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For cost-effecti ve development, planning and dimensioning of new 
switching systems and networks, knowledge of the expected traffic 
volume is necessary. In this paper, traffic models for an ISDN with 
integrated packet-switching are derived taking into account voice and 
the essential non-voice services. The models consist of values for 
traffic intensities, BHCA and packet volume for a mean ISDN user 
access. 

1. INTRODUCTION 

Communication capabilities will be offered to users of the ISD~ in the form of 
defined services. In the CCITT recommendations, these services are divided into 
the categories: bearer services, teleservices and supplementary services. All 
these services will be integrated in the ISDN. 
CCITT Recommendation X.31 has also made possible the transmission of packet 
messages over the user access line. Furthermore discussion of the New Packet 
Mode at CCITT will pave the way for integration of packet switching into the 
ISDN excnange. 
As a basis for system development and the dimensioning of the various network 
components, quantitative models have been developed for ISDN with integrated 
packet switching. They contain mean values for traffic intensities, BHCA and 
number of packets for packet-switched services for a mean ISDN user access. 
The traffic models have been prepared on the basis of measurements, forecasts 
and estimates for the public network in the Federal Republic of Germany (F~G). 
This paper gives an overview of the results of these studies and outlines the 
investigations which produced them. 

2. MEAN USER TRAFFIC VALUES FOR CIRCUIT-SWITCt-ED SERVICES 

2.1. Bearer services and teleservices 

It is already known from measurements in analog networks that there is a 
difference in traffic intensity between subscriber lines in the private sector 
and those in the business sector. Therefore the ISDN user accesses are 
classified into the following three groups according to their respective 
traffic vollJTle: 
- residential accesses (1 access means 1 Basic Access, B + B + D) 
- business single accesses (1 access means 1 Basic Access, B + B + D) 
- PABX accesses (1 access means 1 B-channel via Basic Access or Primary 

Rate Access). 
For these 3 groups Table 1 summarizes the traffic parameters of terminals for 
those services which are of quantitative importance. 
The figures for residential and business single users are our own estimates. 
An explanation of these figures is given below. 
The values for users of PABXs have been taken from Ill. It should be noted 
that only the external traffic of the PABX users flows into the ISDN. 
In the traffic values U1canpleted calls are consi dered. 
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Table 1: Mean traffic values per te~ for ISDN services of ISDN users with 
the exception of telephone services, where traffic values refer to 
all terminals (telephones) of a user access 

a) Residential cn:t business single user accesses 
Access Servlce Traffic Mean hJldlng BHCA 

time 
erl s 

Residential Telephone 0.10 100 3.6 
users Interact. videotex 0.10 720 0.5 
Business Telephone 0.19 100 6.& 
single users Fax 0.093 70 4.8 

Teletex (2400 bit/s) 0.013 8 6.0 
Interact. videotex 0.25 300 3.0 
Data 0.156 24.4 23 

b) Users of I~ PA8Xs 

Servlce Total Share of External traffic (on line to excnange ,' 
traffic III ext. traffic Traffic Mean holding time BHCA 
erl % erl s 

Telephone 0.15 50 0.07 107 2.4 
Fax 0.15 50 0.074 70 3.8 
Teletex 0.05 50 0.025 8 11.3 
Interact. videotex 0.3 lCO 0.3 300 3.6 
Data (dialoa) 0.5 lOG 0.5 60 30 

Remarks on the traffic values of residential and business single users: 

- Telephone services 
These figures are based on measurements of the existing telephone network in 
the FRG and the assumption that in the introductory phase high-volume sub
scribers will be the predominant users of ISDN. 

- Facsimile (Fax) 
The data .for facsimile traffic have been obtained fran measurements of group 
3 facsimile connections. For this type of traffic the following average 
planning data can be derived: 

Number of pages per call: 2 
Mean holding time: 110 s 
Traffic load per line: 0.078 erl 

The traffic data given in Tab. 1 are average figures from groups 2, 3 and 4 
(64 kbit/s) traffic and take into account the increasing traffic volume, 
resulting from the expected growing number of facsimile terminals. 

- Teletex 
The traffic parameters were derived from traffic measurements on a Teletex 
system (2400 bit/s) installed at Siemens AG in Munich. It was revealed that 
10% of the most frequently used terminals generated 50% of the total traffic. 
Even on these very heavily loaded lines, only 2.3 calls were recorded in the 
busy hour. It is to be expected that as the Teletex service spreads (i.e. more 
users), the traffic carried and calling rate per Teletex line will increase. 

- Interactive videotex 
Analysis of the German videotex system (Bildschirmtext) revealed that in mid-
1987 the videotex system was accessed on average 0.8 times per subscriber 
per day. The mean holding time lay in a range between 5 and 20 minutes. 
These figures are data from the introductory phase; it can be expected that 
business users in particular will make more frequent use of the videotex 
system, while the mean rolding time will tend to becOOle srorter due to direct 
access methods. 
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- cata traffic 
When defining traffic parameters for data traffic, the wide variety and 
diversity of applications for data transmission should be taken into account. 
Two vastly different situations with regard to traffic characteristics are 
dialog-oriented (interactive) data traffic and batch data traffic. The figures 
given in Tab. 1 for "Data", business single user, aSSlJTle SI equal division 
into 50% dialog traffic and 50% batch traffic (see Tab. 2). 

Table 2: Traffic parameters for data traffic for business users 

Traffic Mean holding time BHCA 
erl s 

dialog 121 0.3 60 18 
batch 0.012 1.5 28 

Mean 0.156 24.4 23 

2.2. Supplementary services 

A number of supplementary services simplifiy and accelerate the communication 
process and improve the probability of reaching the called subscriber. In SOrTie 
cases the use of supplementary services increases the load on the syste~, but 
on the other hand it is likely to reduce the number of repeated call attempts. 
An analysis of the use of supplementary services in a large PABX (14,000 exten
sions) shows that only 1.3% of all originating calls results frOOl the use of 
supplementary services (see Appendix). Because of this only slight increase of 
the BHCA, especially when compared with overall telephone traffic, supplemen
tary services are not taken into account in the traffic model. 

3. MEAN NJMBE R OF USER PACKETS PER PACKET -SWI TCt-£D CAL L 

In the FRG, at present, only the data traffic into the Datex-P-network is 
packet-switched. It is planned that ISDN users will be given access to this 
network. Later, it is also possible that some (or all) of the non-voice 
services which so far have been circuit-switched will in future operate in 
packet-switched mode according to the New Packet Mode. 

The paragraphs below give an estimate of the volumes of date to be transmitteo 
for the individual non-voice services. 
- Fax 

An average of 2 pages per call are transmitted (see 2.1.). For each page 
this means about 800 kbits on average at 400 ppi (pixels per inch). This 
figure is taken as being roughly equal to one page of a text book with 
illustrations (~ worse case). 

- Teletex 
An average of 0.8 pages per call are transmitted Ill. One page takes about 
10 s to transmit at 2400 bit/s. 

- Interactive videotex 
According to our own estimates, about 12 pages per call are transmitted to 
residential accesses and about 6 pages per call to business accesses. About 
15 kbits are used per page. This figure applies to character mode (including 
control characters). 

- Data (our own estimates) 
• transmission: about 32 kbits per call 

dialog: for .simple dialog applications (such as for travel agencies, cash 
dispensers in savings banks etc.) 3 dialog cycles per transaction. Between 
0.6 and 8.8 kbits per cycle, and on average 4.7 kbits are transmitted. 
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• Datex-P traffic 
According to measurements made by the Deutsche Bundespost (DBP) /3/ Datex-P 
traffic as a whole is subdivided into 55% PVC (permanent virtual calls) and 
45% SVC (switched virtual calls). Each SVC has an average of 948 segments 
to transmit. The average packet length is 50 octets (2 segments = 1 packet). 

Table 3: ,Data volume or user data packets (mean values) to be transmitted 
per call (virtual connection) in packet-switched non-voice services 

Servlce Da ta volL.ne Nunber of user Type of Fllling of 
kbits data packets traffic packets with 

(1024 bits/packet) user data in % 

Fax 1600 1563 stream 100 

Teletex 19.2 38 burst 50 
Interactive videotex 
- residential 180 352 burst 50 
- business 90 176 burst 50 
Data 
- transmission 32 31 stream 100 
- dialog 14.1 28 burst 50 
- Oatex-P 190 474 burst 40 *) 

*) derived from OBP measurements 

4. TRAFFIC MJDEL FOR CIRCUIT - PND PACKET -SWI TCr£D TRAFFIC 

In this chapter traffic models for a mean ISDN user access will be derived. 
They refer to the ISDN in the FRG around the year 2lXXl. 

For this purpose it is necessary to estimate 
- the use of the different ISDN services by the ISDN subscribers (s. par. 4.1.) 

and 
- the subdivision of the ISDN user accesses into the 3 user groups 

(s. par. 4.2.). 

As far as packet switching of non-voice services is concerned, three possible 
solutions have been studied /4/: 
Model 1: Only the data services to the Datex-P network will be packet-switched. 

All other voice and non-voice services will operate in circuit
switched mode (present functional status). 

Model 2: All data services will be switched in the packet mode. The other non
voice services will be 50% packet-switched and 50% circuit-switched. 

Model 3: All non-voice services will be packet-switched. 

4.1. Use of voice and non-voice services 

Table 4: Use of voice and non-voice services by 
ISDN subscribers in the year 2000 (FRG) 

Servlce 

Telephone 
Fax 
Teletex 
Interactive videotex 
Data (as per table 1) 
Datex-P 

ISDN SUbscribers 
residential business 

100 % 

30% 
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100 % 
5 % 

10 % 
19% 
16 % 

2 % 

PABX 

100 % 
2 % 
4 % 
7.5 % 
6.5 % 
0.7 % 
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The figures for non-voice services are based on an estimate of expected 
demand for non-voice tenninals in the FRG. 
The figures in the "PABX" column relate to extensions in PABX systems. For 
larger PABX systems in the year 2000 there will also be a large number of 
extensions exclusively using voice communication. Thus the figures for use of 
non-voice services by such subscribers are lower than for business subscribers. 

4.2. Subdivision of the ISDN user accesses into the 3 user groups 

According to a separate estimate around 4 million ISDN user accesses with 
around 6 million B channels will be installed in the FRG in the year 2000. 

These user accesses will be divided among the individual groups as follows: 
26% residential accesses (Basic Access with 2 B channels), 
28% business accesses and accesses for small PABXs with one exchange line which 

will al so be gi ven 1 Basic Access with 2 B channels wren converted to ISCt-J, 
46% PABX accesses for PABXs with more than one exchange line. It is assumed 

that one B channel (via Basic Access or Primary Access) will be provided 
for exchange line. Exchange lines of PABX systems currently have an 
approximated average load of 0.62 erl. ~e B channels will then also have 
this load. For the traffic values shown in Table 1 and the use of non-voice 
services shown in Table 4 tre external traffic of about 4.8 PA6X extensions 
can then be routed aver one B channel. 

4.3. Mean traffic volume per mean ISDN user access 

Based on the traffic values given in Tables 1 and 3 and taking account of use 
of voice and non-voice services (Table 4) and the division of user accesses 
among the 3 groups, the following results are obtained: 

- Mean traffic value for a mean ISDN user access, see Fig. 1. 
The traffic values in Fig. 1 contain the total circuit- and packet-switched 
traffic. For packet-switched traffic the total duration of the virtual 
connections was calculated. (The possiblity that 2 or more customers may 
use the same existing virtual connection was neglected). So the traffic 
values for a mean ISDN user access are equal for the three models. Fig. 1 
shows that about 60% of the total traffic is voice traffic. It should be 
added that about 73% of the total traffic originates from PABX accesses. 
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Mean traffic values for a mean ISDN
user access in the year 2000 (FRG) 

t 15 

Cl) 
Cl) 

CD 
u 

10 u 
ca ... 
CD 
Cl) = z 
Cl 

5 Cl) -........ 
et 
c..,) 
% 
a:l 

0 

-

Data (35%) 
-

-
Voice (51 %) 

Model 1,2,3 

FII1RE 2 

-.-........ 
Fax (2%) 
Teletex (7%) 
Videotex (5%) 

tJean nunbers of BHCAs for a mean IS[)J 
user access in the year 2000 (FRG) 

4.1A.2.5 



ITe 12 Torino, June 1988 

- ~an rumber of BHCAs for a mean ISDN user access, see Fig. 2. 
These values are also equal for the 3 models. For packet-switched traffic the 
nlJTlber of BHCAs corresponds to the rumber of call attempts of the virtual 
connections. 
fig. 2 shows that the rumber of BHCAs to be switched qy the new non-voice 
services is roughly doubled. The non-voice services are dominated by the data 
services. 

- Mean rumber of user data packets per busy hour for a mean ISDN user access 
s. fig.3. 
Fig. 3 .illustrates that the number of user data packets would increase parti
cularly if all the non-voice-services which to-day are circuit-switched were 
switched in the packet mode. 

J 
800 -

c 
~ 600 >-"'", =", 
-=Q) 

""u 

-
Fax (45%) 

'" u 
_ ca 

400 Q) 
~ ~ 
u Q) 

ca '" c.= 
caZ 
1;0 200 "'C en 

- Fax (35%) .-

Teletex (4%) Videotex (19% ) Videotex · ( 14%) -

Teletex (6%) 

-~ Q) ~ 

'" Q) 
~Q. 

0 

- Data (47%) Data (30%) 
Data 

Model 1 Model 2 Model 3 

FIGURE 3 
Mean numbers of user data packets per busy hour for a mean ISDN user access in 
the year 2000 (FRG) 

5. CONCLUSIONS 

The figures presented have shown: ISDN will lead to an increase in the BHCA 
values, expecially as a result of the integration of the non-voice services; 
also growth will be highest here. The transition to ISDN is thus not only a 
functional but also a considerable quantitative expansion. 
These traffic models are based on estimations from service-specific networks 
with their own tariff structure. An integration of these services in an ISDN 
with a homogenous tariff structure may result in essential changes in traffic 
behaviour. Therefore the traffic values can only be very rough and must be 
updated continously. 
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Appendix: Traffic analysis of supplementary services 

In an analysis of supplementary services with regard to their effects on the 
call handling capacity of a system or network they can be divided into the 
following three groups: 
a) SLPPlementary services which when used do rot produce Cl'ly additional call 

attempts, such as abbreviated dialing for example. 
b) Supplementary services which can be activated within a call attempt, e.g. 

automatic callback, storage of last dialed number or diverting a call. The 
use of these services does rot result in any new call attempt but initiates 
additional processing operations in the control of a system or network. 

c) Supplementary services which produce additional call attempts, e.g. the 
activation or deactivation of a call diversion or the cancellation of a 
callback job. 

A traffic study of a large PABX with some 14,000 extensions, of which 12,000 
could use supplementary services, shows that only 1.3% of all originating calls 
used type c supplementary services (see Tab. A). However it should be taken 
into account here that some of these supplementary services, e.g. automatic 
callback, can only be used in traffic within the PABX itself (70% of total 
calls). 

Table A: Usage rate of supplementary services 

Call rate % of orig. % of term. 
per day calls calls 

Originating calls 167 717 
Terminating calls D4476 

Type a SURJ1ementary services 
- Centralized abbreviated dialing 10 429 6.2 
- Use of number repetition 1 708 1 

Subtotal type a 12 137 7.2 

Type b SlW1ementary services 
- storage of last . dialed number 632 0.4 
- Activation of automatic callback function 3 660 2.2 
- Call diversion to voicemail system (810 subs.) 1038 0.8 
- Call diversion variable 4 432 3.3 

Subtotal type b 9 762 2.6 4.1 

Type c SlW1ementary services 
- Activation of call diversion to voicemail system 385 0.23 
- Activation of variable call diversion 655 0.39 
- Deactivation of var. I voicemail call diversion 1048 0.63 
- Deactivation of automatic ca11back function 119 0.07 
- Three party conference 16 0.01 

SLbtotal type C 2Z23 1.33 
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