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ABSTRACT 

This paper describes the approach used to evaluate ISDN traffic 
loading on a Fast Packet Switching (FPS) Exchange. Sensitivity 
analysis of the narrowband and broadband services and their 
penetration in the network of 1990s was conducted. Traffic 
characterization using a call modelling approach, was applied in 
the investigation of traffic load variations. The traffic impact 
analysis provided important input to the evaluation of the 
performance criteria, and network compatibility issues related to 
the FPS exchange. 

1. INTRODUCTION 

Telecom Canada* in conjunction with Microtel Pacific Research, has been 
investigating various advanced exchange architectures, for determining the 
conceptual switching alternative{s) for the network of 1990s. The advanced 
exchange will evolve to exploit the capabilities of technology, and to 
satisfy the demands of network, and those of the customer. It is likely 
that the exchange evolution will take two distinct architectural routes: 
(a) Segregated, (b) Integrated. 

The segregated exchange retains separate packet and circuit modules, with 
separate circuit switched (CS) and packet switched (PS) connections to 
provide narrowband capabilities. It may also support separate broadband 
capabilities via a broadband switch module adjunct. The integrated exchange 
integrates all circuit and packet connections internally in the switch 
module and optionally on the trunk side, to provide narrowband and broadband 
capabilities. 

The two emerging technologies with the potential for high performance are 
Fast Packet Switching (FPS) and Fast Circuit Switching (FCS). Conceptually, 
a hybrid of both of these techniques is also feasible, so as to blend the 
advantages of circuit and packet switching. 

* Telecom Canada is an association compr1s1ng Canada's nine major 
telecommunications carriers and Telesat Canada, the domestic satellite 
carrier. 
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Telecom Canada has defined potential network evolutionary stages by discrete 
network tleventstl occurring in eac~ stage. Each event encompasses a specific 
network capability. Several advanced exchange architecture models were 
developed, belonging to the segregated and integrated categories. These 
models were conceptualized for the same traffic loads, trunk and line sizes. 
The impact of advanced exchange architectures to the network as it evolves, 
then, will largely be a function of the implications of those exchange 
architectures to all anticipated events, along with exchange impacts to 
quantitative network criteria (e.g. performance) and external factors (e.g. 
regulation, standards). 

The application of traffic modelling, provided an important dimension to the 
performance assessment evaluation of the various exchange architecture 
models. This paper will focus on the study aspects related to FPS using the 
Asynchronous Transfer Mode (ATM) technique. 

2. NETWORK OF THE 1990S 

The network of the late-90s [4] will provide the full range of voice, data 
and image services. The future network illustrated in (Fig. 1), will take 
shape with the introduction of database-derived controls of the switching 
functions in the network (network intelligence) and the Integrated Services 
Digital Network (ISDN). This will be primarily in response to satisfy 
customer requirements for new and innovative services. 

The advanced exchange will be the cornerstone of the network of late-90s. 
In this timeframe, it is likely that the major portion of the network will 
be digitized, ISDN interface standards will be in place, and with network 
intelligence, a significant level of narrowband as well as broadband 
services portfolio will be available. Thus, most of the network will carry 
nothing but streams of bits, regardless as to whether their original source 
was voice, data or image. Concepts such as bandwidth on demand, standard 
wideband interface for both the access and network, and dynamic 
packet/circuit switching capabilities, indicate a strong trend toward the 
potential deployment of a FPS architecture. 

3. SERVICES - TYPES & PENETRATION 

In order to support new service offerings, the advanced exchanges should 
offer a cost effective way of providing access facilities, utilizing 
standard ISDN channel structures via User Network Interfaces (UNI) and 
Network-Node Interfaces (NNI). The following ISDN access chan~el structures 
are the likely means for the Telephone companies, to support new and 
existing services: 

- Narrowband Applications 

• Hybrid Access: 
- User Segment: 

A+D (Data over existing voiceband services) 
Residential Subscribers 

• Basic Access: B+O, 2B+D channel s 
- User Segment: Mostly residential and small business subscribers 

• Primary Access: 
- User Segmen t: 

23B+O, 30B+O, Hll+0, xHO+yB+D channels 
Medium and large business subscribers 
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- Broadband Applications 

• Universal Fibre Optic Access: nxHll, H21, kxHll+mxB+H4+nxD channels 
- User Segment: Medium and large business for broadband data and 

video capabilities, as well as residential 
subscribers. 

These service requirements will be supported in the future network, by the 
set of connections as shown in Table I. The traffic loading of the advanced 
switch will be influenced by these service connection types. 

The three user segments covered above were analyzed for penetration of 
services. This was attempted by investigating the customer service 
portfolios, that may be used in various reference customer premises 
scenarios (CPS) utilizing ISDN access interfaces. The traffic projections 
and the penetration estimates for these services were prepared. 

The residential CPS will include basic telephone, data/digital telephone 
terminal, alarm service/meter reading, videotex and TV distribution. 

The small and medium business CPS will include basic telephone /PABX system, 
data/digital telephone terminal, alarm service/meter reading, 
teleconferencing, LAN based computer network, office automation system, 
mini-computer system, database downloading, videotex and TV distribution. 

The large business CPS will include PABX and Centrex systems, key systems, 
mainframe computer systems, as well as all the other applications included 
in the medium business CPS. 

A universal fibre optic access (UFOA), a generic broadband ISDN arrangement 
in all the three user market segments, would certainly satisfy the current 
and future services demand. This UFOA arrangement will require a large 
transmission capacity, so as to maintain flexibility for service changes to 
support a multi-media access network. It is 'premature to define the access 
line penetration for different services. However, the trends are noticeable 
from the traffic projections and the penetration estimates performed for the 
three user segments. 

4. TRAFFIC CHARACTERIZATION 

The planning and engineering of the advanced exchange will require, 
consideration of the traffic characterization of the ISDN service 
subscribers with multiple levels of activity, speeds, information volumes, 
holding times, and penetration of services. Since many of the services may 
be carried by, either PS or CS modes, a unified characterization for a 
multi-service environment is the starting point for traffic definition, at 
the user and network interfaces. The non-voice services require a different 
and more complex characterization than that of standard telephony. The 
knowledge of the call composition is a primary requirement to derive the 
demands and the resource utilization of the ISDN architecture. 

A unit "call" is treated as a basic reference with aggregation of the 
associated components, such as, messages, packets, blocks of information, 
bits, etc. CS and PS mode type of service calls "During Standard 
Observation Period" (e.g. busy hour) are categorized into separate classes 
of services. All the service and traffic classes are grouped to simplify 
the treatment. Integrated Call Attempts (ICA) 1s uniquely defined, as the 
weighted average of each traffic class demand for the convergent 
multi-service flows with their corresponding penetrations [1,2]. 
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The ICA technique provides the weighted averages of Calling Rate, Call 
Holding Time, Call Traffic, Call Information, Block Rate of Information, and 
Information Volume incident at a network interface. Out of these six 
parameters, the Calling Rate, Call Holding Time, and the Call Traffic are 
the key parameters that completely characterize the traffic. Thus, for 
further analysis only the weighted averages of Calling Rate, Call Holding 
Time, and Call Traffic were considered. 

A traffic model is defined aS ,a collection of data characterizing the 
traffic to be handled by an exchange. The key traffic parameters for "jll 
number of services belonging to "illth class service during a busy hour 
period in an "Average Busy Season (ABS) Value for the Highest Day (HD)II 
are [3]: 

- Average call rate ().ij) 
- Average call holding time (hij) 
- Average call traffic (pij) 

The ICA units of these three parameters can be used for trunk and line 
sizing, and they are: 

A = l:l: Aij * Pij 
p = l:l: Pij * Pij 
h = l: l: hij * Aij * Pij lA 

Where A, p and h refer to the weighted average (ICA units) of calling rate, 
call traffic and call holding time, pij is the relative penetration of each 
service class. 

With the help of explicit traffic distribution, this model may be used to 
determine traffic parameters, based on extreme values. It is assumed that 
ABS to HO increment is a linear function of ABS traffic per subscriber line 
in a carrier serving area. Thus, the HO traffic value is a summation of ASS 
value and that of the increment. The Busy Hour Call Attempts (BHCA) ratings 
are based on the weighted average of HO calling rates. 

In the Telecom Canada Study, traffic models were developed for estimating 
the ICA parameters at the ISDN user interfaces, that will most likely be 
deployed in the residential, small, medium and large business customer 
premises scenarios. These included models for telephone, interactive 
videotex, data dialog, facsimile and broadcast systems (e.g. TV 
distribution, videoconferencing, etc.) Finally, this exercise yielded a 
projection of ICA units at the user interface, and was crucial in estimating 
the traffic loading on the FPS exchange. 

5. TRAFFIC LOADING ON FPS 

In the network of the late-90s, the traffic loading of the exchanges will be 
considerably off loaded by the network intelligence distributed locally, 
regiona11y and nationally. The key parameters assumed for the study 
included exchange BHCA rating (800,000) and Network Blocking (.01). The CS 
and PS services are the two basic classes categorized in narrowband and 
broadband services. In the case of FPS, all the services are merged into a 
single class with varying information rates. 
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Table 11 shows the traffic parameter in ICA units, at the ISDN interfaces 
terminating on the exchange. This information was derived from the traffic 
and the penetration estimates of various services, developed earlier for the 
user segments. The ICA units as shown in Table 11, are helpful in 
estimating the size of an exchange. The size of an exchange can be 
dimensioned on the basis of its capability to support multiple clusters of 
customer premises equipment (CPE) units. The ISDN CPE number in the user 
segments was assumed to be linearly proportional to the projected population 
estimate. Each member of the CPE cluster, supports an ISDN user interface 
with specified traffic parameter in ICA units. Thus, the exchange size 
varies depending on the number of clusters, and the number of members in the 
cluster itself. 

Table III indicates the different exchange sizes in the model, that support 
CPE clusters, addressing the needs for rural, urban and industrial 
locations. It also shows that CPE units can be broadly categorized 
belonging to, narrowband and broadband services. The segregated exchange 
allocates separate ISDN channels as per the demand, by clustering the CPE 
units as per the required ISDN user interfaces. 

6.0 DISCUSSION ON RESULTS 

The traffic loading study also provided information toward evaluating the 
exchange performance criteria. Major performance related areas, such as 
access delay, call blocking, throughput and capacity savings were addressed 
in a conceptual manner. The tables 11 and III indicate that the traffic 
loading dictates the need for an exchange with fast processing power. It 
appears that FPS exchange utilizing UFOA, can provide low access delay, high 
capacity savings, low blocking, high throughput and high reliability. As 
shown in Table 11, an UFOA type of access arrangement at the CPE units has a 
traffic characterization (in ICA units) of calling rate of 8.86 SHCA, 
holding time of 396 sec. and traffic of 0.975 Erlangs. This means there is 
sufficient capacity for handling more access by the same unit. 

7.0 CONCLUSION 

The technique of Integrated Call Attempts was used to evaluate the ISDN 
traffic loading on a FPS exchange. As the penetration of narrowband and 
broadband services cannot yet be accurately forecasted, a sensitivity 
analysis of penetration estimates of the services was conducted, and the 
consequent traffic load variations were investigated. This helped in 
evaluating the performance criteria, and network compatibility issues 
related to the exchange. From the traffic loading viewpoint, the UFOA is 
optimally suited for all user segments. An integrated exchange, such as 
FPS, could utilize UFOA as a cost-effective CPE solution, thereby minimizing 
the ISDN user interfaces and provide effective resource sharing. 
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TABLE I CIRCUIT AND PACKET CONNECTIONS 

MODE RATE TYPP SYMMETRY- TOPOLOGY-

CIRCUIT 64 kbit/s sw.se,p un,bia.bisy pt,mpt 
CIRCUIT 384 kbitls sw.se.p un.bias.bisy pt.mpt 
CIRCUIT 1536 kbitls s':V.se.p un.bias.bisy pt.mpt 
CIRCUIT 43 Mbitls sw.se.p un pt 
CIRCUIT ISO Mbitls sw.se.p un brdct 

PACKET 0-16 kbit/s sw.se un.bias.bisy pt.mpt 
PACKET 0-64 kbit/s sw.se un.bias.bisy pt.mpt 
PACKET 0-1536 kbitls sw.se un.bias .bisy pt.mpt 

-NOTE:-
sw: switched. se: semipermanent. p: permanent. pt: point-to-point 
mpt: mulLi-point. brdct: broadcast. un: uni-direcuonaJ 
bisy: hi-directional symmetric. bias : hi-directional asymmetric 

CHANNEL 

B 
HO 
Ht 
H2 
H4 

Dor B 
B 
Ht 

TABLE" ICA UNITS AS WEIGHTED AVERAGES AT ISD~ USER It-.TERFACES 

ISDN Call Holding Tr4lffic 
Interfaces Arrival (BHCA) Time In Scc . In (Erl) 

213+0: 

Low 6.H4 327 .624 
Medium 8.55 327 .78 
H~h 10.26 327 .936 
23B+0: 

Low 5.3!\ 45(; .682 
Medium 6.73 456 .853 
High 8.08 456 1.024 

3H0+38+0: 

Low 5.38 456 .682 
Medium 6.73 456 .853 
High 8.08 456 1.024 
Hll+D: 

Low .71 2635 .515 
Medium .88 2635 .644 
High 1.06 2635 .773 
H21+D: 

Low .17 10800 .504 
Medium .21 10800 .63 
High .25 10800 .756 
H4+D: 

Low .033 10800 .098 
Medium .041 10800 .123 
High .049 10800 .148 

UFOA Access: 

Low 7.09 396 .780 
Medium 8.86 396 .975 
High 10.63 396 1.170 
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TAnLE J11 ISDN ACCESS INTERFACES TERMINATING ON AN ADVANCED SWITCH 

ISDN RURAL URBAN INDUSTRIAL TANDEM TRAFFIC 
INTERFACES AREA(ln (XX)s) AREA(ln <XX>s) AREA(ln OOOs) In <XX>s 
2B+D 60 40 30 0 

23B+D 4 8 12 4 

3H0+3B+O 4 8 12 4 

Hll+D 8 16 18 8 

H21+D 2 4 4 2 

H4+D 2 4 4 2 

TOTAL 80 80 80 20 To be added on 
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