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(57) ABSTRACT 
The present invention provides a method for congestion 
control at multiple levels in a wireleSS messaging System. 
Unlike previous Systems that only responded to congestion 
in one way, the present invention responds to each incoming 
message packet to a receiving component with a reply that 
indicates: (1) whether or not the message packet has been 
accepted; (2) the level or function at which the congestion is 
occurring for rejected message packets, and (3) a specific 
delay time that the sender should wait before sending the 
next message packet. The delay time may be varied in order 
to control the rate of information flow. In this way, if an area 
becomes congested and then clears, a “slow Start” technique 
may be used; that is, the rate can be turned back up slowly 
rather than just "opening the floodgates.' Temporary con 
gestion queues in the Sender are used to hold message 
packets addressed to congested areas. 
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METHOD OF CONGESTION CONTROL FOR 
WIRELESS MESSAGING SYSTEMS 

RELATED APPLICATIONS 

0001. The benefit of the filing dates of provisional appli 
cations Ser. No. 60/021,617, filed on Jul. 12, 1996, and Ser. 
No. 60/022,045, filed on Jul. 22, 1996, is hereby claimed for 
this application under 35 U.S.C. S 190e). 

FIELD OF THE INVENTION 

0002 The present invention relates to wireless messaging 
Systems in general, and in particular to methods of conges 
tion control for wireleSS messaging Systems. 

BACKGROUND OF THE INVENTION 

0003 Wireless messaging Systems Such as paging Sys 
tems have undergone Significant changes in the past twenty 
years. Early paging units were simple radio receivers that 
beeped upon receipt of a paging Signal from a paging 
Service. The user wearing the paging unit would then take 
Some predetermined action upon receipt of the paging 
Signal, Such as calling the paging Service by conventional 
telephone for a message. The user had no other choice in 
how to respond when the paging Signal was received, 
because the paging Signal did not contain any information 
concerning the nature of other action to be taken. 
0004. With advancements in paging technology, it 
became possible to Send message data to a paging unit. This 
message data can include alphanumeric messages that 
inform the recipient of the appropriate action to take. For 
example, a paging message may tell the user to call home, 
call the office, Stop by the dry cleaners, etc. Further, 
advancements have increased the amount of information 
being Sent to paging devices. For example, while a numeric 
page typically contains only 128 bits of information, a 
digitized Voice message may contain 10,000 bits. 
0005. As wireless messaging technology advances, 
future messaging devices will be able to receive and transmit 
even more information. AS the capabilities of wireleSS 
messaging Systems and the number of users have increased, 
Signal interference and congestion have become more of a 
concern. Congestion is defined as the inability of all or part 
of the wireleSS messaging network to proceSS messages 
because of a lack of resources, Such as CPU processing 
ability, RAM memory, or the bandwidth of the medium. 
When congestion occurs, performance of the wireleSS mes 
Saging System tends to degrade sharply. 
0006 The methods of dealing with signal congestion in 
wireleSS messaging Systems are controlled by the particular 
Set of protocols that govern communications between com 
ponents within the wireleSS messaging System. In general, 
protocols are Sets of rules that govern the form, format, data 
content and information flow Sent over communication links 
that connect different devices. WireleSS messaging Systems 
use a wide range of protocols to provide communications 
between different components. 
0007 One of the most basic methods of congestion 
control used by Several protocols is the "Stop-and-wait” 
method. The Stop-and-wait method requires that a Sending 
component be able to Send messages or other data to a 
receiving component, and that the receiving component be 
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able to Send back an acknowledgment Signal to the Sending 
component that indicates that the message has been Success 
fully received and accepted. The Sending component is 
designated as a “Sender” and the receiving component is 
designated as a “receiver.” This method is called “Stop-and 
wait' because after Sending a message, the Sender Stops and 
waits for the acknowledgment that the message has been 
Successfully received and accepted before it sends another 
message. Thus, there is at most a Single outstanding message 
that has been Sent at any given time. This method is 
inefficient because the wireleSS messaging network may 
have the capacity to Send more than one message at any 
given time. Protocols using more advanced methods allow 
the Sender to Send Several messages before it receives an 
acknowledgment. 

0008. A more advanced method for congestion control is 
the “sliding window' method, which is described in detail in 
Computer Networks, A. Tanenbaum, 1989. The sliding win 
dow method is the basis of many Standard network proto 
cols, such as TCP and SPX. In one type of sliding window 
method, the Sender assigns a Sequence number to each 
message, ranging from 0 up to Some maximum number. The 
Sender is designated a maximum number of Sent messages 
that it is allowed to have outstanding at any given time. This 
maximum number determines the size of the Sending win 
dow. The Sending window contains the list of Sequence 
numbers corresponding to messages that have been Sent by 
the Sender but not yet acknowledged by the receiver. Once 
the Sending window contains the maximum number of 
Sequence numbers that it is allowed to hold, then the Sender 
cannot send additional messages. When an acknowledgment 
arrives from the receiver for a Sequence number in the 
Sending window, then the window clears the Sequence 
number and the window can accept one additional Sequence 
number, thus allowing the Sender to Send out the next 
meSSage. 

0009 Since messages corresponding to sequence num 
bers currently within the sending window may ultimately be 
lost or damaged in transit, the Sender must keep all those 
messages in its memory for possible retransmission. Thus, 
the Sender must have a buffer large enough to hold as many 
messages as there are Sequence numbers in its window. The 
Sender also records the time at which each message is sent, 
and if the Sender does not receive an acknowledgment 
before a “time-out period’ elapses, it retransmits the mes 
Sage. 

0010. The receiver also maintains a receiving window, 
corresponding to the number of out-of-order Sequence num 
bers it is permitted to accept. Any messages with Sequence 
numbers falling outside the receiving window are discarded 
without comment. A receiver window with a size of “1” 
means that the receiver only accepts messages in their 
consecutive order as they were designated by their Sequence 
numbers. For larger receiver windows, messages may be 
received out of order up to the maximum number allowed by 
the receiver window. 

0011 While protocols using the sliding window method 
do implement Some level of congestion control, they have a 
variety of disadvantages. One of the major disadvantages is 
that the Sender window receives no indication of the Status 
of a message until it receives an acknowledgment indicating 
that the message has been Successfully received and 
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accepted. Thus, whether congestion is present or Some other 
problem exists, the only information as to the problem that 
the Sender has is that it is not receiving acknowledgments in 
response to Sent meSSageS. 

0012 Another disadvantage of protocols using the slid 
ing window method is that the receiver window does not 
respond any differently when there is only one empty Space 
in the window than when there are many. Thus, regardless 
of how fast the receiver window is filling up, or how close 
the receiver window is to being full, as long as it can 
continue to accept incoming messages, it sends back only a 
Simple acknowledgment to the Sender. 
0013 An additional disadvantage of protocols using the 
Sliding window method is that the Sender and receiver 
windows can only indicate general congestion at one place 
in the paging network, namely, at the receiver. In other 
words, even if there are Several levels or types of functions 
that the receiver performs, congestion in any one of them 
will cause the same result, namely, that no acknowledgment 
Signals will be sent in response to incoming messages to the 
receiver. 

0.014) An additional disadvantage of protocols using 
either the Stop-and-wait or sliding window methods is that 
once congestion occurs, the flow of messages is completely 
Stopped. Also, Since the Sender then does not receive any 
type of acknowledgment in response to the messages it has 
Sent, it may try to resend them, which only further contrib 
utes to the congestion in the network. 
0.015 The present invention is directed to providing a 
method of congestion control for overcoming the foregoing 
and other disadvantages. More Specifically, the present 
invention is directed to a method of congestion control 
whereby a Sender receives a reply indicating the type of 
congestion that is occurring and a time interval that the 
Sender should wait before Sending additional messages. 

SUMMARY OF THE INVENTION 

0016 A method for controlling congestion in a wireless 
messaging System is provided. The messaging System 
includes nodes between which information or commands are 
transferred. The information may be in the form of message 
packets. A node that is Sending message packets is desig 
nated as a Sender, and a node that is receiving message 
packets is designated as a receiver. The receiver node 
includes at least one component required to process the 
message packets. A list of components to which the message 
packet will be sent is included in the address of the message 
packet. 

0.017. In accordance with one aspect of the invention, 
when the Sender Sends a message packet to the receiver, the 
receiver responds with a reply that Specifies: whether or not 
the message packet has been accepted; whether any com 
ponents in the receiver to which the message was routed are 
congested; and, if So, the delay time the Sender Should wait 
between Sending additional message packets to the con 
gested component. 

0.018. In accordance with another aspect of the invention, 
when the Sender receives a reply indicating that there is 
congestion in a previously uncongested component, the 
Sender creates a temporary congestion queue to hold the 
message packets addressed to the congested component. The 
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temporary congestion queue includes a timer with a set time 
for determining the delay between Sending message packets 
to the congested component. Once the temporary congestion 
queue is created, the Sender examines the addresses of the 
message packets before Sending them to the receiver, and 
message packets addressed to a congested component are 
placed in the temporary congestion queue. If a Sender 
receives a reply Stating that the message was rejected 
because of congestion, the message is placed in the tempo 
rary congestion queue and Sent again after a delay Specified 
by the receiver. If a Sender receives a reply Stating that the 
message was accepted by a congested receiver, the Sender 
will wait for the delay time specified by the receiver before 
Sending any Subsequent message. When there are no more 
messages in the temporary congestion queue at the end of 
the delay time, or when the previously congested component 
is no longer congested, the temporary congestion queue is 
ended. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. The foregoing aspects and many of the attendant 
advantages of this invention will become more readily 
appreciated as the same becomes better understood by 
reference to the following detailed description, when taken 
in conjunction with the accompanying drawings, wherein: 
0020 FIG. 1 is a block diagram of a wireless commu 
nication System; 
0021 FIG. 2 is a block diagram of the messaging Switch 
system of FIG. 1; 
0022 FIG. 3 is a block diagram of the output messaging 
Switch for the one-way paging system of FIG. 1; 
0023 FIG. 4 is a block diagram of the output messaging 
Switch for the two-way paging system of FIG. 1; 
0024 FIG. 5A is a flow chart of a message sending 
routine of a Sending component; 
0025 FIG. 5B is a flow chart of a message receiving and 
reply routine of a receiving component; 
0026 FIG. 5C is a flow chart of a reply receiving routine 
of a Sending component; 
0027 FIG. 5D is a message sending routine of a tempo 
rary congestion queue, 
0028 FIG. 6 is a time line illustrating messages and 
replies that are Sent and received between a home messaging 
Switch and an output messaging Switch; and 
0029 FIG. 7 is a timing diagram for the messages and 
replies of FIG. 6. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0030 The major components of a wireless communica 
tion system 10 are illustrated in FIG. 1. One of the most 
common types of wireleSS messaging Systems is a paging 
System. A common type of information that passes through 
paging Systems are message packets that are entered by a 
user to be broadcast to a particular paging unit. Message 
packets of this type are entered into the wireleSS communi 
cation system 10 via a public switched telephone network 20 
through either a standard telephone 16 or a computer 18. The 
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message packets are then transferred to an input messaging 
Switch 22 that is an input component to a messaging Switch 
System 21. Message packets are then passed via a commu 
nication link 50 through an interswitch protocol network 24 
and via a communication link 51 to a home messaging 
Switch 23 that contains information Specific to the paging 
unit for which the message packet is destined. Communi 
cation links 50 and 51 may be either simple wires, leased 
telephone lines, microwave links, Satellite links, or any other 
Suitable communication path. 

0031. The message packet is then transferred via com 
munication link 51 back through the interswitch protocol 
network 24 to one of the two output messaging Switches 36 
or 44, via communication links 52 or 53, respectively. 
Output messaging Switches 36 and 44 are output compo 
nents of the messaging Switch System 21. Message packets 
from output messaging Switch 36 are Sent via a communi 
cation link 56 to a one-way transmitting system 30. Message 
packets Sent to a one-way transmitting System 30 are broad 
cast via transmitting Stations 38 and 40 to paging units 
within their geographical region. Message packets from 
output messaging Switch 44 are Sent to a two-way transmit 
ting System 32 via a communication link 58. Message 
packets Sent to a two-way transmitting System 32 are Sent 
through a base Station network 46 and then Selectively sent 
via communication links 62 or 64 to base stations 48 or 49, 
respectively, to be broadcast. Base stations 48 and 49 are 
capable of both broadcasting message packets and receiving 
Signals from remote paging units. 

0032. One feature of the two-way paging system 32 that 
is not available in the one-way paging System 30 is the use 
of a "locate” signal. The Specific geographical area in which 
a particular paging unit is located may be determined by 
Simultaneously broadcasting a unique "locate” signal from 
the base stations 48 and 49. Once the paging unit that 
responds to the unique locate signal has received the Signal, 
it sends back an “acknowledge” Signal to the base Stations 48 
and 49. One or both of the base stations 48 and 49 receive 
the acknowledge Signal and Send information as to the 
Strength of the Signal back to the output messaging Switch 44 
for analysis in determining which base Station is closest to 
the paging unit. Then the message packet for that paging unit 
may be broadcast from the closest base station. As will be 
described in more detail below, the use of a Single base 
Station to broadcast messages to paging units may require 
another level of congestion control than is necessary in 
one-way transmitting Systems. 

0033. The protocols used by the messaging Switch system 
21 govern how congestion is controlled for messages being 
Sent between the messaging Switches 22, 23, 36, and 44. 
While the messages being sent will often be referred to as 
"message packets', or simply “messages', in this applica 
tion, they may actually be any type of application protocol 
data unit (APDU), which is a “packet” form in which data 
or commands may be sent between any of the messaging 
Switches. The messaging Switch System 21 includes the 
input messaging Switch 22 as an input device, the home 
messaging Switch 23 as an information Storage device, the 
output messaging Switches 36 and 44 as output devices, and 
the interswitch protocol network 24 which connects all of 
the messaging Switches. In the preferred embodiment, the 
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input messaging Switch 22 and the home messaging Switch 
23 may both be aspects of the same physical piece of 
equipment. 
0034) Key components in each messaging Switch are 
assigned a "node' designation in the messaging Switch 
System 21. A node may represent any number of compo 
nents, i.e., in an input messaging Switch, a node may 
represent a group of incoming telephone lines, in a home 
messaging Switch a node may represent a memory Storage 
area for a particular paging unit; and in an output messaging 
Switch a node may represent transmitters in a particular 
geographic region. Each node is given a unique identifica 
tion number which the messaging Switch System 21 then 
uses to identify the location of each key component in the 
network. 

0035. As shown in FIG. 2, input messaging Switch 22 
includes nodes N1, N2 and N3; home messaging Switch 23 
includes nodes N4, N5 and N6; output messaging Switch 
includes node N7; and output messaging Switch 44 includes 
node N8. In actual practice, any messaging Switch may 
include any number of nodes. Each node includes a memory 
area and a clock; thus, nodes N1 to N8 include memories 
ME1 to ME8, and clocks CL1 to CL8, respectively. As will 
be described in more detail below, the memories and clockS 
may be used for congestion control. Specifically, congestion 
queues may be created in the memory areas. While the use 
of the nodes is described below with reference to a message 
packet being sent from the PSTN 20 through the paging 
Switch network to a particular paging unit, it should be 
understood that different types of message packets or 
APDUs may be sent through different paths and through any 
order of nodes. 

0036) Nodes N1, N2 and N3 are included in input mes 
Saging Switch 22 and may each represent unique groups of 
input lines from the public Switched telephone network 20. 
The input messaging Switch 22 accepts messages from the 
public switched telephone network 20 and then, as described 
below, Sends the messages to the appropriate home messag 
ing Switch 23 that is assigned to the particular paging unit 
that is to be paged. 
0037 Message packets from the node N1, N2 or N3 of 
input messaging Switch 22 are Sent through interSwitch 
protocol network 24 to node N4, N5 or N6 in home 
messaging Switch 23. Nodes N4, N5 and N6 are home nodes 
that may generally represent information Storage areas 
required for each individual paging unit. All information 
Sent to and from the paging unit passes through the paging 
unit's home node. The home node Stores incoming message 
packets and Subsequently Sends the messages through output 
Switches to the paging unit, as described below. The home 
node also keeps the database record regarding a paging unit, 
including information as to the geographical area in which 
the message packets for that paging unit are to be broadcast. 
0038 Message packets from the node N4, N5 or N6 of 
home messaging Switch 23 are Sent through interSwitch 
protocol network 24 to node N7 or N8 in output messaging 
Switch 36 or 44, respectively. Nodes N7 and N8 may 
generally be associated with certain transmitters or geo 
graphical areas covered by the transmitters. Thus, nodes N7 
and N8 may represent transmitters for a particular area of 
coverage, Such as a particular city, and message packets to 
be broadcast in that city would be sent to that node. 
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0.039 For purposes of illustrating the congestion control 
methods of the present invention, nodes N7 and N8 in FIG. 
2 are also shown to contain certain applications, channels 
and points. Applications, channels and points are considered 
to be “components' within each of the nodes. A component 
may be any type of element within the nodes, including 
Software applications and Similar non-physical entities 
which act to process the message packets or commands. In 
Some embodiments the nodes themselves may be considered 
to be a type of component. Node N7 includes application 
AP1 and channels CH1 and CH2, and node N8 includes 
application AP2, channels CH3 and CH4, and points P1 and 
P2. “Channels' refer to radio frequency channels. Once a 
message packet has been received at a node, it may be 
broadcast from the transmitters associated with the node 
over one or more channels. Thus each node may have 
Several radio frequency channels that it can use to broadcast 
message packets from its transmitters. In addition to broad 
casting, other functions may also be performed at the nodes, 
Such as looking up information in a database at the node. 
Such functions are called “applications.” In addition, in the 
two-way transmitting System32, the message packet may be 
designated to go to a particular base station 48 or 49 (FIG. 
1). The base stations 48 and 49 may be represented as 
“points' in the node. As will be described below, a point 
generally refers to any component that is unknown to the 
Sender at the time a message packet is sent. Thus, in 
Summary, when a message packet is Sent by a home mes 
Saging Switch to an output messaging Switch, the message 
packet may require use of a particular node, application, 
channel and/or point. 
0040. The above components in the output messaging 
Switches are related to Some of the types of congestion that 
can occur in the output messaging Switches. While the types 
of congestion and methods of congestion control are 
described below with reference to the output messaging 
Switches, it should be understood that Similar types of 
congestion may occur in any of the messaging Switches, and 
that the methods of congestion control described below may 
be equally applied to any similar types of congestion. The 
object of congestion control is to limit the amount of data 
being Sent to the part of the paging network that is con 
gested. FIGS. 3 and 4 conceptually illustrate some of the 
communication paths for which congestion can occur. The 
communication paths shown in FIGS. 3 and 4 are for 
illustrative purposes only and do not necessarily represent 
actual physical connections. 
0041 As shown in FIG. 3, a communication line 70 
reaches node N7 from communication link 52. From line 70, 
a line 72 reaches application AP1. From application AP1, 
lines 74 and 76 reach channels CH1 and CH2, respectively. 
As shown in FIG. 4, a communication line 80 reaches node 
N8 from communication link 54. From line 80, a line 82 
reaches application AP2. From application AP2, lines 84 and 
86 reach channels CH3 and CH4, respectively. From chan 
nels CH3 and CH4, lines 91 and 94 reach point P1 and lines 
92 and 95 reach point P2. 
0.042 Four types of congestion can be explained with 
reference to FIGS. 3 and 4, including: association, appli 
cation, channel and point congestion. ASSociation conges 
tion occurs when an entire node is congested, Such as when 
all of the components in a node are congested or Some other 
problem exists So that the node cannot accept additional 
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messages. Association congestion at node N7 or N8 would 
prevent additional messages from reaching the nodes from 
line 70 or 80, respectively. Application congestion occurs 
when an application is congested, Such as would prevent 
additional messages from reaching the application AP1 or 
AP2 from line 72 or 82, respectively. Channel congestion 
occurs when a channel is congested, Such as would prevent 
additional messages from reaching the channel CH1, CH2, 
CH3, or CH4 from line 74,76, 84 or 86, respectively. Point 
congestion occurs when a point is congested, Such as would 
prevent additional messages from reaching the point P1 or 
P2 from lines 91 and 94 or 92 and 95, respectively. As will 
be described below, point congestion is different from the 
other types of congestion. 

0043. According to the congestion control methods of the 
present invention, the nodes in the output messaging 
Switches 36 and 44 respond to each incoming message Sent 
by a node in home messaging Switch 23 with a reply that 
indicates: (1) whether or not the message has been accepted; 
(2) the component at which the congestion is occurring if 
congestion is indicated, and (3) a specific delay time that the 
node in the home messaging Switch 23 should wait before 
Sending the next message. The delay time may be varied in 
order to control the rate of information flow. In this way, if 
a component becomes congested and then clears, a “slow 
Start” technique may be used; that is, the rate can be turned 
back up slowly rather than just “opening the floodgates.” 
When the home messaging Switch 23 receives a reply from 
an output messaging Switch that indicates that a component 
is congested, it creates a temporary congestion queue for 
messages that require use of that component. For example, 
if a message was sent from node N4 in home messaging 
Switch23 to node N7 in output messaging switch 36 and was 
to be broadcast on channel CH1, but then a reply came back 
indicating that channel CH1 was congested, then a tempo 
rary congestion queue would be created for channel CH1 in 
the memory ME4 in node N4. Then all messages requiring 
use of channel CH1 would be placed in that temporary 
congestion queue. 

0044) Multiple temporary congestion queues may exist 
Simultaneously for multiple congested components. If there 
is more than one congested component that the message 
requires use of, the message is placed in the temporary 
congestion queue for the highest ranked component. The 
ranking of components is determined by a ranking System, 
Such as an order of node, application, channel and point, for 
the order of the highest ranked components to the lowest. 

0045. A reply from an output messaging Switch that 
indicates that a previously congested component is no longer 
congested allows the temporary congestion queue for that 
component to be ended. The queue is emptied by Sending all 
of its messages and then the area in memory ME4 that was 
allocated for the queue is de-allocated. The area in memory 
for a queue is also de-allocated if after the delay time no 
messages are in the queue to be sent. 
0046 Messages in the temporary congestion queues are 
Sent to the congested components in periodic intervals, as 
determined by the delay time indicated in the most recent 
reply message from the output messaging Switch. The peri 
odic intervals would be measured by the clock in the node 
where the temporary congestion queue exists. The clock 
counts up to the Set delay time between Sending messages. 
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The delay time specified in the reply may be determined by 
an algorithm in the receiving messaging Switch. The algo 
rithm may take into account multiple factors, Some of which 
may be: the characteristics of the particular component that 
is congested; the rate at which performance of the messaging 
System degrades for increasing congestion in the compo 
nent; whether there is congestion in other parts of the 
messaging System; and whether previous messages have 
been rejected at the component due to congestion. 

0047 Using an alternate method of congestion control, it 
is possible to not include a delay time in the reply and 
instead have the home messaging Switch23 use an algorithm 
to generate a delay time on its own. For example, in the 
preferred embodiment when association congestion occurs 
Such that an entire node is congested, no delay time is 
included in the reply that indicates the node is congested. 
Instead, the home messaging Switch 23 uses an algorithm 
that dictates that every time a message is sent from the 
temporary congestion queue and is rejected, the delay time 
is doubled, and every time a message is accepted, the delay 
time is halved. Maximum and minimum values for the delay 
times are set and, when the minimum delay time is reached, 
the temporary congestion queue is ended. 

0.048. The preferred method of congestion control for 
applications, channels, and/or points is illustrated in the flow 
charts of FIGS. 5A, 5B, 5C and 5D. While the method 
shown may be applied to congestion occurring anywhere in 
the messaging Switch System 21, for purposes of illustration, 
FIGS. 5A to 5D may be taken to apply to a message packet 
being Sent from node N4 in home messaging Switch 23 to 
node N8 in output messaging Switch 44. In FIGS. 5A to 5D, 
home messaging Switch 23 would be designated as the 
"Sender', and output messaging Switch 44 would be desig 
nated as the “receiver.” Also, as described above, the “mes 
Sage' or “message packet' being Sent may actually be any 
type of application protocol data unit (APDU), which is a 
"packet' form in which data or commands may be sent 
between any of the messaging Switches in the messaging 
Switch system 21. 

0049 FIG. 5A shows the message packet sending routine 
of the sender. After starting at a block 100, at a block 102 the 
routine examines the address of the next message packet to 
be sent. A message packet address includes the components 
in the receiver that will be required to be utilized for 
processing the message packet. For example, the address 
may specify a particular node, application and/or channel 
which will be required for the message packet. Points are not 
included in the address for reasons that will be described 
below. Thus, the address Specifies a "path' of components 
that the message packet will pass through. 

0050. At a decision block 104, the routine determines if 
the message packet address includes any congested compo 
nents by comparing each component in the address with a 
list of components for which temporary congestion queues 
currently exist. As will be described below, components that 
are known to be congested have a temporary congestion 
queue created for them. If there are no congested compo 
nents in the address, the routine continues to a block 106 
where the message packet is Sent to the receiver and the 
routine returns to block 102 to examine the next message 
packet address. If one of the components in the address is 
congested, then the routine continues to a block 108 where 
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the message packet is placed on the end of the temporary 
congestion queue for the Specified congested component and 
the routine then returns to block 102 to examine the next 
message packet address. 
0051 FIG. 5B shows the message receiving and reply 
routine of the receiver. After starting at a block 150, the 
receiver waits at a block 152 for a message to be received 
from the Sender. At a decision block 154, the routine 
determines if there is association congestion along the path 
of the message. AS was described above, association con 
gestion implies that the entire node to which the message 
packet is addressed is having difficulty processing messages. 
If association congestion is present, then the routine pro 
ceeds to a block 156 where the congested node is specified 
as part of the reply to the Sender. AS described above, in the 
preferred embodiment, the receiver does not designate a 
delay time in the case of association congestion, So from 
block 156 the routine proceeds directly to a block 157 where 
a reply is Sent to the Sender indicating there is association 
congestion. If association congestion is not present at block 
154, the routine proceeds to a decision block 158. 

0.052 At decision block 158, the routine determines if 
there is application congestion along the path of the mes 
Sage. AS was described above, application congestion 
implies that an application to which the message packet is 
addressed is having difficulty processing messages. If appli 
cation congestion is indicated, then the routine proceeds to 
a block 160 where the congested application is specified as 
part of the reply to the Sender. If application congestion is 
not present, the routine proceeds to a decision block 162. 

0053 At decision block 162, the routine determines if 
there is channel congestion along the path of the message by 
monitoring to see what response is given by the receiver. AS 
was described above, channel congestion implies that a 
channel to which the message packet is addressed is having 
difficulty processing messages. If channel congestion is 
present, then the routine proceeds to a block 164 where the 
congested channel is specified as part of the reply to the 
Sender. If channel congestion is not present, the routine 
proceeds to a decision block 166. 

0054. At decision block 166, the routine determines if 
there is point congestion along the path of the message. AS 
described below, point congestion implies that a "point' 
along the messaging path that was unknown by the Sender 
when the message was sent is having difficulty processing 
messages. If point congestion is present, then the routine 
proceeds to a block 168 where the congested point is 
Specified as part of the reply to the Sender. If point conges 
tion is not present, then the routine proceeds to a block 170 
where a reply is sent back to the Sender indicating that the 
message packet has been accepted without congestion. 

0055) Each of the blocks 154,158, 162, and 166 represent 
different Software modules in the output messaging Switch. 
The different Software modules handle the message as it 
goes “up the stack' through the blocks 154, 158, 162, and 
166. For example, the first software module that the message 
encounters in the “node' handler at block 154, which knows 
how many resources it has at its disposal. If the node is 
congested, it is also the Software module that forms the 
congestion message. 
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0056. From blocks 160, 164 or 168, the routine proceeds 
to a block 172 where the delay time that the sender should 
wait between Sending messages to the congested component 
is determined. AS described above, the delay time may be 
determined by an algorithm in the receiver, which may take 
into account multiple factors. The routine then proceeds to 
a decision block 174, where the routine determines whether 
the present message packet from the Sender should be 
accepted or rejected. If the present message packet is to be 
rejected, the routine continues to a block 176 where a reply 
is Sent back to the Sender indicating that the message packet 
has been rejected, the congested component, and the delay 
time that the Sender should wait between Sending additional 
message packets to the congested component. If the present 
message is to be accepted, the routine continues to a block 
178 where a reply is sent back to the sender indicating that 
the message packet has been accepted with congestion, the 
congested component, and the delay time (if necessary) that 
the Sender should wait between Sending additional message 
packets to the congested component. 

0057 Block 178 illustrates that the congestion control 
method of the present invention may begin working even 
before congestion actually occurs. AS will be described 
below, the receiver may have a method of determining when 
a component is merely approaching a congested State, and 
thus be able to implement preventative congestion control 
even before the component becomes congested. Thus, as 
shown in block 178, a reply may be sent to the sender 
indicating that although the present message packet has been 
accepted, congestion control should be implemented. 

0.058 FIG. 5C shows the reply receiving routine of the 
Sender. The routine starts at a block 110 and then at a 
decision block 112 determines whether the reply from the 
receiver indicates that congestion is occurring. If congestion 
is indicated, the routine proceeds to a decision block 120. If 
congestion is not indicated, the routine proceeds to a deci 
Sion block 114. 

0059 At decision block 114, the routine determines 
whether a temporary congestion queue is currently in effect 
for any of the components along the path of the message 
packet which caused the reply. AS described above, the 
existence of a temporary congestion queue for a component 
in the receiver indicates that there has previously been 
congestion at that component. A reply which indicates that 
there is no longer congestion for that component allows the 
temporary congestion queue to be ended. Thus, at decision 
block 114, if there is no longer congestion indicated at a 
previously congested component, then the routine proceeds 
to a block 116 where all of the messages in the temporary 
congestion queue are Sent without a delay time and the 
queue is ended at a block 136. If no queue exists, then the 
routine proceeds to block 136 where it ends. 

0060. At decision block 120 the routine determines if a 
temporary congestion queue is currently in effect for the 
component that was Specified as being congested by the 
reply message. If no temporary congestion queue is cur 
rently in effect, the routine proceeds to a block 122 where it 
creates a new temporary congestion queue for message 
packets addressed to the congested component. AS described 
above, the queue uses a timer to Send out message packets 
at periodic intervals according to a Set delay time. If a queue 
already exists, the routine proceeds to a decision block 124 
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where it determines whether the delay time indicated by the 
reply is the Same as the delay time currently being used by 
the queue. If the delay time is the Same, the routine proceeds 
to a decision block 130. If the delay time is different, the 
routine proceeds to a block 126 where it changes the delay 
time for the queue. 
0061. When the delay time of the temporary congestion 
queue is changed by the routine at block 126, the queue's 
timer may already be in the middle of counting up to the 
prior delay time. In the preferred embodiment, rather than 
resetting the timer when the delay time is changed at block 
126, the timer is allowed to continue to run So that any time 
counted toward the prior delay time Still counts toward the 
new delay time. Thus, if the new delay time is longer than 
the current timer count, the timer continues to run until it 
reaches the new delay time, at which point the next message 
in the queue is sent. If the new delay time is shorter than the 
current timer count, the next message in the queue is sent 
immediately and the counter begins to count again up to the 
new delay time. From block 126 or block 122 the routine 
proceeds to decision block 130. 
0062. At decision block 130, the routine determines 
whether or not the message packet which caused the reply 
was rejected. If the message packet was not rejected, then 
the routine ends at a block 136. If the message packet was 
rejected, then the message packet is placed on the front of 
the temporary congestion queue for the congested compo 
nent. Block 132 illustrates that a message packet Sent from 
the front of a temporary congestion queue to the receiver 
will be returned to the front of the temporary congestion 
queue if it is rejected by the receiver. This keeps the 
messages in the queue in a certain order. After block 132, the 
routine ends at block 136. 

0063 FIG. 5D shows the message packet sending routine 
of a temporary congestion queue. The routine Starts at a 
block 140 and proceeds to a block 142 where a delay timer 
is started. At a decision block 144, at the end of the delay 
time the routine determines if there are any messages in the 
queue to be sent. If the queue is empty, the routine proceeds 
to block 148 where the queue is ended. If there are messages 
in the queue to be sent, the routine proceeds to block 146 
where it sends the next message in the queue. The routine 
then proceeds back to block 142 to restart the delay timer. 
0064. With reference to FIGS. 5A to 5D, some of the 
differences between point congestion and the other types of 
congestion can be explained. AS described above, in FIG. 
5A at decision block 104, the routine determines if the 
message packet address includes any congested components 
along its path. If congestion is present, then the routine 
continues to a block 108 where the message packet is placed 
on the end of the queue for the Specified congested compo 
nent. This part of the routine is effective for congestion 
occurring at a particular node, application, and/or channel, 
because those parts of the path through which the message 
packet is Sent are part of the address known at the Sender. In 
the case of point congestion, however, by definition a point 
component to which the message will be sent is not yet part 
of the address and is thus unknown by the sender when it 
Sends the message. 
0065 For example, referring to FIG. 1, if the home 
messaging Switch 23 is the Sender, the output messaging 
Switch 44 is the receiver, and the base stations 48 and 49 are 
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the possible “points, then the point to which the message 
packet will be sent is not known until the "locate” signal, as 
described above, is Sent out. AS described above, when a 
message packet reaches the output messaging Switch 44, it 
determines to which base station 48 or 49 (the points) to 
Send the message packet by using a locate Signal to Verify 
which base Station (point) is closer to the paging unit. Thus, 
until the output messaging Switch 44 (the receiver) receives 
the message packet, the base station (point) to which the 
message packet will be sent is unknown. Thus, when the 
home messaging Switch 23 (the Sender) has a message 
packet to be sent to the output messaging Switch 44 (the 
receiver), it cannot place the message packet in a particular 
temporary congestion queue for a particular point, because 
the home messaging Switch 23 (the Sender) does not yet 
know the particular point to which the message packet will 
eventually be sent. 
0.066 By way of contrast, once a message packet reaches 
the receiver and point congestion occurs, then when the 
reply is Sent back to the Sender the reply Specifies the point 
that is congested. Then, as shown in FIG. 5C, at decision 
block 130, when a message packet is rejected due to point 
congestion, just as for any other type of congestion, the 
message packet may be put on the temporary congestion 
queue created for that particular point. Thus, although origi 
nal message packets cannot be placed on a temporary 
congestion queue for particular point, once they are rejected 
from a particular point, they can be. 
0067. Another difference between point congestion and 
other types of congestion can be explained with reference to 
the routines of FIGURES SC and 5D. When message 
packets are Sent from a temporary congestion queue accord 
ing to the routine in FIG. 5D, a reply is sent back from the 
receiver and is processed by the Sender according to the 
routine of FIG. 5C. When a message packet that was sent 
from a temporary congestion queue is rejected, according to 
block 132 of FIG. 5C, the message is placed on the 
beginning of the temporary congestion queue for the com 
ponent from which it was rejected. For nodes, applications 
or channels, the components to which the message packet is 
Sent do not change and thus if a message packet is sent from 
a temporary congestion queue for one of those components 
and then is rejected because that component is still con 
gested, the message packet will be placed back on the 
beginning of the Same temporary congestion queue from 
which it was sent. If the message is accepted without 
congestion, then the congestion queue for that component 
can be ended. 

0068. In the case of point congestion, however, the mes 
Sage packet Sent from a temporary congestion queue for a 
particular point is not always Sent to the same point com 
ponent, and thus the reply may State that the message was 
rejected or accepted at a different point. Referring again to 
FIG. 1, if the points are base stations 48 and 49, when a 
message packet is received at output messaging Switch 44 
(the receiver), the receiver determines from which base 
station 48 or 49 (the points) to transmit the message packet 
by using a “locate” signal as described above. Thus, even if 
a message packet is Sent from a temporary congestion queue 
in home messaging Switch 23 (the Sender), which is for 
particular first point (e.g., base station 48 which the paging 
unit was closer to before), a reply message from the receiver 
may come back Stating that the message was rejected or 
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accepted on a different point (e.g., base Station 49 which the 
paging unit is closer to now). If the message is rejected at a 
different point, rather than being put back in the temporary 
congestion queue from which it was sent, the message 
packet is placed on the front of the temporary congestion 
queue for the point from which it was most recently rejected. 
The instructions in the reply (e.g., delay time) are also 
applied only to the temporary congestion queue for the point 
from which the message was most recently rejected. 

0069. To further illustrate the working of the invention, 
FIGS. 6 and 7 contain a set of illustrative examples. FIG. 
6 illustrates a time line of message packets and replies 
between the home messaging Switch 23 and the output 
messaging Switch 36. For purposes of illustrating the timer 
counts in FIG. 7, a vertical time line on the far left of FIG. 
6 indicates the "time of event' for messages and replies. AS 
also shown in FIG. 6, new messages coming in to home 
messaging Switch 23 are indicated by a left to right arrow 
into the Vertical line labeled home messaging Switch 23. AS 
described below, times T1 to T8, that correspond to FIG. 7, 
are also marked in FIG. 6. Messages that are queued in the 
temporary congestion queue for channel CH1 are So indi 
cated with a label to the right of the home messaging Switch 
23 line in FIG. 6. Also, messages sent from the temporary 
congestion queue for channel CH1 are indicated in the same 
manner as newly Sent messages. Each of the shown mes 
Sages. A to F are labeled with an address of the components 
they will pass through, which in this case is merely a node 
and channel. 

0070. Once a message travels from home messaging 
Switch 23 to output messaging Switch 36, as indicated by a 
left to right arrow in FIG. 6, then a reply from the output 
messaging Switch 36 back to the home messaging Switch 23 
is indicated by a right to left return arrow. The content of the 
reply is indicated at the origin of the reply arrow to the right 
of output messaging Switch 36 line. The reply indicates that 
the message was either accepted or rejected, the message 
path, and whether there is congestion and, if So, what the 
delay time should be for the temporary congestion queue for 
the congested component. 

0071. In addition to the temporary congestion queues that 
are started in the home messaging Switch 23 when a par 
ticular component becomes congested, in the preferred 
embodiment Some permanent queues may also exist in the 
output messaging Switch 36. The permanent queues in the 
output messaging Switch 36 are for particular components 
and function as part of the normal operation of the compo 
nents. For example, in the example of FIG. 6, channels CH1 
and CH2 have permanent queues in the output messaging 
Switch 36. These permanent queues may be part of the 
memory ME7. 

0072 The permanent queues do not alter the congestion 
control methods described above. When channels CH1 and 
CH2 have permanent queues, messages that are Sent to them 
may be placed on the permanent queues rather than being 
broadcast immediately, and in Such cases a reply may be sent 
to the Sender indicating that the message was accepted at the 
channel, just as if no permanent queue existed. This also 
provides an example of how congestion control can be 
implemented before congestion actually occurs, in that con 
gestion control can be activated for a channel before the 
permanent queue actually fills up. Examples of possible 
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trigger levels at which congestion control is activated can be 
a certain number of messages in the permanent queue, or the 
rate at which the permanent queue is filling up. 

0073. As will be described below, the trigger level for 
activating congestion control in FIGS. 6 and 7 occurs when 
the permanent queue is all the way filled. When the channel 
is able to process a message from the permanent queue, the 
processed message is deleted from the queue. In FIG. 6, 
processed messages that are deleted from the permanent 
queue are indicated by a left to right arrow from the line for 
the output messaging Switch 36. The contents of the tem 
porary congestion queue for channel CH1, and the contents 
of the permanent queues for channels CH1 and CH2, are 
shown for times T1 to T8 in FIG. 7. Although for purposes 
of illustration each queue in FIG. 7 is shown to hold only 
three messages, in actual practice queues can hold as many 
messages as the memory of the System allows. Also shown 
in FIG. 7 are the current timer count and the set delay time 
for the temporary congestion queue for channel CH1. 

0074 As shown in FIGS. 6 and 7, at time T1, no 
messages have been entered into the home messaging Switch 
23. Then new messages A and B arrive at node N4 in the 
home messaging Switch 23 and are Sent to channel CH1 in 
node N7 in output messaging Switch 36 and are accepted 
into the permanent queue for channel CH1 in memory ME7, 
as shown at time T2 in FIG. 7. 

0075. As shown in FIG. 6, after time T2, a new message 
C arrives and is accepted into the permanent queue for 
channel CH1, but with a return message that indicates that 
congestion has started and that a delay of t=100 should be 
implemented for all messages directed to channel CH1 in 
node N7. In this example, the trigger level for the output 
messaging Switch 36 indicating congestion is when the 
permanent queue for channel CH1 is filled. Once the reply 
message from message C is received by home messaging 
Switch 23, a temporary congestion queue is created for 
messages addressed to channel CH1 in node N7. The delay 
time is Set to t=100 as instructed, and the queue timer that 
is part of clock CL4 begins to count up from 0 until it 
reaches the Set delay time, at which point the message on the 
front of the queue will be sent to channel CH1 in node N7. 
For purposes of illustration in FIG. 7, at time T3, a time of 
t=20, as shown in the vertical time line of FIG. 6, has 
elapsed, So the timer shows t=20. 

0.076. As shown in FIG. 6, after time T3, a new message 
D arrives addressed to channel CH1 in node N7, and So 
becomes the first message to be placed in the new temporary 
congestion queue for channel CH1 in node N7. This is 
shown in FIG. 7 at time T4. As shown in FIG. 6, after time 
T4, the timer reaches the delay time (having elapsed a total 
oft=100) and So the temporary congestion queue for channel 
CH1 attempts to Send the message on the front of temporary 
congestion queue (message D) to channel CH1 in node N7. 
The reply as seen in FIG. 6 indicates that message D is 
rejected with congestion, and a delay time of t=150 is given. 
Thus, message D is placed back on the front of the tempo 
rary congestion queue for channel CH1. This is shown in 
FIG. 7 for time T5, and the delay time is set to t=150. 
However, the timer in this case, rather than Starting to count 
from when the reply is received, starts counting from when 
message D was Sent. This occurs because the timer had 
already started counting a new t=100 from when message D 
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was Sent. Since the timer only stops counting when it 
reaches the delay time, when the reply from message D 
resets the delay time from t=100 to t=150, the timer that had 
already Started counting but had not yet reached t=100, 
Simply continues counting until it now reaches t=150. 
0077. As also shown in FIG. 6, after time T4, channel 
CH1 processes message A, thus removing message A from 
the permanent queue for channel CH1. The removal of 
message A allows messages B to C to move forward one 
place in the permanent queue for channel CH1, as Seen at 
time T5 in FIG. 7. As shown in FIG. 6, also occurring after 
time T4, is the arrival of new messages E and F. As shown 
in FIG. 7 at time T5, message E, addressed to channel CH1 
in node N7, is put on the temporary congestion queue behind 
message D. Message F, addressed to channel CH2 in node 
N7, is the first message to channel CH2 and is accepted 
without congestion and placed on the permanent queue for 
channel CH2, as can be seen at time T5 in FIG. 7. 

0078. As shown in FIG. 6, after time T5, the timer for the 
temporary congestion queue for channel CH1 reaches the 
delay time (having elapsed a total of t=150) and so the 
temporary congestion queue attempts to Send the message 
on the front of the queue (message D) to channel CH1 in 
node N7. The reply as seen in FIG. 6 indicates that message 
D is accepted with congestion, and a new delay time of t=90 
is given. Message D is thus placed on the back of the 
permanent queue for channel CH1, as can be seen at time T6 
in FIG 7. 

0079. As shown in FIG. 6, after time T6, channel CH1 
processes messages B, C, and D, and So those are removed 
from the permanent queue for channel CH1, as can be seen 
at time T7 in FIG. 7. Also occurring after time T6, is that the 
timer for the temporary congestion queue for channel CH1 
reaches the delay time (having elapsed a total of t=90) and 
So the temporary congestion queue Sends the message on the 
front of the queue (message E) to channel CH1 in node N7. 
The reply as seen in FIG. 6 indicates that message E is 
accepted without congestion, and So the temporary conges 
tion queue for channel CH1 in node N7 is deleted altogether 
along with the delay time Setting. Message E is thus placed 
on the permanent queue for channel CH1, as can be seen at 
time T7 in FIG. 7. 

0080. As shown in FIG. 6, after time T7, channel CH2 
processes message F and channel CH1 processes message E, 
thus clearing the permanent queue memories for channels 
CH1 and CH2. This is shown in FIG. 7 at time T8. 

0081) While the preferred embodiment of the invention 
has been illustrated and described, it will be apparent that 
various changes can be made therein without departing from 
the Spirit and Scope of the invention. For example, although 
methods of congestion control are illustrated for node, 
application, channel and point types of congestion, the same 
methods can be implemented for any area or function in the 
messaging System where congestion may occur. 

The embodiments of the invention in which an exclusive 
property or privilege is claimed are defined as follow: 
1. In a wireleSS messaging System having a plurality of 

nodes, a method of controlling congestion of message pack 
ets being Sent between Said nodes of the System, wherein a 
node that is Sending message packets is designated as a 
Sender, a node that is receiving message packets is designed 
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as a receiver, Said receiver having at least one component 
required for processing the message packets, the method 
comprising the Steps of having Said receiver reply to the 
Sender for a message packet that is sent, the reply Specifying: 

(a) whether or not congestion is indicated; 
(b) if congestion is indicated, the component at which 

congestion is occurring, 
(c) if congestion is indicated, a delay time the Sender 

should wait before Sending a message packet to the 
congested component. 

2. The method of claim 1, wherein the wireleSS messaging 
System further includes a memory area for a congestion 
queue, wherein upon receiving a reply indicating that there 
is congestion in a component, the Sender places message 
packets addressed to the congested component in the con 
gestion queue. 

3. The method of claim 2, wherein the congestion queue 
includes a timer with a Set time for determining the delay 
before Sending a message packet to the congested compo 
nent. 

4. The method of claim 2, wherein the Sender examines 
the address of each message packet before Sending it to the 
receiver and places any messages addressed to a congested 
component on the congestion queue for the component. 

5. The method of claim 4, wherein if a message packet is 
addressed to more than one congested component, the 
Sender ranks the congested components and places the 
message packet on the congestion queue for the component 
with the highest ranking. 

6. The method of claim 1, wherein a congested component 
may be an application. 

7. The method of claim 1, wherein a congested component 
may be a channel. 

8. The method of claim 1, wherein a congested component 
may be a point. 

9. The method of claim 2, wherein a message that is 
rejected from a congested component is placed on the 
congestion queue for that component. 

10. The method of claim 9, wherein the rejected message 
is placed on the front of the congestion queue. 

11. The method of claim 3, wherein the set time is 
determined by the Set time that is Specified in the most recent 
reply from the receiver. 

12. The method of claim 11, wherein the timer count is not 
reset when the Set time is changed. 

13. The method of claim 1, wherein in the case of certain 
types of congestion, rather than the receiver including a 
delay time in the reply, the Sender determines the delay time. 

14. The method of claim 13, wherein the Sender deter 
mines the delay time by using an algorithm that dictates: 

(a) each time a message is rejected from the receiver, the 
delay time is doubled, up to Some maximum delay; 

(b) each time a message is accepted at the receiver, the 
delay time is halved, down to Some minimum delay. 

15. The method of claim 2, wherein the congestion queue 
is temporary. 

16. The method of claim 15, wherein upon receiving a 
reply indicating there is no longer congestion at a previously 
congested component, the Sender Sends all remaining mes 
Sage packets in the congestion queue and then de-allocates 
the memory area that was designated for the congestion 
Gueue. 
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17. The method of claim 15, wherein the congestion 
queue includes a timer with a set time for determining the 
delay between Sending message packets to the congested 
component. 

18. The method of claim 17, wherein if at the end of the 
Set time there are no message packets in the congestion 
queue, the Sender de-allocates the memory area that was 
designated for the congestion queue. 

19. In a wireleSS messaging System, a method of conges 
tion control wherein components of the wireleSS messaging 
System Send messages to one another and communicate with 
each other regarding the Status of congestion with regard to 
the processing of the messages, a component being con 
gested when it has insufficient resources to proceSS addi 
tional messages, a congested component causing a conges 
tion queue to be created to queue Subsequent messages to the 
congested component, messages being Sent from the con 
gestion queue to the congested component at a rate that is 
variable. 

20. The method of claim 1, wherein the variable rate at 
which messages are Sent from the queue is Specified by a 
communication from the congested component. 

21. The method of claim 19, wherein the queue for the 
congested component is created in a memory area of a 
component that attempted to Send a message to the con 
gested component. 

22. The method of claim 21, wherein the congestion 
queue is created in response to a reply from the congested 
component indicating that congestion is occurring. 

23. In a wireleSS messaging System having components 
for Sending and receiving messages, a method for control 
ling congestion of messages being Sent through the wireleSS 
messaging System, the method comprising the Steps of 

(a) determining if congestion is occurring at a component 
that is receiving messages, and 

(b) in response to congestion, the congested component 
Sends a reply to a component that had sent a message 
to the congested component, the reply indicating the 
identity of the congested component and a rate at which 
to Send messages to the congested component. 

24. The method of claim 23, wherein the rate at which 
messages are Sent to the congested component may be 
varied. 

25. The method of claim 23, wherein the wireless mes 
Saging System further includes a memory area for congestion 
queues, wherein upon receiving a reply indicating that a 
component is congested, the component receiving the reply 
causes messages addressed to the congested component to 
be placed in a congestion queue. 

26. The method of claim 25, wherein the congestion 
queue is created in response to the reply indicating that 
congestion is occurring at a previously uncongested com 
ponent. 

27. In a wireleSS messaging System having components 
for Sending and receiving messages, the components that are 
Sending messages being a Source of messages, the compo 
nents that are receiving messages comprising areas within 
the wireleSS messaging System where congestion may occur, 
a method of controlling congestion within the wireleSS 
messaging System, the method comprising the Steps of 
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(a) determining when congestion is occurring in an area of 
the wireleSS messaging System; 

(b) determining a Source of the messages that are being 
Sent to the congested area; and 

(c) Supplying the Source of the messages with a rate at 
which to Send future messages to the congested area. 

28. The method of claim 27, wherein the rate at which 
messages are Sent to the congested area can be varied. 

29. The method of claim 28, wherein the rate at which to 
Send messages to the congested area is determined by a 
component within the congested area. 
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30. The method of claim 29, wherein the rate at which to 
Send messages to the congested area is Supplied to the Source 
as part of a reply Sent from the congested area. 

31. The method of claim 27, wherein the wireless mes 
Saging System further includes a memory area for a conges 
tion queue, wherein the Source places messages that are 
addressed to the congested area in the congestion queue, 
from which messages are Sent to the congested area at the 
Specified rate. 


