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Performance on the Beam-Switched Demand Assigned Multiple

Access for the Packet Satellite Communication
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Abstract

This paper aims at investigating the Demand Assigned Multiple Access (DAMA) system for the
packet-switched Satellite Communication. An onboard processor of the multisport beam satellite
incorporates the ground controller to maximize the packet transmissions for each slot. ‘Request
Following’ transmission mode is introduced as a transmission strategy of ground station under the
control of its zone controller.

The combined scheme of reservation channel access and contention channel access was proposed
by Lee & Mark[3] for improving the Delay-Throughput performance. Our scheme provides less
communication delay of approximately max. 200msec for achieving the corresponding throughput
than the Lee & Mark’s work does.

Delay versus Throughput curves as well as Delay versus Traffic parameter curves are obtained.
Numerical results obtained through the analysis and by the computer simulation show that the
proposed scheme provides the low average packet delay even under the condition that the number
of transponders (M) is below the half of the number of zones(N).
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multispot beam packet switching satellite has such
an advantage that the frequency can be reused
over the traffic area of interest. Many schemes
have been proposed for efficient utilization of
transponder or channel bandwidth. One approach
is to design an intelligent satellite with an on-board
processor that controls the schedule of assignment
for transmission. Acampora[l] proposed ’frame
by frame’ assignment for request from the ground
stations. Thereafter, many researchers[6,7] in-
vestigated the on-board processor scheduling
techniques that would handle the variable frame
length. In such scheduling algorithm minimizing
the schedule length has been the key issue. The
algorithms so proposed have still the additional
delay of frame time before the assignment for
chanel allocation is made besides the round-trip
transmission delay due to request. In this sense
the schedule assignment on a slot by slot basis[2]
would receive more attention for the multibeam
switching satellite system. Sometimes the access
scheme can be designed to adapt the traffic fluctu-
ation so it combines the reservation channel access
with the contention channel access strategy,
resulting in the maximum channel utilization
[3,4]. However no attempt has been made to
reduce the long round-trip delay in demand
assigned type multiple access system before the
actual information packet is transmitted. Such an
inefficient time delay can be removed by employ-
ing ground controller for each zone which controls
its zone queue permitting only one packet to
transmit in a given time slot.

We propose a "Request Following’ transmission
mode which, incorporating the ground controller,
can play a decisive role in minimizing the packet
delay. In section 2 we describe the basic structure
of the proposed model and scenario of the DAMA
system. Mathematical formulation is elaborated in
section 3, the results of numerical analysis are
summarized in section 4 and concluding statement
is in section 5.

L. DAMA Protocol with Request Following
Mode

Packet-switched multiple access communication
system with an on-board processing satellite,
where M transponders serve N ( =2 M) separate
zones, will be discussed in this section. Each
transponder operates in two different frequency
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bands -uplink frequency and downlink frequency-
at any given time interval and the up(down) link
frequency is uniquely assigned for each zone.
Same frequency bands can be used through the
communication area of interest as illustrated in
Figure 1 so that the multifold frequency reuse can
be accomplished. By so doing the satellite system
can take advantage of the orthogonaity employed
for the mixed time, frequency, space division
multiple access.

Fig. 1. Multibeam satellite .

Only a small portion of channel bandwidth is
allocated for transmission of requests and ackn-
owledgements of channel assignment. Request
packets are separated with each other either by
TDM or by FDM. It is assumed that bandwidth
for requests is negligible when compared with
packet channel bandwidth. Acknowledgements
from the satellite are sent back to the ground
stations in a broadcasting mode. Assume that
the bandwidth for these acknowledgements is
also negligible. Information packet channel is
divided into slots. Each packet is of the same
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size as slot. Information packet transmitted is
synchronized to the beginning of the slot.

Each request contains the source and the
destination identifications. Each zone has ground
controller which controls the timings for transmi-
ssion of each request and information packet. The
ground controller acquires all the information,
such as the synchronization, the satellite drift,
etc. from the satellite. Each station maintains a
queue of requests and has an infinite buffer. Once
a station has an information packet, whether the
packet is newly generated or retransmitted, it
inquires of the' ground controller via terrestrial
network about timings which will indicate the
exact transmission time of the information packet.
The ground controller maintains the status of
waiting queue in its zone. The station transmits
the information packet on the designated time
slot right after the request is sent to the satellite.
That is, request is first sent and the information
packet is transmitted in synchronization with the
satellite time slot.

The station keeps a copy of the transmitting
packet at the time of transmission. The interval
between the request packet and the information
packet will be at most 7 + 1 slot and larger than
the 7 slot, where the 7 is the maximum processing
time of the processor on-board (Figure 2). The
on-board processor measures the request for the
next slot usage which are bound to arrive in a
given time interval. . We assume here its interval
is given by 1 slot. The processor has the strategy
of assignment so that the utilization of the trans-
ponders could be maximized. No priority queues
are allowed. Based on the information from the
request queue and the assignment strategy, the on-

requests are to arrive for
shaded area packet transmission
max. processing time T

Zm

% |

Fig. 2. Satellite time slot structure,
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board processor determines the access right for
the next slot during the processing time.

The result of assignment is sent back to the
earth stations in a broadcasting mode for the
acknowledgement. Assigned packets will be
immediately served by the appropriate transpon-
ders whose switching matrix is set up by the pro-
cessor. Upon receiving the positive acknowledge-
ment, the ground station discards a copy of old
packet, otherwise the ground station reinquires
of the ground controller for retransmission.

From the scheme described above, following
statements are observed.
There is no contention between the stations,
but the priorities on the transmission assign-
ment is controlled by the ground controller.
The waiting time elapsed before transmission
must be counted.
There is no buffer storage on the satellite. On-
board processor schedules the switching
sequence on a slot basis for next slot usage.
Unassigned packets are cleared and need to
request for the future assignment.
’Request following’ transmission straegy is
employed for removing the unnecessary round-
trip delay.

Since no two information packets in a zone can
be transmitted at the same time slot, the number
of total requests received at the satellite in a given
request interval is no greater than the number of
zones. Processing time is always limited to the
time processing for the maximum number of
requests plus switching time so that all switchings
are completed before the selected information
packets are entering into that time slot (Figure 2).
Maximum assignment algorithm proposed is
similar to the procedure studied by Lee and
Mark [3], but is simpler as follows. If more than
one packet have requests for the same destination,
only one is selected at random. If total number of
destinations is greater than M, total number of
transponders, only M packets are randomly select-
ed without any priority.

It is interesting to note the similarities between
Lee and Mark’s proposal and ours. Both use the
request channel before actual packet transmission.
The on-board processor measures the incoming
requests and assigns the schedule for maximizing
the transponder utilizaticn. Nevertheless, our
scheme has substantial differences in accessing the
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satellite channel, which leads to enhance’ the
Delay-Throughput performance. In[3], if a
terminal transmits in contention channel access
mode it has to retransmit on a reservation mode
later for assuring successful transmission. That
wastes channel capacity. On the contrary, under
our scheme the satellite only counts the demand-
ing requests for slot assignment and the scheduling
result is broadcast on a separate channel. This
eliminates the unnecessary retransmission in case
of success. It takes at least a round-trip delay in
packet reservation under the scheme of [3], while
the Request Following mode guarantees no such
reservation delay if the packet is successful. Our
scheme is originally designed such that no buffer
storage for requests is required in the on-board
processor. Thus we can extend to the on-board
processor with buffer storage as Lee and Mark
proposes to adaptively assign the unsuccessful
packets.

N. Delay-Throughput Analysis

In this section average packet delay relating
to the satellite channel throughput is considered.
Several assumptions are combined to the proposed
model to justify the algorithm mathematically.
— Total source is a Poisson process with para-

meter G packets/slot which includes the newly

generated packets as well as the packets retran-
smitted.

— The channel traffic during any time slot is an
independent and stationary process.

— The whole communication regions are divided
into zones such that each zone has an equally

traffic of G/N.

Infinitely many small users generate bursty
traffic of packet data. Thus the arrival traffic in
an infinitesimal amount of time can be characteri-
zed collectively as Poisson statistics. The second
assumption is necessary for the steady state analy-
sis. In the long run, in and outflow of data traffic
will obey the same statistics and are independent
of the particular time slot. The third one is based
on the ground that the whole communication area
can be elaborately divided such that every zone
has a uniform traffic. It can be generalized to
include nonuniform zone traffic. We will not treat
the extension case in this paper.

Transmission mode is shown in Figure 3. Once

Fig. 3. Transmission model .

any station has a packet, the packet is queued in
a distributed fashion under the supervision of the
ground controller with First In First Out (FIFO)
discipline.

Suppose there is a packet (called test packet)
which is to be transmitted from the ground station
of a certain zone (called test zone). After waiting
a certain amount of time in the ground queue, the
test packet will be transmitted following after the
request packet to the designated satellite cheannel
(called test slot). The on-board processor will
determine whether the packet is transmitted. If
the test packet were allowed to transmit, the
appropriate transponder would serve the packet,
otherwise after one way propagation delay, the
test packet will stand at the end of the line of the
zone queue for retransmission. Thus the average
packet transmission delay is given by

D=W+R+T+r (W+R+T)

=(W+R+T) (1+r) (1)

where

W . Average queuing delay in the ground zone

queue

R : Round-trip delay

T : Average interval between the request
packet and the information packet

r : Average number of retransmissions

From Figure 2 it is apparent that T = (7 + 1)/2
where 7 is the maximum satellite processing time.
In order to calculate W, average waiting time in
a zone queue, Pollaczek-Khintchine formula for
M/D/1 queue is applied with the parameter G/N.
Average queue length L is given by

2p—p°

L=2u-9 (2)

(1485)
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where the traffic intensity p=G/N. Using Little’s
formula[ 8],

2N—-G

2IN=G) * N> G.

w= (3)

Average number of retransmissions r can be
estimated if the probability of success in transm-
itting is known. Let Ps be the probability that a
test packet is successful when transmitted. Then,

r=k>f; k (1—Py)*Ps

(1_"Ps)/Ps

(4)

Let us define the conditional probability q(i/k)
as the probability that i packets are assigned out
of k requests. q(i/j+1) can be expressed as

q(i/j+1) = q(i/j) Prob. (the additional packet not
assigned)
|(N-) channel pairs are avaliable)

+ q(i-1/j) Prob. (the additional packet
assigned |
(N-i+1) channel pairs are available).

Thus
q(lj+1)=a(lj) i/N+qG—1l;) (N=i+1)/N

when 1=<i< M-],

and
=q(lj) +qi—11lj) (N=i+1)/N
when i=M. (5)

In calculating the q(i/j) recursively, we need to find
the boundary conditons, 3(1/k) and q(k/k).

q(1]k) = Prob. lonly one packet assigned when k

requests are presenti

Prob.
l/Nk—l

tall request same destination{

(6)

and

q (klk) = Prob. {all are assigned when k requests

are present!|

_ hotal mumber of combinations that avod scheduling conflict!
{total number of all possible requests|

_N(N-1) (N-2). ..
- o

(N—k+1)

N !

[N*(N—Kk) !] )
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From equation (5) and (6) every q(i/k) can be
calculated recursively if N M are given.

Now the probability of success Ps can be given
by

P.m3 3 +all) Fac(N—1k=1)
Pe (1—P)"x (8)
where
_ N—1)!
Fac (IN=L k=1 = /357K 11

and P is the probability that there is at least a
request in the ground zone queue. Fac(N-1,k-1)
Pk'1(1~P)N'k is the probability that k-1 requests
have arrived at the test slot from the remaining
N-1 zones excluding the test zone. Therefore
including the test packet from the test zone, k
requests arrive at the test slot. In order to find P
in equation (8), M/D/1 queue model is again used.
It is known that the probability that there is at
least a request in a zone queue is equal to the
average number of requests arrived in a zone
queue during 1 slot service time. Let X denote the
queue length in a steady state and A denote the
number of arrivals during one slot service time,
then

P = Prob. (X > 0)

:fExp[A/th] b(1) dt. (9)

where b(t) is the probability density function of
service time. In M/D/1 queue b(t)=6(t-1). Since
arrival statistics is Poisson, Exp{A/T=t]=Gt/N.
Thus

G G
P_N /-tb(t) dt—ﬁ (10)
and from equation (1) and (4)
D= (W+R+T)/P, 11

The average packet delay D can be calculated if
the parameters N, M, G are given. If throughput S
is defined by the average number of assignments
per slot for a transponder, S will be expressed as
follows.
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M
S— ¥ m Pu/M (12)
where
Pn= Prob. im packets are successful}
N
=2 alm|k) Fac(N, k) P*(1—-P)"**
(13)

Note that in calculating the throughput the
channel bandwidth incurred by the request packet
and channel assignment information is assumed to
be negligible.

IV. Numerical Results

Based on the argument established in the
previous section computer simulation is done as
the traffic parameter G varies. From Figure 4 as
an overview on the traffic flow, the total traffic
G is the sum of the newly generated traffic G,
and the retransmitted traffic GO (traffic of the
packets which have not been newly generated).
The newly generated traffic must equal the average
number of packets assigned in the statistical
equilibrium, which is equal to M times S. Thus,
for example, when M = 10, Gn is limited to MS
and resultantly Gn should be less than 10. The
values R and T are set by 27 and ! in slot
respectively throughout the calculation . Vari-
ations of these values affect the average packet
delay very little since the probability of success
in transmitting Ps in equation (8) is independent
of these values.

on hoard
processor
G, G Ground M-S - g,
nesly Quene
geverated assigoments

G

o
retransmitted

G-
Fig. 4. Overview on the packet flow.
Table 1-3 show a comparison of Lee and

Mark’s and our results. When N=40 and M=20,
our scheme is consistently superior to the Lee and
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Mark’s proposal for all traffic conditions. This
superiority remain unchanged even when we
reduce the N and M to 10 and 5 respectively. Our
scheme provides less communijcation delay of
approximately max. 200 msec for achieving the
corresponding throughput than the Lee and Mark’s
work does.

Figure 5 and 6 show the individual D and S
characteristic as the traffic parameter G varies up
to N. Having more transponders help stations
experience less communication delay (Figure 5),
at the same time it obviously lessens the utiliza-
tion of satellite channel leading to the poor usage
of transponders (Figure 6). This is due to the
scheduling conflict among traffic. As the traffic
is heavier it is more likely that the requests
demand switching services for same destination.

Table 1. Comparison of Lee & Mark’s and
Our results with N=40, M=20, R=27,

D (msec)
S Lee & Mark Our results
0.2 518. 8 306.9
0.4 529.4 324.7
0.6 539.6 345.6
0.8 550.5 376.7

Table 2. Comparison of Lee & Mark’s and

Our results with N=M=20, R=27.

S D (msec)
Lee & Mark Our results
0.2 463. 4 323.8
0.4 495.7 373.7
0.6 535.3 501. 0

Table 3. Comparison of Lee & Mark’s and

Our results with N=10, M=5, R=27,

s D (msec)
Lee & Mark Our results
0.2 459. 8 304. 1
0.4 491.8 323.0
0.6 521.7 344.9
0.8 542. 4 387.9




& EE 5

25

AVERAGE PACKET DELAY IN SLOTS D

1 ]

1
20 20 40

TRAFFIC PARAMETER 6
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Fig. 6. S-G characteristic (N=40),

Let us denote Smax as the achievable maximum
throughput of a system. Then from Figure 6 it is
found that Smax(N=30’M=30) = .84 and max
(N=40,M=40) = .63. It is interesting to notice
that the maximum carried traffic Msmax is about
25 packeks/slot for both cases. The usage of more
than 25 transponders gives no better improvement
of satellite channel utilization.

To give us a little insight to find a low-delay
and high-throughput system, D-S characteristics
are shown in Figure 7 and 8 when N is fixed at
40 and when M is fixed at 20 respectively. The
number of transponders need not be necessarily
as large as the number of zones N. It is observed
that the smaller M shows the better average
Delay-Throughput performance to a certain limit.
This is a great advantage because the reduction of
the number of transponders makes the system
more cost effective. The round-trip delay is
assumed to be 27 slots so that the .27 sec round-
trip delay means that 1 slot amounts to .01 sec.
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Fig. 7. D-S characteristic (N=40).
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Fig. 8. D-s characteristic (M=20)

In figure 7 the system supports only maximum
throughput of .63 when M = 40. In other words
only 25 out of 40 transponders are put into use in
average, while all transponders can be used effici-
ently when M = 10. Figure 8 indicates that the
increase of N is substantial to reduce the average
packet delay, so that the available transponders
should be utilized to the full extent.

A comparison between Figure 7 and Figure 8
also indicates that the D-S characteristic when
N=M=40 is almost of the same performance as
that of N=M=20. When N=40 and M = 10, D-S
characteristic is shown to be stable if throughput
is below than .97 although D-G characteristic is
not so good as when N= 40 and M = 20 as illus-
trated in Figure S. For a given system traffic the
number of transponders can be selected as close
to the maximum input traffic while achieving the
maximum throughuput. This is the salient feature
of the proposed multispot on-board the satellite
access system because the satellite channel band-



width can be fully utilized by the traffic on
demand without paying much delay. The system
with N=40 and M=20 supports the traffic of 36
packets/slot still maintaining the packet delay less
than .6 sec.

Finally we illustrate D-S curves with serveral
pairs of (N,M) in Figure 9. Although their M/N
ratios are close one another, the figure shows
how the D-S characteristic can be improved by
gradually decreasing the ratio M/N. In this com-
parison the system view point that it can handle
all traffic conditions without paying much delay.
Since the ratio M/N characterizes D-S curves, once
we design the number of transponders in accor-
dance with the traffic demand we can determine
the number of partitions in communication service
area to achieve the low-delay and high-throughput
capability.

AVERAGE PACKET DELAY IN SLOTS D

25

20 1 1 1

Fig. 9. D-S curves for the proposed scheme,

V. Conclusion

The beam switched satellite multiple access
communication system was discussed. The pro-
posed scheme achieves a stable system with very
high-throughput and low-delay characteristic. Our
scheme provides better Delay-Throughput perfor-
mance than the hybrid channel access proposed by
Lee and Mark. This achievement is not possible
without the ground zone controller. The optimum
number of transponders and the optimum number
of zones can be found for the given traffic and the
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delay tolerance. Note that we do not discuss the
efficient zone partitioning that employs the
frequency reuse concept, which can enhance the
system performance even better.
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