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ABSTRACT 

The paper investigates the effect of appli
cation of time assignment speech interpolation 
(TASI) to fully variable demand assignment multi
ple access (DAMA) satellite communication system. 
From the traffic engineering point of view, it is 
regarded as a type of delay-system with grading 
which has special distributed service discipline. 
The exact solution is not reached. An approxi
mation method is used to evaluate the DAMA-TASI 
system. The results show there is no traffic 
capacity increase of the DAMA-TASI system com
pared with point-to-mu1ti point variable desti
nation DAMA system. 

1. INTRODUCTION 

It is widely recognized in normal voice com
munications that a channel of a telephone circuit 
carries no talk bursts when another direction 
channel of the same circuit carries talk bursts. 
This speech redundancy has been utilized toattain 
efficient use of sub-marin cables or satellite 
channels in the well known time-assignment speech 
interpolation (TASI) system [1] or in ~igita1 
speech interpolation (DSI) systems [2]. 

Roughly speaking, the system accommodates 
£ telephone trunks in the capacity of £/2 tele
phone channels. The efficient use of channels 
may cause a service degradation known as freeze
out of speech or speech clipping, because with 
some probability there is no idle channel in the 
system when a talk burst arrives. A type of DSI 
is a speech predictive encoding communication 
(SPEC) system [3], in which a service degradation 
is perceived as a degreese of signa1-to-noise 
ratio. 

The service degradations have been ana1yzed 
for the system which has fixed number of channels. 
Regarding satellite communication systems, point
to-point pre-assigned systems and point-to-mu1ti
point destination variable systems are applica
tion fields of traditional TASI/DSI technique 
mentioned· above. 

This paper investigates the possibility of 
applying TASI/DSI technique to the fully variable 
demand assignment multiple access (DAMA) satel
lite communication system. The propagation delay 
between earth stations requires some contrivances 
in the system, and raise a new traffic model to 
be solved. 

2. DAMA-TASI SYSTEM 

This section presents the proposed demand 
assignment multiple access system with TASI/DSI 
(DAMA-TASI in short). Detaile implementations 

such as signalling sequence signalling traffic 
are not considered here. Traffic characteris
tics of speech channel are main concern in this 
paper. 

There are N earth stations and each station 
has £ terrestrial telephone circuits. Of course 
in the actual system each station does not have 
the same number of terrestrial circuits, but in 
this paper we suppose it has, for simplicity. 
Each station has m-satellite channels which are 
exclusively reserved to the station, and there 
are n-common satellite channels which are assign
ed to stations on demand. The total satellite 
speech channels are, therefore, N·m+n. 

When a talk burst arrives on a terrestrial 
circuit, a satellite channel out of m-reserved 
channel is assigned to the circuit. The earth 
station requests one common channel to the 
control station which manages the assignment of 
common channels. The control station is assumed 
for explanation simplicity, though it is pos
sible to conceive the system which has no control 
station. Time duration between an earth station 
sends a request signal and the station receives 
a channel assignment signal is T which includes 
propagation time of signals and processing time 
in the control station. The speech clipping will 
occur, if more than m-l talk burst arrives in T 
for this case. 

An earth station requests or releases common 
channels so as to maintain the number of reserved 
idle channel be 

m for i=O to £-m 
£-i for i=£-m+l to £ 

where i is the number of terrestrial circuits on 
which there are talk bursts at the time (See 
Figure 1). 
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Fig . 1 Explanation of i,j and k 
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We represent the state of an earth station by 
three variables i,j and k, explained below. 

i mentioned above (i=o, ••••• , £) 
j .•. the number of satellite channels which 

are assigned to the station 
(j=m, ••••• , £) 

a talk burst 
arrives 

(i~£) 

a talk burst 
terminates 

(i~O) 

a channel 
assignment 
signal 
arrives 

(k~O) 

If idle channel 
available, 
connect the 
burst to the 
idle channel 

If talk bursts 
waiting, connect 
the first burst 
to the released 
channel 

If talk bursts 
waiting, connect 
the first burst 
to the assigned 
channel 

k .•• the number of satellite channels which 
are requested by the station but not 
yet the assignments are received by 
the station (k=o, ••••• , £-m) 

Figure 2 shows the detail channel request/release 
operation of an earth station. 

j+k<£ 

j+k2£ 

Send a new 
request for 
common 
channels 

*1. Cancel of channel request 
*2. Release of common channel 

Fig. 2 Channel Request/Release Operation of an Earth Station 

3. TRAFFIC MODEL 

The DAMA-TASI system is considered as a type 
of delay-grading system with a special service 
discipline. Figure 3 shows this grading system. 
Notations and explanations given in section 2 are 
also used hereafter. Additional assumptions and 
remarks are described below. 
(1) A time of talk burst follows negative expo-

nenta1 distribution with a mean c. The talk 
burst vanishes from the system after the time 
length whether it is served or not. 
(2) A length of idle time between successive talk 

bursts on a terrestrial circuit follows also 
negative exponential distribution with a mean 
b=(l-a)/a, where "a" is a occupancy of talk burst 
on a terrestrial circuit. 
(3) In the real situation, all terrestrial cir-

cuits of an earth station are not always 
busy. But here, we assume that they are, because 
in some occations all busy probability is not so 
small and noticeable service degradations in 
established calls are undesirable. 
(4) At each earth station, talk bursts are served 

on first-come-first-served (FCFS) basis. And 
at the control station, channel assignment sig
nals are processed on FCFS basis, too. Each 
station has exclusively assigned channels and 
each station does not release common channels 

when talk bursts terminate but still there are 
talk bursts waiting on its other terrestrial 
circuits (See Figure 2). Because of these, talk 
bursts at difierent earth stations are not served 
on FCFS basis. 

The traffic model mentioned above is a com
plicated one. Exact solution is not given in 
this paper. We divide the system into two parts. 
The one is "a earth station" and the other is "a 
control station or common channels". Though 
actually these two are not statistically inde
pendent, it is assumed they are. 
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Fig. 3 Delay System with Grading 
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4. WAITING TIME AT EARTH STATION 

An arrived talk burst must wait if there is 
no idle satellite channel at the station. This 
case occurs when the exclusively reserved chan
nels are busy and there is no idle common channel 
or when so many talk bursts arrive in propagation 
time of channel request or assignment signals. 

In this section, a method to derive waiting 
time distribution at an earth station with con
stant T is shown, where T is the time duration 
from a channel request sending to a channel as
signment receiving by the earth station. The T 
includes propagation delays, processing time at 
control station and waiting time to common chan
nels. The waiting time and the processing time 
is not constant, but it is assumed that varia
tions of these are so small compared with the 
propagation time that total time can be regarded 
constant. The propagation time is about 260 ms 
if the control station is on a satellite or 520 
ms if it is on earth's surface. 

Let P(t;i,j,k) be the probability that on 
earth station is in state (i,j,k) at time t. 
Figure 2 represents state transition of the earth 
station. Transition probabilities for talk burst 
arrival and termination in time dt are 

1 
Pb=P(t;i,j,k).(£-i)·b· dt 

P =P(t'i J. k)·i.l.dt. c ", c 

(1) 

(2) 

Transition probability Pd for channel assignment 
signal arrival is the probability that there is 
a channel request sending at time t-T and the 
request is not canceled. (Pd=Pdl·Pd2) 
The first part of the probability Pd is 

Pdl= j+~£ P(t-T;i,j,k)· (£-i).~'dt. (3) 

To obtain the second ' part of the probability, a 
first-passage-problem has to be solved, because 
a channel request is canceled when the number of 
talk burst termination exceeds the number of talk 
burst arrival for the first time after the chan
nel request. This problem is simplified as 
follows. 

Consider the time duration T from t-T to T, 
and the total number of talk burst arrivals and 
terminations in the duration. The average ar
rival and termination rate is the same and the 
sum is 

a.£+a·£=2·a.£. (4 ) 

The second part of Pd is obtained using the re
sult of first-passage in coin-tossing game [4]. 

_ 00 -2a£T . (2a£T)2f+l .f 1 (2g+l) 2-(g+1) 
Pd2-l-£8 (2f+l)! ;;0 ~g+l 

(5 ) 

Thus, transition probabilities Pb'~c.Pd are 
obtained and these are used to get steady state 
probability 

P(i,j,k)=P(oo;i,j,k). (6) 

The P(i,j,k) is calculated by repetition, i.e .• 
from P(t;i,j,k) to P(t+dt;i,j,k). 

Waiting time distribution W(>t) of talk 
burst is derived from P(i,j,k) considering the 

waiting more than t occurs in the following case. 
(A) i ~j and 
(B) d ~i-j, where d is a sum of h (= number 

of talk burst termination out of j in time t) 
and d-h (= a number of channel assignment signals 
received in time t) and 

(C) The length of talk burst which arrives 
and waits is more than t. 

These conclude 

{
£l. {i-j 

d ( )j-h 
W(>t)=.1; ~ P(i.j .k) dllo !:i~) e-

t
/

c 

l.=m J-m -

h ( '\ ( ) d-h ( \k-(d-h)} . 
• (l_e-

t
/

c
) • d~h)' % . 1- %) 

} e -tIc 

where k=i+m-j for i+m<£ 

=£-j (7) 

5. WAITING FOR COMMON CHANNEL 

The probability of waiting is taken as a 
measure to evatuate waiting for common channel 
and it is aimed to set the probability so small 
compared with one at mentioned in section 4. 
Let qi be the probability that there are i talk 
burst requests and served by common channels. 
The qi is N-convolution of Pi' which is the 
probability that there are i talk bursts at an 
earth station requesting and served by common 
channel. The Pi is derived from binomial dis
tribution as follows. 

for i=<Yv£-m-lj 

i=£-m 

(8) 

.e (£) £ . 1J . aj. (I-a) -J for 
j=£-m J 

Probability of waiting for common channel is 

(9) 

6. NUMERICAL EXAMPLE AND EVALUATION 

Waiting time distribution for £=10.20,30 
and m=2.3.4.5 is calculated according to Eq . (7). 
and shown in Figure 4. The mean length c of 
talk burst is about 1.5 second [1]. Speech 
clipping more than 50ms is said to be annoying. 
If to set a GOS that probability of clipping 
more than 50ms is less than 2 %. this is inter
preted as 

W(>0.05/1.5)s:. 0.02. (10) 

To satisfy this GOS. each station has to have 
m=4 or 5 exclusively assigned channel. , 

Probability of waiting P for common channel 
is shown in Figure 5. Here. we set another GOS 
of P::;:O.S%. The total number of satellite chan
nel to satisfy th~se two GOS's is shown in 
Table 1 and compared with a point-to-multipoint 
destination variable system, of which speech 
clipping probability more than t is given by 

, 2.3B-2-3 
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R,-l. 
W(>t)= .E 

i=m 

i-m 
. .E 
j=O 

R,-l i R,-i-l -(i+l) 
( i )a (I-a) ·e 

(11) 

The number of setellite channel per earth station 
m for the system is also determinated by the 
same GOS (10) and shown in Table 1. 

0.5 

For all calculated cases, Table 1 shows that 0.1 
point-to-multipoint system gives less number of 
total channels than DAMA-TASI system. 

7. CONCLUSION 

The traffic model of DAMA-TASI system is 
presented as a delay-grading system with dis
tributed service discipline. The waiting time 
distribution of talk burst (i,e,clipping time 
distribution) is obtained by an approximation 
method. Numerical examples show that traffic 
capacity of the system is no greater than that of 
point-multipoint variable destination DAMA system. 
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Fig. 5 Prob.ability of Waiting P for Common Channel 

Table 1. Require Number of Satellite Channel 

~ 
10 20 30 

10 20 30 10 20 30 10 20 30 

m 4 5 5 4 5 5 4 5 5 

A n 53 99 143 99 186 272 143 272 400 

N·m+n 93 149 193 179 286 372 263 422 550 

m 8 14 18 8 14 18 8 14 18 

B 
N·m 80 140 180 160 280 360 240 420 540 

A: DAMA-TASI System 

B: Point-to-multipoint Destination Variable DAMA System 
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