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I. 1’~TR ODICI ION
It is well-known that the maximum throughput of a satellite channel

using packet switching is much less than one packet per time slot Ill,

~() (2J . For slotted ALOHA it is 0.37 packets per time slot. The efficient
utilization of the satellite resources is usually assumed to be limited by
this throughput, and therefore the terms efficiency and throughput are
often used interchangeab ly.

However, in a processing satellite additional uplink demodulators can
be furnished at a modest cost in spacecraft weight and power. The
primary Cost is in providing the power amplifier for the downlink

~~~~ broadcast. Thus efficient utilization of the spacecraft resources requires
efficient utilization of the downlink.

This brief note demonstrates that in a processing satellite there is no
fundamental limitation to the efficiency and throughput of packet
switching systems. In fact in a slotted ALOHA configuration they can
be made to exceed the throughput obtained with a simple repeating
satellite by a significant amount.

~ 1~ >-I O._. II. RESULTS OF ANALYsIs
Consider a processing satellite with n FDMA uplinks and one down-

link. The satellite time is partitioned into time slots of duration TI ~~~~~~~ 
seconds with all packet transmissions synchronized to lie within a timeI f L~.J 
link channels chosen at random. The successful transmission of a user’s
slot at the satellite. A user may transmit a packet in any one of n up-

• 
packet in a time slot requires that

I) there is no contention on the chosen uplink, and
2) the satellite processor allocates the dowrtlink slot to this packet

(instead of one of the other successful packets).

If the packet is successful, the user receives an automatic acknowledg- \.~
ment after a round-trip transmission delay of R time slots.

In the event of an unsuccessful transmission, the user again chooses
an uplink channel at random and retransmits the packe t in one of the

Packet Switching in a Processing Satellite nex t K time slots, also chosen at random. Thus there are nK cells to
choose from, and the probability of repeated contentions is decreased

K. I)EROSA SNI ) LAWRENCE H. OZAROW (See Fig. 1).
The total traffic in any time slot is assumed to be Poisson’ with a

Aj etrect— This brief note represents a simple but significant change in mean of G packets/slot (or G~, = Gfn packets/cell). The average number
the thinking that is applied to satellite packet switching. It demonst rates of succe ssfurtransmission s per slot is the n given by
that in a processing satellite there Is no fundamental limitation to the
efficiency and throughput of packet switching systems. With a minimal S = Gq ( I )

impact on spacecraft weight and power, throughput is increased by pro-
viding more capacity on the uplink than on the downllnk. Efficiency is where q Pr {a given pac ket is successful on uplink and downhink}.
incse ed because the power-intensive downllnk is more fully utilized. Note that q can be expressed as
A slotted ALOHA example is given to show how the performance can
be made to go fro m that of conventional slotted ALOHA to that of a q = (2)

TOM system Several possible variations and far-reaching Implications where q,~ ~ Pr {the given pac ket successfully enters the uplink ceIl~ and
ye indlcsted...~1._ 

~~~~~ ~ Pr {packet enters downlink/succe fully enters uplink cell). ince
the traffic in an uplink cell is Poisson with intensity Gin per cell, the

Manuscript received August 3, 1977. ThIs wo rk was supported by the
Defense Coiiiiitunkatlons Agency.

Th. authors are w ith M.I.T. Lincoln Laborator y . Lexington , MA ‘ It can be shown that th is eiuumptlon Is true in the limit as nk — —

02 173. when the new traffic generation is Poisson.
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Fj. I. Packet switchi ng In a process ing satellite. . FIg. 2. Throughput for slotted ALO HA in a processi ng satellite with i t .
uplinks and one dow nlink.

residual traffic Is still Poisson, and q,~ = Pr {flo other Isies in cell )

—c’ 10.000 - 1 -
~~~~~~~~~~~~

- - 1 1 .
~~q~~~e (3)

The probability that there are exactly / other successes in the remaining
is - 1 cells of the chosen time slot is given by a binomial probability law

~1(i~ 1) p~ (l ~P,)”~’~

wherep,~~Pr {a success lnscell} ’.Pr {one Poisson arnval in a cell} 000

f~ e~~~ ’ -
If the successful uplink packet being considered and the ! other success - 2
ful packets have an equal chance of getting into the downlink slot , then 5

n 1  1
q4 = -— P,. (6) 2

j_
~ 

/ + 1  n . 1

SubstitutIng (4) and (S) into (6) gives

edhum r I G
q d —  Il- ( I—p ,)”I=—  I I —  ( l — - — e “J (

~
)

flp, C L  ~ “ IJ
SubstitutIng (2), (3), and (7) Into (I) gives the throughput per time slot

/
-~~ I —C/nI 10 j - — .I_ — .i .. . _J...._................ L.S. I— ( 1— p , j = 1 —  ( I — — c  (8) 0 02  04 06 05 10

i~ / THROUGHPU T S IN PACKETS/flu E SLOT

This is shown in FIg. 2.
‘The maximum value of S occurs when G is and is given by Fig. 3. Average delay for alotted ALOHA In a proceuln~ satellite w ith

~~~~~~~ (
~

_
~

)“ (9)

Note that when it 1, the slotted A LOHA throughput is Ge G and the where Q, Pr {auccessfu l transmission after ~ retries) and F = average

procesáag satellite acts Identically to $ repeater sate ll ite 111, (21 . number of retries. (Recall that R = round trip delay and the retry can
When there Is a large number of uplinks (i.e., is —), the throughput go into any one of the nex t K slots.) Under qse assumption that the
approaches one packet per dot, and the dowalink utilization approaches probability of success is the same on any try, r has a geometric dis-
100 percent (as In TOM). From a practical viewpoint, n need not be tributlon, ie., Q, q (I - q)’ and , (I - q)/q. A graph of D ve rsus
ve ry large before substantlul gains In throughput arc obtained. Fig. I S with R - 20. K = 15 is shown in Fig. 3 for various it. In addition to
stows that foe a ~ 3. 75-percent throughput can be achieved, and (or the increased throug hput at larger it , there isa lower average delay and
a • 10 nearly l0O.petcent efficiency Is achieved , more margin against satura tion at any allowable operating point.

Th, average dday (in number of tUne slots) from the transmission of
a packet to the succesaflil reception Ii given by III. (‘

~~N(I  I SIONS

— r In this corre spondence it has been shown that the throughput, and
0— 1 (R + I) +~ I ._._.! + R + ~Il ~ 

efficiency, of a satellIte packet switchIng system are substantially
,~~ 

[ \ 2 /J ‘ Increased with a processing satellite. Efficiencies of close to 100 per-
cent can be achieved at the expense of modest increases in processing

.1k-I (10)
~ 2 / ‘ This is re onable for K suff iciently large. See 12 1 and ( 3 1 .
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capability and hence spacecraft weight and power. Detailed considers-
lion of delay, stability, and more exact modeling of the packet arr ival
process do not affec t the fundamental natur e of this result.

Several generalIzations of this result become immed iately obvious.
I) When the uplink is not power limited , increase d capac ity can be

provided by using a higher burst rate on the uptin k (i.e., more slots
per frame on the uplink than the downllnk).

2) Performance can be enhanced by prov iding a packet queue on
the satellite at a cost of some prime power for random access memory.
The additional walling time in queue would be offset by the decrease
in number of retries.

3) The satellite processor can be used to dynamically allocate circuits.
Therefore , a packet switched network could ride “piggyback” on a
cir cuit -s witched (demand-assigned ) network by using the presently un-
assigned satellite circuits.

Detailed performance and design tradeoffs associated with packe t
switc hing In a processing satellite will follow this expository note.
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This brief note represents a simple but significant change in
the thInking that is applied to satellite packet switching, It demonstralea
that In a processing satellite there Is no fUndameatsl linitatlon to the
efficiency and throughput of packet switahing systama. With a mInimal
Impact on spacecraft weight and power, throughput Is Increased by pro-
viding more capacity on the upllak than on the dowisllnk. Efficiency is
incressed because the powsr’Intsnslve downllnk Is more fully utilized.
A dotted ALOHA example Is given to show how the perfoemunce can
be made to go from that of conventional dotted ALOHA to that of a
1DM system. Several poisible variations and far-reaching implications
are Indicated.
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