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SUMMARY

This paper presents FEEDERS®Y, an access gheme for sharing,in TDMA(®© mode, the cgadty
of a satellite channel among a number of stations, onthe basis of user demand. This sheme
and its companion, DRIFS?3 [14], result from a study caried ou by the aithors on dstributed-
control protocols for geostationary satellite acces Both protocols derive from the
FODA/IBEA® centralised-control system and have the same fedures. The distributed
technique to compute the caadty alocaion adoped by FEEDERS improves sme
performancein FODA/IBEA, bu raises a problem abou system stability. Tedniques to solve
this problem are presented, together with system performance A comparisonis aso made with
the FODA/IBEA system, though a more detailed comparison can be foundin [15], where
DRIFS FEEDERS and FODA/IBEA systems are dl compared.

KEYWORDS Siellite acces €heme Distributed control Capadty allocaion on émand
Fading Isochronouwstraffic Anisochronoustraffic.

1. INTRODUCTION

The drawbad of a system which performs the cgadty assgnment on cemand d a satellite
channel in centralised mode is the rather high request-allocaion delay. In fad, in a centralised
control system, a master station is charged with computing the bandwidth alocaion layout,
which is broadcast to the traffic stations after their requests have been receved. This causes a
request-all ocation delay of at least two roundtrips.

(1) Faded Environments Effedive Distributed Engineaing Redundant Signalli ng
(9 Time Division Multiple Access

(3 Distributed all ocation with Request In Fixed Slots

(4) Fifo Ordered Demand Assgnment/Information Bit Energy Adapter
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In a system designed for multimedia traffic —such as FODA/IBEA [1+3]—this has an impad
baoth onthe dhannel set-up and release times of the red-time (stream) traffic, as well as on the
end-to-end delay experienced by the padets during the transient due to a step o the nonred
time (bursty or datagram) traffic®. Furthermore, since in the FODA/IBEA system eadt
station adapts the cding and the bit rates of the transmitted data to the link quality, the
attenuation level of ead link must be estimated and predicted for atime & least equal to the
request-all ocation celay. The acairacy of the estimation very much depends on this delay, so
the higher this quantity is, the higher the margin is on the link budggt to be adopted in arder to
prevent an uncer-estimation d the link attenuation.

FEEDERS results from a study caried ou to reduce the request-all ocaion delay. To achieve
acceptable system stability, the control information must be more reliable than in centralised
control. For this reason the control information is made reduncant.

As in FODA/IBEA, the fade munermeasure system adoped by FEEDERS is based onthe
adaptation d the energy per information ht to ead individual link status, which depends on
atmospheric condtions. The total attenuation d ead link (up- plus down-link) is compensated
for by varying the transmisson pawer, coding and kit rates. Assuming a multi-channel TDMA
accessto the satellit e, the transmisson paver variation must ensure asuitable constant badck-
off at the satellite transponder inpu, to avoid excessve intermoduation nase. The power
control can thus be used to compensate for all or part of the up-link attenuation, whil e the total
compensationis completed by varying the amding and the bit rates as well .

In Sedion 2 the proposed alocaion scheme is described, and in Sedion 3 techniques to
reaver contingencies due to control information misses are studied. Criteria to size the most
important parameters, together with some performance evaluations of the system, implemented
on the hardware available & present, are given in Sedion 4, and conclusions are drawn in
Sedion 5.Some other access £hemes are referenced for comparison [5-12]

2. THE ALLOCATION SCHEME

Some definitions are given below together with the acces £heme description.

- The frame is the interval of time in which every station transmits a burst. The station cata
burst may contain bah stream and busty padkets. The frame durationtime is denoted by t; .

- The burst time plan (BTP) is the dlocation layout where time is allocated for transmitting
both busty and stream data. The BTP must be known by ead station, so as to transmit, as well
as to recave dl the incoming busts. This constraint is imposed by the hardware available &
present, in which the modem must be quenched immediately before the next burst arrives, in
order to avoid false aquisitions of the carier frequency. The incoming bust bit rate must also

®) In [14], the ATM Forum TM4.0 (“ATM Service Category”) classfication for the stream and busty traffic
caegories, and the correspondng ITU-T 1.371(“ATM Transfer Capability”) classficaionis given.
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be known in advance by the modem. The access scheme is designed considering these limits.
Hardware without such limits would simplify some procedures.

- The control message contains the allocation requests, plus some extra information, such as
the up- and down-link attenuations. The control message is broadcast by each station in all the
frames inside the transmission burst header. It is piggy-backed with data, if any.

- The allocation frame (AF) is the time between two consecutive BTP applications. The AF
coincides with the time between two consecutive reference bursts (RB) sent by the reference
station. The reference burst is sent using a reference unique word (RUW), allowing all the
traffic stations to synchronise with the network. Inside the reference burst a reference BTP is
also sent to allow new stations, which want to enter the system, to set up the BTP for receiving.

The reference BTP is also needed in the algorithm to recover missed allocation requests. The
AF duration time is denoted by t, = n,t;, where n, is the number of frames contained in an

AF (see figure 1). In each AF the stations have n, chances to transmit, so each individual
control message (and consequently each allocation request) is repeated n, times. The BTP is

applied to all the framesin an AF.

frame (durationt ) ¢ frame (durationt ) , frame (durationt )

alocation frame (durationn t ) , ¢

RUW TUW
Preamble BTP Preamble | SB1SB2 SB3...SBn
Data
Burst

Fig. 1. FEEDERS frame layout. There are four active stations, so four data bursts are
present in each frame. SB denotes a sub-burst. TUW is the traffic unique word which
identifies a data burst.

The alocation request for stream capacity is computed asin FODA/IBEA and in DRIFS, i.e. it
is equal to the bandwidth needed (the sum of all the application needs). The allocation request
for bursty traffic is computed by each station as.
r=mn[f (Q+ Hi) gl Q)

where: q is the volume of bursty waiting to be sent, i is the bursty traffic coming into the
system; f (lessthan one) andH are the coefficients to be chosen. The request does not have a
lower limit, unlike in FODA/IBEA, because there is already one burst per station, so thereis no
need to allocate a minimum amount for efficiency reasons.

Both types of allocations are computed in a distributed way. They can vary on an alocation
frame basis. Each station must be able to compute the BTP for the next AF at the end of the
current one. Usuadly, the BTP is computable after the first frame in each AF. However, if
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bursts are missed, data needs to be mlleded in the subsequent frames, in order to buld a
complete request plan with the dl ocaion requests from all the stations.

The stream all ocaion algorithm is equal to the one alopted in FODA/IBEA. The bandwidth is
allocated equal to the request and maintained urtil it i s left.

The bursty allocation is computed as follows. For ead station an allocaion equal to the
request, increased by the preamble overhead®), is preliminary alocaed in ead frame. If a
residual cgpadty C, still remains, after a cmplete dlocaion cycle, it is sared evenly among
al the adive stations, even those ones which sent a null request. If C, is negative, al the
requests are reduced by a suitable fador, to make the dlocaions occupy exadly the caaaty
Cq4 reserved for bursty data. In this case the stations which sent a null request receéve an
allocaionwhich is only enoughto send ore antrol message per frame.

To enter the system, a spedal first access slot (FAS) is present in the last position in eah
frame. It is accessd in contention mode. If there might be llisions with ancther station
entering the system, the wlli ding stations wait for a randam number of AFs before repeding
the operation. When the maximum number of adive stations is readied, the FAS spaceis
temporarily dedlocaed. In fad, duing this period nomore stations are dlowed to enter the
system. The FAS s all ocated again when at least one more entry is possble in the system.

The possble states in which a station can be ae:

- switched off;

- synchronising. After a station is switched on it begins listening to aayuire the reference
unique word and to read the reference BTP, which is used to receve dl the other stations,
starting from the seandframein ead AF;

- synchronised. The station corredly receves the dlocaion requests from all the adive
stations, so that it can compute the BTP;

- active. After being synchronised, at the first need for transmisson (stream or bursty traffic),
the station sends a cntrol message using the FAS in the next AF. This control message is thus
repeded n, times. The first control message may already contain stream and busty requests.

On recaving its own control message in the FAS, the station computes the BTP considering its

() As gated in [14] too, even if both the distributed-control access shemes dudied by s are theoreticdly
independent of the TDMA controller hardware used, we refer to a modem whose aguisition preamble length is
not negligible & far as the dhannel overhead is concerned. This is due to the fad that we have the avail ability of
four TDMA cortrollers and modems that can suppat different coding rates (1/2, 23, 45 and urcoded), symbad
rates (from 1 upto 8 Mbit/s) and ouput power levels (-20-0 dBm), all variables at the sub-burst level. This
hardware has been developed and wsed for the implementation d the FODA/IBEA centralised satdllite acces

scheme.
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own request as well. The station is then able to transmit in the next AF. After receiving a
request in the FAS, al the stations consider that request as if it were repeated in all the
following AFs, until the second request has been received from the neo-active station. This
allows the continuity of allocations after the initial request has been received. The second
request is, in fact, received one round trip later. After a certain time has elapsed without traffic
to transmit, an active station quits the system by sending a specific control message. The other
stations consider the quitting message and deall ocate the space reserved for the quitting station,
starting from the next AF. A station must quit the system when it is in outage, i.e. when the
measure of its E / N, ratio at the minimum bit rate, on receiving its own data, is below the
acceptabl e threshold.

- going-down. When a station misses the allocation requests of at least one station, for an entire
AF, it is named missing station. The missed station, i.e. the station that is not heard, is then
flagged by the missing station as a going-down station. The missing station sets the going-
down station back to the active state at the next message received from the going-down station
itself;

- down. A going-down station is declared down when set as going down in the received
reference BTP. The allocation of the down station is definitively removed. A station that is no
longer present in the reference BTP must quit the system and re-enter, if necessary, via the
FAS.

3. RECOVERY ALGORITHMS FOR MISSED ALLOCATION REQUESTS

The probability that a station goes down without warning the system is extremely low.
Nevertheless we must consider that such an event could happen and thus make it recoverable.
Missing the allocation requests of one station for a whole AF is another very rare event. In
such a case, the missing station can assume either that the missed station died, or that it was not
able to receive the missed station. Let us now analyse these two different hypotheses and the
relevant recovery algorithms. Some items valid for both the hypotheses are given below. A
distinction between the two hypotheses is then made, with the relevant analysis.

A station which receives good alocation requests from all the active stations in an AF is able
to compute a valid BTP for the next AF. Otherwise, the BTP is only presumed and on
receiving the relevant AF, an attempt is made to receive the first frame of that AF with the
presumed BTP. If the presumed BTP is wrong (this is proved by the presence of missed
bursts), the reference BTP just received is used to receive the following frames of that AF.
Independently of its application for transmitting in the next AF, each station must always
compute aBTP (valid or presumed) for the reception of that AF.

When a station is declared as down, its alocation is removed when the next valid BTP is
computed, i.e. the BTP is computed with the correct allocation requests received from all the
other stations. That timeis considered as the end of the recovery algorithm for a down station.
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A collision event is detected in an AF when the station down-link is good, at least one station
has been missed, and the number of corrupted packets (CRC incorrect) goes over a certain
threshold. Let us define as PBTP (previous BTP) the reference BTP received in the current AF.
When a station detects a collision in an AF, it uses the PBTP to transmit in the next AF. If a
valid BTP is different from the reference BTP this means that the reference station has used a
BTP which is presumed, and its choice was wrong. The reference BTP is ignored for the
reception of that AF, but, even though it iswrong, it still has to be used in case the contingency
recovery algorithm imposes the assumption of the PBTP.

H1 hypothesis: A missing station assumes that the missed station has gone down. The missing
station prepares the BTP for the next AF asif the missed station had sent a null request. Thisis
necessary to give the missed station further chances of transmitting the control message at
least. The missed station is flagged as going-down by the missing station.

H2 hypothesis: A missing station assumes that it was not able to receive the missed station
correctly; it is thus not allowed to transmit in the next AF. The missing station sets the missed

station as going-down. The presumed BTP, which will be used at the reception time, is
computed as if anull request from the missed station had been received. After ny consecutive

AFs in which a station is missed, the missing station is allowed to transmit in the next AF,
assuming the PBTP. If all the stations are missed in an AF, but the reference burst is correctly
received, the missing station is allowed to transmit in the next AF, assuming the PBTP.

Figures 2 and 3 show three different contingencies which are recovered by applying the
algorithms relevant to hypotheses H1 and H2, respectively. Contingency (a) represents a
station that actually goes down; (b) represents a station which misses the control information of
another station for one AF, and (c) shows a station which is missed by al the stations,
including itself, for a number of AFs insufficient to be declared down. Although we do not
give an exhaustive scenario of al the possible contingencies, many other situations which need
to be recovered can be explained by combining a number of these cases. The downward arrows
in these figures indicate that the BTP computed in a received AF is applied for transmitting in
the next AF. The upward arrows indicate when a transmitted AF is received. In all the three
cases the first miss is detected in the AF numbered n-6. Let us now look at the different
behaviours of the two algorithms for each individual case.
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PBTP = previousbursttimeplan CMA = control message allocation (the min. alocation is given for aCM)
H = hole (missed transmission) C = coallision (on transsission) CD = collision detected (on reception
MA = missed by all MDS = missed station GDS = going down station DS = down station

IMA 1IMA 1IMA 1IMA 1MA 1IMA 1MA
1GDS 1GDS 1GDS 1GDS 1GDS1GDS 1DS

Rx AFs n-6 1 l 1 1 |n-l n n+l n+6|
TxAFs T T T T T T T T T T 1
n-1 n n+1l n+6
1H 1CMA 1CMA 1CMA 1CMA 1CMA 1CMA
1H 1H 1H 1H 1H 1H
(3
1IMDS
1GDS CD
Rx AFs n-6 1 1 1 1 1 1 n 1 n+1 1 1 1 1 1 ]
n-1 n n+1 n+4 n+6
c PBTP
(b)
1IMA 1IMA 1MA 1MA 1MA
1GDS 1GDS 1GDS 1GDS 1GDS
Rx AFs )

n-6 n-1 n n+1 n+5

1 1 1 1 1 1 1 1 1 1 1 1
TX AFS I \l ) ) ) ) ) ) ) ) ) )
n-1 n n+1 n+5
1CMA 1CMA 1CMA 1CMA 1CMA

©

Figure 2. Contingencies recovered using the H1 algorithm. (a) one station goes down; (b) astation
misses the control message of another station for one AF; (c) astation is missed by all the stations,
including itself, for a number of AFs. Parameters used: tf = 20 ms, na= 3, round trip delay = 270 ms.
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PBTP = previous burst time plan H = hole (missed transmission) AH =all holes
CMA = control message allocation (the min. alocation is given for a CM) MDS = missed station
MA = missed by all AMA = all missed by all GDS = going down station DS = down station

IMA 1IMA 1IMA 1MA 1MA 1IMA AMA
lGDS 1GDS 1GDS 1GDS 1GDS 1GDS 1DS AMA

RXAFs . nt1
Tx AFs \ Xr' g § % % % % % % é
n-1 n n+1 n+6
1H AH AH PBTP PBTP PBTP PBTP PBTP PBTP
1CMA 1CMA
(€Y
1MDS 1IMA
lGDS 1GDS AMA
Rx AFs n+6 1 7 1l
n-1 n+12
1H AH PBTP
1CMA
(b)
IMA 1IMA 1IMA 1MA 1MA
lGDS 1GDS 1GDS 1GDS 1GDS AMA AMA
RXAFs . 1o n+8
Tx AFs \ &’ & § % % % % % % é
n-1 ntl n+2 nt5 n+6 n+7
AH AH PBTP PBTP PBTP PBTP PBTP
1CMA 1CMA
(©)

Figure 3. Contingencies recovered using the H1 algorithm. (a) one station goes down; (b) a station
misses the control message of another station for one AF; (c) astationis missed by al the stations,
including itself, for a number of AFs. Parameters used: tf = 20 ms, na= 3, round trip delay = 270 ms.

Preprint of an article published on the INTERNATIONAL JOURNAL OF SATELLITE COMMUNICATIONS, VOL. 15, No. 4
Copyright 1997 by John Wiley & Sons, Ltd. <URL: http://wwwa3.interscience.wiley.com/> 8



N. Celandroni, E. Ferro, F. Potorti: FEEDERS-TDMA: A distributed-control algorithm for satellite channel capacity assignment in a mixed traffic and faded environment

a) The missed station is declared as going-down until confirmation is received in the reference
burst; then that station is considered down. In H1 no transmission is missed by anyone. The
only anomaly is that the minimum allocation is given to the down station until the AF n+5. In
H2 the missing station causes a missing transmission by all the stations for two AFs. After the
third AF has been received without the missed station, the transmissions are resumed assuming
the PBTP for six consecutive AFs. The first PBTP is the one computed by the reference station
for transmitting in the AF n-4. The PBTPs assumed for the AFs n+6 and n+7 contain the
minimum allocation for the down station, because they are computed after the first miss. The
AF n+2 is considered complete, because the missing station is already declared down, so a
valid BTP can be computed from it, and the AF n+8 is completely normal.

b) The missed station is flagged as going-down by the missing station, but this condition is
reset in the next AF. In H1, the missing station generally causes a collision on transmitting in
the AF n, due to the computing of the BTP which gives the minimum allocation to the missed
station. The collision is detected by all the stations, who also assume the PBTP for the
transmission in the AF n+6. In H2 amissed transmission is caused by the missing station in the
AF n. When the AF n is received, no station can compute the BTP, so the AF n+6 is empty.
The reception of this empty AF causes all the stations to assume the PBTP for transmitting in
the AF n+12. This PBTP contains the minimum allocation for the missing station, because of
the holein the AF n.

c) For five consecutive AFs a station is missed and declared as going-down by all the other
stations. This condition is then reset because the missed station reappears before the reception
of the reference burst where it is flagged as going-down. In H1, this event causes only the
minimum allocation to the missed station, for the AFs in which the station is missed. Thus,
after the AF n+4, the situation is normalised. Assuming the H2 hypothesis, in the AFs n and
n+1 no station is allowed to transmit, and in the AF n+2 the PBTP is assumed by all the
stations as in case (a). On transmission of the AF n+5 everything is normal for the complete
reception of the AF n-1, but the empty AFs n and n+1 means that al the stations assume the
PBTP to transmit in the AFs n+6 and n+7. These two PBTPs contain the minimum allocation
for the missed station, because they are computed by the reference station on reception of the
AFs n-6 and n-5, in which the station is missed. The reception of the AF n+2 is complete and
the situation is normalised after the transmission of the AF n+7.

The H1 algorithm generally produces shorter recovery periods and fewer problems in terms of
transmission inhibitions, than the H2 algorithm. In particular, contingency (@) does not cause
any trouble at all in H1. The drawback of the H1 algorithm affects the contingency (b). In fact,
H1 here involves a collision (with consequent corruption of data) and a collision detection,
which is not a secure event like the missed reception due to missing transmission as considered
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by H2. Indedd, the mllision may nat be deteded when the power level of the alli ding station,
at the transponder inpu, is many dBs lower than the other stations'. This may happen when
there is ®vere up-link fade. However, if the mllisionis not deteded in the first collided AF, a
new collision is caused in the next AF with a greaer chance of being deteded by al the
stations, becauseit is very likely that this time more stations (which deteaed the first colli sion)
will colli de.

4. SYSTEM SIZING AND PERFORMANCE

The probability that events (a) and (c) occur depends on station reliability and onthe dficiency
of the fade detedion and prediction systems. The evaluation d such probabiliti esis beyondthe
scope of the present paper. Event (b), onthe other hand, depends on some system parameters,
and the aiteria for chocsing them are given here. The exad cdculation d the probability of
event (b) istoo complex, so orly an increase in this quantity is evaluated.

Heredter, variables written with capital letters denate the expressons in dedbels of the same
variables written in small | etters, i.e.: X =10Log; X

Let us denote by e the E / N, ratio available & the recaver of ead station when the
maximum transmisgonrate is used. We have

e-—S & 2

e tetl

where: g, and g; are the up-link and down-link E,/ N, ratios at the maximum bit rate,
respedively. Let us denote by rj the transmisdonrate with i = 1,..J, where r, isthe maximum
and r, the minimum bit rate. The E, / N, ratio available & the stationinpu is eg;, where g; is
the gain dweto the bit rate reduction,i.e.. g, =ry /r;.
The outage @ndtion d a station cccurs, by cefinition, when the loop-badk E,/ N,, a the
minimum rate, falls below athreshold e,;,,. The outage probability p,,; can thus be mmputed
by solving the eguetion

e( pout) = €min / 9; (3)
where e(p) the E, / N, ratio below which the link fallswith probability p.
Asauming the transponder as being a linea device withou any automatic gain control, we
have

& = &clay 4)

where g,. and g, are the up and dawvn-link E,/ N, ratios, at the maximum bit rate and in

clea sky condtions, respedively, a, and a; are the up- and dawvn-link attenuations,

respedively.
The expressons for a, and ay can be obtained using the CCIR interpolation formula [13],

giving the atenuation exceeded for a percentage of an average yea
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A(py) = Ay 0.12 p%—(o.546+o.043 LOG1o Pos) )
where p,, is the probability as a percentage, and A,,, is the atenuation exceeded for 0.01% of

the time. From (5) we have

Au(Py) = [Agoyp 012 py, (05460043 LoGio ) —y 17, (6)

Ad(p%) — AOOldown 012 p%—(o.546+0.043 Logig Pos)
where U, isthe up-link paver control dynamics and [X]" means max0, x] . Substituting (6) in
(4) and (4) in (2), we get the function & p), then a numericd solution for the eguation (3) can

be found.
The probability p,(]f;),B that a station s misses the antrol message of ancother stationfor an entire

AF, condtioned na to bein ouage, is computed as foll ows
e

o = —— [ LD (p @1 de )

where:
* p(e isthe inverse function d g(p). It gives the probability that the E / N, ratio at the

station is lower than e. Note that (7) assumes that the up and davn-link attenuations have

the maximum correlation, as in the loop-badk case. In pradice this only happens if the

stations are very close together. Thisisthe worst case and gves an upper boundfor p(s)miss;

. dF;_(e) is the probability density function;

e
* pp(e) is the mntrol message miss probability at the E;/ N, ratio e. It is evaluated

experimentally. p,,(€) is assumed to be equal to p,(€,,), for e< e . (seefigure 4). Thisis
adually an increase in p,,(€), because for e<e, . the reduction in the bit rate would
deaeaseit to p,(€9);

Log pn | Miss probability used
in the computations

Miss probability at maximum rate

Miss probability with rate changes

Log e Ec Emin Emin Enmin
Q &

Figure 4. Burst missprobability versus Ep/Ng ratio (for J =3)

* e isthe E /N, ratio at the stationin clea sky condtions and at the maximum bit rate.
Obviously, expresson (7) can ony be evaluated numericaly.
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In both the hypotheses (H1 and H2) for the recovery algorithm, problems arise if any station
misses the allocation request of any other station, so this is the event whose probability pss

must be estimated. This time the worst case is obtained by considering the control message
misses as independent events, thus a safe increase of P IS

Priss 0 & PRk ®
where ng isthe number of active stations.

A very significant parameter to show system performance is system efficiency, i.e. the ratio
between the capacity available for the information data and the total capacity of the channel.
Let us now estimate the average of this parameter. The problem is to evaluate the average
overhead per burst. The bit rate of the reference burst is fixed and close to the system minimum
bit rate. The minimum one is not chosen because the reference station must be one of the least
faded stations. There is therefore no up-link fade when data are received from this station,
thanks to the up-link power control, which can absorb small fades. The bit rate of the preamble

of the other bursts is generally the same for all the stations. It is selected dynamically as the
highest one which guaranteesan E, / N, ratio better than e,;,, for al the stations. Let us denote

by p; the probability that the system needs to work with a preamble rate lower than r;. The
probability pi(s) that one station has an E,/ N, ratio less than &, can be obtained by solving
equation (3) for all the bit rates, i.e. imposing: €( pi(s) )=¢€in/ 9. Theexpression for P, isthen
;o= 1-[1-p°1" Ong p, for p <<1. ©)
p, isthusthe probability that at |east one of the n, stationsisin outage.
Denoting by b, the bit overhead of each burst, we have:
bovn = guard_gap + preamble + (burst_header + crc) /coding_rate. (20)

The burst header contains the control message. In the present hardware the burst header (called
control sub-burst) also contains the bit and coding rates of al the sub-bursts contained in the
burst. These two transmission parameters are selected according to the destination station and
the class of service (the required BER) of each individual sub-burst. In the following
calculations, the size of the burst header is set to the minimum size imposed by the hardware
itself.

With the position: p, = 1, the average burst overhead bovh, When none of the stations is in

outage, is given by

J
Bon = - S q(p_y-p). (11)

The average system efficiency 7] isthen expressed by
ﬁ = 1_[|RB(ns) + -bOVh ns na]

(12)
nat f r1

where 5 () isthe reference burst bit length, which depends on the number of stations.
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Reference burst bit rate 2 Mbl/s
Reference burst coding rate | 4/5

Traffic bursts bit rate 8, 4, 2 Mb/s (J=3)
Burst headers cod. rate 4/5

reference burst length (| zg)

2300+160N_ max bit rate bits

Burst overhead (bg,p)

700 max bit rate bits

Frame length (T)

20 ms, 160000 max bit rate bits

Round trip time 270 ms
Euc 15.1dB

Edc 15.1dB

Ec 1208

Aoo1up 22.5 dB (Kaband)
Ago1down 12 dB (Kaband)
U, 10dB

Table 1. Parameters used for the numerical example.

E,/ N, [dB] | Logp,
7 -2.0
9 -3.5
11 -5.3
12 -6.3

Table 2. Burst miss probability, measured with 4 kHz frequency offset.

Figure 5 shows a numerical example, with p.is @d 77 as functions of the number of active
stations. Sections (@) and (b) of this figure relate to the choices of 7 and 8 dB for parameter
Enin, respectively. In the former, a reasonable compromise between the delay gain and the
control message miss probability is reached with n,=3, while n,=2 gives acceptable results
only if Enp, islimited to 8 dB. This example is tailored for the current hardware operating in

Kaband. The parameters used are reported in Table 1, while Table 2 shows the measured burst

miss probabilities, with a burst-to-burst frequency offset of 4 kHz. The function used for
pm(E), obtained by fitting the data of Table 2 with a second order polynomial, is

2
P ( E) — 101.22— 0.227 E-0.0333E . (13)

There are four bit rates possible with the hardware considered. Indeed, the 1Mb/s rate is used
when the link fade is so severe that the 2Mb/s rate would not be able to guarantee the packet
loss rate needed by high class of service data. Figure 6 shows the probability distribution of
system efficiency, in relation to common preamble rates of 8, 4 and 2Mb/s, when 32 active
stations are considered, and n, =3. We can see that for this number of stations system
efficiency may be rather low, but these events occur for avery small portion of the time.

Both stream and bursty applications benefit from the reduced request-allocation delay of the
FEEDERS system in comparison with a centralised one like FODA/IBEA. However, the most
evident gain isin the reduction of the delay of bursty traffic during a transient step of traffic
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coming into a station. A comparison ketween the two systems is made by using the analyticd
results from [4], where the system operates in lineaity condtions. A step of traffic of a
sufficiently small sizeto guaranteelineaity is applied to ore station alone, while dl the other
stations work in stationary condtions. In order to apply the expressons derived in [4] it is
necessry to determine the value of the request-all ocation delay dga, which, for the distributed
case, isgiven by

dra = tEa+ta+k ty (X))

where the first term is the average time that data must wait for before being considered in the
next request, the second term is the duration o the AF, and the third ore is the propagation
delay of the request, where K is the minimum integer such that kt, >round trip delay. For

the centrali sed case, onthe other hand, we have
t
dra = Ef+tf+2ktf (15
where K is the minimum integer such that k t; =round trip delay.

Figure 7 reports the delay versus time airves for both the centralised and dstributed cases,
with dfferent values of the parameter n,. Figure 7 (a) represents a cae in which the system is
fully loaded and the station has no traffic a al before the traffic step (assumed to occur at the
time t=0). Figure 7(b) represents a cae in which the system is loaded at 83% of its capaaty
and the station considered is aready loaded with a @nstant rate traffic of a size eual to the
traffic step, before the traffic step itself begins. The delay gain o the distributed case,
compared to the centralised case is evident. Thisresult is confirmed by the cmparison d the
performance of the two systems made with smulationin [15].

5. CONCLUSIONS

The FEEDERS system has the potential advantage—over the centraised FODA/IBEA
system—of improving the system responrse to traffic transients and d reducing the conredion
set-up time. Moreover, the dynamic resporse acairacy to channel fading may be significantly
improved. The only drawbadk is s/stem efficiency, for a large number of adive stations and
when the Kg band is used. Thisis principaly due to the long peanble that a traditional burst

modem needs, in order to ke the burst missprobability below an acceptable threshald, at low
E, / Ng values. The use of a preamble-lessmodem, which performs better from this point of
view, would remove this inconvenience, thus all owing a higher number of adive stationsin the
system. In addition, if the exad knowledge of the BTP to receve dl the bursts were not
required, the procedures to reaver the cntingencies discussed above would be simplified and
system robustness incressed. These feaures would further improve the cmpetiti veness of
FEEDERS, which arealy seans promising even when current hardware is used.
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Figure 5. Allocation request miss probability and average system efficiency as
functions of the number of active stations and the number of framesin an allocation
frame (n,). Two different values of the minimum Eb/No are represented: a) 7 dB, b)

8 dB. The outage probability (pout) is also indicated.

Preprint of an article published on the INTERNATIONAL JOURNAL OF SATELLITE COMMUNICATIONS, VOL. 15, No. 4
Copyright 1997 by John Wiley & Sons, Ltd. <URL: http://wwwa3.interscience.wiley.com/> 15



N. Celandroni, E. Ferro, F. Potorti: FEEDERS-TDMA: A distributed-control algorithm for satellite channel capacity assignment in a mixed traffic and faded environment

1
O Enin=708
] Emin=8dB
S 014
5
“% Ng = 32
£ Ng=
2
3 001 1
Q
[=]
o
0.001
S 8
N ™~
o o
System efficiency

Fig. 6. System efficiency probability distribution for ng= 32 and ng = 3.
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Fig. 7. Delay versus time curves, during atraffic step, for both centralised and
distributed systems, with different values of ng. (a): the system is fully loaded and

the station is not preloaded; (b): the system is loaded at 83% and the station is pre-
loaded with a constant rate traffic.
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