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TRAFFIC CHARACTERISTICS OF CONTROL SIGNALS IN AN ISDN SWITCHING SYSTEM 
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ABSTRUCT 

In an ISDN switching system, traffic 
characteristics of signalling information 
messages via the D-channel is investigated 
according to the network layer protocol 
described in the CCITT I/Q series 
recommendations. A simple traffic model for 
the signalling information messages is proposed 
and analyzed. Using this model, signalling 
information traffic via the D-channel can be 
estimated accurately enough to design a 
D-channel handler for an ISDN switching system. 

1. INTRODUCTION 

The Integrated Services Digital Network 
(ISDN) attracts attention as the communication 
network technology of the 21st century. In 
1984, the CCITT introduced the CCITT I series 
recommendations for standardized ISDN 
USER-NETWORK INTERFACES. An ISDN switching 
system with the . above-mentioned standardized 
interface will be marketed in a few years. 

One of the differences between an ISDN 
switching system and a traditional switching 
system is the adoption of a frame structured 
signalling protocol via the D-channel. The 
D-channel is one of the channels which are 
designated for user-network interface in the 
CCITT I/Q series recommendations. Between user 
terminals and the switching system, the 
D-channel conveys signalling information for 
circuit switched connection control, packet 
switched connection control, user packets, and 
so forth. 

MU RATA 
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The protocols for signalling information 
via D-channel are defined as follows, based on 
the OSI reference model. Data link layer (layer 
2) is de~cribed in Q.920 (I. 440) and Q. 921 (I. 
441), and network layer (layer 3) is described 
in Q.930 (I. 450) and Q. 931 (1.451). 

In this paper, signalling information 
traffic between user terminals and the switching 
system is investigated according to the network 
layer protocol described in the CCITT 
recommendations. 

2. SIGNALLING VIA THE D-CHANNEL 

Fig.1 shows an example of the ISDN bas ic 
access. On a customer's premises, user 
terminals are installed and connected to the 
Network Termination (NT) through connectors. 
In a subscriber loop between the NT and a 
switching system, two B-channels (64Kbps) for 
data/voice flow and one D-channel (16Kbps) for 
signalling flow are utilized. Every terminal 
will be able to access these channels, depending 
on the customer's requirements. 

In the switching system, the D-channel 
signal is picked up from the subscriber loop, 
and sent into a D-channel handler which 
processes signalling information in order to 
control user-network connections. 

An example of logical links in the 
D-channe 1 is shown in Fig. 2. An endpoint in a 
user terminal and an · endpoint in the switching 
system are connected by a logical link. A user 
terminal or the switching system may have 
mUltiple endpoints. In addition, every terminal 
has a special endpoint which is connected with 

Fig. 1 An example of the ISDN basic access 
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the same endpoint in the 
switching system by a 
broadcast data link. 

CUSTOMER PREMISES SWITCHING SYSTEM 

TE(l) TE(2) TE(3) 

Fig.3 indicates a 
typical frame format of 
signalling information in 
the D-channel. One frame 
starts a flag sequence 
"01111110" and ends 
another flag sequence 
"01111110". The layer 2 
field in the frame 
contains a data link 
connection identifier 
which indicates the 
logical link -number in the 
D-channel. 

Broadcast data link o channel 
The layer 3 field consists 
of a protocol 

Fig. 2 An example of logical links in the D-channel 

discriminator, a call 
reference identifying a call on the user-network 
interface, a message type, and information 
elements. 

These information elements carry signalling 
information in the D-channel between terminals 
and the switching system. Here, we simply 
define the frame including these information 
elements as a "message." 

Traffic characteristics of "messages" can 
be estimated more precisely than that of 
ordinary packet communications, because every 
transfer sequence of the messages is described 
in CCITT Recommendation Q.931. 

(1) In many cases, when a endpoint sends a 
message V1a a logical link, the endpoint 
will not send another message to the other 
endpoint of the link untill it receives a 
response message from the other endpoint. 
Thus, the ability to send messages depends 
on the reception of messages from the other 
endpoint of the logical link. 

(2) Massages for signalling in the D-channel are 
classified into two types. Type A is a 
class of messages which will be 
automatically sent after the reception of a 
preceding message. Type B is a class of 
messages which will be sent when a trigger 
input is given directly by a user, by a CPU 
in the user terminal, or by a message from 
another switching system. 

In Fig. 4, examples of type A messages are 
RELEASE, RELEASE COMPLETE, and so forth. 
Examples of type B messages are SETUP, 
CONNECT, DISCONNECT, etc. 
Therefore, once a message begins to be sent, 
the messages in the link continue to be sent 
and received for a while. Once the message 
terminates, no messages will be sent for a 
while. 

(3) Because of the "multi-link" capability of 
the D-channel, it - is necessary to consider a 
worst case senario where many terminals 
communicate with a D-channel handler at the 
same time. In addition, the number of 
terminals in a subscriber loop is ordinarily 
limited to 8 in the basic access, which is 
not enough to bring about the large number 

0 1 1 1 1 1 1 0 

Flag 

Address 

----------------------(Data link connection identifier) 

Control 

Protocol descriminator 

0 0 0 0 I Length of 
I 

I call reference 
I 

: value (in octects) 

Call refernce value 

0 I Message type I 

Mandatory and additonal information 

elements as required 1 
Frame check sequence 

-------- - (FCS)- --------
Flag 

0 1 1 1 1 1 1 0 

Fig. 3 A typical frame format 

effect for D-channel traffic. 

(4) The message traffic in a link congests at a 
specific sequence in the D-channel protocol. 
An example is a sequence concerning called 
terminals: Many terminals return the CALL 
PROCEEDING and ALERT messages as a response 
to SETUP message, and after the reception of 
CONNECT from a terminal, the switching 
system sends a RELEASE message to all the 
other terminals. These terminals send 
RELEASE COMPLETE messages in return. 

Signalling information messages in the 
D-channel are classified into the above 
mentioned types as shown in Table 1. 

The message traffic in the D-channel is 
described with the continuous message bursts 
which start with a type B message and continue 
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with a type A message. Table 2 provides a list 
of these continuous message bursts and shows 
that the average length of the burst is about 
2-3 messages in consideration of the frequency 
of each burst. 

Although the average time spent to receive, 
process, and send a message using D-channe1 
signalling format is not clearly described in 
the CCITT recommendations, the CCITT Q. 514 
(Performance and availability design objectives 
for a digital local and combined local/transit 
exchange) s4ggests design objective values of 
about 250 msec - 400 msec as the average time 
for dial tone sending delay, exchange call set 
up delay, exchange call release delay, and so 
forth. 

Therefore, the average spent time of a 
message in the system is estimated as about 100 
msec - 200 msec. 

On the other hand, a signalling message 
with a m~n~mum length of 11 octets and an 
average length of about 20 octets, takes about 
10 msec to be sent or received via a 16Kbps 
D-channe1. Even if 50 msec is assigned to the 
processing in a terminal/switching system, the 
total spent time in the system (70 msec) is not 
of sufficient length to compare with the design 
objectives. 

Accordingly, an investigation concerning 
the message processing capabilities of terminals 
and the switching system, number of connectable 
terminals in a subscriber loop, and the average 
spent time in a system, becomes necessary in 
consideration of the traffic characteristics of 
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3. TRAFFIC MODEL 

messages in the 

In regard to the afore-mentioned traffic 
characteristics, the traffic model illustrated 
in Fig. 5 is proposed here. 

Terminals: The service time in a terminal 
has an exponential distribution with service 
rate ~l. Although each terminal makes its 
service independen1y, one queue with m servers 
is presented rather than m queues with one 
server, to simplify the traffic model. This 
simplification is justified by the fact that the 
messages arriving at the queue do not need to 
wait, because the number of messages in the 
traffic model does not exceed the number of 
servers .in the queue, as will be discussed later. 

The switching system: A service time in a 
switching system is also proposed as having an 
exponential distribution, with service rate ~2. 
Messages between terminals and the switching 
system are transfered in a physical link and 
processed by a D-channe1 handler. Therefore, a 
queue with a server represents the switching 
system. The number of messages waiting in the 
queue has no limit. 

An idle state: In order to illustrate 
"massage bursts," an idle state queue is 
presented. When a message remains in the idle 
state queue, the continuous exchanges of 
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messages in the link is stopped for a while. 
Afterwards, the next message burst begins when 

the message departs from this queue. 
A service in this queue has an exponential 

distribution with service rate ~3' 

Total number of messages in the model: To 
reflect the stuation that a finite number of 
logical links are connected with aD-channel 
handler, and that an endpoint which does 
send/receive/process a continuous message burst 
has less probability of mak~ing/receiving a new 
message burst, the total number of messages in 
the model is proposed as being equal to the 
number of active logical links. Accordingly, 
the state of each logical link in the D-channel 
is indicated by the name of the queue where the 
message remains. 'The number of active logical 
links may be simply regarded as the number of 
terminals. 
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Message types of the signalling 
information in the D-channel. 

, 

Distribution rate: The distribution rate 
rij represents the probability that a message 
leaving queue i will arrive at queue j. The 
following equation is satisfied in the model. 

3 
1: r., 

j=l ~J 

Type B 

1 

Type A messages 

i=1,2,3 (1) 

number of 

message following type B messages/burst 

CANC ~ CANC ACK ~ 2 

CANC REJ ~ 2 

CONG CONT .., none 1 

CONN .., CONN ACK ~ 2 

DISC .., REL ~ 

REL COMP .., 3 

DET .. 
DET ACK ~ 3 

FAC .,. FAC ACK ~ 2 

FAC REJ ~ 2 

INFO .., none 1 

REG -t REG ACk + 2 

REJ REJ + 2 

RES .,. RES ACK ~ 2 

RES REJ ~ 2 

SETUP -t SETUP ACK + 

INFO x n ~ 

CALL PROC ~ 

ALERT ~ 4+n 

CALL PROC ~ 

ALERT + 3 

STAT -t none 1 

SUSP ~ SUSP ACK + 2 

SUSP REJ ~ 2 

Table 2 Continuous message bursts 
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Fig. 5 Traffic model proposed 
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Fig. 5 also shows that rl1, 
r33 are equal to zero in the model. 

An example of the message 
process: a logical link remains in 
state initially. 

exchange 
the idle 

(1) A message is sent from a terminal to the 
switching system: the message leaves queue 
III and arrives at queue 11 according to the 
distribution rate r32. 

(2) The message is processed in the switching 
system: ~he message waits and gets service 
in queue lI. 

(3) A response message is sent from the 
switching system to the terminal: the 
message leaves queue 11 and arrives at queue 
I according to the distribution rate r21. 

(4) The message is processed in the terminal: 
the message is served with service rate ~1 
at the queue I. 

(5) Another message is sent from the terminal to 
the switching system: the message leaves 
queue I and arrives at queue 11. 

(5')The continuous message burst is stopped: 
the message leaves queue I and arrives at 
queue Ill. 

Messages are exchanged between the terminal 
and the switching system in certain times 
depending on the distribution rate rij. 

4. MODEL ANALYSIS 

Initially, distribution rates are 
calculated according to the average occurences 
of message transfer. 

Since a continuous message burst in the 
model indicates a round trip upon leaving the 
idle state queue un,ti1 returning to the idle 
state queue, the ' average occurences of message 
transfer is calculated as follows: 

If the first message of the burst is sent 
from a terminal, the probability Pn that this 
burst will stop after n occurences of message 
transfer is obtained by the following formula: 

n=2k+1, k=0,1,2, •.. (2) 

n=2k, k=1,2-,3, ••• (3) 

Average occurences of message transfer mt is, 

I n P 
n=l n 

(4) 

In the same manner, if the first message of the 
burst is sent from the switching system, the 
probati1ity Pn is 

n=2k+1, k=0,1,2, ••• (5) 

n=2k, k= 1, 2,3 , . •• (6 ) 

and average occurences of message transfer ms 
is 

m 
s ~ n P 

n=l n 
(7) 

When ms and mt 
rate r12, r21 is 
equations (4), (7). 

are given, 
calculated 

the 
by 

distribution 
solving the 

(8) 

(9) 

State equations: the following equations 
describe the behavior of the equilibrium 
distribution of messages in the model. 

3 

p(k1 ,k2 ,k3 ) i~10ki-1 ai(ki ) ~i 

3 3 
i~l jI

1
0k

j
-1 a i (ki +1) ~i r ij p( ,kj -1,ki +1,) 

(10) 

Ok -1: k=0,1,2,3, ••• (11) 

k<O (12) 

ai(ki ) -ri 
k i ~ mi 

(13) 

m
i k i ~ mi 

(14) 

m
1 

~ m3 = m , m
2 

= 1 

Ok is introduced to indicate the fact that the 
service rate must be zero when a given queue is 
empty and ai(ki ) merely gives the number of 
messages in the ith queue when there are ki 
messages at that queue. 
Here, consider a set of numbers {xi}' which are 
solutions to the following set of linear 
equations: 

3 
'I ~Jo x Jo r Joi 
j=l 

i=1,2,3 (15) 

r 11, r22 and r 33 are all zero in this 
model. The solutions of these linear equations 
are given as follows. 

~1 r
32 

+ r
12 

r
31 

Xl x
2 r

31 
+ r

21 ~2 r 32 

(16) 

~1 r 23 + r13 r 21 
Xl X = 

3 ~ r
21 

+ r
31 

r
23 3 

(17) 

Since there are only 2 independent equations, 
Xl remains at the right side of the solutions. 
According to the closed Markovian network 
investigation by Gordon and Newell(3),(4), the 
solution of equation (10) can be shown to equal 

1 3 ko 
Xi ~ 

p(k
1

,k
2

,k
3

) IT (18) 
G(K) i=1 1\ (ki ) 

Si(ki ) -1 k
i

' 
k i ~ mi 

(19) 

mi ! miki-mi k i 2:. mi 
(20) 
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and the normalization constant is computed by 

G(K) ,. [ L 
KEA 

Here, 

3 
IT 

r=l 

-1 

(21) 

The average message length in the queue is 
defined as: 

i=1,2,3 (23) 

and Pi is defined as the probability that at 
least one message will be served in queue. 

p. = L p(k1 ,k2,k
3

) 
1. k.:lrtO 

1. 

i=1,2,3 (24) 

Therefore the arrival rate at queue j is defined 
as: 

3 
A. = L~. p. r

ij J i=l 1. 1. 
j=1,2,3 (25) 

and the average time spent in the queue i is 
computed as follows: 
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Fig. 6 An example of average time 
spent in the switching system 

(26) 

By calculating these equations, the 
following figures are obtained: 

Fig. 6 shows a~ example of the average time 
spent in the switching system (T2) where the 
average occurences of message transfer ms and 
mt equal 2, service rates of a terminal and 
the switching system ( ~1' ~2) equal 10 
messages/sec or 20 messages/sec. 

If the design objective for the average 
time spent in the switching system is less than 
15Omsec/message, the number of active logical 
links in the D-channe1 should be less than 9 in 
a case where the service rate of a continous 
message burst ~3 equals 0.5. 

Fig. 6 also shows that the active logical 
links in the D-channe1 should be less than 14 in 
the case of ~3=0.3. 

Fig. 7 shows a calculation example of the 
average time spent in the switching system vs. 
the services rate of a teminal ~l. When the 
service rate of a terminal ~1 increases, the 
average time spent in the switching system 
increse slightly. 

The sum of the average time spent in the 
terminal and the average time spent in the 
switching system is ' shown in Fig. 8. This 
figure shows that the message processing 
capability in the D-channel is increased 
according to the increase of service rate of the 
terminal. But the effect is decreased when 
many messages are to be processed in the 
switching system. 

The traffic model is compared with other 
traffic models. One of them is the M/M/1 
queueing model: The service rate of the 
switching system is also ~2' but the arrival 
rate A is approximated as follows: 

(27) 
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Fig. 7 Average time vs. service rate 
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mA 
o ~ p=-< 1 

112 
(28) 

Thus, the average time spent in the switching 

p(k) 
A 

p(O) (_)k 
112 

m! 
k=O,l, ••. ,m (30) 

(m - k) 

m 
system T is: p(O) L(_)k [ m A 

k=O 112 
J -1 (31) 

T = 1 / ( 112 - m A (29) 

The other model is the M/M/ 1/ /m queueing 
model (3): Using same arrival rate A- , the 
probability P(k) that k messages are in the 
model is determined as follows: 

0.9~--------------------------------~ 

o 

(m - k) 

Thus, the average time spent in the switching 
system T is 

it 1 
T (32) 

m -it A-

m 
where it- L k p(k) . (33) 

k=O 

According to Fig. 9, M/M/l//m queueing 
model (B) gives sufficient approximation except 
for a heavy traffic situation. 

On the other hand, M/M/l queueing model (A) 
does not give an accurate approximation for the 
traffic model (C) proposed in this paper. 

5. CONCLUSION 

The traffic characteristics of signalling 
information messages via the D-channel is 
investigated according to the network layer 
protocol described in the CCITT I/Q series 
recommendations. 
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(1) Approximate calculation of the average 
number of the messages and the average spent 
time in the switching system is shown. 

(2) Except for the heavy message traffic cases, 
the M/M/l//m queueing model provides 
accurate approximation to calculate the 
above-mentioned values. 

Accordingly, signalling information traffic 
via the D-channel can be estimated accurately 
enough to design a D-channel handler for an ISDN 
switching system. However, this approximation 
method should be confirmed using the field test 
data from an ISDN switching system in the future. 
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