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Abstract

Congestion control in the signaling system #7 (SS7) is a necessity to fulfil
the requirements of a telecommunication network that provides customer
satisfaction. Heavy network load is a source of customer dissatisfaction as
congested networks result in unsuccessful calls. With the introduction of net-
work profit as a metric, it is possible to study the efficiency of an Annihila-
tion Congestion Control Algorithm (ACCM) from the operator’s point of
view. Several strategies for applying the ACCM are investigated. A model
describing the income and cost for a call is also introduced.

1 INTRODUCTION

1.1 THE OPERATOR PROBLEM

The main objective of a telecommunication networks operator is to gain
maximum profit from its business i.e maximize the income from subscriber
phone calls and minimize the cost of network operations.

The cost of network operations can be divided into several areas of which
some are easy to estimate such as maintenance staff salaries. A cost which is
more difficult to calculate exactly is the cost of customer dissatisfaction. A
customer becomes dissatisfied if a call set up fails, or if ongoing calls are
lost, which is normally explained by the lack of network capacity. Customer
satisfaction is of course, also an overall goal for the operator and great
efforts are made to solve this problem.

The problem of designing telecommunication networks to meet customer
requirements with respect to capacity depends on the kind of network stud-
ied. There are even higher requirements made on a public switched tele-
phone network (PSTN) than on a mobile cellular network. A customer



accepts that a mobile call setup can fail when driving at high speed in a
rough environment, but as cellular penetration increases, the customer
demands also increase.

Some of the capacity problems are related to the signaling network, which
provides a reason to forcing the research for improving performance in sign-
aling networks.

1.2 THE SIGNALING NETWORK

A signaling system conveys and exchanges control information within a
telecommunication network. This information is vital for the functionality of
the network. The signaling network consists of a number of Signaling Points
(nodes) and signaling Transfer Points (transit nodes) connected via Signal-
ing Links (links) in a mesh structure [1] [2]. The control information is con-
tained in Message Signal Units (signals). A signal may be regarded as a
packet in a packet switched network guided by a routing algorithm.   An SS7
service in the PSTN is a signaling session comprising a handful of Signaling
Points via an arbitrary number of Signaling Transfer Points.

The SS7 was primarily tailored to meet the signaling demands of tradi-
tional telephony. Examples of basic services in traditional telephony are call
set-up and call release [1]. The signaling demands of each service in tele-
phony are well known in terms of traffic patterns, number of signals to dif-
ferent Signaling Points and maximum time allowed before completion of the
service session.

A service’s maximum time for completion is set by the customers’
patience, or timers in the signaling network, i.e. a few seconds. The traffic
pattern generated by a service is mainly determined by customer behavior in
conjunction with service complexity.

The introduction of mobile communication systems has stimulated
changes in the demands for signaling services [3]. For example, the hand
over procedure in mobile communications must by definition be extremely
fast. A mobile station, crossing cell boundaries at normal highway speed,
has very little time to exchange essential information with the cellular net-
work and thus perform the switch of base stations.

The operability of the signaling system is of prime importance in securing
telecommunication network performance. Signaling networks are com-
monly over-engineered with the objective of maintaining an operational state
even under extreme stress. This implies a healthy resistance to congestion
caused by excessive signaling traffic. Congestion in a signaling network may
well be the visible symptoms caused by signaling traffic being redirected
due to failure of a network component. In order to protect a signaling net-
work in a state of stress a well-behaved Congestion Control Mechanism
(CCM) must be made available.



1.3 CONGESTION CONTROL IN SIGNALING NETWORKS

The present CCM in SS7 is designed to handle congestion in signaling
networks where telephony is the predominant service [1]. Today, telecom-
munication encompasses a wide variety of services such as mobile commu-
nications, data communications, and intelligent networks (IN); all with new,
and different demands vis-a-vis the signaling system. Present CCMs operate
in a node or a link perspective, and are thus not always able to give good
response in the complete networks’ perspective. All in all, there is a need for
efficient solutions for signaling network congestion control which use infor-
mation from the entire network.

The traditional role of CCMs in SS7 is to resolve immediate overload sit-
uations in a link or a node without any regard to the impact on the surround-
ing network. The congestion is resolved by throttling the traffic with
destination to the congested area, and by rerouting traffic traversing the con-
gested area through other parts of the network. Traffic from a congested link
is transferred to, and superimposed on, links with a normal load in an uncon-
trolled manner. This introduces a risk of causing congestion elsewhere in the
network, and after a few iterations the entire network may suffer from con-
gestion. A good CCM must be able to resolve the overload situation in such
a manner that the entire network benefits. Further more, it must be able to
foresee an emerging congestion, and to take adequate prophylactic steps in
order to normalize the situation [1].

1.4 A SIMPLE CCM FOR CONGESTION CONTROL IN A NET-
WORK PERSPECTIVE

A service session comprise a sequence of signals, of which the length
depends on the character of the service. A session can not be considered
concluded until all signals have successfully reached their destination within
the service’s maximum allowed time for completion.

A signaling service session that exceeds its permitted completion time
displeases the customer and deteriorates network performance. The comple-
tion time of the session is a metric, revealing the state of the network. The
completion time of recently completed sessions contains valuable informa-
tion for the node in congestion detection. Information about the completion
time of sessions may be used both as a parameter in a routing algorithm or in
a CCM.

If knowledge of the completion time of sessions could be obtained prior
to the completion, it would be possible to annihilate sessions with too long
completion time or to prevent them from getting started at all, and thereby
reduce network load in the congested part of the network. The customer
would not be aware of the difference between a delayed or an annihilated



session, both will result in e.g. a lost call.
Signaling sessions encountering a congestion fuel the congestion, and

consume much time in penetrating the congested part of the network. The
annihilation of such a session would serve the dual purpose of reducing the
load of the congested part as well as releasing communication facilities
which may be used by other sessions.

It can be shown that using the measured time consumption of the initial
signals of a session,tmeas, it may be possible to predict the completion time

of the complete session using a linear relationship [8]. For each session a
decision has to be made. Iftmeasis greater than the threshold valuetann, then

annihilate the session, otherwise let the session finish (fig 1).
This is the foundation of a benign Annihilation Congestion Control

Mechanism (ACCM), one that detects congestion by measuring the time of
the initial signals at an early stage and acts to reduce the flow to the con-
gested direction by annihilating delayed sessions. The network model and
the ACCM are fully described in [8], where the use of the session comple-
tion ratio as a metric is also described.

Fig. 1. Annihilation procedure

The objective of this paper is to investigate the possibility of using operator
profit as a simple metric when comparing different strategies for annihilating
signal sessions using the proposed ACCM.
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2. A PROFIT OPTIMIZING STRATEGY FOR CONGES-
TION CONTROL

2.1 PROFIT AS A SIMPLE METRIC

One way of studying the yield of the proposed ACCM is to analyse the
improvements in profit when applying it on a congested network. A success-
ful service session is profitable and increases operator income. Annihilated
or delayed sessions are useless to the operator as they give rise to customer
dissatisfaction and thereby increase operator costs. The level of cost or
income depends on the category of the service (3.1).

As each annihilated session is an immediate cost for the operator but also
reduces network load (and thus increase the possibility for other sessions to
generate income), there should be an optimum strategy of how to apply the
ACCM. The choice of the best strategy is to answer the question: Which ses-
sion should be annihilated if any?

2.2 CLASS DEFINITIONS

All signaling services are divided into three classes representing three
normal service events in a GSM-network. The classes are: call setups, call
handovers and Short Message Services (SMS).

All classes have different demands as regards completion time, ranging
from a few seconds for a handover to minutes for an SMS. For an SMS, the
requirements on completion time are determined by customer demands
which depends on the kind of application used. Guiding emergency vehicles
(fleet management) and display information of current stock prices are
examples of time-critical SMS applications, where delayed sessions can
give rise to unpredictable effects.

A monetary value is also attached to each class describing the income
related to a successful service event and the cost related to an unsuccessful
event (table 1).

2.3 COST AND INCOME OF A CALL

An explicit definition is needed of how much the operator earns for each
successful service event and in the same way how much the operator loses
for every delayed or annihilated service event. To put a monetary value on
these events is more or less a matter of rough estimation than an exhaustive
cost analysis. To value the cost of an unsuccessful call setup, the influence it
has on the risk of losing the customer to a competitor, and above all, the risk
of not securing a new customer, must be analysed. The latter must be valued
as increasing marketing costs. Investigations reveal that costs related to an



unsuccessful service event, on a per call basis, is several times higher then
the corresponding income for a successful event. Delayed and annihilated
sessions are given equal attention in this paper, i.e they give rise to the same
cost in monetary units (m.u.).

The model is based on the assumption that an unsuccessful handover
event leads to a lost call and an unsuccessful SMS event leads to a lost SMS.

2.4 AN OPTIMUM STRATEGY TO ANNIHILATE A SESSION

Choosing the optimum strategy for the annihilation procedure requires a
complete analysis of the risk associated with the annihilation of a signaling
session. A call set-up session can be aborted without too much customer dis-
satisfaction while an aborted handover, which leads to a lost call, causes
considerable customer dissatisfaction. The strategy should be evaluated in a
network perspective rather than in a session perspective, which means that it
is acceptable to annihilate a session as long as the whole network gains from
the ACCM, i.e. as long as the total network profitPnet, increases.Pnet can be

calculated as follows:

(2.1)

Where , , is the number of sessions for classi of each

category: Successful, delayed and annihilated.

Since there is an infinite number of strategies for the annihilation procedure,
a restricted set must be selected for further investigations.

Three strategies are investigated:

1: Class1 (Call Setup) is annihilated.
2: Class2 (Handover) is annihilated.
3: Class3 (Short message service) is annihilated.

Pnet is calculated for all strategies and the strategy which yields the maxi-

mum profit is chosen.

Pnet Incomei Nsuccesi
× Costi Nanni

×– Costi Ndelayedi
×–( )

i 1=

nclass

∑=

Nanni
Ndelayedi

Nsuccesi



3. ANALYSIS

3.1 THE SIGNALING NETWORK MODEL

The signaling network on which this analysis was performed is a symmet-
rical 20 node mesh network with four links per node. Fixed routing has been
employed in such a manner that all signals traversing the network from node
A to node B have used the same route. A signal from node B to A may have
used another route. Signals may pass up to three nodes in order to reach their
destination, and thereby interact with a total of five nodes.

The network has been subject to call intensity from an exponential distri-
bution, and the originating and destination nodes have been drawn from a
uniform distribution, thereby creating a uniform network load. All analyses
have been performed with the network in a steady state. The transition time
for a classn session traversing the network under minimum load,TminCn, is
used as a normalizing time constant for each class.

Each class has been assigned attributes which model the service events
described in 2.2. (table 1).

Table 1. Class attributes used during this analysis.

The attributes are extracted from the GSM-specification (signals per serv-
ice session), from network measurements (fractions of generated sessions)
and from discussions with a GSM network operator (income, cost and com-
pletion times).

Class attributes Class 1 Class 2 Class 3

Fraction of all generated ses-
sions

50% 45% 5%

Total number of signals in
session,

40 signals 10 signals 20 signals

Maximum allowed comple-
tion time for a session,

3 TminC1 4TminC2 6 TminC3

Income for a successful ses-
sion,Incomei

2 m.u. 0 m.u. 0.2 m.u.

Cost for an unsuccessful ses-
sion,Costi

10 m.u. 100 m.u. 1000 m.u.

ncompli

Tcompli



3.2 NUMERICAL RESULTS

The impact of the ACCM is negligible at normal network load, and in-
creases dramatically with network load. In other words, it does not interfere
with the network under normal working conditions, i.e. a normalized net-
work load below 0.5, but is activated when congestion arises. Increasing net-
work load gives an immediate increase in network costs, i.e network profit
will drop below zero. Applying the ACCM reveal significant improvements
in network profit. The ACCM will increase the point of break even (where
network profit will go below zero) from a normalized network load of 0.6 to
0.75. (fig. 2.)

Fig. 2. Comparing network profit for annihilated and non-annihilated ses-
sions as a function of normalized network load. The network profit is nor-
malized with the highest possible network profit. Best strategy choice.

Comparing the strategies shows significant differences in network profit.
Strategy 1, where the call-setup sessions are annihilated, yields the best
result (fig. 3.). This result is probably explained by the fact that call-setup
has longer session length and thus releases more network capacity when
annihilated. Call-setup also generates a lower cost when annihilated. A sim-
ple annihilation strategy could be: Annihilate long sessions and/or low-cost
sessions.
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Fig. 3. Threshold value yields maximum profit, all strategies. The network
profit is normalized with the highest possible network profit.

Fig. 4. Threshold value yields maximum profit, all strategies. The network
profit is normalized with the highest possible network profit.

It is desirable that the annihilation procedure is optimized, i.e the thresh-
old valuetannshould be selected in a way that maximizes network profit.
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The study in [8] was performed with a threshold valuetannderived from:

(3.1)

Where  = number of initial signals measured on.

 = total number of signals in session.

 = maximum allowed completion time for a session.

It is shown in fig. 3, when varying the threshold value, that an optimum

value , which gains maximum network profit, is found for each strategy

j. Relatively good correspondance is shown between the value calculated

from 3.1 and  using = 2.

Varying the network load change the optimum threshold value as shown

in fig. 4. This indicates the need for an adaptive annihilation algorithm,
which depends on the network load.

4. CONCLUSIONS

The work demonstrates the possibility and also the necessity of using net-
work profit as a metric for studying the gain of the ACCM. Applying the
ACCM to a network with complex signaling offers a variety of strategies for
using the ACCM. The metric described provides a method for selecting the
best strategy, i.e the one that yields the highest profit. After investigating
several strategies, it seems that the best strategy may be to annihilate long
sessions or/and low-cost sessions.

Applying this strategy to the ACCM shows a great improvement in net-
work profit during periods of congestion and thereby substantiating the
results shown in [8], i.e. the proposed ACCM can be superior to the existing
CCM in SS7.

The work shows that customer dissatisfaction in a competitive environ-
ment is very expensive and could easily result in remarkable drop in net-
work profit.

The results indicates finally the need for an adaptive load-dependent algo-
rithm for selecting the optimum threshold value to gain even better improve-
ments in network profit.

tannj

nmeasj

ncomplj

---------------- Tcomplj
×=

nmeasj

ncomplj

Tcomplj

t̂annj

t̂annj
nmeasj

t̂annj



5. FUTURE WORK

The method to find the optimum strategy can be refined in a number of
ways. One way is to find an algorithm using traffic characteristics (such as in
table 1) to produce the optimum strategy.

As the threshold value varies both with load and chosen strategy there is a
need to find an algorithm which adaptively sets the optimum threshold
value. More complex strategies where combining annihilation of more than
one class is also subject to further investigations.

The present study can not be expected to reveal all possible flaws or ben-
efits of our ACCM unless studied under more realistic circumstances. The
assumptions in this paper of a symmetrical mesh network in a steady state,
and with uniform service call intensity distribution over the origin-destina-
tion pairs, constitute only a small fraction of possible working conditions for
a signaling network. A thorough investigation of the ACCM performance
must include an unsymmetric signaling mesh networks exposed to transient
loads and non-uniform service call intensities. Focused overload must also
be investigated since most congestions are restricted to a small part of a net-
work.
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