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SUMMARY

This paper presents the experimental results measured on the Italsat satellite when data is
transmitted by wsing the FODA/IBEA satellite acces sheme. The measures presented refer to the
padket arrival time jitter, which affeds the red-time data, and to the end-to-end celay of the non
red-time data. The experimental results, oktained with four Italian adive stations on Italsat confirm
the analyticd results. The paper aso shows the alvantage of working in pre-assignment mode, a
feaure of the cgpadty assgnment algorithm which improves the end-to-end delay of nonred-time
data during the transient provoked by atraffic step when the system is arcdy loaded.

KEY WORDS thin route TDMA, red-time data, cgpadty assgnment on demand, jitter, le&ky
bucket, nonred-time data, end-to-end delay, pre-assgnment mode, transient
traffic, stationary traffic

1. INTRODUCTION

An efficient and econamicd system for interconreding LANS via satellit e requires the optimisation
of the channel capadty allocationto handle the traffic generated by the users. Aggregated traffic is
the charaderistic of LANS interconredion traffic. It incorporates red-time traffic (telephony and
video) and nonred-time traffic (computer data exchange). The red-time traffic is often referred to
as stream, and includes data from bath fixed and variable rate gplicaions. The nonred-time
traffic consists typicdly of bursty traffic, classfied into two categories: bulk (file transfer) and
interadive (TELNET, RLOGIN). Clausen, [1], showed that one of the interesting results in
investigating LAN traffic, particularly in a heavy loaded condtion,is that delays are & least aslong
as the satellit e propagation delay, mostly due to queueing delays in dff erent routers and tridges.
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Therefore, it isimportant to measure the queueing celay which is added to the data by the satellite
access €heme used (in addition to the unavoidable round trip time), when the satellite link is
included in the interconnedion. Moreover, bad weaher condtions during the data transmisson via
satellite have aheavy impad in terms of quality of service and celivery delay. The literature
presents many adaptive methods to counterad rain attenuation at frequencies above 10 GHz in
satellite ommmunicaion systems [2, 3, bu nore of them can simultaneously satisfy the following
requirements:

 simultaneous transmisgon d stream and busty data,

» maintenance of the quality of servicerigorously close to user requirements,

» channel optimisation, in any weaher condtions,

* cost efficiency,

* robustness

Fade wurtermeasure solutions sich as Frequency Diversity or Site Diversity are obviously very
expensive due to the dugdicaion d the hardware used. Solutions in TDMA are cetainly the most
flexible way of alowing multiple eath-stations to share the cgpaaty of a given channel. Only afew
of them have adually been implemented as prototypes and even lesshave entered production. The
American ACTS system [4, § was developed to become the standard of communication satellit es
of the future. It provides demand assgnment multiple accssdigital communications, two types of
onboard switching, wide bandwidth channels, rain fade compensation and Ka band propagation
bea®ns. Over 45 dfferent experiments have been caried ou, some of them are still in progress
The ACTS program has paved the way for the use of hoppang spot beams and demand assgned on
board switching, bu it is imposgble to compare its performance with the FODA/IBEA system,
which considers the satellite only as a pasgve bent pipe channel. It is generaly very difficult to
compare the performance of different systems, mainly as a result of the ladk of a c™mmon testbed
for the various lutions.

FODA/IBEAY was designed to satisfy the requirements listed abowve, and the whole system
(TDMA controller hardware plus the acces sheme software) is a prototype used in the Italian
experiment of the LAN interconredion va satellite (Thin Route TDMA for LANS Interconnection
projed). The fade cuntermeasure technique aloped adapts the energy per information bt to ead
individual link status, which depends on atmospheric condtions. The total attenuation d ead link
(up-link plus down-link) is compensated for by varying the transmitting paver, the data ading and
bit rates. The fade countermeasure technique alopted exploits a prototype of a modem, devel oped
by GEC Marconi R. C. (U.K.) which can dyramicdly change the data bit rate. The price of this
fedure is the neal for a short preanble between sub-bursts, besides the rather long peamble
needed before eab bust to allow carrier and bt timing synchronisation [6].

The am of this paper is to present experimental results of the satellite acces £heme performance
measured onthe Italsat satellite. We focused onmeasuring the most significant parameters, i.e. the

@ Fifo Ordered Demand Assgnment/Information Bit Energy Adaptive
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delay and the delay variation (jitter), introduced by the satellite link onthe data transmitted. The
paper is organised as follows. Sedion 2 describes the cgadty all ocation pdicy for the strean and
the bursty data. There is a brief reminder of the jitter theory, together with some results on the
analyticd study caried ou on the bursty data end-to-end delay. Sedion 3 describes the
environment where the metrics ®leded were measured. The jitter was measured in various traffic
loading condtions, showing the ayreement with theory. The measures relevant to the end-to-end
delay of the bursty data, bah in the stationary and in the transient cases are dso presented.
Conclusions are drawn in Sedion 4. In references 15-23 aher access £hemes are reported for
comparison.

2. THE CAPACITY ALLOCATION POLICY

In FODA/IBEA a master station is resporsible for system synchronisation and for capadty
allocaion ondemand d the traffic stations. These tasks are acomplished by sending a reference
burst which contains the burst time plan (BTP), at the beginning o ead 20ms frame. The BTP is
the transmisson window layout allocated onthe traffic stations' request basis. A maximum of one
window is allocated for ead requesting station, in order to save the overhead due to the rather long
preambles neaded by the modem for the burst synchronisation. Inside the transmisson window the
traffic stations multiplex data wmes from both strean and busty applicaions. Data padkets
generated by eat applicaion are sent in sub-bursts, by adapting the @ding and kit rates to the
current condtion d ead individual link and to the BER required by ead applicaion. Broadcast
and multicast transmissons are dso suppated. In this case the worst link status is considered to
adapt the transmisgon parameters.

In faded condtions, the channel cgpadty reserved for bursty transmissons is reduced up to a
minimum value (which may be set to zero), in order to maintain the stream sessons alrealy set up.
The transmisson hit rate can vary from 1 to 8 Mb/s, and the coding rates used are: 4/5, 23, 1/2 and
uncoded.

2.1 Sream Traffic

Stream cgpadty is guaranteal bythe system, i.e. oncethe request has been acceted the assgnment
is maintained urtil released by the user. The total stream cgpadty is alocaed upto a maximum
value; the remaining amourt of the cgadty is devoted to the bursty data. The dgorithm for the
bursty capadty allocaion daes not depend onthe presence of strean datain the frame.

Any stream cagpadty request granted invalves the dlocaion d one transmisson window per frame.
In the same transmisson window, after the stream allocdion, spaceis alocaed for any busty
transmisgon, if the station made arequest for it. This part is not regular in the frames due to the
bursty assgnment algorithm adopted. This means that the transmisson window assgned to a
station may vary either in size or in the position inside the frame, due to the variability of the
assgnments of the previous gations.
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As a consequence of the allocation policies and fade handling, when a sequence of packets crosses
the satellite network, each packet may experience a different delay. This delay variation induces a
jitter [7] on the packet arrival times. While this jitter is almost irrelevant for non-real time
applications, it may cause problems for the real-time traffic because the regularity of the packet
generation time intervals is no longer respected. In order to absorb the jitter, the packets which
arrive with a shorter delay must therefore be put into a buffer (leaky bucket) to wait for packets with
a longer delay. The packets are parked in this buffer for a convenient amount of time, in order to
guarantee either a continuous flux of output data or to avoid an overflow, when delayed or early
packets arrive, respectively. The penalty for jitter absorption is the introduction of an additional
end-to-end delay, i.e. the time spent by the data inside the buffer.

2.1.1 Thejitter theory

Below we recall the jitter theory to show the agreement of the experimental results with the theory.
Let us consider a ssimple system where a transmitting stream application converts a continuous,
constant rate stream of bits into a sequence of packets equal in length and equally spaced. The
stream assignment for each application consists of a number of bytes per frame which is generally
different from the packet length. Therefore, when packets cross the satellite network, they may be
disassembled or multiplexed at the system input and reassembled or demultiplexed at the system
output, generally losing their time relationship. The receiving application needs a leaky bucket for
the incoming packets to reconstruct the origina constant rate bit stream. After transmission to the
satellite, the packets generated by the transmitting application arrive at the leaky bucket, which
reproduces a plesiochronous stream of bits with a mean rate equal to the sender rate. We assume
that the four communication lines that connect the boxes in Fig. 1 have infinite speed. Another
assumption, which will be removed later on, is that the transmission window assigned by
FODA/IBEA isin afixed position inside the frame. The output of FODA/IBEA is thus a sequence
of packet bursts which are spaced out by an integer number of frames.

S roon PG

Fig 1. Block view of the system under study.

Let us now define the jitter of the packets as the difference between the time they leave

FODA/IBEA and the time they would be expected to arrive if their time relationship were not

changed by the satellite network crossing. In other words, if packets enter FODA/IBEA with an

inter-arrival time equal to J, the first packet leaving FODA/IBEA at time U has, by definition, a

null jitter (i1 = 0), while the n packet (coming at the time ') hasthejitter n given by:
jnztn—tl—(n—l)d_ (1)

The packets leaving FODA/IBEA have a comb distribution of the jitter made up of N lines of

equal height 1/ N | equally spaced by a T /N time, where T isthe frame length. If the ratio o/
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can be epressed as a rational number M/N \where M andN are naturd numbers, then
N =n/GCD(m, n), The distance between the lines farthest apart, i.e. the mwmb span J , is:

J = Jmax = Jmin = T;(1=1/N) (2)
If the ratio canna be epressed as a rational number, then the jitter distribution haes a
constant density in arange whaose spanis T,
The comb can be displaced anywhere on the jitter axis, as long as one of its teeh lies on the origin
of the ais. In fad, the jitter of al the padets after the first one depends on the arival of the first
padket. Since the jitter sequenceis periodic, any padet in the sequence ca be taken as the first
one, so nahing can be said abou the adual distribution dsplacement for an arbitrary sequence of
padkets[8].
Let us cdl delay offset the time introduced bythe leaky bucket between the first padet's arrival and
the beginning d the output data flow [9]. If a padket arrives at the buffer input while there is nat
enoughfreespacein the buffer, it is discarded and its data lost (buffer overflow). In case the buffer
empties, its output stops urtil the next padket is recaved at the input (buffer underflow).
Knowledge of the jitter distribution span at the lesky bucket input, J, is aufficient to set the buffer
size and the delay offset in the worst case. Let us denote by Bin the buffer fullness (expres=d in
number of padkets) at the arival of the n" padket, and by D, the delay offset. If the buffer neither
overflows nor underflows we have:

B, =n-(t,-t,—D,)/d 3)

Substituting (1) in (3) we get:
Bfn :(Do_jn)/6+1

SIT,

(4)
To avoid bufer underflows, for any N, we must have Brn > 1, because data are available in the
buffer if at least one padcket has been completely receved. From the a&ove Do » jn, so D, the
minimum value of DO, isequal to:

D= jnax (5)
The minimum buffer size B to avoid any owerflow is equal to the maximum buffer fullness
Substituting (5) in (4) we have:

B=B _ =(jmax—Jmn)/O+1=3/0+1 6)
In general, however, Jmax and jmn ae not known, bt onlyJ is known. This
leadsusto set D andthe buffer size a:

D=1J

B=2J/6+1 [padkets] (7)
Let us now compute the worst case estimate of the jitter distribution span in redity. An uravoidable
clock difference &ists between the gplication and the FODA/IBEA clocks, which causes the ammb

=T . Furthermore, there

distribution to eventually evolve into a uniform distribution with a span
are two reasons why the jitter distribution span may beame greaer than Tt Thefirst isthat if the
padkets entering FODA/IBEA are drealy affeded by a jitter, whaose distribution span is J , this

quantity must be added to J [8]. The seand reason is becaise the transmisson window of any
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given application is not in afixed position inside the frame. This causes a further jitter, whose size
islessthan " .

In the worst case (denoted by the subscript w ), the jitter span, the buffer size and the

delay offset thus become respectively:

J,=2T +J
D, =2T; +J
2.2 Bursty traffic

While the delay of stream traffic must be kept as low as possible and with constant packet inter-
arrival times, the delay of bursty traffic is not so critical. In any case it must be investigated in
order either to tune-up efficient application protocols or to implement suitable congestion control
mechanisms, which are required to improve system stability.
The request for a bursty transmission window, sent by atraffic station, is proportional to the traffic
I coming into the station plus the backlog 9, i.e. the volume of data waiting for transmission on
satellite. We have:

r=q+ Hi (9)
where H is a temporal constant of proportionality. Simulation results, obtained by loading the
channel with Poisson generators of bursty traffic for 10 stations (Fig. 2), suggested using 0.4s as
theH parameter.
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Fig. 2. Average end-to-end delay (10 stations), versus channel load, for
various values of H. The systemis loaded with Poisson generators. The
channel load includes the packet headers.

Bursty data requests are issued as frequently as possible, to update the master station about the
latest changes in the traffic situation. The requests are piggy-backed with the data, when an
assignment already exists for the requesting station, otherwise they are sent in a control window
whose assignment is guaranteed with a minimum freguency.
The requests are organised by the master into a circular queue which is cyclically scanned to
compute the amount of time for each assignment. Any bursty request received from the same
station replaces the previous value. The length of the assigned transmission window W is
proportional to the request in a range of values between a minimum (Wmin) and a maximum
(Wmax) . We have:

W= MIN(Wiae, MaX(Wein, 1)) (10)
The coefficient f was chosen, for the current implementation, equal to the number of active
stations N divided by 100, with a minimum of 0.05 and a maximum of 0.5. The threshold Wmin
was introduced for efficiency purposes. It prevents the information part of the allocation from being
too small in comparison with the transmission overhead, due to preambles and headers. The
threshold Wmax prevents a heavy loaded station from removing too much capacity from the other
stations.
After each assignment, the bursty request is decreased by the assignment itself, and the next request
isanalysed, if spaceisstill available in the frame. The first assignment that does not entirely fit the
current frame is considered as the first in the next frame, where the rest of the computed amount is

Preprint of an article published on the INTERNATIONAL JOURNAL OF SATELLITE COMMUNICATIONS, VOL. 14, No. 2
Copyright 1996 by John Wiley & Sons, Ltd. <URL: http://www3.interscience.wiley.com/> 7



Nedo Celandroni, Erina Ferro, Francesco Potorti: Comparison between distributed and centralised demand assignment TDMA satellite access schemes

assigned. All the space up to the end of the frame (if insufficient for a minimum assignment) is
given as an over-assignment to the last station processed.

Any space available in the frame after an entire assignment cycle, i.e. the time between two
consecutive allocations to the same station, is shared among all the active stations, including those
stations which had no bursty assignment in that frame. The system behaves like a sort of fixed
TDMA (F-TDMA), called pre-assignment mode, which is accentuated in inverse proportion to
how much the system is |oaded. When the channel 1oad increases beyond a certain limit, called pre-
assignment limit, the F-TDMA component is extinguished and the assignment algorithm strictly
follows (10).

2.2.1 Notes on the analytical study

In [10] the bursty assignment algorithm was studied under linearity conditions. The study shows
that when the system is loaded with fixed rate traffic generators al the stations have a null steady
state backlog if :

N
Yij< Cq
= (11)

where i is the traffic entering the J'th station, N is the number of active stations and  Ca is the
channel capacity left to bursty data.

Still considering stationary conditions of the system, let us denote by the assignment cycle and by
T the frame length. The system works in pre-assignment mode when some residual capacity C,

is still available in the frame after a compl ete assignment cycle. In this case T =Tt and each active
station receives an extraassignment P equal to C, IN.The system works in pre-assignment mode

until:

r- >0

1 J

- (12)

Substituting (9) in (12), under the hypothesis of a null backlog at each station, the pre-assignment

condition becomes:

f
C =Cy - —
r d

I MZzZ

N T
20 <Fr Y
j=1 . (13)
With the chosen minimum value of f equal to 0.05 and the H factor equal to 0.4 s, we have
T
f

fH - 1. Therefore, the pre-assignment limit is reached when the total load equals Ca.,

In pre-assignment mode each station has a 1/ N of the spare capacity pre-assigned to absorb
immediately modest transients of traffic, while up to the entire spare capacity is devoted to
absorbing bigger transients of traffic with the allocation mechanism. However, as it is reasonable to
think that each station traffic has an order of magnitude proportional to 1/N | when the system
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TH

works with a high number of stations the wndtion f may cause too many all ocations to
fall below Wnin with a cnsequent compresson d the system dynamics and waste of cgpaaty. This
is why we dedded to make f H propational to N. Spedficaly, orcethe H fador was fixed as
the best result from the simulation, we chose f = max 0.05 min (N/100, 0.9) , with H = 0.4and

f_H21

T = 0.02we dwayshave |
.02we dways have
The original FODA system [11], which dd na suppat the fade cwurtermeasure fedure, did na
use the pre-assgnment mode. In fad, any spare space dter the assgnment cycle was only given to
the stations which already had an alocation. In [10] the conveniencein working in pre-assgnment
mode is shown, duing a transient of traffic which affeds a station, when al the other stations are
in a steady state condtionwith anull badklog. The transient case was chasen because it is the most
criticd one from the end-to-end delay paoint of view. The cndtions for the validity of the linea
analysis are:
» the amplitude of the traffic step at the station considered is snall enoughto make the relative
increment of Ta negligible
or
« in pre-assgnment mode, the asgnment to the station considered is not bigger than C: for the
entire duration d the transient.
Under the dove mndtions the assgnment can be wnsidered as being popartional to the request
during the whaole transient. As a result, only the delay and the queue length relevant to the station
which experiences the traffic step varies with the time, while dl the other stations are not aff eded
by that event.
The reliability of the model used is shown in Fig. 3where the analyticd results are compared with
the measured ores. Before the transient step of 1 Mbit/s, the station considered is loaded with 1
Mbit/s traffic. The overall channel load is sich that the second d the aowe lineaity condtionsis
fully respeded.
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Fig. 3. Queue and delay versustime during a transient due to a IMbit/s
traffic step at one of the three working stations. Comparison between
analytical and experimental results.

Figure 4 shows the convenience of working in pre-assignment mode. The figure compares the end-
to-end delay as a function of time during a transient, when the system is and is not working in pre-
assignment mode, respectively. Two conditions are analysed: a) before the traffic step, the station
has a constant load of amplitude ¢ equal to the amplitude of the traffic step i ; b) before the traffic
step the station has no previous load (case ¢ = 0). The gain of the non pre-assignment mode in
case C = i isclearly modest (the maximum delay is the same in both cases) in comparison with
the gain in pre-assignment mode when ¢ = 0. In [10] we demonstrated that this fact is more
evident with lower loading conditions in the system.
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Fig. 4. End-to-end delay versus time during a transient due to a step of
traffic at one station. A large number of stationsis considered. Pre-
assignment and non pre-assignment cases for pre-loaded and for non pre-
loaded stations are reported.

3. EXPERIMENTAL RESULTS

In 1994 FODA/IBEA was used to interconnect at 8 Mbit/s via the Italsat satellite three earth
stations in the framework of the "Thin Route TDMA for LANS Interconnection™ project, carried out
in collaboration with the University of Florence [12]. Two stations were located in Pisa, while the
third one was located in Florence (about 90 Km away). Although for practical reasons at that time
the experiment only involved three stations, this configuration could easily be extended to a larger
number of stations, up to the hardware limit of 112. Each station needed a gateway that connected it
to an Ethernet LAN and to stream applications (data, voice, video). In general, the stations can
themselves be Ethernet hosts, provided that the applications that use the satellite link are equipped
with the GAFO® protocol [13], an ad-hoc developed interface for handling the data exchange with
the FODA/IBEA system. In the configuration used in the experiment, stream applications run on
hosts connected to a Token Ring, while bursty applications run on hosts connected via Ethernet.
Data from both the LANSs converged at the gateway which communicated with the FODA/IBEA
system by using the GAFO protocol. The experiment was successful. It demonstrated the high
quality and reliability of the satellite network developed, but the measures collected did not present
any actual interest because the traffic loads of the LANs involved in the interconnection were not
able to stress the system. Therefore, we made measures on Italsat by using four stations all fed by a
traffic generator, named MTG® [14], instead of by real traffic. MTG can generate data packets on

@ GAteway-FOdalibea
® Multiapplication Traffic Generator
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Ethernet according to a chosen distribution and record them onto disk, after being looped-back by
the satellite network. The use of MTG allowed us to stress the system as much as we wished in
order to highlight particular aspects of its behaviour. When the measures were made, Poisson traffic
was still considered as an acceptable model for LAN traffic, therefore, at that time we did not use
any fractal traffic generator, which is now considered the best model for the LAN traffic. At the
current time, although we have implemented such a traffic generator on MTG, we cannot make any
additional measures on satellite.

3.1 Experimental results on the jitter

The time jitter was calculated by measuring the difference between the MTG receiving times and
the expected times of the data packets.

The value of the system time frame was 20 ms. Applications generating packets with an inter-
arrival time less than, equal to, or greater than the frame length, respectively, were considered. The
traffic pattern of three classes of applicationsis shown in Tabs. 1, 2 and 3. Three stream and three
bursty traffic generators were considered in all the experiments, but some measures were made
without sending bursty traffic to the channel. The arrival at the FODA/IBEA system of data already
affected by a jitter due to the various LANS crossing was simulated by introducing an initial jitter
with auniform distribution. The span value of thisinitial jitter isindicated in the tables.

All the tests were performed at 8 Mbit/s, with uncoded data and in clear sky conditions. All the
measures are relevant to the data generated by the traffic generator No. 3 (TG3). In each test, more
than 60,000 packets were collected.

TG Datatype | Throughput | Packet 5 Source | Destination | Data Maxi
number [Kbps] length | [mg] initial
(application) [bytes] jitter
[ms]

1 stream 341 128 3 1 2 fixed 2

2 stream 171 128 6 2 2 fixed 5

3 stream 29 128 35 3 3 fixed 34

24

0

4 bulk 800 300 3 1 2 poisson 0

5 bulk 400 300 6 2 2 poisson 0

6 bulk 120 300 20 3 2 poisson 0

w

Tab. 1. Traffic environment for the jitter measurement of application No.
Data packetswith d= 35 ms.
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TG Datatype | Throughpu | Padket be} Source | Destination | Data Max
number [Kbps] length [ms] initial
(application) [bytes] jitter
[ms]

1 stream 341 128 3 1 2 fixed 2

2 stream 171 128 6 2 2 fixed 5

3 stream 51 128 20 3 3 fixed 20

0

4 bulk 800 300 3 1 2 poison 0

5 bulk 400 300 6 2 2 poisodn 0

6 bulk 120 300 20 3 2 poison 0

Tab. 2. Traffic environment for the jitter measurement of application No. 3.

Data packets with d = 20 ms.

TG Datatype | Throughpu | Packet o Source Degtination | Data Max
number [Kbps] length [ms] initial
(application) [bytes] jitter
[ms]

1 stream 341 128 3 1 2 fixed 2

2 stream 29 128 35 2 2 fixed 34

3 stream 171 128 6 3 3 fixed 6

0

4 bulk 800 300 3 1 2 poison 0

5 bulk 400 300 6 2 2 poison 0

6 bulk 120 300 20 3 2 poison 0

Tab. 3. Traffic environment for the jitter measurement of application No. 3.
Data packets with d= 6 ms.

Figures 5+14 show the jitter distributions measured in a variety of tests. All the distributions lost
the theoreticd comb shape, even in the tests in which no busty data and noinitia jitter were
present. As dated abowe, this is due to the difference between the gplicaion clock and the
FODA/IBEA clock. This difference (about 1.5 10°) causes the cmb dstribution to drift. If the
total drift off set acaumulated in the observation time is greder than the distance between two close
teeh in the wmb, the distribution appeas as continuows in an interval equal to Ti

Figure 11 highlights that in 20,000samples time the teegh o the comb are still separate, while in
60,000samples time they are nat.

The buffer size and the delay off set to avoid any owverflow and undrflow can be deduced, for ead
run, bytaking the values j i, and jx on the ascisss of the distribution dagrams and applying
relations (5) and (6).

Setting the size of D and B acording to relations (5) and (6) only gives valid results for the run
considered. Different runs, performed with the same traffic condtions, produce the same jitter
distribution shape, bu its displacanent may be shifted onthe ascissa, depending when the first
padket arrives. Relation (7) must then be used for the adual sizing d the D and B parameters.
Relation (7), applied on measured results of the jitter span, dees not ensure complete safety in
avoiding bufer overflows or underflows, becaise the measurements are made with a finite number
of samples. However, if this number is sufficiently large, as in the caes presented, the use of
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relation (7) instead of the safe but fairly conservative relation (8), may be very acceptable in
practice, thus reducing the sizes of D and B. The reduction in the delay offset is particularly
advantageous for applications such as phones or video conferences, because it reduces the packet
end-to-end delay.

In the most general cases bursty data are present on the channel as well, and stream data are
affected by an initial jitter. For these cases measurements were made to show how many buffer
underflows were caused by undersizing the delay offset, in the hypothesis that buffer overflows
must be avoided (i.e. the buffer size is kept equal to the optimal size). Figures 15, 16 and 17 show
the results of these measurements for the 35 ms, the 20 ms and the 6 ms cases, respectively.

It can be observed [9] that if D < j, the system may receive late packets until it receives the

packet with the maximum jitter. Afterwards, the situation is equivaent to the one in which a delay
offset D = j,,ox has been introduced at the beginning and no more packets arrive | ate.
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Fig. 5. Jitter distribution for 6= 35 ms; bursty data present on the channel;
no initial jitter.

Preprint of an article published on the INTERNATIONAL JOURNAL OF SATELLITE COMMUNICATIONS, VOL. 14, No. 2
Copyright 1996 by John Wiley & Sons, Ltd. <URL: http://wwwa3.interscience.wiley.com/> 14



Nedo Celandroni, Erina Ferro, Francesco Potorti: Comparison between distributed and centralised demand assignment TDMA satellite access schemes

0.035
- 1
5
0.03 - - 0.9 =
c I3
o] C
S — 0.8 >
€ 0025 =
= -07 8
5
Q 0.02 - - 0.6 a
& =
> L 05 )
= 0015 g
'_g - 0.4 s
o]
o 0.01 - 0.3 g
o g
- 0.2 >
0.005 - O
- 0.1
0- - 0
D MNMOVOANNDATO©OAMWONON
NOoOMmMowoOMmMowodNOOANLOOONL AN D
! A A A AN AN NMOOETET I WOLW
jitter [mg]

Fig. 6. Jitter distribution for 6= 35 ms; bursty data present on the channel;
initial jitter span = 34 ms.
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Fig. 7. Jitter distribution for 6= 35 ms; no bursty data present on the
channdl; initial jitter span = 34 ms.
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Fig. 8. Jitter distribution for 6= 35 ms; no bursty data present on the
channel; initial jitter span = 24 ms.
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Fig. 9. Jitter distribution for d = 20 ms; bursty data present on the channel;

no initial jitter.
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Fig. 10. Jitter distribution for 0= 20 ms; bursty data present on the
channel; initial jitter span = 19 ms.
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Fig. 11a. Jitter distribution for 6= 6 ms; no bursty data on the channel; no
initial jitter. 20,000 samples.
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Fig. 11b. Jitter distribution for 6= 6 ms; no bursty data on the channel; no
initial jitter. 60,000 samples.
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Fig. 12. Jitter distribution for = 6 ms; no bursty data present on the
channel; initial jitter span = 6 ms.
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Fig. 13. Jitter distribution for d = 6 ms; bursty data present on the channel;
no initial jitter.
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Fig. 14. Jitter distribution for 6 = 6 ms; bursty data present on the channel;
initial jitter span = 6 ms.

Fig. 15. Late packets versus delay offset; o= 35 ms; bursty data present
on the channel; initial jitter span = 34 ms.

Preprint of an article published on the INTERNATIONAL JOURNAL OF SATELLITE COMMUNICATIONS, VOL. 14, No. 2
Copyright 1996 by John Wiley & Sons, Ltd. <URL: http://wwwa3.interscience.wiley.com/> 19



Nedo Celandroni, Erina Ferro, Francesco Potorti: Comparison between distributed and centralised demand assignment TDMA satellite access schemes

20
8
80 -
75 d =20ms
70 - max initial jitter = 20 ms
8 65 — datagram present
% 60 —| buffer length = 362 bytes
8 55 )
S
@ 50 —
= 45 ]
5 40 o
g 35
30 -
E 25 -]
z 20 -
15
10
5 —
0 L A L L L e L . T
°S Ny @ ® g 93 8 8R4I 8
Delay offset [mg]

Fig. 16. Late packets versus delay offset; o= 20 ms; bursty data present
on the channel; initial jitter span = 20 ms.
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Fig. 17. Late packets versus delay offset; o= 6 ms; bursty data present on
the channdl; initial jitter span = 6 ms.

3.2 Experimental results on the bursty data end-to-end delay

Note that for implementation reasons data was sent at an average of one frame later from its arrival
at the TDMA controller. Including some processing overheads, the satellite round trip time must be
considered as being around 280 ms, while the net satellite round trip delay for Italsat at the Pisa
station is 253 ms. The end-to-end delay shown in all the diagrams includes the satellite round-trip-
time and the queuing time that data must wait for before being transmitted.

In all the measures data was sent uncoded at 8 Mbit/s, the reference burst was sent 1/2 coded at 2
Mbit/s, and any control slots were assigned at 1 Mbit/s. No stream capacity was allocated.
Moreover, in all the figures the traffic loads indicated are information data loads, and no overheads
due to preambles, headers, signalling bursts and guard times are included. They are expressed as a
fraction of the total channel capacity (8,192 Khit/s).

The length of the packets is between 512 and 1024 bytes for the stationary cases and 1024 bytes for
all the transient cases.

3.2.1 The stationary case
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Figures 18 and 19show the transmisson end-to-end delay experienced by eat of the four adive
stations as afunction d the traffic handed by the station. The five dashed lines show different runs
with dfferent channel loading condtions, while the @ntinuots lines show the behaviour of eath
single station.

The traffic transmitted was not distributed evenly among the stations to allow comparisons of
behaviour among dff erent loaded stations in various channel 1oading condtions.

The diagrams how the stealy state behaviour of the system when the traffic sent by ead stationis
fixed rate or Poison, respedively. The delay values are averaged owver aperiod d 30, starting 15
s after the beginning d the transmisson to exclude the transient effeds.

The same runs that produced Figs. 18 and 19 were used to show the overall channel behaviour.
Figure 20 shows the fixed rate and Fig. 21the Poisn case, respedively. In these figures the mean
channel delay is plotted as a function d the dannel load, together with some other parameters
(such as percentil e values, the standard deviation, the maximum and minimum values) in order to
give an idea dou the delay distribution function. Figure 22 gves a mmplete example of the delay
distribution function, relevant to the 85% channel loading run, already shown in Fig. 20.

The original goal was to make dl the stations experience the same delay, independently of the load
level. Thisis amost achieved espedally in the Poison case (Fig. 19, where the saturation effed is
evident with the 85% load. Only station 1is penalised dwe to the adoption d the dlocation limit
Wmax . Figures 20 and 21show how the Pois®n traffic penali ses the system delays. Apart from the
run in which station 1is sturated, the mean value of the delay is nat dramaticdly higher in the
Poisn case than in the fixed rate cae (305-340 ms versus 295-315 ms). On the other hand, the

difference is naticedle in the spread of values (950 percentile and particularly the maximum
values).

Fixed Rate Traffic
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Fig. 18. Sngle station mean delay versus station load for fixed rate traffic.
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Fig. 19. Sngle station mean delay versus station |oad for Poisson traffic.
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Fig. 20. Channel end-to-end delay statistics versus the channel load for
fixed rate traffic.
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Fig. 21. Channel end-to-end delay statistics versus the channel load for
Poisson traffic.
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Fig. 22. End-to-end delay distributions: probability mass function and
cumulative distribution function. Channel loaded with 85% fixed rate
traffic.

3.2.2 Thetransient case

The transient case was only tested with fixed rate traffic. A traffic step lasting about 6 s fed station
number 1 in all three cases presented, which differ from each other in the load levels before the
traffic step and in the amplitude of the step itself.

While in the run in Figure 23 the traffic step pushes the system into saturation, in the runs in
Figures 24 and 25 this traffic step does not saturate the system which is able to absorb, after a few
seconds, the effect due to the increase in traffic. Before the traffic step, the system is scarcely
loaded (64% in Figures 23 and 24, 48% in Figure 26). Each station receives an over allocation (pre-
assignment) which can absorb, without any visible change, any traffic step lower or equal to the
over assigned capacity. This case is obviously not represented. In the cases presented, after the
beginning of the traffic step there is an increase in the queue length of the packets to send and,
consequently, in the end-to-end delay, due to the system response.

The over assigned capacity is immediately used by station 1 which absorbs part of the traffic step.
After a delay of more than two round trips, a bigger allocation is received from the master station
and the maximum possible allocation (Wmax) is assigned to station 1. This is sufficient to curb
gueue growth and delay. Afterwards, in the case shown in Figure 23, all the other stations see their
gueues growing and ask for more allocation. This causes a smaller capacity assignment to station 1,
thus provoking a new increase in the queue until the end of the traffic step. The transmission
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window assigned to station 1 isequal to the maximum threshold but it is still insufficient to entirely
compensate for the traffic step. This is why station 1 goes into saturation, thus affecting, within
limits, the other three stations for the entire duration of the traffic step.

In the case shown in Figure 24, the traffic step of station 1 is not so hard as to saturate the system.
So, the larger allocation to station 1 temporarily involves the other stations (but only for the time
required by station 1 to absorb the queue caused by the system response delay), whose end-to-end
delay briefly increases. The transient in station 1 is also extinguished quite quickly. Figure 25
shows the bursty queue of the four stations relevant to this case.

In Figure 26, stations 2, 3 and 4 practically have no knowledge of the traffic step at station 1. The
capacity assigned to station 1 isin any case limited by the maximum threshold and is lower than the
one requested. Thisiswhy the delay decreases more slowly than in the case shown in Figure 24.
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Fig. 23. Single station delay versus time when station 1 has atraffic step of 25%
of the channel capacity (step duration = 5.5s).
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Fig. 24. Sngle station delay versus time when station 1 has a traffic step of
17% of the channel capacity (step duration = 5.5 ).
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Fig. 25. Queue length versus time when station 1 has a traffic step of 17%
of the channel capacity (step duration = 5.5 s).
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Fig. 26. Sngle station delay versus time when station 1 has a traffic step of
24% of the channel capacity (step duration = 5.5 ).

4. CONCLUSIONS

We have presented the experimental results relevant to the jitter introduced on the real-time data
and the end-to-end delay affecting the non real-time data, when the FODA/IBEA scheme is used to
access the satellite link. The analytical results give an indication for the evaluation of the jitter span.
In particular, the worst case situation is outlined, in which the packets enter the system already
affected by an initial jitter and the system is loaded with all possible traffic patterns. The results
measured match the theoretical indications. To remove the jitter we use a leaky bucket. The criteria
to size the buffer and the delay offset are also suggested. Sizing the parameters according to the
worst case may penalise system performance, thus increasing the end-to-end delay above an
acceptable level. This may occur when the initial jitter span is very long, for example if the data
arrive at the system after crossing a considerable number of networks. In these cases, in fact, the
jitter distribution may have very long tails that contribute negligibly to the cumulative distribution
function. In these cases a sub-optimal dimension of the delay offset and of the buffer may be
preferable.
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Asfar as the nonred-time data is concerned, the stationary cases presented show a limited average
end-to-end celay of the data transferred by the satellit e network, even in heavy loading condtions.
The spread of the delay values is acceptable even when the system is loaded with Poison traffic
generators. The important effed of the maximum al ocaion threshdd is shown when the system is
overloaded. In fad, only the most loaded station is heavy penalised in this case.

In the transient analysis, too, the dfea of the maximum all ocaion threshold is ouitlined, showing
the modest perturbation affeding the other stations even when a traffic step of considerable
amplitude is applied to a station. The transient may or may nat be asorbed by the system but any
congestionis limited to the overloaded station.

The onvenience of working in pre-assgnment mode has been shown by taking the results of the
system linea analysis caried ou in areferenced paper.
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