 depict a flow chart of the controller operation in
accordance with the preferred embodiment of the present invention.
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FIG. 1 is an electrical block diagram of a two-way messaging system in
accordance with the preferred embodiment of the present invention. The
two-way messaging system comprises a fixed portion including a controller
112 and a plurality of base stations 116, and a portable portion including a
plurality of selective call transceivers 122. The base stations 116 are used
for communicating with the selective call transceivers 122 utilizing
conventional radio frequency (RF) techniques, and coupled by
communication links 114 to the controller 112 which controls the base
stations 116. :

The hardware of the controller 112 is preferably a combination of the
Wireless Messaging Gateway (WMG™) Administrator! paging terminal,
and the RE-Conductor!™ message distributor manufactured by Motorola,
Inc. The hardware of the base stations 116 is preferably a combination of
the Nucleus® Orchestra! transmitter and RF-Audience!™ receivers
manufactured by Motorola, Inc. It will be appreciated that other similar
hardware can be utilized for the controller 112 and the base stations 116.

Each of the base stations 116 transmits RF signals to the selective call
transceivers 122 via a transceiver antenna 118. The base stations 116 each
receive RF signals from the plurality of selective call transceivers 122 via
the transceiver antenna 118. The RF signals transmitted by the base
stations 116 to the selective call transceivers 122 (outbound messages)
comprise selective call addresses identifying the selective call transceivers
122, and data or voice messages originated by a caller. The RF signals
transmitted by the selective call transceivers 122 to the base stations 116
(inbound messages) comprise positive acknowledgments (ACKs) which
indicate the message was received reliably by the selective call transceiver
122, or negative acknowledgments (NAKs) which indicate the selective call
transceiver 122 did not receive the message reliably, or detected poor signal
quality strength.

A detailed description of inbound acknowledge-back messaging is
more fully described in U.S. Patent No. 4,875,038 issued October 17, 1989 t
Siwiak et al., which is hereby incorporated herein by reference. -

The controller 112 preferably is coupled by telephone links 101 to a
public switched telephone network (PSTN) 110 for receiving selective call
originations therefrom. Selective call originations comprising voice and

message

In response to
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present invention. The controller 112 includes a processing system 210, a
transceiver interface 204, an input interface 218, and a timer 202. The base
station 116 includes a base transceiver 206.
The processing system 210 is used for directing operation of the
15 controller 112, The processing system 210 preferably is coupled through the
transceiver interface 204 to the base transceiver 206 via the communication
link 114. The communication link 114 utilizes, for example, conventional
means such as a direct wire line (telephone) link, a data communication
link, or any number of radio frequency links, such as a radio frequency (RF)
20 transceiver link, a microwave transceiver link, or a satellite link, just to
mention a few.
~ The base transceiver 206 utilizes: conventional means for transmitting
outbound messages to the selective call transceiver 122, and for receiving
inbound messages (or acknowledgment responses) transmitted by the
= selective call transceivers 122. The processing system 210 is also coupled to
the input interface 218 for accepting the outbound message originated by a
user communicating with the PSTN 110 through the telephone links 101.
The timer 202 is coupled to the processing system 210 for controlling
the processing system 210 to await positive acknowledgments from the
% selective call transceiver(s) 122 confirming that the outbound message(s)
was received with an acceptable quality.
In order to perform the functions necessary for conmtrolling the
elements of the controller 112, as well as the elements of the base stations
116, the processing system 210 preferably includes a conventional computer
3 system 212, and conventional mass storage media 214. The conventional
mass storage media 214 includes, for example, subscriber user information
such as selective call transceiver 122 addressing, programming options, and
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PCT/ US96/ 20774 The conventional computer system 212 is preferably programmed by
way of software included in the conventional mass storage media 214. The
5 conventional computer system 212 preferably comprises a plurality of
processors such as VME Sparc™ processors manufactured by Sun
Microsystems, Inc. These processors include memory such as dynamic
random access memory (DRAM), which serves as a temporary memory
storage device for program execution, and scratch pad processing such as,

v for example, storing messages originated by callers using the PSTN 110,
processing acknowledgments received from the selective call transceivers
122, and for protocol processing of messages destined for the selective call
transceivers 122, just to mention a few. The conventional mass storage
media 214 is preferably a conventional hard disk mass storage device.

15 It will be appreciated that other types of conventional computer
systems 212 can be utilized, and that additional computer systems 212 and
mass storage media 214 of the same or alternative type can be added as
required to handle the processing requirements of the processing system
210. :

20 The processing system 210 is programmed for transmitting the
outbound message utilizing a first frequency reuse plan. In response to
receiving a negative acknowledgment, .or in response to failing to receive -
the positive acknowledgment within a predetermined time determined by
the timer 202, the processing system 210 is programmed for retransmitting

25 the outbound message utilizing a second frequency reuse plan.

FIGs. 3, 4, and 5 are examples of a two-way messaging system having a
plurality of cells employing frequency reuse patterns. FIG. 3 illustrates a
frequency reuse pattern with seven cells. If, for example, the two-way
messaging system has twenty-one communication frequencies, then each

2 cell would utilize three unique frequencies. As the seven cells are repeated
throughout the communication system, each cell receives several sources
of communication interference.

These sources include co-frequency (or co-channel) interference, and
adjacent channel interference. Co-channel interference is caused by

% multiple cells utilizing the same communication frequency. The
communication system is designed to place cells utilizing the same
communication frequency as far apart as allowed by the frequency reuse
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frequency reuse pattern including twelve cells. In a two-way messaging
system utilizing twenty-one communication frequencies, each cell could
10 use an average of 1.75 frequencies. The change in the frequency reuse
pattern reduces the system capacity by approximately 42 percent. However,
the distance between cells utilizing the same communication frequencies
has been increased thereby reducing co-channel interference. In addition,
since there are fewer frequencies present within each cell, adjacent channel
15 interference is reduced.

FIG. 5 is a frequency reuse pattern utxhzmg twenty-one cells. In a two-
way messaging system utilizing twenty-one communication frequencies,
each cell of the reuse pattern would use one unique frequency. This
frequency reuse pattern reduces the system capacity to one-third of that

2 available in the seven cell frequency reuse pattern. However, as before, co-
channel and adjacent channel interference is significantly reduced.

. Given a propagation loss exponent of 3.5, a seven cell frequency reuse
pattern has approximately a 15 dB signal-to-interference (S/I) ratio. A
twelve cell frequency reuse pattern has approximately a 19 dB S/1 ratio, and

2s a twenty-one cell frequency reuse pattern has approximately a 24 dB S/I
ratio. Thus, when one or more selective call transceivers 122 are
experiencing severe interference, an alteration of the frequency reuse
pattern can reduce the interference and allow for communication to be
completed. Altering the frequency reuse also increases the maximum

% capacity of the system by reducing the number of retries performed for
units experiencing severe interference.

FIGs. 6, 7 and 8 illustrate timing diagrams for three embodiments
which utilize different frequency reuse schemes for communicating with
selective call transceivers 122 experiencing interference problems. The first

3 frequency reuse plan has a first signal-to-interference ratio. The second
frequency reuse plan has a second signal-to-interference ratio that is higher
than the first signal-to-interference ratio, and the third frequency reuse
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plan has a third signal-to-interference ratio that is higher than the first and
second signal-to-interference ratios of the first and second frequency reuse
plans. The first frequency reuse plan can be, for example, the seven cell
frequency reuse pattern of FIG. 3, whereas the second frequency reuse plan
can be the twelve cell frequency reuse pattern of FIG. 4, and the third
frequency reuse plan can be the twenty-one cell frequency reuse pattern of
FIG. 5.

In the timing diagram of FIG. 6, the processing system 210 is
programmed for transmitting a plurality of outbound messages in a
plurality of transmission cycles. Each transmission cycle comprises a
plurality of synchronous frames. These synchronous frames include
control frames such as "Where aRe YoU" frames, or "Where To Listen"
frames (shown as WRU and WTL, respectively), and message frames
(shown as MF2, MF3, etc. by way of example). Each transmission cycle
comprises, for example, one-hundred-twenty-eight synchronous frames.

Within a transmission cycle the selective call transceivers 122 respond
to control frames on a response channel (shown as RSP by way of
example). The response channel (or inbound channel) utilizes
conventional time division multiplexing (TDM), or can alternatively
utilize conventional frequency division multiplexing (FDM). In this
illustration the response channel (RSP) utilizes TDM and FDM
transmission. '

In the embodiment of FIG. 6, selected ones of the plurality of
transmission cycles utilize the second frequency reuse plan. The
processing system 210 is programmed for retransmitting the outbound
message during one of the selected ones of the plurality of transmission
cycles. BEach transmission cycle transmits messages in either the first
frequency reuse plan, or the second frequency reuse plan. In this example,
transmission cycle 1 transmits messages utilizing the first frequency reuse
plan, and transmission cycle 2 transmits messages utilizing the second
frequency reuse plan.

During transmission cycle 1, a WRUQ frame is transmitted to a group
of selective call transceivers 122 requesting acknowledgment responses.
For those selective call transceivers 122 that acknowledge, a WTL frame
(WTLO) is transmitted indicating the corresponding message frame
positions (e.g., MF2, MF3, etc.) and frequencies to be utilized for each
selective call transceiver 122. The message frames are then transmitted to
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The selective call transceivers 122 then respond with an inbound message
(not shown) corresponding to an ACK or NAK indicating the integrity of
the message received.

5 The selective call transceivers 122 that do not respond within a
predetermined time determined by the timer 202, or that respond with
NAKSs are placed in a table stored in the memory of the processing system
210. The table defines a group of selective call transceivers 122 that NAK'd
messages transmitted in the first frequency reuse plan. In the next

10 transmission cycle (i.e., transmission cycle 2) the processing system 210 is

programmed for retransmitting outbound messages corresponding to this

~ group of selective call transceivers 122 utilizing the second frequency reuse
Plan.

Although this embodiment substantially eliminates communication

15 interference problems experienced by a group of selective call transceivers
122, it can result in longer latency periods for transmitting outbound
messages. For example, a synchronous system which utilizes one-
hundred-twenty-eight frames per transmission cycle (as in the above
‘example) with a frame duration of 1.875 seconds results in a transmission

20 cycle period of four minutes. Thus, selective call transceivers 122 which
cannot be contacted within the first transmission cycle may experience a
delay of four minutes or more to receive message in the next transmission
cycle.

The second embodiment shown in FIG. 7 provides a faster means of

25 communicating outbound messages to selective call transceivers 122
experiencing interference problems. In this embodiment at least one first
portion of a transmission cycle utilizes the first frequency reuse plan and at
least one second portion of the transmission cycle utilizes the second
frequency reuse plan. The first portion includes at least one frame of the

% plurality of synchronous frames utilizing the first frequency reuse plan,
whereas the second portion includes at least one other frame of the
plurality of synchronous frames utilizing the second frequency reuse plan.
The processing system 210 is programmed for sending outbound messages
during the at least one other frame.

3 In this illustration, transmission cycle 1 has two sets of control frames
(WRUO, WTL1 and WRU120, WTL 121). Similar to the timing diagram of
FIG. 6, messages (MF2 through MF119) are transmitted to the selective call
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selective call transceivers 122 which do not respond, or send a NAK
response are queried by WRU120 for retransmission of messages. Once the
selective call transceivers 122 have been told by WTL121 where to receive
5 the retransmission of messages, the message frames (MF122 through
MF127) are transmitted utilizing the second frequency reuse plan. In this
embodiment, the latency of communicating with selective call transceivers
122 experiencing interference problems is significantly reduced, because
communication occurs within the same transmission cycle.

10 The third embodiment shown in FIG. 8 utilizes the embodiment of
FIG. 7 and further allows for multiple frequency reuse plans within a
contiguous set of message frames. In addition, the processing system 210 is
programmed to group the outbound messages of selective call transceivers
122 that NAK messages in the same transmission cycle with other

15 outbound messages from previous transmission cycles to be retransmitted,
thereby forming a group of outbound messages for retransmission.

In this example, message frames MF2 and MF3 initiated on
transmission cycle 1 are transmitted utilizing the first frequency reuse plan.
Message frames MF4 and MF5 are transmitted utilizing a second and third

20 frequency reuse plan, respectively. MF4 can be, for example, a first message
retransmission from one previous transmission cycle, whereas MF5 can be,
for example, a second message - retransmission from. iwo previous
transmission cycles. Moreover, several WRU and WTL frames can occur
within the same transmission cycle with separate groups of messages

2 intended for first transmission, and messages intended for a plurality of
retransmissions utilizing a plurality of frequency reuse plans.

It will be appreciated that for the three embodiments described above
there can be more than three frequency reuse plans when it is appropriate
in the two-way communication system. It will be further appreciated that a

% transmission cycle can include less or more than one-hundred-twenty-
eight frames. '

FIGs. 9, 10 and 11 depict a flow chart 300 of the controller 112 operation
in accordance with the preferred embodiment of the present invention.
The flow chart 300 begins with step 302 where the processing system 210

2 sends a simulcast WRU frame by way of the base stations 116 on a control
frame with the first frequency reuse plan to the selective call transceivers
122. The processing system 210 awaits an acknowledgment response from

-12-
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cal | transcei verthe first group of selective call transceivers 122 Followmg the simulcast
- WTL frames, in step 312, the processing system 210 sends messages by way
of the base stations 116 to the first group of selective call transceivers 122
utilizing the first frequency reuse plan. In steps 316 and 318 the processing
15 system 210 awaits for ACKs, NAKSs, or no response from the first group of
selective call transceivers 122. For selective call transceivers 122 that ACK
the transmitted messages, the processing system 210 discontinues
processing. For selective call transceivers 122 that either NAK or give no
response within a predetermined time defined by the timer 202, the
20 processing system 210 proceeds to step 322 in FIG. 10.
In step 322 the processing system 210 creates a third group of NAK'd .
selective call transceivers 122. In step 323 the processing system 210 sends a
simulcast WRU frame to the third group of selective call transceivers 122
to relocate them within the communication system. The processing
2% system 210 awaits an acknowledgmeilt response from the selective call

transceivers 122 in step 324. If no response is given by a selective call
transceiver 122 before a time out 325, then the processing system 210
proceeds to step 328 where the processing system 210 creates a table
including a fifth group of NAK'd or non-responsive selective call

%  transceivers 122 listed as out-of-range. Communication with this group of
selective call transceivers 122 is attempted at a later time. For those
selective call transceivers 122 which ACK'd, the processing system 210
proceeds to step 326 where the processing system 210 creates a table
including a fourth group of ACK'd selective call fransceivers 122.

» In step 330 the processing system 210 sends a simulcast WTL frame to
the fourth group of selective call transceivers 122, The processing system
210 then sends messages to the fourth group of selective call transceivers

-1 3-



25 122, and data or voice nessages originated by a caller. The RF signals
transmtted by the selective call transceivers 122 to the base stations 116
(i nbound nessages) conprise positive acknow edgnents (ACKs) which

i ndi cate th was received reliably by the selectivg, Lm&w
transcei verewg‘;%%gg, or negative acknow edgments (NAKs) whi cﬁJ I'ndi cate the

selective call 30 transceiver 122 did not receive the nessage reliably,
or detected poor signal qual ity strength. A detail ed
description of 123 gthersegprrd frequensy reuse plamdn istep 332, Inpytepst 334 and
described in U338 thitpfotesdiiy systén2103%v4isTor A CRe] NXKs, b?no 188onse from

The control | el tﬁ@far%-? “ere% SABBH st ety 2 eres%&‘%hvs

publ i c swi t chedransteipexsi@2itbat\8 0K (llégrat}snllttedfmssagesuthe wmmgtsysbmtal I

origi nationg t 30 HiscoMtinaes Prbéessing?| For BeledtiPé (chl) MeansediPérs SIRAh¥P efifiefNd
NAK or give no response within a predetermined time defined by the
timer 202, the processing system 210 proceeds to step 336 and creates a sixth
group of non-responsive selective call transceivers 122 listed as out-of-
range. Communication with these units is attempted at a later time.

10 It will be appreciated that, alternatively, steps 323, 324, 325, 326, and 328
can be eliminated from the transmission processes. Instead, the processing
system 210 can estimate that the majority of the NAK'd selective call
transceivers 122 of step 322 are still within the same cells, and
retransmission can occur immediately. It will be further appreciated that

15 the two frequency reuse plans given in this illustration can be augmented
as appropriate to improve the reliability of message delivery to selective
call transceivers 122 experiencing interference.

Thus, it should be apparent by now that the present invention
provides a novel method for substantially reducing communication

20 interference in a communication system utilizing frequency reuse. In
particular, the invention provides a method wherein any number of
frequency reuse plans can be selected by the controller to facilitate
communication with selective ‘call transceivers which are experiencing
communication interference.. In addition, by dynamically and quickly

25  adjusting the frequency reuse plans, and by grouping ACK'd selective call
transceivers apart from NAK'd or non-responsive selective call
transceivers, the communication systermn maximizes system capacity
while maintaining communication with selective call transceivers
experiencing interference.

What is claimed is:

-14-
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data nessages fromthe PSTN 110 can be generated, for exanple, froma

conventional telephone 111 coupl ed t The out bound
and i nbound ReesREeE are preferabl y| FHIB BHEET HAS BEENot or ol aperossenekmonn
ReFLEX[err] digital selective call $ignalRERLABERt ocoll 5 This protocol

utilizes well-known error detectionamd—erTor correction t echni ques and
is therefore tolerant to bit errors OCCW duri ng transm ssi on,
provi ded that the bit errors are not too Fous i n any one code word.

FIG 2 is an electrical block diagram 200 of the controller 112 and the 10
base station 116 injacchrfaded ¥f HAnsARIAECAR ARBoRID AResEREE iRfa tWe-wa
present invention. The con‘erﬁller 112 4“2? ud‘gfsge? processi ng _system 210, a
transcei ver int SPPRENEOHS haying & pisslity ls"empioying iiraghieney, regqse,
base’ st atsi orthd nfethad [cothprising thesstepsof cei ver 206. The
processing system 210 is ys&dn hé ' a%gg%oah 104 : fr&ﬁ% | | er
112. The processin syste‘r’f‘] Zloﬁgééﬁie\ﬁg’t?%%d)coupl d tlﬁ%‘f)\g[ﬁﬁﬁe &
transceiver int é’P\“g"cB%4 to the base transceiver 206 via the conmunication

link 114. The communi cat i awaitingk alpdsitive | adlemwlédgmentnqunfirming v duiti ¢hel
. outbound message was received with an acceptable quality; and
10 retransmitting the outbound message utilizing a second
frequency reuse plan, in response to receiving a negative acknowledgment
and also in response to failing to receive any acknowledgment within a
predetermined time after transmitting the outbound message.

15 2. The method of claim 1,
' wherein the first frequency reuse plan has a first signal-to-
interference ratio, and :
-wherein the second frequency reuse plan has a second signal-
to-interference ratio that is higher than the first signal-to-interference ratio.

3. The method of claim 1,

wherein the messaging system transmits: a plurality of
outbound messages in a plurality of transmission cycles, and

wherein selected ones of the plurality of transmission cycles

¢ utilize the second frequency reuse plan, and

wherein the retransmitting step comprises the step of
retransmitting the outbound message during one of the selected ones of
the plurality of transmission cycles. ’

* L L M S *
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means such as a direct wire line (tel ephone) link, a data conmmunication

| ink, or any nunber of radio frequency |inks, such as a radi o frequency
(RF) 20 transceiver link, a m.crowave transceiver link, or a satellite

| i*nk, j ust ntion a few . The base t ”Sceiﬁﬁiﬁﬁﬁﬁnutilizes
conventionaﬁﬂ%%gﬁ@g?or transmtting | THIPSHEPUHASBEENages t0 the selective
call transceiver 122, and for receiv ng REpLﬂggpnd nelssages (or

acknow edgnent responses) transm t t ed—by—t+he—25—setecti ve cal

transcei vers 122. The processing systen1210 is also coupled to t he

[ npgt [ nterfacte_ 218 f?ﬁe?ﬁeﬁgglrmﬁ%eghut boundhrretss?ge ori g: nat ed 8{ a
user conmmuni cating wi e g e te ne |

The tinmer 202 is coupl e&"kﬁfe{xhe 6’8%%“2&‘% gy@%ﬁ%‘%@% Eoﬁ |n‘§;f

t he processi ngoytboung messages mipiu olity of transmissioniqyglgaeand from t he 30
sel ective cgll transcei wé:&ig\ Ja%Zleaiﬁnbnénﬁm pd}ﬁbn}bewd%hsmt umefs gﬁ)
was received w ua n order,to.per m t he
functions necegég %Cﬁggh‘?ﬂ'd u.#]ﬁlan and %'i l&ﬁ%rﬂnf s&;oq%go @%eer
112, as wel | aummiwd%uul frequency reuse plangand he processi ng
system 210 preferably i Rghetdss w%mmﬂ Cﬂ@ﬁ’“é&ﬁpﬁ?es Shet %??21& and

t | t dia,214., Th
vedi o 214 | ncl EEETRERRE, R oBDCutid, MRREe CGEIng he, Holeast one secid

sel ective cual | pbrbmsoéithtetranmmw ng, progranm ng options, and

5. The method of claim 1,
wherein the retransmitting step comprises the steps of:
grouping the outbound message with other outbound
15 messages to be retransmitted, thereby forming a group of outbound
messages for retransmission; and
retransmitting the group of outbound messages
utilizing the second frequency reuse plan.

20 6. The method of claim 1,
wherein the messaging system. transmits a plurality of
outbound messages in a plurality of transmission cycles, and.
wherein a transmission cycle comprises a plurality of
synchronous frames, and
25 wherein at least one frame of the plurality of synchronous
frames utilizes the first frequency reuse plan, and
wherein at least one other frame of the plurality of
synchronous frames utilizes the second frequency reuse plan, and
wherein the retransmitting step comprises the step of sending
% the outbound message during the at least one other frame.

* [ L M s *
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PCT/ US96/ 20774 t abl es of groups of sel ective call transceivers 122
for transmtting di fferelrhisSheetHisrBeqtmla euse—patternns as will be

descri bed belvpawirersr ﬁ“! ﬂl!m aI EEJnMS BEENystem 2peTiusssporher abl y

progr ammed by way of deO[PLACE[he corfjventi onal mass storage
nmedia 214. The 5 conventiona ystenr21z2preferably conprises a

plurality of processors such as VME Sparc[err] processors manufact ured
by Sun M crosystems, Inc. These processors include nmenory such as
dynani c r andom %ccébhe methad/of ARV, whi ch serves as a tenmporary nenory

wherein the retransmitting step comprises the steps of:
grouping the outbound message with other outbound
5 messages to be retransmitted, thereby forming a group of outbound
messages for retransmission; and

retransmitting the group of outbound messages during
the at least one other frame.

10 8. A controller for transmitting an outbound message in a two-way
messaging system having a plurality of cells employing frequency reuse,
the controller comprising:

a processing system for directing operation of the controller;

an input interface coupled to the processing system for

15 accepting the outbound message originated by a user;

a transceiver -interface coupled to the processing system for
controlling a base transceiver for transmitting the outbound message and
for receiving an acknowledgment response; and

a timer coupled to the processing system for controlling the

2 processing system to await a positive acknowledgment confirming that the
outbound message was received with an acceptable quality,

wherein the processing system is programmed for
transmitting the outbound message utilizing a first frequency reuse plan,
and

25 wherein the processing system is programmed for
retransmitting the outbound message utilizing a second frequency reuse
plan, in response to receiving a negative acknowledgment and also in
response to failing to receive any acknowledgment within a predetermined
time after transmitting the outbound message.

9. The controller of claim 8,

wherein the first frequency reuse plan has a first signal-to-
interference ratio, and '

wherein the second frequency reuse plan has a second signal-
% to-interference ratio that is higher than the first signal-to-interference ratio.

10. The controller of claim 8,

-17-
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storage device for programexecution, and scratch pad processing such as,

|0 for exanple, stori ng ma%%ﬁm@at ed by cal I ers using the PSTN 110

processi ng acknow edgnen e call transcel vers
122, and f-od¥7RERS O! m%mu &,&@@s ed for ¢ ‘r,; ive
on W convent onal nass

cal | transceivers 12

st or age nmedi a 214 |s preferably a conventional hard di sk mass storage
device. 15 It will be appreciated that, other types of conventional
conput er syst ens 212" inp e the | RTOERISINGgSYHER alfyi Presrammesputasr

systens 212 anttansmittings =t phaalitymesfi coutbdured nhessagese inr a2l plaralityi W t ype

can be added handl e the processing requirenments of the
processi ng sys ansmxsﬁi%gé’{ycf%baﬂd The proce55| ng system 210 is progranmed

for transnitting the  WheseiBotelerted oves of the plu é’fftﬁwbﬁﬁ‘l@l}um reuse
pl an. | n respontibzé the seconéquuem reuse phdri, wadacknow edgment, or in

L?ZS@?Z?J ﬁe](cja![: Imr;gdte'?er m ne eghe p&%ﬁﬂ%ﬁ%ﬁﬁzgzm% g’g‘&@t Wﬁ‘g é"{}st em

210 i s progr anfetensgtting ﬁbﬁh@#ﬂ!‘l megsagenduring anenef thes seledteditanes 0fng a
second frequengie pmﬂﬁymfatmmmon cydEgGs 3,4, and 5 are exanples of a

t wo-way nessagi ng system having a pl urali ty of cells enploying
frequency reuse patterns. FIG 3 illustrates a frequency reuse pattern

with seventeel|s. 1} Therconizaller ef claim & wo- way

wherein the processing system is programmed for
transmitting a plurality of outbound messages in a plurality of
transmission cycles, and

wherein at least one first portion of a transmission cycle

15 utilizes the first frequency reuse plan and at least one second portion of the

transmission cycle utilizes the second frequency reuse plan, and

wherein the processing system is further programmed for
retransmitting the outbound message during the at least one second
portion of the transmission cycle.

12. The controller of claim 8, :
wherein the processing system is programmed for
grouping the outbound message with other outbound
messages to be retransmitted, thereby forming a group of outbound
25 messages for retransmission; and
retransmitting the group of outbound messages
utilizing the second frequency reuse plan.

18- R O R



messagi ng system has twenty-one one_comuni cation frequencies, then each 30
cell would utilize three unique frequencies. As the seven cells are

r epeat ed ~ throughout t e GRIBIEB&EARE ecsyst em each cell receives
several sourcew97267670f CoO PCT/OSRR0APUr CES
i ncl ude co-frequency (or Cwml‘ﬂmu Ncnd adj acent

channel interference. Co-ch erenceEDs caLsed by 35 multiple
cells utilizing the same conmuni cation frequency The comuni cati on
systemis designed to place cells utilizing the sane comuni cati on
frequency as far apad Ibesontrpller of clabm §requency reuse WO 97/ 26767

PCT/ US96/ 20774 pat t efheréiti 2GREt PioRERRIg | ByftednS! &C Hrogratitheli’ OFdr
comuni cati on transmitting a plurality of outbound messages in a plurahty of
5 transmission cycles, and
wherein a transmission cycle comprises a plurality of
synchronous frames, and
wherein at least one frame of the plurality of synchronous
frames utilizes the first frequency reuse plan, and
10 wherein at least one other frame of the plurality of
synchronous frames utilizes the second frequency reuse plan, and
wherein the processing system is further programmed for
sending the outbound message during the at least one other frame.

15 14. The controller of claim 13,
wherein the processing system is further programmed for:
grouping the outbound message with other outbound
messages to be retransmitted, thereby forming a group of outbound
messages for retransmission; and

retransmitting the group of outbound messages during
the at least one other frame.

N R
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frequenm es that are adjacent to each other in the frequency spectrum The
final formof interféfence always present in the two- way nessaging system

i s transceiver noise i g,\g}ﬁamaggeeﬁ Repldoas e—t+anseerveys 206 and sel ective
cal | 5 trangsein .,s 1 haHﬁET HASABEEN pcent ghap

i nterference can e red iﬂuﬂ ngRERj.ACEB freqpency réuse pat%ern
For exanple, FIG 4 ill freéquency reuse pattern including

twelve cells. In a tw-way nessagi ng systemutilizing twenty-one
conmruni cation frequencies, each cell could 10 use an average of 1.75

frequencies. The ClSanQB two-wine thessagingc \systens dor tra:imiit&ligl él@d%lﬁt%%uhﬂe
system capaci t PR i gt e

bet ween cell's é}eg%llg% WWXE (A:%ﬁ'%ﬁg %ﬁtgxﬁb nCI%lgrQety g en

i ncreased t her 8Bploying CRCY. FEVG ptwmwayme@m&ngsy.stamqmmmg si nce
there are fewer frequena gonpolieenfom éd’ﬂtfb]ﬂﬁgh dpeﬁho@dbﬁcg{g eral 15
I nterference 'fh %{gﬁ m FIG 5 is a frequency reuse patter
utilizing twenty-o0 t%’Inatwo- way nmessaging systemutilizing
twent y- one conmuni cat i o Pluealifgefi base transceiyers ceupleditotthe contzallepafarer n

woul d use one trahsmittihgahe outhounthifessage dride fbrareedivirRUar aeRhdWieH es
the system cap& éﬁ?é qne- third of that 20 availabl'e in the seven cell
frequency reus b é However, as before, co- channel and adj acent

channel int®rference is aselgstive ealhtiapsceinersoupled by radio with at least one of
the plurality of base transceivers for receiving the outbound message and
for generating the acknowledgment response;
wherein the controller comprises:
a processing system for directing operation of the
15 controller; :
an input interface coupled to the processing system for
acceptmg the outbound message originated by a user;
a transceiver interface coupled to the processing system
for controllmg the plurality of base transceivers for transmitting the
20 outbound message and for receiving the acknowledgment response; and
: a timer coupled to the processing system for controlling
the processing system to await a positive acknowledgment confirming that
the outbound message was received with an acceptable quality,
wherein the processing system is programmed for
25 transmitting the outbound message utilizing a first frequency reuse plan,
and
wherein the processing system is programmed for
retransmitting the outbound message utilizing a second frequency reuse
plan, in response to receiving a negative acknowledgment and also in
3 response to failing to receive any acknowledgment within a predetermined
' time after transmitting the outbound message.
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G ven a propagation |oss exponent of 3.5, a seven cell frequency reuse
pattern has approximately a 15 dB S|gnal-to;_L.n.t.e.r_f—jarence (S/I1') ratio. A

bly a 19 dB S/ rati o,

pRp ern
ecHve—cat |

ias appr oycrasesdngra 24 dB

transcei vers 122 are

twel ve. cel | frequency reu%g@&yggmebe% a04aP4 A5< BEEN

and 25 a twspdyysér cel
S/ ratio. Thus, when ﬂm m@

experi encli ng severe I nterf

pattern can red

ration of the frequency reuse
uce the interference and all ow for conmuni cation to be

conpleted. Altering the frequency reuse al so i ncreases the maxi mum 30
capacity of the sysl@mmptnwmyngesshgmgwymofdmﬁes perforrred for

uni ts experienc
illustrate tim
di fferent frequ
transcei verssl?2
frequency reuse
frequency reuse

I ng sever I -
eWh é%@g{?ggenn%'nreus@ Eﬁa/hlﬁi(‘:sh util |S§g‘al to-

9{ é'a Eh s for comunicating with sel ective call
2 experi enshemin the sécondnfrequyencp lrense. plahchasi a seécofd signal-

t@-}ugt%tqé?e?\c@ ratib Stf%lsis%ﬁi\?:t ?\ghlrth@ ref{rrge }ﬁgﬁﬁ.ﬁ% b ferd: r%%o nd

P Nas a secona si gha nce ratio t

hi gher than the first signal-to-interference ratio, and the thlrd

frequency reuse

10

17. The two-way messaging system of claim 15,
wherein the processing system is programmed for
transmitting a plurality of outbound messages in a plurality of
transmission cycles, and
wherein selected ones of the plurality of transmission cycles

utilize the second frequency reuse plan, and

15

wherein the processing system is further programmed for
retransmitting the outbound message during one of the selected ones of
the plurality of transmission cycles.

18. The two-way messaging system of claim 15,

wherein the processing system is programmed for
transmitting a plurality of outbound messages in a plurahty of
transmission cycles, and. :

wherein at least one first portion of a transmission cycle
utilizes the first frequency reuse plan and at least one second portion of the
transmission cycle utilizes the second frequency reuse plan, and

wherein the processing system is further programmed for
retransmitting the outbound message during the at least one second
portion of the transmission cycle.

19. The two-way messaging system of claim 15,
wherein the processing system is programmed for:
grouping the outbound message with other outbound
messages to be retransmitted, thereby forming a group of outbound
messages for retransmission; and
retransmitting the group of outbound messages
utilizing the second frequency reuse plan.

20. The two-way messaging system of claim 15,

-21-
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plan has a third signal-to-interference—+atTam I's higher than the first
and + second signal-to-interfe a‘m’ﬁ%%ﬂ e first and second
f requency r pl ans. The fi{rst fREQkH® se plan gy oLl
exanpl e, th%%\?@?\“%ll frequen reuse pattern of FIG 3, ereas the
second frequency reuse plan 5 can be the twelve cell frequency reuse
pattern of FIG 4, and the third frequency reuse plan can be the

twenty-one cel | frequenwhereinse thext tpypeessing  systems, & programmed, ¢ for
timng di agr anyghsrhitfing6-a { PRIrRIC &SFS | GlitboNd € ThekbilpesS in  a PpR@AlyEsE f or
transmtting a pluralijty oi out bound nessages in a 10 plurality of
transni ssion cYRMIRSSRGYE A% ssion cycle conprises a lurality of
synchronous frames. Thes¢heygincha otransmissiomescydie | catmprises cpnplusalityr a@és

such as "W re;ﬁ{gﬁ ortis Sand®’ "Were To Listen” _ frames (shown as
VWRU and V\7I'L,§ rsspegtivekﬁlrliqt@%'nﬁnggsage ramesf pgsms)l& ?s I\/ch ME3, etc.
by way of exanple). Eac gins At least prig, frame of the, plurality, of ;synchionoys,
one- hundr ed- t Wirainies itiJizes shyefitst drequenéy reuse plan, and
wherein at least one other frame of the plurality of
synchronous frames utilizes the second frequency reuse plan, and
10 wherein the processing system is further programmed for
sending the outbound message during the at least one other frame.

21. The two-way messaging system of claim 20,
wherein the processing system is further programmed for:
15 grouping the outbound message with other outbound
| messages to be retransmitted, thereby forming a group of outbound
messages for retransmission; and
~ retransmitting the group of outbound messages during
the at least one other frame.

This Sheet Has Been Reﬂlaced
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W.thin a transm ssion cycle the selective call transceivers 122 respond
to control franes on a response channel (shown as RSP by way of

exanpl e) . The response channel (or inbound channel) utilizes
conventi onal $ig®ngieyi sion nmultiplexing (TDM, or can alter retcruvsy6ego724
utilize conventional frequency division nmultiplexing (FDM. In this
illustration the response channel (RSP) utilizes TDM and FDM

transm ssi on. In the enbodi ment of FIG 6, selected ones of the
plurality of transm ssion cycles utilize the second frequency reuse
plan. The 25 processing system 210 is progranmed for retransmtting the
out bound nmessage during one of the sel ed ones of the plurality of
transm ssi on cycles. Each transm ssion cycle transmts nmessages in
either the first frequency e plan, or the second frequency reuse

plan. In this exanple,
utilizing the first freque

g1 ssion cycle 1 transmts nessages
Ekase 30 plan and transm ssion cycle 2
transmts nessages 22 frequency reusg-pl

During transm SSi qf=es j s transmitted roup of
selective call trg i [ M1@2gmen nses

For those sel ecti ' Jcei :
(WLO) is transmt

118

116
BASE BASE BASE
STATION STATION STATION
114 114
114
112
CONTROLLER
101
110
N
PUBLIC
i N
NETWORK :
111—’/

FIG. 1



pesitions (e.g., M2, M3, etc.) and frequencies to be utilized for each
sel ective call transceiver 122. The nessage franes are then transmtted to
-10- - WO 97/ 26767

PCT/ US96/ 207 w0 97126767 each sel ective call transceiver 122 utipcrAisegaodzd | I St

frequency reuse pl an. The selective call transceivers 122 then respond:
wi th an i nbound nessage (not shown) corresponding to an ACK or NAK
indicating the integrity of t he nessage received. 5 "The sel ective
call transceivers 122 that do not respond within a predeterm ned tine
determ ned by the tinmer 202, or that respond with
2/7
I- _— -— -_— L] -_ - - - - L] L] L} L
i
118 I PROCESSING
—— = - = 210 SYSTEM
T il
| BASE 1 {xCcvR ‘L_ COMPUT
ER
| [TRANSCEIVER /1 |INFC SYSTEM I‘
l - | — '
206 BASE 7114 204 214 \218 I
I MASS !
116 MEDIA | [<—{TIMER]1
: i
| 202 -/ !
! CONTROLLER I
112
200

FIG. 2



NAKs are placed in a table stored in the menory of the processing system
210. The table defines a group of selective call transceivers 122 that
NAK' d : nessages transmitted in the first frequency reuse plan. In the
next 10 transwiosghenrzcycle (i.e., transm ssion cycle 2) the mroesos20774¢
system 210 is programmed for retransmtting out bound nessages
corresponding to this group of selective call transceivers 122
utilizing the second frequency reuse pl an. Al t hough this
enbodi nent substantially elimnates comuni cation 15 interference probl ens
experienced by a group of selective call transceivers 122, it can
result in longer latency periods for tran@Mtting outbound nmessages.
For exanple, a synchronous systemwhich utilizes one-

hundr ed-twenty-ei ght frames per transm Ssyon cle (as in the above
exanple) with a frame duration of 1.§ >, Qsults in a transm ssion
20 cycle period of four mnutes. T Rl ec

|l transceivers 122

\ Yo
- whi ch cannot be contacted within afflsm ssion cycle may
experience a del ay of four m nutgs™O of TO\ ecei ve nessage in the
next transm ssion cycl e. -:-- ment shown in FIG 7
provides a faster neans of 25 comuN ca Nt bgfind nessages to sel ective
call transceivers 122 experiencing i of ence problens. In this

enbodi nrent at | east one first




portion of a transm ssion cycle utilizes the first frequency reuse plan and

at
second:

| east one second portion of the transm ssion cycle utilizes the
frequency reuse pl an.

The first portion includes at |east one

frane of the oomemszal ity of synchronous franes utilizing tperfkssrdrrs

frequency reuse pl an,

other frame of the

frequency reuse pl an.

whereas the second portion includes at | east one
plurality of synchronous franes utilizing the second
The processing system 210 is programred for

sendi ng out bound nessages

during the at

In this illustration,

| east one other frane. 35
franes

(WRUO, WIL1 and WRU120, WL 121).

6, nessages (M2 through MF119)
-11-
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transceivers 122 utilizing the first frequency reuse plan. The group of
selective call transceivers 122 which do not respond, or send a NAK
response are @gyrneigrby WRU120 for retransm ssion of nessageperiéssesode
selective call transceivers 122 have been told by WIL121 where to receive 5
the retransm ssion of nmessages, the nessage franes (M122 through

MF127) are transmitted utilizing the second frequency reuse plan. In this
enbodi ment, the latency of communicating with selective call transceivers
122 experiencing interference problems is gpgnificantly reduced, because
communi cation occurs within the sane transm ssion cycle. 10 The third
enbodi nent shown in FIG 8 utilizes the enbodi nent of FIG 7 and
further allows for multj Lihin 2 cQnt ggaous

set of nmessage franes. [THEPROCESSINGISYSTEM SENDS ASSIMULCASIOWRU

programed to group thg¢ oFRAMETOTESE SELECTIVE CALLITRANSCEIVERSINSJE! vers
122 that NAK nessages i TS sty e e e ot

out bound nessages from previous transm ssiofi CyclIe€sS 1O De retransmitej,
thereby forming a group of outbound nessage¥ f o304t ransni ssio
In this exanple, nessage frames M2 and

ACK
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CREATES A FIRST GROUP NON-RESPONSIVE SELECTIVE
OF ACK'd SELECTIVE CALL CALL TRANSCEIVERS LISTED AS
TRANSCEIVERS OUT-OF-RANGE. COMMUNICATION
i EMPTED AT A LATER TIME

SIMULCAST WTL FRAME TO THE FIRST GROU

[ THE PROCESSING SYSTEM SENDS A
P
OF SELECTIVE CALL TRANSCEIVERS
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THE PROCESSING SYSTEM SENDS
MESSAGES TO THE FIRST GROUP OF
SELECTIVE CALL TRANSCEIVERS UTILIZING
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teansm ssion cycle 1 are transmitted utilizing the first frequency reuse
pt an Message frames MF4 and MF5 are transmitted utilizing a second and
third 20 frequency reuse plan, respectively. M4 can be, for exanple, a
first nmessagewoermgmtr ansn ssion from one previous transn sSpcaudNed7es

whereas MF5 can be, for exanple, a second nessage retransm ssion from
two previous transm ssion cycles. Mreover, several WRU and WIL franes
can occur Wi thin the sane.transm ssion cycle with separate groups of
nmessages 25 intended for first transm ssion, and nmessages intended for a
plurality of retransm ssi ons utiIiZ|h&7a plurality of frequency reuse
pl ans. It will be appreciated t for the three enbodi nents
descri bed above there can be nore thg hree frequency reuse pl ans
when it is appropriate in the two-wg ni cation system It wll be
further appreciated that a 30 transm sd ycl e can include | ess or nore
t han one- hundred-twenty- ei ght franes. FIGs. 9,10 and 11
depict a flow chart 300 of the rol | er [ i n accordance
with the preferred enbodine e n ALy 7 o ¥ g The fl ow chart
300 begins with step 302 wher RBOGERS 1P LR YES |35 sends a
simul cast WRU frane by way pf EDUE < Y0 dont r ol frame
with the first frequency re\ses o bl AbL TRANSGEIVERS) | )i r anscei ver s
122. The processing system 210 awaits an acI(nowI edgnment response from
/-323
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PCT/ US96/ 20774 the selective call transceivers 122 in step 304. If no
Fesponse is given by a selective call transceiver 122 before a tinme out
306, then thgovyeeRsSI N system 210 proceeds to step 3G&vdmeémrtde
processi ng system 210 creates a tabl e including a second group of NAK d
or non-responsive selective call 5 transceivers 122 listed as

out - of -range. Conmuni cation with this group of sel ective cal
transceivers 122 is attenpted at a later tinme. For those sel ective cal
transceivers 122 which ACKd, the processing system 210 proceeds to step
310 where the processing system 210 creat®4 a table I ncluding a first

group of ACK d selective call transceivers 122.

THE PROCESSING SYSTEM CREATES A SIXTH
GROUP OF NON-RESPONSIVE SELECTIVE CALL
TRANSCEIVERS LISTED AS OUT-OF-RANGE.
COMMUNICATION IS ATTEMPTED AT A LATER TIME

FIG.11



fo . In step 311 the pr proce55| ng system 210 sends a s
RAtdd transcei vers 12

grOUD @msgﬁ&emasamaeil

to the first

si mul cast

messages by way
sel ective call

pl an.

transcei v

of t

B nes j

AT

transcei vers 122. For sel ective call

transmtted nessaggs,
processing. For selective ca

response wi t hi nMESTAGERE KPR

E‘é"’c’lgné

processi ng systw méthod enapeisinigothe

t he processing s

s 116 to the firs
utilizing the first frequency reuse
In steps 316 and 318 the proceSS|qu%ﬁussysten1210 awai ts for ACKs,
NAKs, or no response fromthe first grou

WMStg\ﬁL/ f r;nz 711'
mﬁj%lg% S uAY ol

group of

sel ective call

transcei vers 122 that ACK t he

?né%fx?? o ’chHs-th%%max% 1 Hhﬁﬁc‘i’

transcej ve

%*%éwofrw‘ama

plaxeal Hardofbg;e ishemp %ng Ayequency regise,

5'382 in FIG 10.

In step 322

{ranacer vers 122 In st égf%‘f? i 3%1%2) ‘ﬁg %?%&ﬁ%&}%&qaéﬂit feghefey®!
si mul cast WRU fresse plan thweoughionti the plyrabity ebtellsii ve cal | transceivers 122

to relocate themw t hin BhaigR Gaﬁﬁ{ré’naéiéfﬁvﬂga E{éﬂtp{%&%ﬁﬁh%g that fhestem
210 awaits an ack 5 ment r ponse t he s% CtIV cal |

transceivers 12‘2“'i esgage was rﬁﬁel?’ gnlagceﬁ 9’ @bfective cal |
transcei ver 1422 before areiransmltthZ&het batbdurel pmessagel uglhzmg ean 84ddond

proceeds to ste t PHAS S r eS5,,a

i ncluding a f|ft n:y”?éx%e d orPl:l hﬂ?etg‘)éohg??\?éﬂygeﬁegék dn’r %sﬁ:%h@e to
recelvmg a negative acknowledgment and also in response to failing to
receive any acknowledgment within a predetermined

transmitting the outbound message.

time after

15
2. The method of claim 1,
wherein the first frequency reuse plan has a first signal-to-
interference ratio, and
' wherein the second frequency reuse plan has a second signal-
20 to-interference ratio that is higher than the first signal-to-interference ratio.

3. The method of claim 1,

wherein the messaging system transmits a plurality of

outbound messages in a plurality of transmission cycles, and
25 wherein selected ones of the plurality of transmission cycles

utilize the second frequency reuse plan, and

wherein the retransmitting step comprises the step of
retransmitting the outbound message during one of the selected ones of
the plurality of transmission cycles.
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30 transceivers 122 listed as out-of—+ange—Conmuni cat fot hi, s~ gr 1
of sel ective call transceivers 122 S iﬁ rrpt ed atpﬁ/ﬂab é) - w

7 i fre
t hose sel S0 cal | trarmbissh h ACKd, Wﬂﬁgesé{im@ﬁ
system 210 proceeds to ste m e processi ém 210
creates a table I ncl udi ng of ACK d sel ective call

transceivers 122. 35 I n step 330 the processing system 210 sends a

simul cast WIL franme to the fourth group of selective call transceivers

122. The processi ng. syThethethod oflfainhan sends massages to the fourth group
of selective call transcei,vers

WD 97/ 26
PCT/ US96/ 20774 122 WhETRTY, ; the trﬁﬁss§§%ncfyf‘reérhug§mt§usae plurality, o op
332. In steps 33atbgund messagges irha phuraditys of mgnswéssiom Gydesawmaidt s f or ACKs,

NAKS, or no g esponse frokgherein at least one first portion of a transmission cycle
utilizes the first frequency reuse plan and at least one second portion of the
transmission cycle utilizes the second frequency reuse plan, and

wherein the retransmitting step comprises the step of
retransmitting the outbound message during the at least one second
10  portion of the transmission cycle.

5. The method of claim 1,
wherein the retransmitting step comprises the steps of:
grouping the outbound message with other outbound
15 messages to be retransmitted, thereby forming a group of outbound
messages for retransmission; and
retransmitting the group of outbound messages
utilizing the second frequency reuse plan.

20 6. The method of claim 1,
wherein the messaging system transmits a plurality of
outbound messages in a plurality of transmission cycles, and
wherein a transmission cycle comprises a plurality of
synchronous frames, and
25 wherein at least one frame of the plurality of synchronous
frames utilizes the first frequency reuse plan, and
wherein at least one other frame of the plurality of
synchronous frames utilizes the second frequency reuse plan, and
wherein the retransmitting step comprises the step of sending
s the outbound message during the at least one other frame.
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the fourth group of sel ective ecall—t+ansceivers 122. For selective call

transceivers 122 that ACK the transmitte ssages, theypigceessi pg;syst
210 di scont i nuggigs@cessi nghis AT al | transcg?‘déf@"‘l%etﬁa‘t s 7n?i
‘ei t her NAK or give no re a predetermned tinme defined b

t he timer 202, the proce 10 proceeds thit,LﬁQ,@SfS‘,a,ndAﬂ

creates a sixth group of non-responsive sel ective ca transceivers 122

| i sted as out-of - range. Conmuni cation with these units is attenpted at

alater tinme. 10 Ll ab ‘eciated that, alternatively, steps
323, 324, 325, 326, a7hd g&%tjhoga(ﬁ %gi%l%f m nated fromthe transm ssion

processes. |nstead, thewWhasessthierrgtransmitfingesiep rompaises she gteps afhat t he

mejority of the NAK' d sel ect'gmaﬁaglme outbb@Ng Ry Wik Sthes!GtbdgAdar e
still within the sane ce%les and . erg
|

r sSm_.Ssipn can_oceur i di ately.

' owi i1 be § urPREREES o0 bR a elfismitteds theEehY, JORRINE, dh BFORBLSE PFERYRG ven
in this illustmassages danréiearsmjssioneand as appropriate to inprove the

liabilit f del i e ' ' ;

reliabiiity of nmessage de 'VFétYar{s?nﬁq_xh%gt?xé?g‘%ogg ofI ttoﬁﬁ@r}ﬁ&%hg@%)?un

experiencing interference. ou e apparen oW t hat
the present i nieratilgast one ofher frage.a novel nethod for substantially
reduci ng communi cation 20 interference in a comrunication systemutili zing

(reauency iguee: 19 cBBEONE R anrBb N L BRo RO ERef T AR YL
to facilitate messaging system having a plurality of cells employing frequency reuse,
the controller comprising:
a processing system for directing operation of the controller;
an input interface coupled to the processing system for
15 accepting the outbound message originated by a user;

a transceiver interface coupled to the processing system for
controlling a base transceiver for transmitting the outbound message and
for receiving an acknowledgment response; and

a timer coupled to the processing system for controlling the

20  processing system to await a positive acknowledgment confirming that the
outbound message was received with an acceptable quality,

wherein the processing system is programmed for
transmitting the outbound message utilizing a first frequency reuse plan
throughout the plurality of cells, and

25 wherein the processing system is programmed for
retransmitting the outbound message utilizing a second frequency reuse
plan throughout the plurality of cells, in response to receiving a negative
acknowledgment and also in response to failing to receive any
acknowledgment within a predetermined time after transmitting the

30 outbound message.

9.  The controller of claim 8,
wherein the first frequency reuse plan has a first signal-to-
interference ratio, and
35 wherein the second frequency reuse plan has a second signal-
to-interference ratio. that is higher than the first signal-to-interference ratio.
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communi cation with selective call transceivers which are experiencing

i cation interf . 1 ThisBhett Has cen B2ty nani cal | i gkly 2
ST v e e cuee (AN oo v PSSR T 7 2l

transcei vers apart from NAK d

i ve sel ective / 13
transcei vers, the communicati on system maxi m zes system ca‘ t\fl
mai nt ai ni ng communi cation wth selective call transceivers

experi enci ng i nt erfler dieecond®ller of claim $hat is clained is:
-14-

wherein the processing system is programmed

13 MA
‘3vmne

for

transmitting a plurality of outbound messages in a plurality of

transmission cycles, and

5 wherein selected ones of the plurality of transmission cycles

utilize the second frequency reuse plan, and

wherein the processing system is further programmed for
retransmitting the outbound message during one of the selected ones of

the plurality of transmission cycles.
10
11. The controller of claim 8,

wherein the processing system is programmed

for

transmitting a plurality of outbound messages in a plurality of

transmission cycles, and

15 wherein at least one first portion of a transmission cycle
utilizes the first frequency reuse plan and at least one second portion of the

transmission cycle utilizes the second frequency reuse plan, and

wherein the processing system is further programmed for
retransmitting the outbound message during the at least one second

20  portion of the transmission cycle.

12. The controller of claim 8,

wherein the processing system is programmed for:

grouping the outbound message with other outbound
25 messages to be retransmitted, thereby forming a group of outbound

messages for retransmission; and

retransmitting the group of outbound messages

utilizing the second frequency reuse plan.

[T
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CLAI M5 1. A nethod of tf_ansm_u—i—ng;a-n—eu{—bﬂund ness LT g, two way
nmessagi ng system having a plurality of cells eggl oyi ng frem:!iﬁg{/q?&ls'e-; &%74
mtting the out

met hod conpri si B§021688J st eps of This Sheet Has Been Re bound
message utilizing a first frequd B ¢ hroughout FPIEABLGr alti 3 ytAsrigt
dgnment confirm ng that the

cells; awai ting a pos|
out bound nessage was received with an acceptable quality; and
retransmtting the outbound nmessage utilizing a second frequency reuse plan

t hroughout the plurd.i tphetormebliér of ¢laingBponse to receiving a negative
acknow edgnent and also in resgon e to falling totrecei.ve- ané i
acknow edgnent within a pVMogEs rnﬁ?‘f‘ed RIPEEsg; ofystem 1S programmed  ior

transmitting a plurality of outbound messages in a plurality of
5 transmission cycles, and
wherein a transmission cycle comprises a plurality of
synchronous frames, and
wherein at least one frame of the plurality of synchronous
~ frames utilizes the first frequency reuse plan, and
10 wherein at least one other frame of the plurality of
synchronous frames utilizes the second frequency reuse plan, and
wherein the processing system is further prograrhmed for
sending the outbound message during the at least one other frame.

15 14. The controller of claim 13,
wherein the processing system is further programmed for:
grouping the outbound message with other outbound
messages to be retransmitted, thereby forming a group of outbound
messages for retransmission; and

20 retransmitting the group of outbound messages during
the at least one other frame.
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transmtting the outbound nessage—

the plurality of transm ssio

-2—Fhe nethod of claiml1,

wherein the nmessaging systemtransmits a plurality of o W RESSAgE
a plurality of PIe2368hi ssi on jﬁﬁﬁi{ﬁmke laced V\herﬁ?figét’e ted gn@

pl an, and

wherein ting step conprises the step

I Be the second fliegagocy redsdAY t

Ik
Y 1991

of

retransmtting the outbound nessage during one of the selected ones of the
plurality of transm ssion cycl es. 3. The method of claiml,

wherein the messagifg AY&v8iwdy anedthfingd shbtehdll fob Yirghsiaittinguns HRABAGRAE
a plurality of transm gsion c

cles, an wherei n at ..l east one
first portion GP€3328%a ‘?ﬁ%’%’ﬁycf}ﬁsﬁaﬂf‘gl sysiemy having o8 PRURLShC %rc(fﬂlé
plan and at | eastplogingsfrequehqyoreuserthe frtwokway maessagisgi systeny compuising:zes t he
second freqyency reuse plaRendlfler for .contr?}leiwger Hafibf 'dft tRES Pud-Wa

step conprises the step of retransmitting t

ut bound nessage during

at | east one sdBeFASHE TNSHIMof the transmi ssion cycle.

10

15

a plurality of base transceivers coupled to the controller for
transmitting the outbound message and for receiving an acknowledgment
response; and

a selective call transceiver coupled by radio with at least one of
the plurality of base transceivers for receiving the outbound message and
for generating the acknowledgment response;

wherein the controller comprises:

a processing system for directing operation of the
controller;

an input interface coupled to the processing system for
accepting the outbound message originated by a user;

' a transceiver interface coupled to the processing system
for controlling the plurality of base transceivers for transmitting the
outbound message and for receiving the acknowledgment response; and

a timer coupled to the processing system for controlling
the processing system to await a positive acknowledgment confirming that
the outbound message was received with an acceptable quality,

wherein the processing system is programmed for
transmitting the outbound message utilizing a first frequency reuse plan,
and

wherein the processing system is programmed for
retransmitting the outbound message utilizing a second frequency reuse
plan, in response to receiving a negative acknowledgment and also in
response to failing to receive any acknowledgment within a predetermined
time after transmitting the outbound message.

AT
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‘4. The nmethod of claim1, wherein the retransmtting step
conprises the steps of: E‘= "
groupi ng t he ORHORGAWI rressagé"hwlSheH}bSB@n acbund messagg/b 6 /40 7 71(‘

retransmtted, thereby formn t bound nessagg¢g for -
Iﬂmnﬁuﬂl mtting the gﬁﬁ&ﬁ"d‘f" out Qdﬂ‘%lgg!

retransm ssion; and

nessages ut|||2|ng the second frequency reuse plan. . The net hod of
claim1l,

16. The two-way messaging system of claim 15,
wherein the first frequency reuse plan has a first signal-to-
interference ratio, and
5 wherein the second frequency reuse plan has a second signal-
to-interference ratio that is higher than the first signal-to-interference ratio.

17. The two-way messaging system of claim 15,
wherein the processing system is programmed for
10 transmitting a plurality of outbound messages in a plurality of
transmission cycles, and
wherein selected ones of the plurality of transmission cycles
utilize the second frequency reuse plan, and
wherein the processing system is further programmed for
15 retransmitting the outbound message during one of the selected ones of
the plurality of transmission cycles.

18. The two-way messaging system of claim 15,
wherein the processing system is programmed for
20 transmitting a plurality of outbound messages in a plurality of
transmission cycles, and
wherein at least one first portion of a transmission cycle
utilizes the first frequency reuse plan and at least one second portion of the
transmission cycle utilizes the second frequency reuse plan, and
25 wherein the processing system is further programméd for
retransmitting the outbound message during the at least one second
portion of the transmission cycle.

19. The two-way messaging system of claim 15,
30 wherein the processing system is programmed for:
grouping the outbound message with other outbound
messages to be retransmitted, thereby forming a group of outbound
messages for retransmission; and
retransmitting the group of outbound messages
s utilizing the second frequency reuse plan. |

20. The two-way messaging system of claim 15,

I
-21-
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wher ern the nmessagi ng systemtr"ansm'ts a plurality of outé)éfnd nessages in

a plurality of transm ssion cycl ggssShaedtas Been Re 1aced wher arg m oz [E
cycle conprisesPTapbural ity of sy and 5@;
at | east one frame of the pl uraI| ﬂmlmm H us franes ut|'I'| 2¥s t hed MAY 1992,
first frequency reuse plan, and ein at | east one other

frame of the plurality of synchronous franes utilizes the second frequency

reuse plan, and wherginer éhe t pcessing n wysteim Ngisst mgﬁmﬁed;esfdﬁe
step of sendi NguifenAth ouapd f{ﬁﬁﬁ@geopu{)‘g@%ugﬁe I%teséaggl ;uﬁ) nt% lu {}nfyr SF

6. Acontroller for tr n} t|n an out bound nessa
nmessagi ng syst %sﬁ’g?nac &r 8Nttty of cells enploying frequency reuse, the

control ler conpri si ng wherein a tAnB@RRGS! RYcley eb@Pprises @i rSIGHING of
operation oft % SUs Bhy an input intérface coupled’to the

processi ng syst or acceptl N art‘cfl1e out bound nessage origi nated by a user;
a transceiver |nterface (Yﬁlqsﬁl@datéeqsh@nprfmmspﬁghey[shumhtyoof synthmridusg a

base transcei vefrahes u‘ti’lﬁ@é;ﬂié fitst SrdeRney raidslafiPasfge and for receiving an
acknow edgment response; aherem at least one other frame of the plurality of
synchronous frames utilizes the second frequency reuse plan, and
10 wherein the processing system is further programmed for
sending the outbound message during the at least one other frame.

'21. The two-way messaging system of claim 20,
wherein the processing system is further programmed for:
15 _ grouping the outbound message with other outbound
messages to be retransmitted,- thereby forming a group of outbound
messages for retransmission; and

retransmitting the group of outbound messages during
the at least one other frame.

I
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a tinmer coupled to the processing system for dont FEPLACEMANT SHEEESS!
systemto await a positive acknow edgnent confi Ehﬂag:*‘inﬁ&h bRgdout pp
message was received with an acceptabl e qualitly® Taimfs) ;;m\mr@ a;ege.?,
processing systemis programed for transmtti ﬁgﬂtMra«gt b@mq """
utilizing a first frequency reuse pl an qt K‘Mgc hiOtbihe: pI u;@j lit..'ﬁé)
and wherein the processing s

m[i s progranmmed 1o p"ged """

retransmtting the outbound nmessage utilizing ap freq ISNCYqLUg _
plan thr oughouit el héthiol o frdibiBing o S “ié%%ﬂ@%—ﬁv
acknow edgnent and, al so |n response to ? to rece| ve‘é‘a

16 ac KREHHAEIRFSHBLeRR havang D Perality 9 frcedls, eplaxing: fredueRey reusey t he

the method comprising the steps of:

transmitting the outbound message utilizing a first frequency
reuse plan throughout the plurality of cells;

awaiting a positive acknowledgment confirming that the
outbound message was received with an acceptable quality; and

retransmitting the outbound message utilizing a second
frequency reuse plan throughout the plurality of cells, in response to

- receiving a negative acknowledgment and also in response to failing to

receive any acknowledgment within a predetermined time after
transmitting the outbound message.

2. The method of claim 1,

wherein the messaging system transmits a plurality of
outbound messages in a plurality of transmission cycles, and

wherein selected ones of the plurality of transmission cycles
utilize the second frequency reuse plan, and

wherein the retransmitting step comprises the step of

_retransmitting the outbound message during one of the selected ones of

the plurality of transmission cycles.

3. The method of claim 1,

wherein the messaging system transmits a plurality of
outbound messages in a plurality of transmission cycles, and

wherein at least one first portion of a transmission cycle
utilizes the first frequency reuse plan and at least one second portion of the
transmission cycle utilizes the second frequency reuse plan, and

wherein the retransmitting step comprises the step of
retransmitting the outbound message dunng the at least one second
portion of the transmission cycle.

4. The method of claim 1,
wherein the retransmitting step comprises the steps of:

15
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out bound ‘nessage. 7. The controller of claim®, wherein
the processing systemis programmed for transmtting a plurality of

out bound nessages in a plurality of transm ssion cycles, and

wherein sel ected ones of the plurality of transm ssion cycles utilize the

second frequency reuse plan, rragﬁlsnrﬁ the outbﬂuﬂ@ﬁ?ggihﬁ%h@i@{ SRS blgbSyRgeM

I's further programmed faor r mtting the o C nmessage during one of
the sel ect ed B&esAges theberetransmytied, ttherehy Jermingye gwoup of omtbquad

controller ofn@ggdggsqpr retransmissiot¥¥Ei N the processing systemis

programmed for transmtting a plurality of outbound ssages in a plurality
of transmission cycles, and retrgnsmlttmg Wﬁﬁr&'ﬁﬁ’u& Pg:ﬂ"%ﬁ‘ﬁ‘én ir’§‘teg i on

of a transm satilizingyttleesatbndifrequdniey feusetplim.equency reuse plan and at
| east one second portion of the transm ssion cycle utilizes the second

frequency reuse plan, and . _Wwherein the processing systemis
further programed fdrhe method of claim 1,

wherein the messaging system transmits a plurality of
outbound messages in a plurality of transmission cycles, and

wherein a transmission cycle comprises a plurality of
synchronous frames, and

wherein at least one frame of the plurality of synchronous
frames utilizes the first frequency reuse plan, and

wherein at least one other frame of the plurality of
synchronous frames utilizes the second frequency reuse plan, and

wherein the retransmitting step comprises the step of sending
the outbound message during the at least one other frame.

6. A controller for transmitting an outbound message in a two-way
messaging system having a plurality of cells employing frequency reuse,
the controller comprising:

a processing system for directing operation of the controller;

an input interface coupled to the processing system for
accepting the outbound message originated by a user;

a transceiver interface coupled to the processing system for
controlling a base transceiver for transmitting the outbound message and
for receiving an acknowledgment response; and

a timer coupled to the processing system for controlling the
processing system to await a positive acknowledgment confirming that the
outbound message was received with an acceptable quality,

wherein the processing system 1is programmed for

 transmitting the outbound message utilizing a first frequency reuse plan
throughout the plurality of cells, and

wherein the processing system 1is programmed for
retransmitting the outbound message utilizing a second frequency reuse
plan throughout the plurality of cells, in response to receiving a negative
acknowledgment and also in response to failing to receive any

16
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retransmi-tting the outbound nmessage during the at |east one second portion
of the transm ssion cycle. 9. The controller of claim§6,

wherein the processing systemis progranmed for: gr oupi ng
t he out bound nessage with other outbound nessages to be retransmtted,

thereby for ma'&ﬂnévﬂé&%ﬂleﬂft fuiiRuRd g??&é@ﬁﬁ%é@rtiﬁ&t réﬁémtﬁa'i{sﬁﬁttiﬁ%d the
retransmtti lr;g,é{)he ar up of outbound nmessages utilizing the secon
frequency re PHaR message. 10. The controller of claim®6,

wherein the processing system is programmed for transmtting a
plurality of out gounq.hgec%%%%eﬁserior} ceia%ll%r ality of transm ssion cycles, and
17 ) ’ '

wherein the processing system is programmed for
transmitting a plurality of outbound messages in a plurality of
transmission cycles, and -

wherein selected ones of the plurality of transmission cycles
utilize the second frequency reuse plan, and

| wherein the processing system is further programmed for

retransmitting the outbound message during one of the selected ones of
the plurality of transmission cycles.

8. The controller of claim 6,

wherein the processing system is programmed for
transmitting a plurality of outbound messages in a plurality of
transmission cycles, and

wherein at least one first portion of a transmission cycle
utilizes the first frequency reuse plan and at least one second portion of the
transmission cycle utilizes the second frequency reuse plan, and

wherein the processing system is further programmed for
retransmitting the outbound message during the at least one second
portion of the transmission cycle.

9. The controller of claim 6,
wherein the processing system is programmed for:
grouping the outbound message with other outbound

messages to be retransmitted, thereby forming a group of outbound
messages for retransmission; and

retransmitting the group of outbound messages
utilizing the second frequency reuse plan.

10. The controller of claim 6,

wherein “the processing system is programmed for
transmitting a plurality of outbound messages in a plurality of
transmission cycles, and

17
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wherein .a transm ssion cycle conprises a plurality of synchronous franes,
and wherein at | east one frane of the plurality of synchronous
frames utilizes the first frequency reuse plan, and wherei n at
| east one other frame of the plurality of synchronous franes utilizes the
second frequency reuse M\&%ina'&dt

‘o ei r oCessi ystem
I's further programed for séndi ngr?lﬁsén%)sﬁ%qonouﬁgﬂnescgg{dggggriangﬁmlrgﬁgf Past

one ot her fr aymchronous frames, and
wherein at least one frame of the plurality of synchronous
frames utilizes the first frequency reuse plan, and
wherein at least one other frame of the plurality of
synchronous frames utilizes the second frequency reuse plan, and

wherein the processing system is further programmed for
sending the outbound message during the at least one other frame.

AR
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METHOD AND APPARATUS FOR TRANSMITTING AN OUTBOUND
MESSAGE IN A TWO-WAY MESSAGING SYSTEM

Abstract

A method and apparatus is used for transmitting an outbound
message in a two-way messaging system having a plurality of cells
employing frequency reuse. The outbound message is transmitted to a
selective call transceiver (122) utilizing a first frequency reuse plan (312).
The two-way messaging system awaits a positive acknowledgment (316,
318) from the selective call transceiver (122) confirming that the outbound
message was received with an acceptable quality. The two-way messaging
system retransmits the outbound n:iessage to the selective call transceiver
(122) utilizing a second frequency reuse plan (332), in response to receiving
a negative acknowledgment and also in response to failing to receive any

acknowledgment within a predetermined time after transmitting the
outbound message.
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