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The functional structure of theCCITT N9 7 common channel signalling 
system insures flexibility and modularity for the transport of a wide 
variety of communications. For this reason, signalling system 
transport facilities are organized and planned in terms of a common 
channel signalling network. This paper briefly describes the relevant 
characteristics of a common channel signalling system from the 
network planning point of view, and identifies the main problems of 
planning the structure of a common channel signalling network. The 
factors that have a techno-economic impact on such a network are 
presented, and their modelling is described. Finally, practical 
aspects of the planning the network are discussed. 

1. INTRODUCTION 

In order to identify and to model the factors involved in planning a common 
channel signalling network (CCSN), it is necessary first to consider the char
acteristics of a common channel signalling system (CCSS) and review briefly the 
relevant aspects of network planning. 

1.1 CCSS Characteristics 

From the network planning point of view, the most significant characteristics 
of a common channel signalling system, specifically CCITT N9 7 (1) , may be 
summarized as follows: 

SYSTEM ENVIRONMENT: the outstanding characteristic of the CCSS environment is 
the diversity of its users. On the one hand, such a system handles signalling 
messages between exchanges (signalling relations from different types of users, 
as well as from other signalling systems such as channel associated signal
ling); also, messages specific to such functions as operation and maintenance, 
telecontrol services, and end-to-end change of service. On the other hand, 
CCSSs are "being installed in digital exchanges (thus improving the telephone 
service), as well as in operation and maintenance centers. And the introduction 
of ISDN with its expansion of nonvoice services is enhanced by CCSSs. 

SYSTEM FUNCTIONS: A CCSS comprises two parts, the User Part (UP) and the Mes
sage Transfer Part (MTP). The UP determines the characteristics of transmitted 
information (e.g. messages per call, message length). The MTP performs func
tions that assure reliable transfer of messages between user functions, and 
affect the freedom of a trasport system (bearer, node functions, routing, 
etc. ). The node types in a CCSS are the signalling point (SP) , which is a 
source and/or sink of information; and the signalling transfer point (STP). 
which is a transit node on a route between two SPs. 

SYSTEM CONNECTIVITY: The nodes of a CSSN are connected link by link, directly 
and/or via one or more STPs, with or without load sharing. Additionally, 

structure of the CCSS numbering scheme can be based upon the STPs. Thus it is 
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essential to consider network planning aspects: the identification of STP(s), 
how each node accesses the STPs, where and how load sharing is used, etc. 

SYSTEM COMPONENTS: The basic components of a CCSS comprise the node equipment 
(including equipment for interfacing with other signalling systems) and the 
transmission equipment. The technical characterics of the node equipment (capa
city of processes and links, functional capabilities, etc.) affect the CCSN, 
and, therefore, the choice of CCSS technology. The characteristics of the 
transmission equipment for the CCSN (available channels, transmission reliabil
i ty , etc. ) present the challenge of choosing the most sui table transmission 
technology ehen more than one is available. 

SYSTEM PERFORMANCE: The requirement that a CCSS transfer messages in a defined 
manner, in normal and "abnormal situations, introduces a fan-out of CCSN alter
natives. The basic concepts for determining network performance include the 
demand characteristics (number of messages per second and message length); per
formance conditions (e.g. maximum delay permitted in a communication) imposed 
by the CCSS users; the quality of service of the network components; and the 
spare facilities and routing alternatives available. 

1.2 Scope of the Target CCSN Structure Planning 

The planning of the target CCSN structure may be understood as the determina
tion of the 'appropriate' system connectivity and capacity of system components 
for a given period of time. Thus planners must consider not only the above men
tioned characteristics of the CCSS, but also the evolution of the telecommu
nication network served by the CCSS, and the evolution of other signalling sys
tems. 

The term 'appropriate', which involves criteria for selecting the CCSN struc
ture (based upon redundancy, transfer time, economy, delay, security, etc.), 
must be analyzed from the point of view of two different network planning sce
narios: general and specific. 

General planning deals with such aspects as the maximum number of STPs for a 
signalling relation, coexistence of more than one signalling system, limits on 
redundancy on signalling links and/or routes, etc •• 

Specific planning deals with the development of an implementation plan capable 
of minimizing the penal ties that unforseen events in the evolution of the 
telecom network could impose on the CCSN. To assure the successful performance 
of the implementation plan, the details of the CCSN (capacity, connectivity, 
etc.) must be precisely specified. 

General planning studies are performed on a model network that represents a 
number of actual networks and/or deals with worst-case conditions; specific 
planning studies, on the other hand, consider the actual network that serves a 
given area. Additionally, in general studies one or more selection criteria may 
be considered, whereas in specific studies the primary criterion is economy. 
Other criteria are predetermined in general studies, in order to provide a uni
form and fair service. 

Thus the planning problem can be stated in the following terms: Determine the 
appropriate structure for the CCSN to serve a given telecom network; that is, 
the capacity of each STP, the signalling rou".:es interconnecting the SPs, and 
the capacity of signalling routes, by taking -into account the following network 
and cess characteristics: 

Environment: demand location and characteristics, as well as the presence of 
other signalling systems; 
Performance: quality of service in normal and abnormal situations; 
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components: techno/ economic characteristics of the equipment required for 
the CCSN. 

The challenge of planning CCSN structures is the novelty of the problem in 
terms of assessing factors which have a technical and/or economic impact. The 
approach comprises three steps: 

Identify promising factors. 
Model these factors, paving the way for a thorough analysis of their rele
vance and level of accuracy for CCSN structure planning. 
Analyze the factors and establish a methodology for planning the structure 
of the CCSN. 

The first two steps are described in detail in the following paragraphs. 

2. FACTORS AND ASSOCIATED MODELS 

The factors to be considered in planning the CCSN can best be identified by 
reviewing the characteristics of the CCSS. The development of associated models 
can be based upon extension, accuracy, and flexibility criteria to represent 
the CCSS characteristics in order to solve the stated problem of CCSN structure 
planning. it is to be noted that these models are intended to be treated in a 
computer-based system. 

2.1 Network Topology 

The topological basis of the CCSN is a telecom network composed of nodes 
(sources and/or sinks of communications served by the cess, where the required 
cess equipment will be installed), and sections (which connect the nodes by 
using full duplex channels of specific transmission systems). An extension of 
this telecom network requires consideration of existing channel associated 
signalling systems. Figure I-a shows a model of an extended telecom network; 
each section of the cess implies communication via the cess. The topology of 
the telecom network can be understood as a maximum limit on the topology of the 
CCSN by assuming a given moment at time. Figure I-b shows such a case of CCSN 
topology; node 5 of the extended network enables, additionally, the identifica
tion of the need for interfacing in nodes 1, 2, and 3. Node 5 does not belong 
to the CCSN topology. 

a) Extended Telecom network 

0/0 Node with/without cess 
Section for cess 

Figure 1. Network topology 

b) CCSN Topology 

~ Signalling Interface 
I I I I I Section not for cess 

The planning of a CCSN can start with a topology like the one in Figure 1.b, 
regardless of the hierarchy and communication functions of the nodes. 
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2.2 Network Structure and Routing 

Network structure and routing are determined when, for each two communicating 
nodes, a direct and/or transit route is specified for normal and abnormal con
ditions. This is based upon the link-by-link characteristic of the CCSS, as 
well as the capabilities of the STP function; STP efficiency is improved when 
connectivity (i.e. load sharing or standby routes) is used. 

a) Interconnection of nodes 

[] SP without STP function 
[] SP with STP function 

_____ connecti vi ty for two routes 

Figure 2. Network structure and routing 

b) Connectivity increment 

----communication section 
- - - CCSN section 
~ connectivity for one route 

Figure 2 is derived from Figure l.b, and shows two alternatives of network 
structure and routing. Figure 2-a shows: (1) not all sections for CCSS need to 
be used; (2) the CCSN may be sensitive to abnormal situations (a failure in 
section 2-3 affects only that section; a failure in node ,4 interrupts all 
communication except via section 2-3. The first problem can be solved by 
establishing either a load sharing or standby route via node 4 • Figure 2-b 
shows that the use of connectivity either by load sharing or standby, and the 
addition of one STP and CCSN section, permits the following: (1) Communication 
between nodes 2 and 3 can be via node 4. (2) A failure in node 4 does not 
affect the rest of the network. (3) other routes are improved in terms of re
liabili ty in abnormal situations. (4) Delay performance may remain the same, 
but will not improve. The example in figure 2-b is one solution; others may 
exit. 

The routing condition in Figure 2-a is implicit; no alternatives are con
sidered. In Figure 2-b the routing is explicit and may be identified in ' terms 
of type of demand. That is, a communication demand via the CCSS mayor not re
quire alternatives in its routing, basically for security reasons. 

The CCSN structure and routing need not use a hierarchical structure. Not only 
must the locations of STPs be specified, but also it is necessary to specify 
how they are to be used; i.e., either load sharing or standby, depending on the 
type of demand. 

2.3 Communication Demand 

Demand can be modelled by considering the number of messages per time unit, 
message length, direction of the communication and information progress. In 
principle, the consideration of these demand factors must include possible 
types of communications (2, 3, 4). Whether or not to group different demand 
types will depend on the availability of information, and the level of accuracy 
desired. Each demand type (i.e. telephony signalling, maintenance and opera
tion, end-to-end, etc.) presents, in turn, specific aspects of communications; 
e. g • in the case of telephony, busy subscriber, no-answer subscriber, local 
call, long distance call, etc. These aspects mayor may not be significant, 
depending on the intent of the planning exercise. 

2.4A.2.4 



ITe 12 Torino, June 1988 

Figure 3 presents the demand model, with the following assumptions: (1) the 
common channel is shared by communications in both directions (from A to Band 
B to A); (2) the signalling demand due to A includes the demand due to C, which 
uses channel-associated signalling. Neither assumption constrains the demand 
model; both can be' considered as specific conditions of the equipment. 

F-AB B-BA 
---.--~ 
B-AB F- BA 
4---4---

ACI= Associated Channel Signalling Interface 
CCU= Common Channel Unit 
-----Communication channel with channel associated signalling 
-----Communication channel served by CCSS 
---- Communication channel for CCS (signalling link) 
F-AB/B-AB: Forward/backward messages from A to B 

Figure 3. Demand model 

The number of messages per time unit and message length can be determined for 
forward and backward messages. This makes it possible to evaluate the signifi
cance of an unbalanced load in section A-B. 

2.4 Equipment 

The equipment model may be divided into node equipment (CCU) and transmission 
equipment; both are interconnected by the channels for CCSS (or signalling 
links), as summarized in Figure 4-a for one end of the CCSN section: the CCU is 
linked to the transmission bearer by the TSE (terminal switching equipment) and 
the TTE (terminal transmission equipment). Figure 4-b summarized the functions 
within a CCU: (1) common channel module (CCM), (2) process unit (PU), (3) com
mon channel cards (CCC). 

TSE ~---t TTE 

a) One end of CCSN section 
///// transmission 'bearers 

Figure 4. Equipment model functions 

PU 

---leee: ' ~-----
• CCC.!: ? r----

./<...... ,,> 
;7 ...... ,. 

CCM

1 
::>~ ....... 

,," .......... 

b) CCU model 
--- cess channels 

The eeu model was designed to achieve flexibility, regardless of technology. 
One part of the CCU, the PU, is shared by the CCMs,as the biggest entity in 
the CCU; the PU can represent the processing capacity of the CCU. The CCMs rep-
resent the modularity of the system serving the demand in the node: CeMs mayor 
not be interconnected to increase the reliability of the whole system and to 
support the processing requirements in the PU. The penalty may be the number of 
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available channels, as shown in Figure 5-a (the more CCMs, the fewer channels 
per CM). The CCC represents the impact of the number of channels on the node; 
one channel may be served by one or more cards in order to increase the re
liability of the system. 

It is to be noted that the CCU model also makes it possible to define a linear 
cost function for the node by identifying a getting-started cost (assigned to 
the PU), and incremental costs per CCM and per CCC respectively. 

Finally, the model of the CCU is completed by identifying spare capacity in its 
components (CCM, CCC). This consideration enables us to include the cost penal
ty for improving the reliability of the node. 

wi th regard to the modelling of the rest of the node equipment (transmission 
equipment, Figure 4-a), the suggestion is to consider it in terms of technical 
characteristics, i.e. impact on the delay (Figure 5-b); however, a linear cost 
(assumed to be an incremental cost per channel) can be considered. 

CCM 

a) Relation of CCM and 
channel 

CHANNELS 

I i I - ------II~ 1 I 
I I I 
: ~I --------DL---------~I I 
J- DU ~ I DU ~ 
I I r- I 
I I I I 

DU • Delay due to CCU 
DL: Delay due to transmission 

b) Delay distribution 

Figure 5. Equipment model - quality of service 

The equipment model is completed ~y . the consideration of equipment characteris
tics in terms of quality of service. First, with regard to capacity Figure 5-a 
shows the possible relationship between channels and CCMs. Second, with regard 
to distribution of delay Figure 5-b shows this distribution for a route of one 

AVERAGE 
DELAY 

N : NO OF CHANNELS 

LOAD/CHANNEL 

Figure 6. Delay as a function _of capacity 
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section. A final consideration for the model is the relationship between capa
city and delay. Figure 6 shows an example of this relationship; this function 
may follow predetermined laws (4) which actually represent dimensioning crite
ria for calculating the number of channels required. Figure 6 must be under
stood for a given message length. The model can be extended for SP and STP 
functions as well as, with certain simplifications, for associated channel 
signalling interface equipment. 

2.5 Network Performance 

The model of network performance covers two aspects: normal situations and ab
normal situations. 

The former is based upon a set of parameters that enable us to represent the 
details of the network (amount of equipment, costs, delay, etc.) in a situation 
identified in accordance with a security criterion. The following parameters 
were used in our modelling: (1) maximum delay permitted in the CCSN section, 
(2) maximum load pe~itted in a channel, (3) .use of load sharing in the set of 
signalling links, (4) minimum and maximum number of channels to be used in a 
CCSN section, (S) connectivity criteria to be used per type of cess demand. 

The model treats of abnormal situations by assuming a failure condition in one 
or more CCSN elements (channel, section, node, equipment item). This permits an 
evaluation of two issues: how is the network working in that situation, and how 
much should be invested in the network to assure that the unaffected part of 
the network does not suffer any consequences of the failure. The model de
scribed here facilitates the evaluation of these effects. 

The model also deals with overloading, which may cause delay in all or part of 
the network, depending on the type of CCSN structure considered and the secu
rity criteria applied in network dimensioning. 

3. PROCESS OF PLANNING 

The model described will serve as the basis of a computer-based planning metho
dology designed to facilitate the planning of CCSN structures. However before 
this methodology can be developed it will be necessary to evaluate the accuracy 
and completeness of the model. The result of this analysis miqht be either to 
simplify certain aspects of the model, or make them more complex. Possible 
questions include: 

1) Under what conditions, and in accordance with what criteria, should signal
ling links be added (demand, security or both)? 

2) Is it better to start with a purely quasi-associated network structure, or 
with a fully associated structure; and what network conditions affect the 
choice? 

3) What is the relevance of the various types of demand with regard to using 
the signalling links efficiently? 

4) What are the consequences of establishing hierarchical dependencies in the 
STPs in accordance with the hierarchical structure of the telecommunication 
network? 

5) What criteria shape the decision whether or not to include a particular sec
tion of the telecom network in the CCSN; and what criteria can be applied to 
determine the level of connectivity of the routes? 

6) What are the significant factors in identifying the overall average delay of 
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the network? 

The answers to these questions will be based upon a set of sensitivity studies 
carried out using the model we have described. It is to be noted that the above 
questions may be asked either for a general or a specific planning study. 

This planning methodology will be used together with other computer-based p1an-
,,1 

ning tools in the design of advanced te1ecom networks (4). 

4. CONCLUSIONS 

We have described the issues involved in designing a computer-based model to be 
used in planning the structure of the CCSN. Starting with an analysis of CCSS 
characteristics and network planning scenarios, factors have been identified 
and modelled to permit flexibility, extension and accuracy. The model will be 
ana1yzed in order to assess the factors and formulate a methodology for plan
ning a common channel signalling network. 

The novelty of the CCSN, taking into account the emergence of digitalization 
and the introduction of the ISDN, presents an important cha11ange in this field 
of network planning. 
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