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(57) Abstract

A method of registeation in a communication system includes
the steps of detecting (201) an elevated regisiration level of at least
a part of a communication system, selecting (203) a group recovery
time, determining (205) a first random registration time that is less
than or equal to the group recovery time, registering (209) a first
communication unit (111) from a first talkgroup at the first random
registration time, and upon receiving (212) a group activity message
for the first talkgroup, delaying {213) registration by at Jeast a second
communication unit (113) from the first talkgroup.
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METHOD OF REGISTRATION IN A COMMUNICATION SYSTEM

Field of the Invention

This invention relates to communication unit frequency (RF)
communication systems, including but not limited to transmission of
messages in RF communication systems.

Background of the Invention

The basic operation and structure of a land mobile communication unit
system is well known. Land mobile communication unit systems typically
comprise one or more communication units (e.g., vehicle-mounted or portable
communication units in a land mobile system and communication
unit/telephones in a cellular system) and one or more repeaters that
transceive information via the RF communication resources. These
communication resources may be narrow band frequency modulated channels,
time division multiplex slots, frequency pairs, and so forth. Land mobile
communication unit systems may be organized as trunked communication
systems, where a plurality of communication resources is allocated amongst a
group of users by assigning the repeaters on a communication-by-
communication basis within an RF coverage area.

Large communication systems comprising a large number of
communication units are known to exist. At times, when a site failure occurs
in such a system, the communication units that are presently registered at a
failed site will want to affiliate or register with an adjacent site in order to
avoid being isolated from their group communications. At times, however, it
is possible that a very large number of communication units will try to re-
register at an adjacent site in a very short time frame, causing the contrel
channel on which registration takes place to become flooded with requests and
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the site may subsequently become incapable of processing any requests,
including normal communication requests.
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At other times, there may be a need for a large number of communication
units to transmit messages on a single channel in a shoxt period of time. In a
broadcast data system, a single transmission may target numerous receiving
communication units, sometimes thousands of units. Because each of the
units must send either an ACK (acknowledgment) or a NACK (negative
acknowledgment) for each data frame, the return channel becomes inundated
with thousands of messages, consuming valuable time on the communication
channel. Ifuse of the return channel is not coordinated, many of these
messages are likely to coincide at least partially, resulting in corrupted ACKs
and NACKs, rendering the transmitter unable o distinguish which messages
were received successfully and which ones were not. One method for returning
ACKs and NACKs via a return channel in a coordinated manner is to
designate a particular time interval for each unit to transmit an ACK/NACK.
When there are numerous communication units, such a system is wasteful of
the communication channel, and messages will take a very long time to be
transmitted.

Accordingly, there is a need for a method of coordinating transmission of a
large number of messages on a single channel in an orderly fashion, such that
all messages are received without taking an extraordinary amount of time or
flooding the channel to such degree that the communication site becomes
unusable,

Brief Description of the Drawings

FIG. 1is a block diagram of a communication system in accordance with
the invention.

FIG. 2 is a flowchart showing a method of registering multiple
communication units in accordance with the invention.

FIG. 3 is a flowchart showing a methed of registering multiple
communication units as performed by a controlier in accordance with the
invention.
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Description of a Preferred Embodiment

The following describes an apparatus for and method of scheduling or
coordinating transmission of a large number of messages on a single channel
in an orderly fashion, In the case where a large number of communication
units need to register in a system, messages are coordinated such that at
least one communication unit of each talkgroup in the system is quickly
registered, thereby enabling talkgroup activity to take place, and the
remaining unregistered communication units are then expediently registered
by transmitting their registration messages. All messages are received
without taking an extraordinary amount of time or flooding the channel to
such degree that the communication site becomes unusable.

A method of the present invention comprises the steps of detecting an
elevated registration level of at least a part of a communication system,
selecting a first time, determining a first random registration time thatis
less than or equal to the first time, registering a first communication unit
from a first talkgroup at the first random registration time, and upon
receiving a group activity message for the first talkgroup, delaying registration
by at least a second communication unit from the first talkgroup. The method
may additicnally comprise the steps of selecting a second time, determining a
second random registration time that is less than or equal to the second time,
registering a first communication unit from a second talkgroup at the second
random registration time, and upon receiving a registration acknowledgment
for the second talkgroup, delaying registration by at least a second
communication unit from the second talkgroup. The method may further
comprise the steps of detecting a group activity message from each intended
talkgroup of a plurality of talkgroups, selecting a third time, determining a
third random registration time that is less than or equal to the third time,
and registering at the third random registration time.

Another method of the present invention comprises the steps of detecting,
by a controller, an elevated registration level of at least a part ofa
communication system, selecting a first time, broadcasting the first time to a
plurality of communication units, receiving a registration from a first
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communication unit of a first talkgroup, and sending a registration
acknowledgment to the first communication unit of the first talkgroup. The
method may additionally comprise the steps of selecting a second time,
broadcasting the second time to the plurality of communication units,
receiving a registration from a first communication unit of a second talkgroup,
and sending a registration acknowledgment to the first communication unit of
the second talkgroup. The method may further comprise the steps of detecting
a group activity message from each intended talkgroup of a plurality of
talkgroups, selecting a third time, broadcasting the third time to the plurality
of communication units, and receiving a registration from a non-registered
communication unit of the plurality of communication units,

The step of selecting the first time may comprises the steps of determining
at least one of: a number of communication units expected to register; a
current inbound request load; and a tolerable registration failure rate; and
selecting the first time by utilizing at least one of the number of
communication units expected to register, the current inbound request load,
and the tolerable registration failure rate. The step of selecting the second
time or the third time may comprise the steps of determining at least one of:
a number of communication units expected to register; a current inbound
registration load; a current inbound non-registration load; and a tolerable
registration failure rate; and selecting the second time by utilizing at least
one of the number of communication units expected to register, the current
inbound registration load, the current inbound non-registration load, and the
tolerable registration failure rate,

Another method of the present invention comprises the steps of detecting,
by a communication unit in a first talkgroup, an elevated registration level of
at least a part of a communication system, selecting a first time, determining
a first random registration time that is less than or equal to the first time,
monitoring for a group activity message for the first talkgroup, and when the
group activity message is received before the first random registration time,
delaying registration by the communication unit. When the first random
registration time occurs before the group activity message is received, the
communication unit registers at the first random registration time. The
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method may additionally comprise the steps of monitoring for a group activity
message for a talkgroup other than the first talkgroup, when group activity
message for a talkgroup other than the first talkgroup is received, selecting a
second time, determining a second random registration time that is less than
or equal to the second time, and when a group activity message is received for
the first talkgroup before the second random registration time, delaying
registration by the communication unit. When the second random registration
time occurs before the group activity message is received, the communication
unit registers at the second random registration time. The method may
further comprise the steps of detecting a group activity message from each
intended talkgroup of a plurality of talkgroups, selecting a third time,
determining a third random registration time that is less than or equal to the
third time, and registering at the third random registration time.

Ablock diagram of a communication system is shown in FIG. 1. A
controller 101, such as a Zone Controller available from Motorola, Inc.,
controls a communication system comprising at least three communication
sites S1, 52, and S3 having three different coverage areas 103, 105, and 107,
respectively. At each of these sites is a bank of repeaters or base stations 109
that source multiple communication resources. Distributed throughout the
coverage area of a communication system are a number of communication
units 111, 113, 115, and 117. If, for example, the site S2 controlling the
middle coverage area 105 loses contact with the controller 101 or in sonie
other way is unahle to provide wide-area or inter-site communications, all the
communication units 111, 113, 115, and 117 that are presently affiliated with
the communication site S1 supporting coverage area 105 will go to the nearest
adjacent site capable of wide-area communications and register. Typically,
the communication units 111 and 113 will attempt to register at the first site
81 and the communication units 115 and 117 will attempt to register at the
third site 83. In the preferred embodiment, registering at a site comprises
sending a message including a communication unit identification and a
talkgroup identification.

The present invention provides a method of orderly registration by these
communication units 111, 113, 115, and 117 such that collisions between the
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communication units when they try to register will be avoided, while
recovering the ability to more efficiently provide communication resources to
the communication system. The present invention also provides for an orderly
coordination of transmission other types of messages, such as ACKs and
NACKs, and al! such messages will be referred to as registration messages,
and the act of transmitting registration messages will be referred to as
registering throughout the specification. Registering comprises transmitting
a message comprising at least one of a communication unit identification, a
talkgroup identification, and an acknowledgment.

A method of registering multiple communication units is shown in the
flowchart of FIG. 2. Many of the steps of the flow chart of FIG, 2 may be
performed by either a controller 101 or a communication unit 111, In the
preferred embodiment, the controller 101 performs as many steps of the
method of FIG. 2 as possible, i.e., by performing the method in the flowchart of
FIG. 3, and the communication unit 111 performs the remaining steps. The
flowchart of FIG. 2 will be described with respect to a communication unit 111,
and those steps that may be performed by a controller 101 will be so
designated. At step 201, an elevated registration level is detected. The
elevated registration level may occur at one or more sites of the
communication system. In one embodiment, such detection comprises
detecting a site failure. Alternatively, the detection may comprise receiving
an indicaticn of the elevated registration level, for example, from contreller
101. In addition, the detection may comprise the communication unit 111
determining the registration level of at least part of the communication
system, and when the registration level is above a threshold, establishing that
the registration level is elevated. The threshold may be, for example, three
registration messages per second over a two minute time interval, Step 201
may be performed by a controller 101. The controller 101, in the preferred
embodiment, detects an elevated registration level when an adjacent site
failure is detected, for example, when communications or communication links
to the adjacent site are not operational, Alternatively, the controller 101 may
receive an indication of the elevated registration level from one of the sites St,
82, or 83 or a communication unit 111 in the communication system. Further,
the detection may comprise the controller 101 determining the registration
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level in at least part of the communication system, and when the registration
level is above a threshold, establishing that the registration level is elevated.
The threshold may be the same threshold as used by a communication unit
111,

At step 203, a group recovery time is selected. In this alternative
embodiment, the step of selecting a group recovery time may comprise
calculating a time large enough for a predetermined number of communication
units to register when step 203 is performed by a communication unit 111,
Alternatively, the communication unit 111 may select the group recovery time
by extracting the group recovery time from a message received from the
controller 101 or another infrastructure entity such as a site controller or
intelligent repeater, such as an IntelliRepeater™ base station or repeater
available from Motorola, Inc. The group recovery time may be stored in the
communication unit 111. The controller may also perform the step of
determining the group recovery time at step 203, as described in the
description for FIG. 3. The process then continues with step 205, where a
random registration time is determined from the group recovery time. Ideally,
the random registration time is less than or equal to the group recovery time.

At step 207, it is determined if the random registration time has occurred.
If the random registration time has occurred at step 207, the communication
uit 111 registers at step 209, and the process ends. If at step 207, the
random registration time has not yet occurred, the process continues with step
211, where it is determined if group activity has occurred. Group activity in
the preferred embodiment comprises receiving a group activity message such
as a registration acknowledgment, a group call message, or a group signalling
message, A registration acknowledgement includes a response by the
controller to a registration request message. A group call message includes a
message indicating that a group call is active at the communication site,
Group signalling includes any type of signalling that relates to a group service,
such as an emergency alarm message, that indicates an emergency situation
is occuring on a partieular talkgroup, The group activity message includes an
identification of a talkgroup in the preferred embodiment. Detection of such
activity may take place by the communication unit 111 monitoring a control
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channel within the communication system. The controller 101 checks for
group activity by observing the control channel at step 211 and through
processing of talkgroups from communication registrations or other group
activity messages as described above. If there is no group activity at step 211,
the process continues with step 207. If there is group activity at step 211, the
process continues with step 212, where it is determined if the activity belongs
to the talkgroup in which the communication unit 111 belongs. If the
talkgroup activity belongs to the unit's talkgroup, the process continues with
step 213, where registration is delayed. In the preferred embodiment,
registration is delayed for communication units in the talkgroup for which
group activity was detected at step 211 for those the communication units 111
that had not yet registered. The delay time may comprise delaying until at
least one communication unit from each talkgroup within the plurality of
talkgroups in the communication system is registered.

At step 215, it is determined if all the talkgroups intended for use in this
communication site are active. Talkgroups intended for use are those
talkgroups at this communication site that will be initiating or participating
in a conversation. Thus, a talkgroup is active when some form of group
activity, such as registration by a member of the talkgroup, is detected. A
communication unit 111 may make such a determination by setting a timer
and detecting expiration of the timer, The time for the timer would be set to
an estimate of time taken for each of the talkgroups in the communication
unit's system to have activity detected. An alternative method for the
communication unit 111 to determine when all talkgroups are active is to
determine when no new talkgroup activity occurs over a predetermined time
on the control channel. Alternatively, the communication unit may determine
when new communication unit registration on the control channel falls below a
threshold, such as average registration levels, during a predetermined time
period. See FIG. 3 for a description of how step 215 is performed by a
controller 101.

If talkgroup activity at step 212 did not belong to the unit's talkgroup, the
process continues with step 217, where a new group recovery time is selected.
When a communication unit selects the new group recovery time, the new
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group recovery time may simply be a decreased value from the previous group
recovery time, and may be a fixed time. See FIG. 3 for examples of how a
controller 101 selects a new group recovery time, Step 215 is performed until
all talkgroups are active. If at step 215, all talkgroups are active, the process
continues with step 219, where an individual recovery time is selected. The
communication unit 111 may select an individual recovery time in a manner
similar to the manner for selecting an initial group recovery time at step 203.
The controller 101 may set a time in a manner similar to how it would select a
time at step 203. Either the communication unit 111 or the controller 101
may select the individual recovery time at step 219, and such a process is not.
dependent upon which of these devices determined the group recovery time at
step 203. Further, the individual recovery time may be set equal to the
original group recovery time from step 203. At step 221, the random
registration time is determined by the communication unit, and at step 228,
the communication unit registers at the random registration time, and the
process ends.

A method, as may be performed by a controller 101, of scheduling
communication unit registration is shown in the flowchart of FIG. 3, At step
301, an elevated registration level is detected by the controller 101. An
elevated registration level may be present in only a part of the communication
system, such as at one or two of the many sites in a communication system.
Elevated levels typically occur when one site of a multiple site communication
system fails, loses contact with the rest of the system, or loses the capability
of inter-site communications, also referred to as wide-are communications.
An elevated level may also be assumed for specific times of day, such as a the
change of a work shift or in an emergency situation,

At step 303, a group recovery time is selected. In the preferred
embodiment, the controller determines the number of communication units
expected to register at a particular site, a current inbound request load at the
site, and a tolerable registration failure rate. The controller 101 then selects
the group recovery time by utilizing the number of communication units
expected to register, the current inbound request load, and the tolerable
registration failure rate. The following equation may be used:




10

15

20

25

30

35

WO 99/27661 PCT/US98/18611

11

T =a*S/In(F) - In(c) - a*B),

where: T = time value, in seconds; a = constant; S = expected number of
communication units to register; F = failure rate, as a percentage (0 to 100,
not 0.00 to 1.00); ¢ = constant; and B = baseline traffic load, in messages per
second. In the preferred embodiment, the constants have the values a = 1.4
and ¢ = 0.06. The expected number of communication units can be caleulated
as follows:

S =T - M),

where: S =expected number of communication units; T = time value,
calculated above; N = new registration rate, in registrations per second; and M
= baseline registration rate, i.e., the number of registrations per second prior
to the elevated registration level. The formula for T is used first, with a
starting value of S, which may be the (total number of communication
units)(number of adjacent sites) in the situation where a site becomes
unavailable, or an estimate related to the reason for the elevated registration
level, such as a message sent to S communication units that requires an ACK
from each communication unit. Then, the second formula is used to update
the expected number of communication units based on measuring what is
going on in the system. To prevent (In(¥) - In(c) - a*B) from being negative or 0,
in the preferred embodiment, if (In(F) - In(c) - a*B) is less than a small
positive value (such as 0.1), then Tis set as a large positive value (such as
1000 seconds).

At step 305, the group recovery time selected at step 303 is broadcasted to
the appropriate target communication units, such as those at the site for
which an elevated registration level was detected at step 301, At step 307,
any incoming registrations are processed by the controller 101. The controller
101 may detect group activity by receiving a registration for a talkgroup,
processing a group call message, or processing a group signalling message, as
described above. The process continues with step 311, where the controller
determines if all of the talkgroups intended for use at the site are active, In
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the preferred embodiment, the controller 101 makes such a determination by
waiting until a communication unit has registered for each of the talkgroups
that the controller 101 has registered in the system. Such registration may
have occured prior to step 301. The controller may also allow for fawer than
all talkgroups to be active, if no activity for inactive talkgroups oceurs over a
certain period of time,

If all the talkgroups are not presently active at step 311, the process
continues with step 313, where the controller selects a new ETOUp recovery
time, and the process continues with step 305. The new group recovery time
may be determined by first determining at least a number of communication
units expected to register at the site, a current inbound registration load at
the site, a current inbound non-registration load at the site, and a tolerable
registration failure rate. The current inbound registration load at the site is
the rate at which registration messages are being received Jin messages per
second. The current inbound non-registration load at the site is the rate at
which any other inbound message is received, in messages per second. The
tolerable registration failure rate is the percentage of registration messages
that can fail and still consider the system to be operating with acceptable
performance. The controller 101 then utilizes at least one of the number of
communication units expected to register, the current inbound registration
load, the current inbound non-registration load, and the tolerable registration
failure rate to determine a new group recovery time. This information may be
found in a table within the controller, or caleulated using an equation, such as
the one described above. Typically, the new group recovery time is a shorter
time than the previous group recovery time. Once all talkgroups are active at
step 311, the process continues with step 315, where an individual recovery
time is selected by the controller 101. In the preferred embodiment, the
controller 101 determines at least one of the number of communication units
expected to register, a current inbound registration load at the site, a current
inbound nen-registration load at the site, and a tolerable registration failure
rate. The controller 101 then utilizes at least one of these factors to yteld the
individual recovery time at step 315. An equation such as described above
may be used. At step 317, the individual recovery time is broadcasted, and
individual registrations are processed as is known in the art at step 319, and
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the process ends. In the preferred embodiment, the steps of the fiowchart of
FIG. 3 are performed on a site-by-site basis, i.e., for each site where an
elevated registration level is detected.

The following describes a particular application for the present invention.
Upon detection of a failure of one site 52 of a multiple-site communication
system, the controller 101 determines how many communication units 111,
113, 115, and 117 could possibly move to each of the wide-area sites S1 and
52 adjacent to the failed site S2, by determining the number of
communication units registered at the failed site, and dividin g that among the
number of sites adjacent to the failed site. The controller 101 then broadcasts
a group recovery time needed for all communication units to register without
colliding. Each of the communication units then determines a random
registration time based on the broadcasted group recovery time and registers
at the random registration time, unless talkgroup activity for the talkgroup
associated with the communication unit is detected before the random
registration time for that particular communication unit. If talkgroup activity
is detected, all communication units in that talkgroup that have not yet
registered will delay registration. Each time talkgroup activity or a new
registration with a not yet registered (i.e., affiliated) talkgroup occurs, the
controller 101 recalculates a new recovery time to take into account that the
recently registered or active talkgroup no longer needs to register to obtain
talkgroup resources at that site. This new recovery time will be shorter than
the previous group recovery time. Each time activity for a new talkgroup is
detected, the group recovery time shrinks until all talkgroups are accounted
for in the system. When all the talkgroups have been registered, or have had
activity within them in the system, the controller then requests the remaining
unregistered communication units 113, 115, and 117, register within the site.
Typically, group activity for each of the talkgroups will occur in a time much
shorter than the originally caleulated group recovery time, and thus all the
communication units can participate in talkgroup activity in a much shorter
time than if all communication units had registered, without the need to
register. The controller will calculate a new recovery time for the remaining
individuals, which time is needed to recover the total number of
communication units less those already recovered, via the entire registration
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process. Typically, approximately one communication unit per talkgroup will
have registered during the previous recovery of talkgroups at that site. Hence,
the vast majority of the communication units will still need to register with
their new site, although the units can participate in group calls until such
registration takes place. The controller broadcasts the individual recovery
time, and each of the communication units determines a new random time to
register based on this individual recovery time, and registers at that new
random time.

The present method may be embodied in an individual communication unit
111, without assistance by a contreller or other device within the
infrastructure of the communication system. In such a methed, each of the
communication units, upon detection of a site failure or reception of a message
containing an indication that an elevated level of registration is presently
required in the system. Each communication unit then picks a large random
time necessary to recover all the communication units without collisions in the
system. This number may be programmed into the communication unit based
on load levels known within the communication system. The communication
unit then moniters group registrations while waiting to register. Ifthe
communication unit that is waiting to register notices a group registration or
other talkgroup activity for another talkgroup, the communication unit will
decrease the random group registration time based on the level of control
channel traffic. Group recovered communication units start an intermediate
fixed timer. When the fixed timer expires, the unregistered, remaining,
communication units then begin a random individual timer and register when
that random individual timer expires.

An advantage of this method is that talkgroups are provided for within the
communication system, and talkgroup communications can successfully be
performed in the system without need for all the individual communication
units to register with the system. When at least one communication unit per
tatkgroup registers as quickly as possible in the system, the system can
allocate resources and direct calls to the individuals in the talkgroups to
facilitate communications in the system. Without allocating resources and
directing calls to talkgroups, the individuals in the talkgroups would miss
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communications intended for them. Itis advantageous to register these
individuals and talkgroups as quickly as possible so that a minimum of
communications is missed. Also, this invention controls the rate at which
communication units register, thereby optimizing the time it takes to register
5 communication units without overloading the control channel. Other types of
messages, such as acknowledgments, may also benefit from the present

invention,

10 What is claimed is:
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16
Claims
1. A method comprising the steps of:

detecting an elevated registration level of at least a part of 2 communication
system;

selecting a first time;

determining a first random registration time that is less than or equal to the
first time;

registering a first communication unit from a first talkgroup at the first
random registration time:

upon receiving a group activity message for the first talkgroup, delaying
registration by at least a second communication unit from the first talkegroup.
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2. The method of claim 1, wherein the step of delaying comprises delaying

until at least one communication unit from each talkgroup of a plurality of
talkgroups is registered.

3. The method of claim 1, further comprising the steps of:
selecting a second time;

determining a second random registration time that is less than or equal to
the second time;

registering a first communication unit from a second talkgroup at the second
random registration time;

upon receiving a registration acknowledgment for the second talkgroup,
delaying registration by at least a second communication unit from the second
talkgroup.
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4. A method comprising the steps of:

detecting, by a controller, an elevated registration level of at least a part of a
communication system;

selecting a first time;
broadcasting the first time to a plurality of communication units;
receiving a registration from a first communication unit of a first talkgroup;

sending a registration acknowledgment to the first communication unit of the
first talkgroup.
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5. The method of claim 4, further comprising the steps of:
selecting a second time;
broadcasting the second time to the plurality of communication units;
recelving a registration from a first communication unit of a second talkgroup;
sending a registration acknowledgment to the first communication unit of the
second talkgroup.
6. The method of claim 4, wherein the step of selecting the first time
comprises the steps of:
determining at least one of:

a number of communication units expected to register;

a current inbound request load; and

a tolerable registration failure rate:
selecting the first time by utilizing at least one of the number of

communication units expected to register, the current inbound request load,
and the tolerable registration failure rate.
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7. A method comprising the steps of:

detecting, by a communication unit in a first talkgroup, an elevated
registration level of at least a part of a communication system:

selecting a first time;

determining a first random registration time that is less than or equal to the
first time;

monitoring for a group activity message for the first talkgroup;

when the group activity message is received before the first random
registration time, delaying registration by the communication unit,
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8. The method of claim 7, further comprising the step of, when the first
random registration time occurs before the group activity message is received,
registering, by the communication unit, at the first random registration time.

9. The method of claim 7, further comprising the steps of:

monitoring for a group activity message for a talkgroup other than the first
talkgroup;

when group activity message for a talkgroup other than the first talkgroup is
received, selecting a second time;

determining a second random registration time that is less than or equal to
the second time;

when a group activity message is received for the first talkgroup before the
second random registration time, delaying registration by the communication
unit,

10. The method of claim 7, further comprising the steps of:

detecting a group activity message from each intended talkgroup of a plurality
of talkgroups;

selecting a third time:

determining a third random registration time that is less than or equal to the
third time;

registering at the third random registration time.
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