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1 . INTRODUCTION 

A CCITT No. 7 Common Channel Signalling (CCS) Network is a basic building block 
of ISDN. It comprises Signalling Points (SP) which originate, receive and pro
cess signalling messages, and Signalling Transfer Points (STP) whose task is to 
switch ' those messages thus operating as relay systems. The purpose of this pa
per is to examine traffic issues experienced by the CCS network during a tran
sition phase from a pure telephone context to an ISDN one. Even if ISDN cir
cuit switching is basically handled as in a telephone network, several 
differences arise from the fact that user traffic is composed of different 
kinds of calls corresponding to different teleservices and a large set of sup
plementary services is supported. All of this can cause additional signalling 
load. 

2. CIRCUMSCRIBING THE PROBLEM 

We assume that in a telephone network comprised of users, exchanges, transmis
sion facilities and a CCS system, some users migrate from telephony to ISDN. 
Migra,tion means converting the user access from an analog line to an ISDN one 
and the relevant traffic profile to a more complex structure, where new fea
tures are added to the basic service. Users number and network topology are as
sumed as constant and the share of migrating users as evenly distributed so 
that its impact is the same on every node and on every link of the CCS network. 

2.1 Network Structure 

In the real world a very numerous set of cases is possible, our study has been 
necessarily limited to a significant subset. As a reference we took the Itali
an network corresponding to an open-ended numbering plan and to a specific net
work hierarchy; only 64 kbit/s signalling links are considered. In our op1n10n 
these assumptions do not constitute a serious drawback, they are still repre
sentative of many public Signalling Networks. 

'~ iven the previous scenario, many routing configurations between the originat
ing and the terminating local exchanges can be envisaged. Two cases, depicted 
in figure 1, have been examined: (i) Local calls, in which the communicating 
exchanges are connected by direct trunks and by direct CCS links; (ii) Long 
distance calls, in which they communicate through two transit exchanges, the 
last being not directly connected by CCS links but through intermediate STP's. 
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Figure 1: Two different call configurations 

A further issue of interest is the numbering structure. Our study has been 
limited to two extreme cases: (a) Short called number, i.e. four digits, the 
shortest allowed by the national plan; (b) Long called number, i.e. 9 digits, 
the maximum provided. Combination of cases (i) and (a) is found in large urban 
areas. Case (ii) is commonly associated with use of the prefix+area code 
mechanism typical of inter-district calls. Different subcases may arise, i.e. 
the same number of digits can identify either a long subscriber number and a 
short area code or viceversa. Since this effect is secondary, it is assumed 
that the "long number" case for long distance calls corresponds to a one-digit 
area code and to -qhe longest subscriber number (8 digits). The "short number" 
case on the other hand is the most favorable and corresponds to a one-digit 
area code and a four-digit subscriber number. 

Other crucial aspects are related to the CCS network operation mode. 
With respect to forwarding of the called user's address two mechanisms are 
possible: overlap and en-bloc. Overlap means forwarding dialled digits to 
downstream nodes before the originating exchange has received all the digits, 
thus many messages are needed to transfer the called number. En-bloc is used 
when the calling terminal sends the entire number in one shot, in this case the 
number is carried by one message. 
In order to cater to the requirements of ISDN services, the existing Telephone 
User Part (TUP) is no more adequate and is supposed to be augmented by an 
enhanced version (TUP-E) as defined by the Italian Specifications and by CEPT 
Standards. Throughout our analysis it is assumed that telephone calls are 
handled by the basic TUP procedures using overlap operation only; for ISDN 
calls TUP-E is provided and both options (overlap & en-bloc) are considered. 
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2.2 User Characterization 

As a first step, we have considered the four user classes currently defined for 
the Italian telephone network. Then, a tentative characterization for ISDN us
ers has been derived both from estimates for the Italian ISDN Pilot Service and 
from the literature [2], [3]. The last was based on difterent criteria, conse
quently some adjustments have been made so that the same categories could be 
used both for the current (telephone) as well as for future ISDN users. Results 
are reported in table 1. 

Table 1: Segmentation of Users 

User category Access type 
CURRENT FUTURE 

ISDN penetration 
MIN MAX 

tele-
phone telephone ISDN telephone ISDN 

A) Residential 76 76.0 0.0 72.2 3.8 
number of lines =1 

B) Residential or Small Business 15 14.3 0.8 10.5 4.5 
1< number of lines <5 

C) Medium Business 6 5.1 0.9 2.4 3.6 
5< number of lines <30 

D) Large Business 3 2.2 0.8 0.9 2.1 
number of lines >30 

Total users: 100 97.6 2.4 86.0 14.0 

The aforementioned process also involved identifiying ISDN penetration among 
the different categories. Given the high degree of uncertainty, two scenarios 
have been envisaged. They are called respectively minimum penetration and maxi
mum penetration and could be considered as corresponding to two successive 
points in time during the transition to ISDN. In any case, since in its first 
stages the ISDN is expected to be utilized mostly in the business environment, 
it can be observed from table 1 that the penetration factor constantly increas
es when moving from class A) to class D). In table 1 the term "line" when re
ferred to ISDN should be interpreted as "basic access" (i.e. two B-channe1s) . 

3. SIGNALLING TRAFFIC 

3.1 Basic Service 

An analysis based on the TUP and TUP-E specifications has been carried out to 
obtain the parameters of signalling messages used to handle a complete call. 
Results are shown in table 2. 
With overlap sending the number of messages per call depends both on call type 
(local or long distance) and on the called number size. The last parameter has 
a major impact, since many messages are used to carry just one digit. It is 
also worth to note that in this case, and for long distance calls, messages 
transferred over the first signalling link are more than those transferred over 
the following ones. This is due to the fact that the first transit exchange 
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Table 2: Message characterization for the basic service 

TYPE of CALL: LOCAL LONG DISTANCE 
Dialled Number: Short Long Short Long 

first other first other 
TELEPHONE link links link links 

# of Messages per call 6 10 7 6 11 10 
Average msg length (bytes) 15.0 15.0 15.0 15.0 15.0 15.0 
coefficient of variation 0.12 0.09 0.11 0.12 0.09 0.09 

ISDN (Overlap sending) 
# of Messages per call 6 10 7 6 11 10 
Average msg length (bytes) 19.3 17.6 18.7 19.3 17.4 17.6 
coefficient of variation 0.27 0.26 0.27 0.27 0.25 0.26 

ISDN (En-bloc sending) 
# of Messages per call 6 6 6 6 
Average msg length (bytes) 19.3 19.7 19.5 19.8 
coefficient of variation 0.27 0.30 0.28 0.31 

(transit exchange A in figure 1) does not receive in the first message all 
information needed to identify the destination (transit exchange B); it must 
wait for a further digit which is then reassembled with the preceding ones. 
The message size distribution displays a more dispersed behaviour for ISDN than 
for telephone. 

3.2 Supplementary Services 

The analysis carried out for basic calls has been repeated also for ISDN calls 
involving supplementary services. Out of those described by the Italian speci-
fications, the following services have been considered: 1. Calling Line 
Identification; 2. Called Line Identification; 3. Three Party Service; 4. CUG 
(Closed User Group). Some additional assumptions have been introduced: for 
Calling Line Identification, the calling party does not supply to the network 
its correct number (in this way additional messages are required thus giving 
rise to a more critical situation); for Long Distance Three Party, both called 
parties have the same numbering structure (respectively shortest and longest). 

Table 3 illustrates the characteristics of signalling messages involved when 
overlap operation is used inside the network. With en-bloc operation the num
ber of messages does not depends on call type nor on number length but is cons
tantly the same, i.e. respectively 8, 7, 12 and 6 octets for the four services 
under study. Average values and coefficients of variations are generally 
slightly higher than with overlap. 
It turns out that in all cases service 3 (which comprises conference as a par
ticular feature) generates the same message sequence of two basic calls, thus 
producing the heaviest signalling overhead. 
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Table 3: Message characterization for supplementary services/overlap 

TYPE of CALL: LOCAL LONG DISTANCE 
Dialled Number: Short Long Short Long 

first other first other 
link links link links 

Calling Line Identification 
# of Messages per call 8 12 9 8 13 12 
Average msg length (bytes) 19.0 17.6 18.5 18.9 17.5 17.6 
coefficient of variation 0.25 0.24 0.25 0.25 0.24 0.24 

Called Line Identification 
# of Messages per call 7 11 8 7 12 11 
Average msg length (bytes) 18.6 17.4 18.1 18.6 17.2 17.4 
coefficient of variation 0.29 0.27 0.30 0.28 0.25 0.27 

Three Party Service 
# of Messages per call 12 20 14 12 22 20 
Average msg length (bytes) 19.3 17.6 18.7 19.3 17.4 17.6 
coefficient of variation 0.27 0.26 0.25 0.25 0.25 0.26 

Closed User Group (CUG) 
# of Messages per call 6 10 7 6 11 10 
Average msg length (bytes) 20.2 18.1 19.4 20.2 17.8 18.1 
coefficient of variation 0.34 0.33 0.34 0.34 0.32 0.33 

4. CCS NETWORK PERFORMANCE 

Firstly, a coarse evaluation of effects caused by different parameters has been 
done under the simplistic assumption that all calls are of the same type. ' The 
corresponding signalling link utilization versus the call arrival rate is shown 
in figure 2. Only some significant cases are reported, in particular the 
"best" combination (telephone call with 'short number) and the "worst" one (ISDN 
call, with long number, overlap sending and Three Party service) . 
Curves in figure 2 are straight lines since they simply represent a proportion
ality law directly derived from figures contained in the previous tables. How
ever they graphically depict few statements ,whose validity has been found to be 
more general, namely: (i) The effects of number length, ISDN calls, operation 
mode and supplementary services are all of the same order of magnitude; 
(ii) The extra traffic generated by ISDN alone is smaller than that due to long 
numbers; (iii) When passing from the most ' favourable case to the worst one, the 
original channel capacity can be reduced up to 1/4. 

In order to get more realistic evaluations, we considered a mixed call 
situation assuming that all ISDN calls use en-bloc operation and studying two 
cases: minimum ISDN penetration with no Supplementary Services; maximum 
penetration with highest utilization of Supplementary Services. In the second 
case we suppose that 50\ of the calls use supplementary services and that all 
services are evenly distributed among these calls. 
The rationale behind these additional restrictions is on one hand that ISDN 
~erminals are expected to be mostly of the en-bloc type (i.e. advanced 
equipment w~th on-board memory), on the other that it , is of interest to 
estimate the range of variation due to all combined effects, rather than 
evaluating all the intermediate cases. 
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Figure 2: Signalling Link load due to different types of calls 

The CCS network has been modeled as a network of queues. Calculations have been 
carried out both using common closed formulas for M/G/l queues (with the added 
independence assumption for long distance calls) and through simulation. 
To evaluate the results we used two parameters: transfer delay and call set-up 
delay. The first one is defined as the time needed by the CCS network to 
transport a message from the originating to the terminating SP; set-up delay is 
that elapsing from reception of the first digit by the local exchange until the 
exchange sends a connection signal to the calling party; it has been used since 
it gives an estimate of the global effect as perceived by the end user. Figure 
3 reports some simulated results for the average transfer delay. We observe 
that differences between the two extreme cases are smaller than differences 
with the basic telephone case and that the latter produces the highest values. 
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Figure 3: Average message delay for different mixes of calls 
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This effect is due to the facts that for the telephone case long numbers have 
been assumed and that the positive effect of en-bloc operation is stronger than 
the counter effect of the increased traffic. On the other hand it should be ob
served that for traffic values corresponding to reasonable link utilizations 
variations of the transfer delay are generally moderate. 

Time differences close to those of transfer delay are found also for the aver
age of set-up delay. Here absolute values are much higher, since the main con
tribution to delay is caused by processing inside the switching exchanges rath
er than by message transfer operations. Processing delays, obtained from data 
relevant to ISDN-enhanced telephone exchanges, have been treated as given cons
tants. Figure 4 illustrates simulated results. 
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Figure 4: Call setup delay for different mixes of calls 

5. CONCLUSIONS 

A signalling network behaviour has been analyzed under some typical conditions. 
The carried traffic is strongly affected by numbering plan and by network oper
ation. Introduction of ISDN, even if in principle associated with heavier sig
nalling traffic, may result in a more favorable situation if accompanied by a 
parallel introduction of more efficient operational modes. Different situa
tions can significantly impact the maximum network throughput. However, as long 
as signalling links work at a moderate utilization rate, variations in grade of 
service are limited inside a rather narrow range. 
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