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ABSTRACT

Combined Free/Demand Assignment Multiple Access

Protocols for Packet Satellite Communications
Jahangir T Mohammed

The number of information processing terminals are increasing at a rapid pace
A need to exists to organize these geographically dispersed terminals into a network
in order exchange information and share processing capabilities. .\ geosyachronous
satellite provides a benign broadcast/multi-access meduum to achieve this network
ing. A new class of protocols suitable for such a satellite network is proposed Two
versions of the proposed class of protocols are simulated, and analyzed within the
queuing theoretic framework. The performance of proposed protocols are evaluated
in terms of three performance measures: average pachet delay, variance of packet
delay and cumulative probability distribution of packet delay. Cumulative proba
bility distribution is a new measure introduced here that gives information on the
reliability in meeting a certain delay constraint. Comparison with other pertinent
existing schemes shows the proposed schemes to be eminent in terms of all the above

performance measures for a wide range of user population size.
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Chapter 1

Introduction

The number of information processing terminals are increasing at a tapid pace
There exists a need to organize these teiminals into a network inorder to exchange
information and. share ;)mcvssing and storage capabilities. A geosynchronons satel
lite provides a benign broadeast/multi-access medmm to interconnect these pe
ographically distributed information processing terminals. The attractiveness ol
satellite medim for this purpose is largely due 1o the recent advancements that the
satellite technology has witnessed [17] {9]: Today's satellites are more sophisticated
in design. larger in size and power. The earth stations, in turn, relleet the reverse
trend. They are smaller. less complex and are mch cheaper. Now receive only
micro-terminals are available small enough to be placed on the top of a desh. This
drastic decrease in the size and cost of earth stations have made possible for the
earth-stations to be placed right at the users premises  making divect networking,
ol information processing terminals plausible  Besides the cost eflectiveness) the

satellite medinm also offers a number of other advantages 119):
1. Elimination of complex topological design
2. wide geographica] coverage

3. Accommodation of molile nsers. and



. flexibility

As the number of terminals continue to proliferate. each contribating a small
fraction of the total traffic. the method of organizing the channel access o as to
achieve an efficient channel utilization becomes a complex problem. This issue is
further complicated by the fact that the data traffic generated by the terminals
ate often hursty i.e. short spurts of data interspersed with relatively long random
idle periods come with a small delay constraint. Packet switching has proven to be
the most efficient way of sharing channel capacity among a number of bursty data
sources. When terminals are dispersed over wide geographical area and connected
thiough multi-access/broadcast channel. an efficient multiple access technique is es-
sential for the co-ordination of often conflicting channel demands in packet switched
networks.

This thesis mquires methods of achieving efficient sharing of the satellite re-

sources among a large number of geographically dispersed information terminals.

1.1 Communication Satellites

I'he basic characteristics and the constraint associated with the use of satellite to
provide digital communication networks are considered in this section. This provides

a framework and background for the rest of the work in this thesis.

1.1.1 The Mediunm

Figure 1 1is a bloch diagram of a satellite communication system "16]. The satellite
communication link has several important characteristics from user point of view:
data rate. error rate. and propagation delay. Link data rates could range from a
fow hundred bits per second to hundreds of megabits per second depending on the
application and choice of the system parameters. For fixed power and bandwidth

patameters on the RE link through the satellite. a trade off is possible between the
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link data rate and its enror petformanee: decreases in the data rate typically permit
better ertor petformance. Forward ervor correction technigques provide an efficient
way to improve error petformance with fixed power by reducing the data rate or
increasing the bandwidth. The round trip propagation delay i.e.. the propagation
time from one earth station to another via the satellite. is approximately 270 milli-
second.

The satellite can be viewed as a centralized power and bandwidth resource which
must be shared among a number of earth stations (user terminals). An important
characteristic of a satellite communication system is its coverage. This refers to the
portion of the earth’s surface from which an earth station can access the satellite
and from which carth stations can receive the satellite transmissions. A satellite
can provide broadcast capability at any given time to all earth stations within its
transmission coverage arca. The combination of the multiple access and broadcast
capabilities has an important networking implication: it is possible to form the earth

stations into a fullv connected one-hop netwotk.

1.1.2 Channelization

Division of the overall satellite resources (power and bandwidth) among the various

earth station accesses (earth station uplink transmissions) occurs at three levels:

Transponder Channelization

Most present day satellites contain a set of independent transponders each operat-
ing in different frequency bands. Each transponder contains an input filter to limit
reception to a selected region of the uplink frequency band followed by a frequency
transtator. power amplifier. and output filter to limit transmission to a specified re-
gion of the downlink frequency band. Thus the overall satellite power and bandwidth

is divided up on a frequency basis.



Data rate reduction

A typical transponder supports data rates of hundieds of megabits per second. The
basic channelization (multiple-access) techniques are applied to derive a number
of reduced data rate channels. This data rate reduction is required to reduce the
cost of the receiver. The multiple access techniques such as FDMA and TDMA are
used for this purpose. For FDMA, channelization is achieved by deriving the total
transponder bandwidth into a number of frequency-subbands and allocating one
subband to cach access subgroup. In the case of TDMA L channelization is achieved
by temporal sharing of the entire bandwidth and power among varions accesses This
temporal sharing involves the use of a frame structure and mnplies a requitement for
maintaining global timing among the earth stations and use of hurst. as contrasted

to continuous communication techniques.

Multiple access in reduced data rate channels

The derived low data rate channel should be efficiently shated among a number of
geographically dispersed user terminals. This is the major subject of this thesis,

discussed extensively in later chapters.

1.1.3 Networking

The multiple access and broadcast capabilities of a satellite can be nsed to form
a network from a set of cooperative carth stations in a number of ways. Some 1e
alizations involve fixed capacity allocations on hinks connecting the carth stations,
other realizations involve dyvnamic sharing to provide the capacity and connectivity
required by fluctuating traffic demands. T systems which utilize dy namicallv chiang,
ing connectivity or capacity. the response time required to chiange the connectivity
or capacity allocations strongly influences the properties of network realization.
Three basic tvpes of satellite network realizations ilinstiate some of the options

and tradeoffs involved. These realizations arc: (i dedicated channel, Gy dedicated



uplink /broadeast-downlink. and (iii) shared-uplink/shared-downlink. In dedicated
channel realization. fixed data rate point to point links connect each pair of sta-
tions in the network (assuming fully connected network). For V-node network, this
realization requires V(A — 1) full duplex links, with each link sized to handle the
average point-to-point, traffic between the two connected stations while satisfying a
suitable utilization or tratlie delay constraint.

In a dedicated-uplink/broadeast-downlink realization, each station in the net-
work has a dedicated fixed-data-rate uplink which can be received by all the other
stations in the network. This realization requires N-broadcast simplex links for an
N-station network, with each link sized to handle the average traffic originating
from that station. Fach station multiplexes its own originating traffic on its simplex
link to transmit this traffic to the other stations in the network.

In the shared-uplink/shared-downlink realization. a single broadcast communica-
tion channel is dynamically shared among all the stations using demand assignment
techniques to provide the required connectivity and link capacity.

The choice between the use of TDMA and FDMA depends strongly on the net-
work tratfic matrix and the method of realization. A shared-uplink/sharved-downlink
for example. is highly constrained by the use of FDMA. As the network size increases,
TDMA becomes more cost effective than FDMA in providing one-hop connectivity
because of the less equipment required at the ground stations. although each piece of
equipment could be more expensive. TDMA allows morve flexibility in establishing
and adjusting individual link data rates to the average traffic demands.

This work concentrates on the techniques to realize fully connected networks via

shared-uplink/sharved-downlink TDMN\ techniques.

1.1.4 Earth stations

Figure 1.1 shows the basic subsystems of a satellite earth station. namely. antenna.

IF-RI processing. baseband and baseband-IF processing aund interface. The subsys-



tem requivements, which depend on both the application and the satellite charactor
istics, play a major vole in determining carth stations costs and, henee, the economic
feasibility of system concepts which involve large number of catth stations.

The receiving capability of an carth station is typically expressed in terms of the
parameter (//T'. the gain of the receiving antenna divided by the receiving svstem
noise temperature. Larger values of G/T require larger antennas and/or higher
quality low-noise amplificrs with subsequent increase in cost.

Figure 1.1 lists major functions performed in the base-band processing and data
source interface subsystems. In a particular system (application) one or more of

these functions might be absent or present in a simplified form.

1.2 Motivation behind the Research

A need exists to organize the increasing number ol information processing terminals
into a network, to exchange information. and to share processing and storage capa-
bilities. The recent advancements in satellite communications have given a henign
high bandwidth multi-access/broadcast medinm to achieve this networking.

The majority of multiple access protocols proposcd and analy zed in the literatue
are designed for a narrow bandwidth satellite channel ( 100 kb/s): their petformance
suffers when a wide bandwidth ( 2 Mb/s) chaunel is emploved. The present vescarch
is concerned with the proposal of a new class of multiple access protocols that is
particularly efficient for networking bursty data sonrees using a high bandwidth

(wideband) satellite channel.

1.3 Scope of the Thesis

The contributions of this research can be stunmarized as follows:

o A new class of Multiple Access Protocols snitable for networking o large muan

ber of geographically dispersed information processing terminals nsing o Wede-



hand Packet Satellite s proposed.

o I'wo versions of the proposed class of protocols are computer simulated and

analyzed within a quening theoretie {ramework.

e The performance of the proposed schemes and a few other existing ones are
evalnated, via computer simulation using three performance measures: Aver-
age Delay Vs Channel Utilization. Variance of packet delay. and Cumulative
probability function of the packet delay. The performances are comprehen-

sively compared.
The rest of the thesis is organized as follows:

Chapter 2 presents an extensive survey of existing mult:ple access schemes espe-
cially applicable to satellite networks. The existing schemes are classified into
five categories and traflic environment under which each category performs
with superiority is identified. The proposed schemes fall into sixth category.

System complexity and implementation issues are discussed in some details.

Chapter 3 describes the proposed class of protocols: its applicability to bent-pipe
as well as OBP satellites is discussed. Three versions of the proposed class of

schemes are presented. and the pros and cons of each version are discussed.

Chapter 4 analyses two versions of the proposed class of protocols by modeling
them as a quening system. Markov chain analvsis and renewal theory are ex-
tensively employved  Due to the complexity involved in the analyses. a number
of simplify ing approximations were made. Then simulations were performed to
support the validity of the various approximations. The performances evalu-

ated via analyses are also consolidated by comparing it with simulation results.

Chapter 5 cvaluates the performance of the proposed schemes and a few other

existing ones in terms of average packet delay, variance of packet delay and



cumulative probability distribution of packet delav. The perforntance s com
pared in terms of all the above three performance measutes for various systenn
parameter values.  An intuitive reasoning, for every protocol to exhilat its

characters in a certain manner, is also provided.

Chapter 6 gives a summary of the rescarch and suggestions for lurther work.



Chapter 2

Existing Multiple Access Schemes

The concept of multiple access broadcast communications originates from THE
ALOHA SYSTEM of University of Hawaii. Abramson [t] devised a scheme that
cnabled many computer terminals scattered all over the Hawaiian islands to com-
municate among cach other using a common ground radio channel. He named this
scheme, which allowed a mult i number of computer terminals to acecess a common
communication channel. and still achieve reliable data transfer as ALOHA multiple
wceeess protocol Multiple Access vefers to the capability to share the communication
capacity among a population of geographically dispersed nsers.

In a network of this type. more than one user may attempt to access the com-
mon communication channel simultancously. Simultaneous transmission of more
than one message results in message collision. garbling all the messages. What we
face is a conflict among users to make exclusive use of the channel for oneself. Ap-
parently. what we need is a procedure to resolve the conflict: in a broad sense this
resolution procedure that endows orderly use of channel resource is called the mul-
tiple access protocol. The resolution procedure can be hard. where the conflict is
resolved decisively in such a way that only one user holds the right to access the
channel at a time: or. it can be soft. where the users abide by a certain set of rules,

so as to potentially reduce the conflict (but may not totally eliminate it). In soft

10



procedures. the transmitting users shonld reliably he able to detect the oceastonal
packet collisions, and retransmit the collided packets. The amltiple aceess proto
col can be identified to be located beneath the Data Link Laver of the OS] (Open
System [nterconnection) reference model [11].

Since the Abramson’s ALOIA, a wealth of multiple aceess protocols of varying
degree of “softness’ have been proposed and analyvzed in the literature [(33] .\ primary
reason for such abundance is that different system traflic canvivonment require a
different multiple access protocol to achiere efficient sharing of channd resourees.

The most important factor characterizing the multiple access broadeast com
munications in a distributed environment is the channel propagation delay between
users [21]. The role of multiple access protocol is to coordinate the demand of chan
nel access from many geographically distributed users who share a common channetl:
With multiple access protocol. we organize the separated users into a cooperative
queuing structure. The coordination must be carried out throngh the channel itself.
Therefore. the channel propagation delay is directly retated to the necessary time
it takes for a coordination signal sent by a user to reach all the other users. This
is approximately equal to an exorbitant 270 milli-sec for satellite ¢hannel; which
turns out to be the prime complicating factor in devising an efficient multi aceess
algorithm.

The other important factors that should be taken into consideration in designing
a multiple access protocols are user population size of the network and the traflie
characteristics (such as length of message. delay tolerance of message. message ar
rival pattern etc.) of the users.

The prime object in devising a multiple aceess protacol s - to make most o fJi-
cient use of the channel resource. In literature, the term o [Jiereney is almost used
synonymous to "achieving the lowest delay at any given channel atilization®”. Justi-

fiably, almost always the Average Message Delay Vs Channel Utilization s nsed as a

'Adhering to convention. thioughont tis thesis the tetn efficienes sowed m the e meaning

11



sole criterion to quantity the performance of o multiple access protocol. Practically
speaking, though Delay Vs Utilization is the most important performance measure,
o alone does not substantially charactenize a protocol. The system designer would
not, be inattentive to a few more chavacters of the protocol such as (i) variance of
delay, (ii) reliability with which a certain delay constraint could be met at a given
channel loading (iii) ease of implementation (iv) robustness of the scheme, etc.

In this chapter we present an extensive survey of existing multiple access proto-
cols. Later in chapter 5, we discuss the applicability of these protocols to solve the
problem at hand: viz., sharing the satellite channel resource among a large num-
ber of geographically distributed bursty data sources. A few prominent protocols
including the proposed ones are simulated and comprehensively evaluated in terms
of all the above five performance measures. The performance of all the schemes are
compared and the eminence of the proposed scheme is established. Guidelines to
choose the most suitable protocol for a given system parameters are also presented.

The multiple access protocols proposed so far can be classified into five categories,
while the schemes proposed in this work falls into sixth category. Protocols under a
particular category use the sae idea to achieve their prime object. the “efficiency’;
different protocols within the same category arve derived variants of the same idea, to
inherit some specific virtue. Each of the categories performs eminently for different
traffic environments. In the following. we present for all six categories, the main
idea with virtue of which efficiency is achieved. the suitable traffic environment and.
prominent example protocols.

The six categories are.

. fixed Assignment Schemes

2. Pure Random Access Schemes

3. Pure Demand Assigiiment (Reservation Access) Schemes
1. Combined Random,/Reservation Access Schemes

2



- 1 . Al b 1
5. Combined Fixed/Demand Assignment Schienes
G. Combined Free/Demand Nssignmient Schenes

e Jast thiee categoties are dervied by blending the st thiee categonies in a

certain way. This is dlustrated in Figuee 2

Fixed Assignment .Demand Assignment Random Access
TOMA TOMA Resvn S ALOHA
FDMA ALOHIA Resvin RIS

N\

Combined Combined
Fixed/Demand Random/Demand
RMA CRIIMA
HFDA CMA

Free Assignment

CFDAMA Protocols

]‘.ill ) et . . .
gure 2.0 The six categorien of NTaltiple Acoe o ool



2.1 Fixed Assignment Schemes

The total diannel capacity is apportioned in to a nnmber of sub-channels and. one
subehannel is permanently allocated to cach of the users. In these schemes the chan-
nel allocation is fixed and is independent of dynamic activity of user stations. Such
fixed allocation is efficient when the number of users is small or when the traffic flow
from cach nser is somewhat streamlined: for systems where the number of users is
large, eacl having randomly occurring infrequent short activity periods with small
delay constraints?, these schemes turns out to be highly inefficient; this idea is fur-
ther elaborated below for each individual protocol under this category. Based on the
way the subchannels ave derived. we have four types of fixed assignment schemes:
TDMA(Time Division Multiple Access). FDMA(Frequency Division Multiple Ac-
cess), CDMA(Code Division Multiple Accessy and SDMA(Space Division Multiple
Access).

In TDMA. the channci time is divided iato slots and slots are organized into
frames. Slots ave permanently assigned to each user in every recurring frame. in
proportion to their average traffic rate. A difficulty in TDMA systems is that each
station should be synchronized to a global time refererce. The global time refer-
ence is established either explicitly by a reference station. or implicitly. Since the
resources are geographically dispersed. a guard space is required between successive
slots in a frame. The accuracy achieved for the timing will Jetermine the required
guard space. Accurate synehronization techniques for satellite systems are avail-
able to accomplish the global timing with a minimal loss of channel capacity [29).
Further,a certain portion of the frame must also be allocated for frame synchroniza-
tion. A preamble of about 100 bits is also required with every burst transmission in
order for the TDMA modems to acquire frequency. phase. bit timing and framing
synchronization. When the number of users is large. a station with a generated

message may have to wait for a long time. until it gets its dedicated slot: while the

Isuch users are called bursty



unoccupied slots of the other wsers could still pass by this tesults innellicient use
of chanunel when users genevate husty trallic.

In FDMA, the available channel is spht to non overlappimg frequency hands
Oue frequency band is permanently allocated to cach user, the width of the fie
quency band being proportional to their average tratlic tow. Unlike TDMA no teal
time co-ordination (synchronization) is required among the accesses (hence can be
used to transmit both digital as well as analog signals). Clearly this feature makes
FDMA to be the easiest to implement. But FDMA suffers from a number of other
disadvantages: The transponder must be operated in a near hinear mode so that
power obtained by each frequency band is in proportion to 1its up-link power. This
requires the satellite power amplifier to operate in the linear mode, which tesults in
some loss of efficiency. Also. the number of users is Lmieted by the number of fie
quency bands into which the total transponder channel capacity can he subdivided
which is in-turn limeted by the intermodulation noise that results from nonhmearities
in power amplifiers. The guard space required between adjacent frequency bands s
also somewhat more than that required hetween adjacent slots of TDMN Fially,
TDMA always performs slightly better than FDMA 1T Rubin has shown that the
random variable representing the packet delay is always lareer m FDMN than in
TDMA [31] for comparable systems.  Also as explained in chapter 1. TDM\ o
fords greater flexibility in performing changes in the allocation of the bandwidih
and network configurations. \s in TDMA, for a similar reason. FDMN also tuns
out to be very inefficient for large bursty user population: manv of the heqguency
bands remain idle while a particular user’s transmission tages place at o very ow
rate compared to the overall bandwidth.

In CDM.A scheme. transmissions are allowed to overlap both in frequency an
well as in time. This is possible becanse of the approimate orthogonal property
inherent in the pseudo-random codes that are nsed to modbdate the amformation
bits. Multiple orthogonal codes are abtained at the ewpen e of increaed bandwadth

requirements (in order to spread the waveforme o thos also reandts in Tadkoof fledlnl

15



ty manterconnecting all users (nnless, of - conrse, matehed filters correspoading to
all codes aie provided ar all receivers) In addition to the orthogonality among the
channels, the vse of psendo-tandom codes may provide message security as well as
tnnunity against jamming. However, the efficiency in power bandwidth utilization
i CDMA svstems is far lower than those of FDMA or TDMA svstems. For this
teason, CHMNA s not mach nsed in commercial satellite services although widely
used inomihitary networks.

[n SDMN system, physically separated links (channels) are established. A multi-
spot beam satellite system is an example of an SDMA scheme where each spot-beam
constitutes a link and each of the geographically non-overlapping spot-heam areas
(spot. beam zones) is given the entive channel capacity derived from a spot-beam. A
problem of capacity sharing among a number of earth stations within a spot-beam
cone still exists,

The fixed assignment schemes exhibits the following characteristics. in general:
e The access procedures are conflict free and hence hard.
e They ate simple. robust and easy to implement.

o They turn ouat to be highly inefficient when users are bursty and large in

munber,

e Because of the resource dedication to individunal sources. performance is more
a function of the number of sonrces rather than the total traffic generated by

the sources.

2.2 Random Access Schemes

As discussed above, fixed assignment schemes are very inefficient for bursty users.
Uhis is largely because. the fixed assignme-nt schemes are not adaptive to the large

peak to average data transmission ratios, a requisite of hursty user<. An approach to
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achieve large peak 1o average transimission rate ratio is to provude o simgle shatable
hugh-capacity channel to all users [35]. Phe steong law ol large numbers then gnaran

tees that with very high probability the demand at any nstant will be approsimately
equal to the sum of the average demands of that population. his idea s the cardi

nal motivating factor that led to the development of random access schemes  Phese
schemes are suitable when the user population is very large and busty s also
easily implemented but the maximum channel utilization is very el lnted.

In random access schemes. the entive bandwidth is provided to the users as a
single channel to be accessed at will. When more than one user access the channel
simultaneously. messages interfere with one another and message (packet) collision
occurs. Due to the broadcast property of the channel, the transmitting nser can reli
ably detect the collision after an elapse of maximum station to station propagation
The collided packet can be retransmitted.

A notorious problem in random access schemes is sy stemnstabalits - the feedback
loop formed by successive conflicts-retransmissions can canse a tunawav condition
in the absence of a conurol technique. Secondly, when station trathe is suthaent to
form a queue of new arrivals. transmissions from this quene must also be regulated
so as to not increase the probabihity of a conllict with other stations For optimmm
performance. these constraints need to he varied dynamically according 1o the state
of the channel and station quene length {22].

The collision resolution algorithms that achieve svstemn stability has heen a sub
ject of considerable study.  The simplest of vandom access scliemes, ales the s,
of its kind - pnre ALOHA. allows the nser to ttansmit as and when he zenerates o
message with no regard for other users i the sostemn IFthe messape collides, the
station retransmits the message after a random delav, in order 1o avold repeated
collisions. For ALOH.\ with infinite user population, the maximun channel utiliza
tion has been shown to be upper-bounded by ISV By introdncing svichronization
in packet transmission. Robert showed an iimmediate donbline of channel capacity

to 36%. Channel time is divided into contiguons slots cach long enongh 1o hold o
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pachet and. the heginning of the packet transmission is synchionized to the begin-
ming of aslot This slotted seheme of Robert has come to be known as S-ALOIIA.
These bounds ou maximuam channel atilization can be exceeded if stations are non-
homogeneons: i.e | if some stations have significantly higher traffic rate than the
others - this effect known as “excess capacity’ can result in ctiiciency approaching
one for certain limiting cases at the expense of many retransmissions per packet for
stations with small rates,

Both ALOHA and S-ALOILA are inherently unstable. A number of algorithms
has been proposed to make them stable. The frequency of collisions of message is
directly proportional to number of stations that are ready to transmit. The idea
therefore arose of estimating the number of backlogged stations (say. k) and adapting
the retransmission interval to this estimate. This approach cured the problem of in-
stability, while retaining the same thronghput. Tsybakov [36] has shown that, if the
backlogged stations retransmit after an exponentially distributed random delay, with
average delay equivalent to “—_(,‘T,,T) then the instability disappears. The obvious
difficulty with this Tsybakov's back-off algorithm is estimating k. Estimates of the
number of backlogged stations must be a function of the only information universally
available throughout the system: the vecord of collisions. successful transmissions
and idle slots in the succession of transmission slots.

An approach which has provided modest increases in capacity beyond the S-
ALOHAs 36% at the expense of some coordination is the tree-based Collision Reso-
lution Algorithms (CRA) [6].[12]. The main idea of these schemes is to waive all the
new packets from transmitting until all the collided packets are cleared. The best of
these protocols provide capacities in the range of 0.4 to 0.3 and are unconditionally
stable [10]. However these algorithms require the knowledge of the outcome of a
time slot before the heginning of the next slot. But for satellite channel aflicted
with the long round trip propagation delay this requirement is often not met. One
way to circumvent this problem is to partition the channel capacity into a sufficient

nmber of subchannels in time. so that the capacity of each subchannel is small
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ciiongh thet the onteome ol one slot s known before the nest slot conld ocom
snclepattitioned channels, some CRA could independentis he esecuted meach of 1he
subchannel, This channelization, however, makes wav for a1l those dicadvantases ol
fixed assignment schemes, disenssed in previous section. to crop up. Mtetnatn e ap
proaches suchias parallel tree search [28] or moditied window protocol [27] have been
proposed but. by and large. it is very ditlicult to adieve any substautiol deciease m
the irreducible propagation time-related delay.

Announced Random Retransmission Access (ARR.N) 0] protocols proposed in
Ravchandhuri achieves a higher throughput than the trec aleonthim hased CRA S
[n addition, the average delay at low utilization levels s small, even on Channels
with high propagation delay. On balance, the ARRA techniques do not have imcon
ditional stability which is characteristics of tree algorithim based CRAS AR \S
was shown to give a capacity as high as 0.6, Fhe puinapal mechanism by whidl
the capacity improvement is achieved is same as that of tiee hased CRA the col
lision between the new messages and retransmissions are prevented, ARRA nses a
separate low capacity announcement subchannel to exchanee control mformation to
achieve it. In passing. we remark that it is not appropiiate 1o relesate the ARRA
into the combined random/reservation category becanse they neither vegnire the
maintenance of a global reservation quene not involve claborate mtialization and
recovery procedures which are characteristics of seheimes that liave a reservation
component.

In URN scheme [20]. users try to maximize the probability of successiul packet
transmission in each slot by choosing the optinwun number ol nsers permitted Lo
transmit. using the estimate of the number of active users winch have packets to
transmit . This scheme hehaves like the dvnamic teee alporithion when ther are anall
number of users. As the number of users increases. however, its petformance ap
proaches that of the slotted ALOHA scheme. Furthermore, under long propagation
delay. a significant performance degradation may ati-e ol tralfic Tuctuation o laroe

There also exists a class of Carrier Sense Multiple Necess (CSN ) protocols
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which ate very efficient for shott propagation delay envitonments: short in compari-
son with packet transmission time. In CSM O\ the collision probability is significantly
teduced by histenimg to the channel bhefore transmitting: the packet is transmitted
only if the channel is idle. CSMA protocols cannot be utilized for satellite systems
becanse of its long propagation delay; for this reason CSML\ is ubiquitous only in
terrestrial networks.

The random access schemes exhibits the following characteristics:

o They are capable of supporting a large number of bursty users: their perfor-
mance is insensitive to user population size and are therefore flexible with

respect to future system growth.

o They have a low mean packet delay at low traffic load but the maximum

channel ntilization is generally much smaller than one.
o [t is often difficnlt to provide fairuess and priority handling capability.
o Packets may not be delivered in the correct sequence.

e I'he protocols are “soft” and hence require the users to reliably detect collisions.

Thev are sensitive to tratfic load and have to exercise some control to be stable.

2.3 Demand Assignment (Reservation) Schemes

We have discussed two exstremes in channel time allocation as far as control over
the user’s access right is concerned: the hard fixed assignment schemes which have
the most tigid control. are nonadaptive to dynamically varying demand. and are
thus wasteful imn-terms of capacity atilization it small delay constraints is to be
met: and soft random access schemes which involves less control. are adaptive to
varying demands, but whose maximum channel utilization is highly constrained
due to collisions. In this section we examine demand assignment techniques that

exchange explicit information on the need for communication resonrce; and allocate
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channel resonrees according to one’™s demand B8]0 These schemes are smtable when
users generate mtrequent bulks of dara,

The active stations which have a message to transmit, Hest transmits a (channel)
reservation-tequest, requesting a certain number of slots. Then channel request is
honored by granting the requested channel time in two wavs:

Centralized Control: .\ central slot seheduler collects the chiannel requests and
allocates channel time (slots) to requesting stations  The scheduler can be placed
either at one of the carth station (called the master control station) or on board the
satellite. While the latter requires on-board processing capability for satellite. The
former does not require on-hoard processing but the performance is much inferior;
because when the scheduler is placed at the master control station, the time it takes
for a reservation request to be honoted is at-least two ronnd tip delavs as opposed
to one for on-board contioller case.

Distributed Control: By virtue of broadeast nature of the channel. all the users
learn the channel requests of every other user and maintain a global teservation
request quene. Then. all the nsers exeente an identical algonthm on this global
information to determine who <hould aceess the channel next 1 he performance is
same as that of the on-board placed scheduler case. bhat the <scheme s not as robust.
Inconsistency in global information as seen by different dispersed users can resnlt
when an user wrongly detects a reservation request and. this conld m the worst case,
be catastrophic. Hence a certain control s indispensable for stable operation

Since the channel is the only means of commumication among the tenminals, the
reservation request should somehow he conveved to the central seheduler {in cen
tralized scheme). o1 to the other users (in distribated seheme ). This can be achieved
by dividing the chanuel into two distinet sub-channels: data sub-channel for data
packet transmission and reservation sub-channel for reservation request transims
sion. These distinct sub-chanuels can e derived either i time o m hequency
The presence of reservation sub-channel presents o cemtam channel overhead The

slots in the data channel aie assigned according to the requests pecered thiongh
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the teservation chiaunel The problem of multi-aceessing remains in the reservation
channel Father o ficed assignment seheme or a tandom access schemes can be used
tor reservation toansmission. The idea of shifting the multiple access problem from
the data channel to reservation channel is that it 15 possible to reduce the capacity
wastage due Lo idle nsers (in fixed assignment scheme) or packet collisions (in a
randon access scheme) since the size ol a reservation packet is substantially smaller
than that of a data packet. The use of fixed assignment scheme versus random
access scheme for reservation transmission involves a number of performance trade-
offs. Similar factors that determine the choice between fixed assignment schemes
and random access schemes for (data) packet transmission also apply here.

From previous discussion it is evident that when the users ave bursty and large
in number, it is advantageous to share the reservation channel using S-ALOIHA,
such a scheme s called ALOHA-Reservation. On the other hand. when the number
of users is small TDMA access is used: called TDMA-Reservation. These schemes
derive the teservation channel in time, in contrast. SRNMA [33] derives in frequency.
Reservation could also be piggy backed on the header of data packets. This method
of requesting reservation presents the minimum overhead. as no separate slots and
associated guard space are required. However piggy backing is possible only after a
data slot is available to a station: how to assign data slots (initially to offer a chance
tor the station to piggyback and thereafter keep its option to further piggyback) is
the vital problem in devising this method.,

Fhere also exists civenit oriented sy stems which ave efficient if the channel holding
time required is long in comparison with the set-up times required in allocating
subchannels.  The data channel can be frequency derived or time derived. The
tamous SPADE system [16]. for example, has a pool of FDMA subchannels which get
allocated on request. It uses one subchannel operated ina TDMA fashion with one
slot per trame permanently allocated to each user to handle the requests anc releases
of FDNLN circuits. Intelsats MAT-1T svstem uses the TDMN approach. TDMA

subchannels are periodically reallocated to meet varying needs of earth stations.



Fhe demand aceess schemes exhibits the following charactonstios

o When tealized in a distributed fashion, it is not rmsged, On the other hand

centralized control requires OB capability
e Fairness and priority can be casily incorporated
. . . TR
e They often require elaborate initialization and recovery procedures
e The minimuin achievable delay is never less than two round trip delay s

¢ the maximum channel utilization is less than one when a ~epatate teservation

subchannel is used.

2.4 Combined Random/Reservation Protocols

Random access schemes like S-Aloha are very efficient at low atilization while de
mand assignment schemes such as Aloha-Reservation exhibit hetter delay character
istics at mid and high utilization ranges. Therefore the idea arose of blending these
two schemes in such a fashion as to achieve a performance whieh helave like random
access at low utilization and like reservation acceess at high utiization. This idea has
promoted a class of multiple access protocols called combined vandom /reservation
access. The combined random/reservation concept have recenved nnmense attention
(39] 5] [24].

Here too thie reservation requesting could be done i a number ol wavs  In
this respect the discussion presented in the previons section v diecthy apphicable,
SRUC uses a TDMN reservation channel: at the bheginning of every data slots e
a few reservation minislots fixed assigned to nsers for THNMN access 11 operates
as S-ALOIA as long as no collision ocenrs. when collision is detected, the system’s
protocol switches to a reservation protocol with o TDN A reservation channel. When
the queue of reservation is clearved. it switches hack 1o S ALOHN Thius thesustemi,

always stable. Because of this adaptive properts. SRUC e habit, aood performanee
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at low to heh atithzation tanges  Wieselthier and Fpliemides also have studied
suntlar schemes (named TFFO ) that cmplovs TDMN teservation along with random
data pachet transmissions {48].

When hiced assigned veservation channel is used. overhead grows in proportion to
the population size. This is becanse reservation minislots have considerable amount
ol guard time assoctaved with them. and number of minislots grows as population
size is increased. Moreover, even with a significantly high overhead allocated for
teservation subchannel. the fixed allocation makes a ready user to wait long for
his reservation slot; inadaptability to dynamic activity is per se of fixed assignment
schemes. For very large user population the S-ALOHA access to reservation is a nat-
ural choice: It inherits the adaptability, as well as insensitivity to number of users.
Lee and Mark have stadied this technigue elegantly called by them as CRRMA
scheme [23]0 In CRRNAL when a station generate a new packet it is transmitted in
the data portion (if the data portion has not been already reserved for a particu-
lar user) and simultaneously a reservation packet is also transmitted in one of the
reservation minislot If the random data transmission succeeds then the reservation
pachet is neglected, otherwise the reservation will be stored at the On Board Sched-
aler and will be assigned slots. I both reservation as well as the data packet collide.
the reservation packet alone is retransmitted: the data packet will be transmitted
using the subsequently reserved data slots. Based on the acctions taken when the
reservation reguest collide two algorithms were proposed: (i) Uncontrolled Channel
Access (UCN): the collided reservations are retransmitted in one of the minislots
randomly: new reservation packets could also contend (ii)Controlled Channel Ac-
cess (CCN): the collided reservation requests alone are permitted to contend. When
the users generate single packet messages with a Poisson arrival process. CCA re-
quires at-least three minislots pet data slot for the reservation scheme to be stable.
while UCA requires at-least five minislots. UCA is simpler to implement but is
inferior in terms of performance than CC\.

In Lee’s CRRMA there seems to be one unnecessary vestriction: the packet that
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arrives such a way that the upcoming <lot is unveserved alone s allowed to ke part
in random transmission. If the upcoming slot is a veserved one it s fated, for no
reason, to go through reserve - wait - transmit sequence. Possiblv, it would hase
been conducive to achieving a lower delay if the packet warted until it saw o unre
served slot and then attempt ALOHN access. Controlled Multiple Necess (CMA)
[39] was devised to exploit this idea. CMA strives to achieve a well calulated bal
ance between the volumes of packets transmitted immediatel and those which make
reservation. In CMA a number of slots are organized into frames and cach frame
is divided into two portions: reserved subframe and ALOHA <ublrame In reserved
subframe are the data slots that ate dedicated to nsers in honot of then previousty
placed successful reservation requests: in ALOHA subfiames are the data slots open
for contention. Every slot also contains a number of reservation nimislots associ
ated. To ensure optimum channel performance under all trathic loading conditions,
a control is placed on the relative rates of data traflic that s allowed to contend
in ALOHA subframe and those that is relegated to make reservation only (and
thereafter get transmitted). The optimum values of contiol parameter for minimmm
average packet delay depends on the channel load. The stations estunate the load
and adjusts the value of control parameter accordimels 1t is also shown that the
scheme is not very sensitive to estimation errors

In CREIR [25]. along with random and explicit 1eservation, imphait 1eser vation
is incorporated. The idea of introducing implicit 1eservation s to support sticam
traffic in addition to bursty traffic. The bursty tiaffic s handled sanilar to Lee's
CRRMA: for stream traffic. the first pachet of the stream that sets tlnongh (eithe
via explicit reservation or random access) has a one it moats header. This b an
indication to all other users that this particular slot in every frame will be exelusively
used by the streain. The last packet of the stream would have the header bt turned
zero, relinquishing the exclusive right of the slot thereafter  CRIFER s efficient

supporting bhoth hursty as well as stieam taffic



2.5 Combined Fixed/Demand Assignment Pro-
tocols

When the user population size is smuall, the fixed assignment scheme are irrevoca-
bly preferted: when the nser population is large the combined random/reservation
schemes give good delay response. On the other hand. when the size of the user
poprlation is neither too large nor too small, the combined fixed/demand assign-
ment, category can perform well, Moreover these schemes do not involve random
access thereby gets rid of the notorious collision detection problem. The idea of
these schemes is to blend TDMA and reservation scheme in a fashion to achieve the
best features of both. In these schemes every frame is divided into fixed assignment
area and demand assignment area. Fvery user station has a dedicated slot in fixed
assignment area in every recurring frame which serves the purpose of keeping down
the delay at low utilization vange. while the demand assignment area, adaptively
changing its size according to load. serves to reduce the guening delay predominant
at high utilization range.

[n RMA (Reservation Multiple Access) scheme [3] time is divided into frames,
cach frame consisting of reservation minislots followed by fixed assigned data slots
and then reservation access data slots. Each user has a reservation minislot and a
fixed assigned slot in every frame. In this scheme every user transmits all the packets
quened at the beginning of the frame before the next frame begins. Each user
transmits a teservation for number of packets queued ar the instant or reservation
minislot mtnus one: minus one becanse cach user would get a fixed assigned slot in
the current frame. Its reservation will be honored in the reservation access portion
of the frame. The number of users is such that duration of the fixed assigned area of
the frame is longer than the propagation delay: hence by the end of fixed assigned
slots everybody would learn every other users’ request. and. create and access the

reservation slots cooperatively,
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[n [2] Almadi has studied o protocol helonging to this category. Unhihe RM A,
the demand assigned slots are interleaved between the ixed assigned slots ma pre
determined tashion. The amonnt of demand assiened slots mterleaved hetween tiaed
assigned slots depends on the estimated channel tratlic load. The stations aecess
right to demand assigned slots is coordinated by exchanging reservation inforia
tion through piggybacking on data pachet transmitted in fixed assigned slots, Thas
scheme does not require a minimum limit on the number of users: but teqrure esti

mating load and may not be as adaptive to changing traflic conditions as RMA.

2.6 Combined Free/Demand Assignment Proto-

cols

This is a new category proposed in this rescarch [26]. It perforns eminently tor
the same traffic envivomment for which combined fixed /demand assignment schemes
perform well: when the user population is neither too large nor too simall Here, when
ever there is demand the demanding stations are demand asisned Slota, wheneve
there is no demand the slots are freely assigned 1o a certamn station hased on some
heuristic information. Protocols of this category is the subject of this thesis and 1

studied elaborately in the forthcoming chapters.



Chapter 3

The Combined Free/Demand
Assignment Multiple Access
(CFDAMA) Protocols

3.1 Introduction

A need exists to organize the increasing nber of information processing terminals
into a network to exchange information and shave processing capability. Geosyn-
chronous satellite provides o benign broadeast/multiple access medium to realize
this network. .\ major problem in the design of such packer satellite networks is to
share the channel efficiently. A multiple access protocol is an algorithm to achieve
this efficient sharing,

When propagation delay s very small the class of carrier sense multiple access
(CSMAY schemes are suitable For large propagation delay environments. like satel-
lite commumications. a number schemes such as TDMALFDMA. pure random access.
prre reservation access, hvbrid tandom/reservation access. ete. are employed. The
ined assigniment schemes like TDMA and FDMA allocate channel capacity to a

station teoardless of the station’s dyvnamic aetivity and are thus wasteful in terms of



resource utihization {except when the vser population s vers smalld 1o overcome
this ill(‘”i(‘it‘llt‘_\ tesetvation access schemes have been plnlnm‘(i B pPrre peset
vation access schemes sulfer from long delavs even at low channel ut:loation o
circumvent long delays at low utilization range, tandom aceess s ot potated with
reservation  The random access and vesetvation access are blend m such o tashion
as to achieve a performance which beliave Iike tandom access at low atihieation and
like reservation access at high utilization  Fhe combined tandom tesenyafion «on
cept have received immense attention (31{23].(39]. Another wav to cinonmvent loneer
delays is to combine reservation with fixed assignment 2103 In these schemes o
ery frame is divided into fixed assigniment area and demand asaonment area e
user station has a slot in fixed assignment area and it conld regnest more slots 1
demand assignment, area. The fixed assignment area setves the purpose of heepine
down the delay at low utilization range while the demand as-snment area serves to
reduce the queuing delay predominant at hish utihzation tanoe

What we propose in this thesis is a class of protocols i which teservation 1.
combined with free assignment 1o achieve shott delass, he proposed schenes are
different from the combined lixed/demand assigninent schemmes v that the uaers are
not assigned slots at certain fixed positions 1t each frame W henever o Jor 1o
reserved it is frecly assigned to one of the nsers based on some heanste sndornmaton

The suitability of a particalar schieme for w given o stera depends an the o den
traffic model (such as popnlation size.message fenoth meseaoe mterarisal distnbn
tion, ete.) and performance requitementstsuch s propagation delas debas e pon e
fairness. simplicity ete). For wideband packet <atellite networl o oo iders Belas
Vs Utilization as the figure of mertt and continme to thee homoveneon ballered aoe
population generating single packhet messages, the channel propasation delas o
malized by the transmission tune of o message s the Les paaneter charac tenzine
the distributed communication problem. The relation between vonnd vop de b aned
NT (where N s the nser popnlation size and s the leneth of one data ot

secondsj can be nsed as o critenion for chooane o protocol for the o on L o,
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covionment' [ NT e gound trip propagation delay, the simple fixed assignment
sheme such as FDMA o TDMNA s suitable. I N7 > > ronnd trip propagation
delay. the class of Combined Random/Reservation schemes such as CRRMA [23],
CMA [39] i suitable. On the other hand. when N is in the range comparable to
tound trip propagation delay(as is the case in wideband packet satellite networks, for
a range of user population) neither of the above two schemes are singularly superior.

It s in this envitonment the proposed protocol performs eminently.

3.2 The CFDAMA Protocols

The idea is to combine demand assignment with free assignment in channel time
allocation. Whenever channel time is not reserved. it is treely assigned to one of the
stations.

[n these schemes. the demand assigned slots gets interleaved with free assigned
slots in such a manner as to adapt to individual station’s instantancous traffic fluc-
tuations, there by alleviating the queuing delay predominant especially at higher
atilization range. As elaborated in chapter 2. the combined fixed/demand assign-
ment schemes also strive to achieve the same effect. But CFDAMA achieves it
mote efficiently because of the following reason: Unlike the combined fixed/demand
assignment schemes. no data slots are assigned to stations in fixed positions of the
frame. therefore the scheme more closely adapts to instantaneous traffic fluctuations
and henee a better delay response is expected. Besides efficiency . CFDAMA also
inhetits operational simplicity: it neither requires monitoring the channel load and
adjust the frame length as in {2] not does it require the number of users to be greater
than a minimum as in [3].

In CFDAMAL the scheduling of data slots to user stations can be realized in a

centralized fashion or in a distributed fashion. In centralized scheme. the access right

'strictly trae only when the user population is homogeneous and generate data messages
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of each slot is relayed to all stations by the scheduler placed on board the satellite,
The scheduler could also be placed in one of the user stations, but the performance
will suffer because it will take at least two round-trip-delays for a station to get its
reservation request honored. In distributed scheme, each user executes an identical
access algorithm to determine the access right of cach upcoming slot. Distribnted
scheme does not require any on-board processing.

The reservation request can be made in a mumber of wavs: using o separate
reservation channel in which each user has a dedicated slot, using a separate 1ese
vation channel which is shared by all users on contention hasis, and piggvbacking
the reservation request on the data packets. We examine CEFDANLN nsing, cach of

the above reservation methods in the following:

3.2.1 Fixed Assigned reservation (CFDAMA-FA)

In the following we explain the centralized scheme (with seheduler on board the
satellite): The chaunel time is divided into contignous slots. Fach slot has o data
portion(called Data Slot) long enough to hold a data packet and a veservation por
tion{called Res Slot) long enough to hold a reservation packet.shown i fignee 3
The channel is shar ! by .V homogeneons huffered neers. Toach nser has a Pes Slot
with a period of .V slots. Therelore NV slots are said to constitute a frame

. . . . . . . 2
Each user station transmits reservations in its Res Slot for all new packets

*'new pachets’ are those that artived hetween the previons Res Slot ad the present Res Slop

31



on behall of which reservation has not been made and that remain at the instant
of Res Slot The On Board Scheduler(OBS) will place all the reservations in the
teservation quene [t will serve one teservation every slot by demand assigning the
Data Slot to the teserving station. Whenever the reservation quene becomes empty,
the scheduler will free assign the upeoming Data Slot to one of the stations in a round
robin fashion. The free assigned slot will be utilized if the assigned station happens
to have a packet at the time the free assigned slot becomes effective at the ground.
By doing so a minimum mean packet delay of round trip rlclay+3’21 is achieved, as
against 2round tryp delay + 12’— for pure reservation (demand assignment) schemes.
It is noteworthy that unlike other reservation schemes. a packet on behalf of which a
reservation is made may get transmitted even before its reservation is honored. either
via a free assigned slot or via a demand assigned slot reserved by some antecedent
packet of the same station,

Reserving for all newly arrived packets remaining at the instant of Res Slot
might put the reserver in undue advantage: a number of demand assigned slots
could go unused. We modify the reservation strategy as follows: Each user station
keeps count of number of reservations that are yet to be honoved for him. This
count is called due slot count. The count is incremented by the number of slots
tequested cacl time a reservation is made. and is decremented by one whenever the
user receives a demand assigned slot. The OBS would say whether the assigned
slot comes out of demand assignment or free assignment. The reservation is made
only for nimber of slots equivalent to? (number of packets quened in the station
)

due slot connt Ihe simulation results show that this controlled reservation

scheme. improves the delay performance. The improvement achieved is pronounced

R)

)¢ = r ifr>0
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when the frame length VT s suel that its mtegral muabtiple s slightly sivalles than
round trip delay. This is because at such N the number of demand assigied
slots going nnused is maximum for simple teservation'. Also. it appears, intmtnely,
that this controlled reservation would serve to reduce the variance of packet delay
because the tiee slots are distributed to users whose packets are expected to expected
to experience long delays. On the other hand, when N1 is such that its integral
multiple is slightly larger than round trip delay. the controlled and simple veservation
perform identically. The performance of controlled and simple reservation obtained
through simulation is compared in Figure 3.2.

In a distributed scheme, the users maintain their own copy of global 1eservation
queue and access the Data Slot according to the above procedure. Inconsistency
in global information can result when a user wrongly detects a reservation and this
could cause. in the worst case. catastrophic failure of the distiibuted system. Hence

a certain control is indispensable for stable operation.

3.2.2 Piggy-Backed Reservation (CFDAMA-PD)

Using fixed assignment reservation requires a separate reservation channel which
presents certain overhead and. henee a lixed reduction inomasimm possible channel
utilization. Another way the reservation can be made s v piggybacking on data
packets. Such a reservation scheme renders full channel ntilization and w shorter
frame length. This scheme is discussed below.

The channel time is divided into contignons slots. cach long enonegh vo hold o
data packet. The OBS maintains a resetvation quene and a table of of all ey
ID The User IDs are arranged arbitrarily to begin with. We shall call thes table as
free-assigninent-table. Whenever the reservation quene s empty the OBS schedndes

the upcoming slot to the user at the top of the table. Conseqnently the wser s 11 s

fsimple reservation means resersing for all newly arrived pachets temaming at the nstant of

Res Slot
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moved to the bottom of the table. Whenever the teservation quene s non empts, the
stot is scheduled to the user at the head ol the reservation quene Users tequest Lo
additional slots by piggvbacked reservations by marking on the head of then data
packets. The OBS places the received reservation requests i the teservation queue
and serves them on FCFS basis. A straightforward reservation strategy would be to
make reservation for all the new packets. *New packets' ave those on belaif of whicl
a reservation has not been made as vet. However such a reservation stratepy puts
the reserving user in an undue advantage. costing the potential users waitig for a
free assigned slot to wait longer. A more eflicient reservation strategy s 1o adopt
the controlled reservation as discussed belore: reservations are pregyvhacked only for
number of slots equivalent to (number of packets quened in the station due slot
count)™*.

At high channel utilization. most of the pachets gets throngh via demand assigned
slots. The busy period of the reservation quene server would he very long Hence
any user who does not have a reservation to be honoted wonld feel neglected. waiting,
for a very long time for his free assigned slot. On the other hand. users who have
reservations to be honored (and hence micans to make further resetvations) would
still be getting free assigned slots oceasionally  To cortect this unfarsne s, as and
when a user is scheduled a demand assigned slot. his 1D is moved to the hottom of the
table. We say. the user [D is reordered. By user [ reordering. we mtrodnee a certain
amount of priority over those stations that do not have a reservation to he honored,
in allotting a free assigned slot. The performance improvement vesalting from the
controlled reservation stratesy and nser 1D 1eordenme obtamed via simlation is
shown in Figure 3.3. Some improvement in defav and a mahed improvement i
variance of delay is introduced. especially at high channel ntihization vange Figue
3.4 elucidates the timing relations involved. Fignie 3.5 simimeizes the scheme in
the form of a flow chart. when it is implemented as o distiibnted algorithin

The simulation of CFDANMN-PB gives a delav vesponse sl compare favorably

with the CEDANMA-FAL shown in Figuie 3.6,
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3.2.3 Random Access Reservation (CFDAMA-RA)

Che thivd method of reservation is to allow ALOILN access to Res Slots Unlike
the previons methods this allows stations to make reseevation whenever a pachet
is generated. Though this Aloha access has the advantage of easy mcorporation of
new users, our initial simulation study shows the scheme to he infenonr as compared
to the FA and PB versions. except when Vs very large. when Vs very large it
would perform almost identically with pure Aloha Reservation scheme  Moreover, at
such large .V, the hybrid random/reservation schemes are nnguestionably eminent.,
In our study, we used one Res Slot every Data Slot and circumvented the stability
problem by just neglecting collided reservations. Those packets whose reservations
collided will have to escape via free assigned slots. This strategy works well at low
utilization range but pays off at high ntilization range  The simulation tesults are
shown in Figure 3.6.

Finally, it would be a good idea to allow random access and pigevbaching to
coexist. The piggybacking would serve the purpose of heeping the channel wastage
due to reservation channel at the minimum and random access to Res Slots would

provide the user with the flexibility of accessing it at anv tiune
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Chapter 4

Modeling and Performance

Analysis

We consider the following trathie model:

e There are N homogencons information processing, termmals (user statwone)

cach with unlimited bulfer capacity

o The arrival process at cachuser station obevs Poisson law with mean S/N o
the probability of Tarrivals to an user station ina slot mterval o

o \‘/\'(.g"/ \)l

Prid=1) = p

where S represents the overall svsteme mput load The Poivon asannption
represents a worst case sttuation in the wense that the Poraon datidie . o

l'('.\l)()llllh tu & I(ll".i(' ‘l"gl'('(' “I. l:lllllUlllll('\\A

o The generated messages are ol constant lenoth and conntitnte o anele pae et

(Henee the terms packet and message are wsed interchanseably )

We madel and analyze FA and PB versions of CEDAMN within o gqueming theoret

framework.



4.1 CFDAMA-FA

We concentiate on o tavacd |).u|-;«~l that artives at o station. We follow its How
throweh che sy stem nntl o reaches ats destination and attempt to evalunate the
delav it ionss on the average, mots transit, Fach snecessbil packet is distinguished
tnto thiee dlasses Class D packet s are those that eets throueh via free assigned Slots,
Clas2 pachets are those that eets throngh via undue reserved slofs, (fe. a packet
acceeds g a slot that has been reserved by some antecedent packet of the same
Station) and Classd packets are those that gets throngh via due resereed slots, (1e..
a pachet teserves and uses the honored slot for its transit). .\ packet’s average delay
depends on the elans it assumes. Our analysis essentially reduces to evaluating, the
averae delay of cachi elass of message and the probability with which a tageed
tesage assitmes a particnlar elass,

A packet can sueceed as Classl pachet cither hefore or after making a reservation
on ats belalls The free assigned slots of 4 station is separated, on the average, by
adistance of 1\-7' Whereo Vs the population size and o is the fraction of slots
that are demand assiened. The exact distribution of the distance between the free
asstened slots is charactetized by the wav in which the demand assigned slots pets
mtetleaved between them and s vers diflicnlt to determine. A packet will assnme
Class T status iF it meets a free assigned slot before meeting a demand assigned slot.
We assime that the packet in the head of the quene makes Bernoulli attempts to
asstme Classh status, (Fhe Bernonlli attemptsinherits the memory'oss property and
s often employed [33]0 [19] to carey through an analysis.) The Bernoulli attempts
contimne nntil the packet escape cither as Classho Class2 or Class3 pachet,

A packet will assime Class? status if it meets an nndue reserved slot before
meeting a free assigned or due veserved slot. We consider a partienlar nser station.
say th stations and concentrate at its Res-Slot instants, Those packets that arrived
in the previons frames and remain in the station at the instant of Res-Slot are old

pechets and those that arrived i the current frame are new packets.(see Fignre |£L1).
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[ he e 0 term acconnts Tor Classl statis while the <second one acconnts for Classs
datie, N Class? s possible when aq=0 We do not nse the exact distribation of the
arttval istant of the Bth packet bhut are satisfesd with using its mean arrival instant.
Stnee the T packets are unitormly disteibuted in the frame, the Ah packet arrives
\J

M slot and it wonld take N — o slots hefore it conld see its

on the averase in i

Res <ot The timing telations areallnstrated in Fignre 120 The computation of

cauation [ s shown o the torm of probability tree in Figure 1.3
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Fhe tiest term acconnts tor both the first and the second packet assuming Class|

status, the second term aceonnts for first packet assnmine Classl statns while the
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IYiest new arrival
(here are  Inew anivals and no ald packets)

/

RS, + 8w RySq+ ft+1
. ’ -1 / ASED
> =) (= >  PYu-=-p)y™
1=} 1=
(prob  that first arrival assumes classl status) (prob  that first arrival assumes classl status)
if the first arvival fails to assume class] status,
it will assume class] status
Average delay when class] status is assumed Averapge delay when class3 status is assumed
;4 Nt
g Rt S+ ok 1)
0y rye—1 S —_
> -y 5+ 75
1=

> N

I n l[ g = {}) = average delay when class] status is assumed
’ { N I = .
+(proh. Nirstacnival did not assume calss1)(Average delay when calss? is assanned)

Fignee 1.3 The probability tree for eqnation (1.1)
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second assume Classd status aud the thivd tetm aceonnt ~ tor hot b the st as well o
the secoud packet asstniing Classd Sstatns, wiihime evpressions tor the neher valies
of A follows the same approach bt s bishh cnmbetaome. We venhied thionah

1'(llll|)1l|:lfillll that the valies of these exproessions are very osely .||»|nu\lll\.|ll'|| by

[OA
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Whicliis the average delay for a packet assimime Classd statns, an infuitn ey plea
ing result.
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Now nnconditionine,

! .

FADU) ST 0 ket gy (1.9)
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Iy - Co > %I-j( DI (1.1
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Y T and
/', ])lulml»illl\ that q old |);|('|\'<'|\

are quencd at the instant of Res Slot

AMter wettine o slot, the packet will reach the destination after a ronnd trip delay.
Therelore,

The average message delay = (D) + R

The unknown quantities in the above equations are . S, o0y and Py The hraction
of slots that are demand assigned. o, is given by the average number of arrivals in
a lrame that make reservation. The expression for average number of arrivals that
tmahe reervation depends on the way in which N oand I are related. When N R

d s obtamed as a solition to the equation

I o= (= = D+ (= ) (111)
I=1
RS = Dty + (1 = )l (112)
=1
where
l prob frame has a prob. first arrival came before free assigned
" 1 free assiened <lot ‘ stot eiven [ new arrivals
atued

prob. ree assigned slot ocenrred
prob. frame has a
Y, g b= after Rth slot and before the
frec assigned slot
fitst arrival. given [ new arrivals

IN



Fhe probability function of the arrival tstant of the finst packet conditioned 1hat

there were £ new arenvals 1< anven In

fiest areval occurs at 2 th stot of the ftame

eily) = £

stven there woere £ new arnnvals

{ﬁ(l / )} / I
= YT T T - i)
SO S T, ‘

fnwriting the above equation we have assunied that a user station doce not senerate
more than one packet inone stot interval, which s hishliy teasonable ecan e ol 1he
large N Given the frame has a free assiened slot, its posttion is nnitormiy distohated

within the frame. Now it is straightforward to show

\—_[‘H \ ;
o=~ d) L Pty \ (i
=
and
v _—LH ! I
= (=)= 50 Py ) (115)
= ‘
The evaluation of o for the case N - I follows the same approach escept that

now we have to take into acconnt the happenines in I'\‘| frames. Where Ja| denate,
smallest integer greater than o,

The d evalnated as above agrees very well with simulation reaalt . Fhe compan
ison is given in Figure L1 for two values of V.

The arrival process at the scheduler quene consists of hulk arvals at every e

Slot. The bulk size depends onthe number of new arvivals that will ke teservaton

The probability generating funetion of the hulk size tor the case N 8 1 even Iny
l)’('.} = ”“t/j(Zl'[ ”-”411 bt 1) Ill[) (116
C
+:/(Zu,,” Y (1 gty (1
=1

Knowing B( =), the mean number of veservations i the wchednler gquene e conpted
as
13700

S Ly -
! ) 21 - 18y
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Finallv. £ and 7 are obitained Iy asstinine that the tset stations are seryved by
contimnonsIv avalable server who take a seonetieally distribited feneth of tone (o
serve o packet. The mean service time of o pachet arnvime tooa nonempiy station

i~ .\ Slots and ean service time of g R [NY] artnvne to an eipty station s

1 i)
slots, We have.

/ { N

bo-- , o (b
LSt b4

FG)

o= “"( 'N(I)-)* I’n { P2
'

G(z) and G(2) denotes the probability generating function of the nnmber ol packet-
that arrive during the service time of the packet which artived to o nonempty station
and an empty station respectively,

The performance of CEDAMN-FA obtained by simmlation and analssis are com

pared in Figure 15,

4.2 CFDAMA-PB

The analysis of CFDAMA protocol that uses piegvhacking as o means of mahine
reservation is complicated by the fact that the interval hetween resenvation instant !
is quite random  as is not, the case with most of the multiple access schierme  analy zed
in the literature.  Since reservation is piggvhacked. the resercation inatant of
station are the instants at which it receive data slots. In turn, the teception of data
slots by a station depends also on the reservation it had preechaclasd previon v
This dependency makes the exact mathematioal modeling of the e diffenls
To the anthor’s knowledge, no scheme that emnploy pisoslackine an o means of
making reservation has been analvzed o the literature In 2] an anals o s piven

for a scheme that emplovs pisgybacking as o means of salane rewervation Bt

Pepeservation instant="are those ot whie bl b or o ks 10 crvation
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theno there piags hacking is nof prave i the sense that the stations were not allowed
to prggyback reservation throngh any data pachet \ definite frame st e was
mtrodnced, where the asers are provided with data slots at certann tised posttions ol
the frame and. the users where restretod to tesery e only thronel these fised agened
slots (and not through demand asstgued slots)ye Phis restiicnion, ot the cost of some
performance degradation. makes the reservation mistants to recnr at dofermnisti
intervals and hence allows the selieme to be modeled as o Mathoy Proce . Here,
we provide an approximate analvsis of CEFDAMNA av it iw, that o without HIpOsSig,
any such restriction o trame stinctnre

[n this analysis. in addition to the adopted teallic model, we aasime that the
round trip propagation delay normalized by the tansimssion ime ol a pachet (1)
between any two user stations is smaller than the user population size (N )

We tag a random packet that arrives al a station, say e th station, and evaluate
the delay it inenrs until it teaches the destination. Phe availability of channel to the
station? is modeled as an intermittently attending server Fhe server conld are

to the station in cither of the following two modes

Lo demand mode (e the server arvives as o result of demand assignment, we

designate the server as called screer) or

2. free mode (e the server arrives as a resalt of free assisnment . we designate

the server as free sereer).

The delay of the tagged packet depends on whether, oncits arenal the Jorthoonm
g server is a called server or a free server, Henceo we adopt the followine wtep . to
develop the paf of packet delave we obtam the probababity with which either 1ty pe
of servers happen to be the fortheoming one. and then we obtain the conditional
pal of delay given that the forthicoming server is of a particalar type and hnally we

compnte the nnconditional pef of delay.

“hetenfrer, station” telos to the particnlar o th e



As atirst step, we obtain the probability with which either type of server happens
to be the forthcoming one in the following: when the tagged packet arrives at the
station, the forthcoming server can be a free server or a called server. The type
of the forthcoming server depends on whether the station was empty or nonempty
when the precedent server departed from the station. It will be a called server if
the station was nonempty, else, it will be a free server. In order to obtain the status
of the station (i.e., empty or nonempty) at server departure instants, we develop
the pgl of the number of packets queued in the station at these instants. The basic
equation governing the number of packets queued in the station at server departure

instants is

nigr = Umi)a + [1 = U(n))a; (4.21)
where,
U(n) = 0 ifn, =
1 ifn; >0
Mgt £ the number of data packets queued in the station at
the (7 4+ 1)th server departure instant.
a, £ the number of packets arriving between the ith and (2 + 1)th
server departure instants, given that the ith server departure
left the sation non-empty.
a, 2 (the number of packets arriving between the ith and (2 + 1)th

server departure instants - 1)+, given that the ith server

departure left the station empty.

The above equation embodies the following facts: Whenever a called server arrives,
it will serve only those packets that were queued when the last server departed.
Whenever a free server arrives it will serve at the most one packet that may arrive

since the last server departure. Now, it is straight forward to derive the pgf of the

>t
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number of packets quened in the station at the server departure instants to be!
PioYy = (V= B WY+ Po () (1.22)

where.

1(z) = thepelofa,.
A .
A(z) = the pafof «,.
, A . :
Fy = the probability that the guene is empty.

The expressions for A(z) and A(z) is to be developed later. From the above equation

the quantity of iuterest, [, is caleulated as,

Py = AW (1.2:3)
I+ A(0) = A1)

A well known attribute of the point process is that the distribution of the in-
terdeparture interval in which the tandom packet (tagged packet) arnves and the
distribution of the general interdeparture interval are not the same, The random
piu‘kt't is more ]il\'('ly to seleet longer intervals,

we define,

JAN oy . .
{, = the probability that the interval hetween the ith server and o f 1th
server departure instants is § slots, given that the « f 1th

server s a called server.

IJ 2 {he probability that the interval between the oth server and 4 1th
server departnre instants is J slots. given that the o+ 1th
server is a free server,
L(z) & the pefof
L(:) = the pef of ij.

FObtaining (1), and applying the Little's formuda does not give the aver e delay of o packet

hecause the state of the systenn at worver departare ipstants i~ non 1y paeal



. b . .
£y = the event that the tagged packet arrives at the station
such that the forthcoming server is a free server.,
v A . .
I;, = the event that the tagged packet arrives at the station
such that the forthcoming server is a called server.
608 _ )
A= N’ the average number of arrivals per station per slot.
A . .
d,, = the delay of the tagged packet in getting

a server is noslots,

Now, from the theory of point process [7], we have the desired expressions,

i PyL(1) ,

) = BT+ (0 = By (4.24)
and

Pr(E,) = —— L= FIL(1) (4.25)

CORL() 4+ (1= P)L(1)

Now as a second step, we derive the conditional pgf of delay given that the forth-

connng server is of particular type. We counsider the free server type first.

Pr(tageed packet arrives in an isdit of j slots |E;) = LJ’(JI) (4.26)

Giaven that the tagged packet has arrived in an inter server departure interval of
J slots,its arrival is uniformly distributed in the interval (1,;) with probability

function 5 If the tagged packet happens to be the first packet to arrive in the

“inter server departure interval is abbreviated as isdi.

H6
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Figure 4.6: Tagged packet arrvival and its departure

interval, it will be served right away by the forthecoming free server. Otherwise, i
will have to wait for an additional interval distributed according to L(2), to be served
by the next server. It is so because, every time the free server comes to the station
it can serve only one packet. Also, the next server will be a called server sinee the
tagged packet will make a request, in case it was not served by the fortheoming one,
The timing relations involved are illustrated in Figure 4.6,

The probability that the tagged packet has to wait for 1 slots to pet served is

given by the following sum:

( tagged pkt selects it arrives at the
Pr(d,|Ef) = Pr Pr

an isdi of j slots () - n)th slot

no arrivals in

Pr
\ (U —n) slots .
tagged pkt selects i arrives at,
+ Pr Pr
an isdi of j slots (j + 7 —n)th slot
there is atleast, | the next mdi
Pl‘ 'l'
arrival in (J -+ ¢ = n) slots is ol 1 slots

The first term in the summation accounts for the tagped packet being served by a
free server and the second term acconuts for the tagged packet heing served by a

called server. From Figure 4.6, the pgf of the nimber of slots the tapped packet
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gt e el o way 1hat the inllhtullllng SCLVCT IS a (.nllml Serv e, I'n«]('l lhx\
condimion the tavecd packet cannot be served by the tortheoming server, it has to
vt dor the arbscpent called server™s The probabilitg that the tageed packet bas
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o woitine the above cquations, we assiine that the tavwed [):u'k('l reserves throngh
the dast packet served by the forth coming server and it s served Tast by the sibee-
aprrent called server. This does not canse AU POt acy sinee As very mch smaller
than the mter server departare intetval e the probability: hat & assume vahies
compatable to tnterserver departure interwal is very neelisible.

Froallvo the unconditional pef of the delay of the packet. in setting a slot. is
Dy = Dol Pl )y + Dl P k) (1.249)

Fhe pal of the packet delayv i reaching the destination is D225 The

A acconnts the time the packet tahes 1o reach the destination from the instant it
eets mder service  The unknown guantities in cornputing the above equations are

the subsequent server will be w called server for sure. <mee the tagged pachet will make o

tequest throueh o packhet that wall be <erved by the fortheonnne server



Lis. ‘l/'./!/) and il/l We have,

Voo - e M Pl
. . . AV

sy = 3 Lo Y 2 \pes b o NT T | ) v
I - /

. o .
= [H‘_l)ll—/—l\r(l ‘\ll\/“'\\.. I/“- vl " RS

Fhie above equations follows the facr that whenever o called server arminves, i will
not serve any attivals sinee the last senver departire istant and whenever o bree
servet attives it will serve off the st aenval stuce the Last setver departne 1
l\'('_\ (uantities to he ompitted are Fiz) and j,(/} We compute [z) finea

N ecalled server artives when a packet of the station makes a reguest | e reqrest
soes 1o the OBStonboard scheduler) and possiblv expenence wome delay at the
scheduler quene aud then canse the sehednler 1o releane acalled server Henee o

S{eris the delay enconntered by the teguest in the scheduler quene then
Liz) = Sin" Y

[ the above equation. we omit the numiber of Slots the server woubd day at a dation
as this wounld be a neelieiblyv small gquantins vet make the coumation curber onme
Fhe reguests arrive at sehednler quene mbulls with o Tnelids comples mterarns al
distribution.  An approsimate Si/) s obtained by estimatime the actual averam
arrival rate of requests to the schedaler gnene and asanne them to anive wecordine
to Poisson distribution. The averaee arnval rate of tequestat the whednler gnene

A, Is estimated as follows,

A= NPl g Prorthe taooed packet reepe [
4*-[’1(/'_/},|'|(1ln- tacoed packet pecrve g 1o
in which.
Prithe tavoed ]mtlwl teset o f o T
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ol
Prithe tavecd packet reservel ) = Z ——(——Z (] — 7M1y (1.36)
1= 1= J
A
= -~ ) (1.37)

L'yl —e™Yy
The Vo cvalnated as above was l'()lll|)«lll‘(l with the one obtained ]»} simulation. It was
fonnd 1o bein eood agreement (shown in Figure L7). Now. with the assimptions

made 1t s sunple to show

Sy o= (= A0 =2 4u(z) (1.38)
Aoz) =7z

where.,

Liz) = "M 0-4) (1.39)

Neat we develop £(2)0 N free server artives if the station was empty when the
last ~ever departed. The time it takes for the free <erver to arrive from the time
the last server departed s wiven by the time it takes for the User 1D to move from
the tarl of the free-assienment-table to the head”. The wav the User D advaneces
to the top ot the table is quute complicated. The scheduter will release a tree server

“Respdes the pedorance improvenont the aser ID reordenmy, miahes the mathenare s nod-

hing and analvsis partienlaly tactabl
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to the user at the top of the Nree-assienment table whenever the wcheduler qrete s
empty. and will release o called server whenever the schedider quene tonot crapty
According to the scheme the tageced User 1D will move np by one posation whienesve
the scheduler teleases i free server, On the other hand, when the wchedaler releae
a called server it mav ot may ol move the User 1D np. [ rhe taveed T 1D
ocetiptes a lower position than the User 1D of the wser to whom the called wrver o1
being teleased, the User 1D will tnove, otherwrse not, Thos pot all called wrver o i
other words not all requests) effect advancement ol taeeed User 1D

(:(‘H,illg the exaet i(/) i~ l'\“('llll'l_\ ditticnlt owime to the 4ul||;||" i amvolved
in exactly deseribing the advancement process of User T We adopr the tollow e
l(‘(‘hlliclll(' to compute an approxtinate /,(/}: We estimate the averane atrval 1ate
of tequests 1o the scheduler quene thav offectoedly onder the tavoed U T ad
vaneement aud assume the arnval 1o he o Poisson proce o N procedane to e tinate
this arnival rate, denoted by A is onven o the appendies The o timated calne were
found to hein very sood agreement with the values obtoned e oomlation £ diow
i Figure 1.3)0 The User 1D will move ap swhenever the guene secerans paclaet
arate of Vs cmpts. Dunine, the sy penod (BEP )y the aduancernont completel.

hindered and durine the idle period the User TH eomoved one po stion ap o or o

(I



o Nosw the pet of the nomber ol ot s vegnned to monve the Vaer 1D tiom the
e, |

Botrom o the free w aonment table ta e top 1~ cotnputed as follow

\ r B were all the s BP L tovethen
l, A ' (1. 1))
l Pt patod lestodd fon ;Slots
\ ' . A B \ . )
e )" b e yalion - ) (i
/!

PN\ \ . i

Liry = ) e Y (b = e By (1.12)
t 1 !
(2o 42l - BN (1.13)

where
By 77 the pef of the husy period ot the
quene (the Tis used to emphasise that the arrival rate to the

quenie is A and not )

\oimpliat equation for the pet ot the husy period can be obtained by tdentifving
suby busy pernods within the hasy peniod. all of which have the same distribution as

the busy perod atselt. The cagnation s developed helow:

o bulk ot nophts jof the nslors
sl o0 o B - . (L
mitiate the BP? have bull arrivals
P a blk of u phrs jof the u slots
1 AL
mitrate the BIY have bulk arrivals
. Ve N .
hie) \ ‘ ) (1 ('"\l'('”\("",/:'(l- 1) (LI
S VAT R TRA B |

(F0



By = Y /N - N\ e e Y gl o
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e

s possible 1o obtam a ninmenical <obution for 1500 a1 any sabie of thooneh the

followine Herative conation:

v N N ’r . A
3,,117) = l . \(‘_\/!H GO HL e Y ) .
- e

in which we choose By(2) = 00 lor \ Fothe Timit ol ths veration S heme waill
comeree to I')’(/,) [l-\‘].

Fo see how aconrate is o developed £(2). we obtamed the bt and wecond
moments of Liz) thronsh <inmlation and compatced with thowe obatimed hom the
above developed cquation. They were fonnd to bhe s pertea aercement Jown i
Fignie 1.9,

Now. we obtain explicit expressions for the averave packet delay and the e e

of packet delay

Average Packet Delan Dyve = DICHE O PcCE y 8 DIOUEGPCCE 0 0 b 1 (1)

Variance of Packet Delave Dy = [DPCLE Yy 2 DYCLE D' E et

RN PN I D A CFRT R VN BV PR U LT O

where,

YR

Pol/Uhy + (1 = Pd/i]
Prif ) = |- Ik

| Sa L

- ——LZI/'(IJII ! vy
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Fhie averace packet delav and the varianee of packei delay obtained by analvsis and

amnlation are compared in Fieure 11O aad are fonr d 1o be in sood asreement.
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Chapter 5

Numerical Examples and

Comparison

The following parameter values were chosen to chatacterize the wideband satelhie
channel and interactive user terminals. The channel bhandsadeh oo 2 005 ML/ and

the user terminals generate single pachet messages ot lenoth 10241 bhits Hence Data

Slot length is —_,—0% == H00p~cc. The Res Slot length s assined to he of 607 of
Data Slot. which is J0psec. The round-trip propasation delas is 0 27900 500 Data
Slots.

As we saw in Figine 3.6. PB version of CEDAMN performs better than othe
versions. hence.in this compatison CFDANN PBois chiosen to repneent the clas, ol
CEDAMA protocols,

The CEFDAMN was simulated for various values of N The pettotmance v eval
nated in terms of the average pachet delav, the varianoe of packet debe and the
cumulative probability distribution function ot the packet delay The performanee
15 compaved with TDMNCTDNMA Reservation and CRRNEN woth ol vequient han
dler (23] [24. In [24]. the CRRMA performance was evaluared neslecting the chan
nel overhead due to reservation. For tan comparr-on we nnnlated the CRIEV
with resetvation ovethead tahen uito acconnt. The fength of reseration ot b,

.



avstined to he 6% of data slot The average delay response of the four protocols
ave commpared i Fignre 50 Phe CFDANN has better avetage delay than TDMA
and TDMN Reservation for all N over the entire utilization tange. Compared to
CREMA the CFDANMA has better delay at mad and high atilization ranges. The
average delav carve of CRRMA is quite insensitive to .V (and is henee suitable for
twhinate popnlation). The CEDAMA average delay curve moves up with increasing
Nonevertheless even for an user population as hish as 700, it outperforms CRRMA
tight from an utilization of 0.3.

Vattance of packet delay is an indication of how widely a packet’s typical delay
could deviate from the predicted average valne  Fignee 5.2 shows the performance
of all the above four schemes in terms of vatiance of pachet delay. For TDMA
and CRRM A the variance explode as the channel atilization tises.  While TDMA
Reservation and CFDANN have a smaller and comparable variance and is almost
constant over the entive ntilization range.

The cumulative probability distribution function (CDF) is a new measure intro-
duced here. This gives the system designer the important information of svstem
teliability, the veliability in meeting a certain delay bonnd in delivering a message
o a destination. That is. how reliably (or with what probability) a messages could
meet a delay constraint at a given channel utilization. Figure 5.3 and Figure 3.4
shows the CDEF of varions schemes at a low and high utilization point of 0.1 and 0.8
respectivelv. Phe CDE for TDM N\ and CFDAMNA are smooth raising curves: CR-
RN has o ~tep form, owing to the collision and subsequent retransmission nature
ol the scheme:r TDMA Reservation has a vamp sinee packets arrival within a frame is
uniformly distributed. From the plotted CDF. we have dednced the delay constraint
(e number of slots) that can be met with 904 reliability and have tabulated the
tesults in Table 5.1 Tn otherwords this table shows the delay within which 90% of a
stations packets are bounded. The CEDAMA meets a muich lower delayv constraint
thatr the otherss especially when the channel utilization is high,

Finally ot s also noteworthy that CEDAMA-PB is very cawy 10 implement. It

N



has a single simpler slot structuee nnlike FDM A Reservation and CRRMA TDM A
Reservation and CRRMA have two typesof slots, vz teser ation mimslot aned data
slot and reqguires the user station to generate two types of packets (data pachet
and reservation packet) and be able to access these stots independently. Moreover,
CRRMA poses the notorious problem of reliably detecting the reservation pachet
collision. We conld say. the case of implementation of CFDAMA is compatable to
that of TDMA. Since CEDAMNA-PB does not use separate slot to make resetvation,

there is no veservation channel overhead. Thus the masimum <hannel wtilization is

one.

()
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Fable 5.1 Delay constraint that conld be

met with 90% reliability




Chapter 6

Conclusion and Further Research

This rescarch has been concerned with multiple aceess techmgues for packet switched
satellite networks. An extensivesiunves of existing multiple access protocols for satel
lite networks was presented. The protocols were divided imto siv catesones based
on the prime idea of the scheme, aud prominent examples nuder each categony were
discnused. A new class of nnltiple access protocols called CFID AN N was proposed
The proposed protocol is potentially efficient for the existing need of orgamzims, the
large number of geographically dispersed tenminals mito a network. 1o shaie process
ing capabilities. CEDANN combined the salient teatures of TDNN and Demand
assignment schemes and. always performs hetter than either of them thronghout,
the entire ntilic ation range. hree versions of CED AN cach emploving o different
method of chanunel reservation was mvestigated

Two versions of the proposed protocols viz ooone emploving fieed assionment
reservation channel and the other einploving piees hacked tecer ation swere modeled
and analyzed within a quening theoretic frameworh Use of approsamation, e plon
ing the system structire has Leen shown to be helpful oo simphtome anals o, e
analytical results were then compared with those obtamed bom sialation s orede
to support the validity of the vations somphising approsimation

The vnderh illg Wdea of CEFIXNNMN to achiese Tow dela ar adb chonme Ploedine ea



bo ahe acdsnaniic mi of division of traffie being sent via fiee assigned slots and
via demand assaigned slots

The perlormance of the proposed schemes and o few other existing ones were
evaluated in terms thiee performance measures: Average delav Vs Utilization. Vari-
ance of packet delay and Camalative disteibution function of packet delay. OFf which,
the last one is a new usefal ineasure introduced here: it gives information on the

reliability of the systein inimeeting a certain delay bound at a given utilization point.

Suggestions for further Research

o The CEFDAMA schemes, as any other scheme based on reservation access, can
be easily modified to incorporate the circuit switching capability for stream
type traflic. That is, once a reservation is made. channel time could be assigned
periodically so that gnaranteed access is assured until the request is canceled.
Performance evaluation and analysis under such conditions requires further

imvestigation,

o The CFDAMN is not as efficient as random access schemes at low utilization
tanges  Methods of meorporating random access component into CEFDANMA
would result 1 a scheme that performs best at all atilization for any user pop-
ulation size. Thongh this would rip off the simplicity inherent in CFDAMA.

this strategy wonld become important if extreme efficiency is to he maintained.

o Petformance may also improve when random access and piggy backing are al-

lowed to coexist This requires further study.
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Appendix A

Evaluation of )\

The User 11D has to advance N steps up the table in order to release a free user. On
the average, for the fiest R(1 = X) number of steps the first and the second arrival
will not hinder the advancement if the forthcoming server i+ a free server and the
lirst artival alone will not hinder if the forth coming server is a called server. Hence.

for the fitst. B(1 — 1) steps. we have.

—\(J"")+ \(J—I) -\Mu— t))

™~
Pu(the tagged pht unhinder|£;) = Z

I_'l\’l\

k,,'._.

(= (e = 1) (“i‘(v*‘ui"m)

B T i e e AL
gl 1
“t{the tagged pkt unhinder|E) = Z I —e~ Wy
)= [? l)z 1/

e\/,(v"\) - 1)
LI —eY)

H

Avge no. of arevds per slot (during tirst
oo " K = VA[Pr(E.).Pr(the tagged pkt unhinder|E.)
R(1 — \) ~te ps) that will unhinder, A\,

+Pr(Ey).Pr(the tagged pk unhinder|Ey)]

Avee nos ol arevis per <ot (during Hist
= NV-—\,
P =\ steps) that will hinder. \,



For the rest ol the N = 201 = \) minmber of steps, the average atival rate of Legiests
that will hinder the advancement is exactly samme as \, Thefore the averaee atrival
rate of requests that will effectively hinder the advancement of the User 1D 18 piven

by

. -\ N — L=\
i = \,,R“\, Y 'i =M

A can be obtained as a numerical solution to the above equation.  Fhe obtained

solution is found to comply with the simulation vesults.

N



Appendix B

Simulation Models

Stmulation was done using a software package called OPNET (Optimized Network
Engincering Tools). a powerful tool used to simulate large communication networks
with detailed protocol modeling and analvsis. OPNET provides a window with a
very casy to use epnphical interface. With the help of graphical interface we can
specily the network model. node model and the process models in a top to down
straightforward fashion.

In the following is given the modeling details of CFDAMA-PB. The modeling
methodologies employed for other versions of CFDAMMA are quite similar to the
deseribed PB version and are hence not included.

The network model is shown in Figure B.1: The node at the center of the figure
is the satellite node and the surrounding nodes (node n0 to node n9) represents
the user groups  T'he number of users in each gronp is a variable parameter to be
speciied at the simulation time, By promoting this variable to be specified at the
simulation tune we can vepeat the simulation over a vange of wser population size
amd collect the statistics that vary with user population size. Since we have defined
the number of groups to be ten we can increment the nnmber of wsers only in integral
multiples of ten.

Fach nser node consists of o packet generator. The packet senciator modnle, an

pa



available modale of OPNET Iibrary s given with the following patamelers (1) itey
packet generation time (exponentially distubated) and (1) pachet feneth (102 hits)
This module generates pachets aecordimg to the specitiod parameters and transters
the packet to one of the user quene randomly  this random assienment of pachets
mimics as though cach user independently generate 1t~ own Proportion ol packets
with exponentially disttibuted inter generation time he user quene module s oa
passive FIFO quene. Quenes that do not contain a server are called PSSV C Quieties
(active queues come with a built in server with neer defined seryice rate)

[n each group there are a number of nsers. Fach nser s prov ided with o Sepatate
queue. Each user (and hence cach quene) is identitied nsing an HD wlich as two
parts: the group number and the individual user 1D within the sroup The satelhte
node has a clock which triggers o process at intervals of Data Slot lenath g,
every process the node cheeks its quene (the OBS quene). il there s any reqnest
it picks up the request at the head of the quene, examines the sroup 1 and the
individual wser ID to find out fiom whom the request have oneimated ™ Once
finds this information it issues a mumber of data slots equivalent 1o the teqneated
number to the user The issued slot attives at the carth (at all nser nodes) atter an
elapse of 135 milli-second.

I the scheduler quene is empty the OBS issnes the slot to the user TH at the top
of the stack: subsequently the nser D is moved 1o the botton of the tack  (the
round robin scheme of free slot assignment or User 1D veorderime v achoeved mthis
fashion).

Users generate packets according to a Poisson process with o mean ane al pate
specified during the simudation time. whenever o packet s venerated the - nren!
simulation time is entered into the packet and the pachet i deposited e, queie
When the user veceive slot-interrupt from the satellive, 11 takes the packet an vhe
head of the quene and. using the current time and the tine when packet wa, ven
erated it computes the delav the packer has e penenced  Conequenth. o0 enter,

the compnted delay tuto the global statists s collection ble ared Guatl oo, the



packet.

At the end of the simulation the satellite node computes the required performanee
measures and writes out in the form of graphs,

The details of modeling extracted from the OPNET is attached. Figure 132
shows the satellite node model and the associated processes e processes are

given in the form of a Finite State Machine diagram. In Figure B.3 s shown the

user group noces and the associated processes.
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Network Model Report 1n_tdma [ Frigunosisseantgay | f‘.\g.;\_:l_‘s“ -
L 10p subnet ]

subnet Afinbutes T T
tdma_res Attr Name Attr Value __

name tdma_res

user id 1

sys id 1

latitude 0 6 (deg)

longitude 89 1 (deg)

icon subnot
fired node Attributes
no Attr Name Aftr Value

name n0

model in_tdma_gp_n

user 1d 0

sys id 0

condtion enabled

X pasition 63 2812 (m)

y position 214 844 (m)

altitude 0 (m)

icon tixed comm .
fued node Altributes
nl Attr Name Attr Value

name ni

model n_tdma_gp_n

user id 1

sys id 1

condtion enabled

x posdion 101 562 (m)

y position 135938 (m)

aftitude 0 (m)

icon fixed _comm
fired node Atinbutes ]
n2 Atlr Name Aftr Value |

name n2

maode! in_tdma_gp_n

user id 2

sys id 2

condtion enabled

x position 175 (m)

y position 82 8125 (m)

alttude 0 (m)

icon fixed comm
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feeed ne e
nl
fuaed node
nd
fueed node
ns

Attnbutes
Attr Name Aflr Vajue
name n3
maodel in_tdma_gp_n
user i3 3
sys1d 3
condtion enabled
X position 282 031 (m)
y position 820312 (m)
altitude 0{m)
con tixed comm
Attnbutes
Attr Name Attr Value
name n4
model in_tdma_gp_n
userd 4
sys id 4
condtion enabled
x position 364 062 (m)
y position 130 469 (m)
alttude 0 (m)
icon fixed comm
Attnbutes
Attr Name Altr Value
name nS
model in_tdma_gp_n
user 1d 5
sys id 5
condtion enabled
x position 414 844 (m)
y position 215625 im)
altitude o(m)
icon fixed comm
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[ Page s ol 4

3

fixed node
noé

fixxd node
n9

fixed node
n#

fixed node
n7

Aftnibutes

Attr Name Aftr Value

namo né

model n_tdma_gp_n

user d 6

sys id 6

condnion enabled

x position 392 188 (m)

y position 313 281 (m.

altitude 0(m)

lcon fixed comm
Aftnbutes

Attr Name Aftr Value

name n9

model in_tdma_gp_n

user id 9

sys id 7

condnion enabled

X position 95 3125 (m)

y position 300 (m)

altitude 0 (m)

icon fixed comm
Aftributes

Attr Name Aftr Value

name n8

model in_tdma_gp_n

user d 8

sys id 8

condrion enabled

X position 184 375 (m)

y position 366 406 (m)

altitude 0 (m)

icon lixed comm
Aftnbutes

Attr Name’ Attr Vaive

name n7

model in_tdma_gp_n

userid 7

sys td 9

condtion enabled

x position 305 469 (m)

y posttion 356 25 (m)

aftrtude 0 (m)

icon fixed comm
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foxed node Attnbutes

satellue Attr Name Allr Value
name satelite
mode! mn_tdma_obp
user 1d 10
sys id 10
condrion enabled
x position 230 469 (m)
y position 239 844 (m)
altitude 0 {m)
icon fixed comm

l)l
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Summary
Number of Header State Temporary Function
States Biock Variables Variables Block
S Yes Yes Yes No
Header Block 13 iines

Ndefine SLOT BEGIN op_Intrpt_typer == OPC _INTRPT SELF
Adefine END) SIM op_intrp1_typer) sx OPC INTRPT ENDSIN
#define ARKIN AL op_intrpt_typer, == OPC _INTRPT_NTRM
evern it LSEK GROUP S1Z]

4 #define NO OF GROU PN IO

Sdefine ORY N _STKM Y

Cglobal variables®

Wty phosuieess otd_gen pkty

double ace ph delay s sce phodeliy

1t estert double packet suze Ut

Chpd obp ad obp_tieele adsubiet nd

extern deuble picket size

[Siate Varlables 2 lings

weep Weount aser ol dree_sdor owier \ree sl owner gp
double whind_oap, War

Temporary Variables 4 hines

Paker oph

Obpdonpwm oty 0 tiode ol node g ot free sloc wmer 2 id tree slog_owier_gpe g
ust slit owher

ubie packet delay, ore e tpie

State 0, Init(Enter Execs) forced, 14 ines

[URGE RN

count s LStk GROLP SEZE

obp = op_d_self)

abp_tnt ud = op_1d_parenti ap_id_self)),
h subnet 1d = op_I6_parentiobp node_idr,
Do phosuccess = 0,

free sk owner = (),

free sha owher gp= o,

sq ace_ph delay at)

100 pace ph delas =0,

[S1aie 0 NIL(CET's)
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Process Model Report 1n_tdma_obp I

CET| Cond th
®0 | Exec
Trans datasiotas SO
Bwtei: walt (Enter Execs) _unforcad O lnes
[State 1 wait (CET's) - oo
CET| Cona (SLOT_HEGIN
#0 | Exec )
oo ) Trans - cr s e aee wee s . el
CET| Cong
#t | Exec
oo | Trans ..
CET! Cong CARKIN AL
#2 | Exec .
Trans queing -
State 2. datasiotas ecs) forced, J8 ines
op_intrpi_schedule_selftop_um_timetrepacket size
if C'op_subq_empty (01}
!
pk = np_subq_pk_remose ' OPt QPUS HEAD;
S oneul bty d=np_ph_stamp_mod_getipi,
i op_pk_nfd_getiph © e ageet Aslol owner,
op_intrpt_schedule_rematernp_sim_tune o0 1 45 slut vwner mpin obi 1l
op_pk_destrovepa, {
t
W e
free_sim_owner_gp 1d = op_id_from_useridisubuer id OPC GRITYPE NODE FINED free slot ouner n
free_sioi_owner_pp g wd=op_td_child ilree slot awner ) W OFC ORITYPE QUELT )
op_intrpt_schedule_remotetop_sim_Lime(1+0 115 free slot uwiier tree slot owaer gp g 4l
3¢
)
if ({ree slot_owner =1 SEk GROUP SIZF 1
{
free_slot_owner = 0
++lree_slot_owner_gp
0 !
else
s+lree_sla_owner,
dtiree _slot_owner_gp == NO_OF GROUPS,
28 fres_slot_owuer_gp = t),
else
1
te g, —datasiotas (CET'5) !
CET| Cong )
80 | Exec ,
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| Page 3013
Tans wall
Siate 3 end_sim (Enter Execs)
op sl wrnite scalan-Tr-

L N

13ttt packer_swzefid)),
Op St write _scalaniti g e

Tepa, ae

unforced, 5 Ines
* tacc_pk_delayfo_pk_success.,

‘s eag oace phodelasMin_pkosuccess tace phodelayho phosuccess)tlacc_ph_delaymo_ph_suwcess)
Of At WYite scaldfit sar L an s e

] varn

[S1a16 3 oend sim (CET's]

State 4 aueing (Enter Execs) forced 3 lines
P s op_ph gett ORP IN_STRAM,

op_suby_pa_insert d ph OPC QPos TALL

State 4° queing (CET's)
CET| cono h
#0 | Eaec

Trans walt
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Figure B.3: Group node model and associated PLOC eSS

90



Froc

o455 Mous! Hapunt in_tdma_mac

[ Foaun251555101993 | Page * of 2

Summary
Number of Header State Temporary Function
| States Bilock Vanables Variables Block
3 Yes No Yes No
rHlmler Block 11 ines
Sdefine ARKIV AL .
tap_intrpt_typer s == OPC [INTRPT STRM,
#define L SER DATA SLOT N
(op_intrpt _typers == OPC INTKPT_KEMOTE,
s etxternt L SER GROU P SI2E
extern Uhpnd obpoid onp neke ad subnet
adefine ORP N STRAL INDEN O
extern doeuble sce phodeln Ag e P _delny
externant i phosuteess
b Jesterudoubl packet suze
femporary Variables 4 lipes
Packet *phpus *ph *resphn,

mius: uuler sk owikr,

douhle packet delay create ume,
o u_Suby

[State 0 svebranch (Enter Execs) unforced_0 lines 1
ch (CET's)

CET{ Cong IAKKIV AL

#0 | Erec .

e ] T7ANS L L BUD_ DAL il L e eees s eereereeaereeiesenneeans reeereenann
CET} Conu (LU'SER DATA sfoT.

M | Eroc

| Trans sand N

Stote 1. sub q ing (knter Execs) forced > lines

PAPY = op_pk_geliop_Intrpt_strmiy ),
op_ph_stamp (phptr)

op_ph_nfd_gel (phptr “uoer indev*, &user_indety,
op_subq_pk_insert (user_undex, pkpir OPC_QPOS_TAILY
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 Qlate 1 sub q ing (CET's}
CET| Cono i
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Trans svabranch e
State 3 send (Enter Execs) Torced, 4 bnes
siod_ownes = op_intTpt_todet),
t'op_swbq_emptyislot_owner+ USER_GROUP_SIZF )
|
Pk = op_subg_pk_remove (slol_owner«USER GROLT SEZE 0OPC QPON HEAD)
s op_pk_nfd_gelph *-reare simet  &orale Lty
packet delay = op_sim_timers + 027 » packer_suze create tune
3q_acc_ph_delay o= packel_delayopacket_delay
S op_stai_write_globaltl)  puiker delay”, packet delav) ¢
ace_ph_delay o= packet deliy,
10 ++n0_ph st Cess
op_pk_destzoy (ph),
H
clse
t
1€ ' op_subg_emptyislot ownern
'
pk = op_subq_pk_remnve tsiot_owner OPC_QPOS HEAD)
op_pk_nfd_geliph * resse o met &create e
pachet_delay =o0p_sum_timeis o 0 27 « packel size Teste loie
20 ¢ op_stai_wrie_globalt0  packer delay  packes deiavi ®
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++nio_pk_success,
op_pk_destroy (jh),
s }
el
l
1t ('op_subgq_empty (sl _ownet)
R H
num_wn suby = op_subgy_stat islot_owner OPC (ONTAT PRSIZEY
fori=U s num_w_subq v4us
|
piir = op_subq_pk _remaoversiot_owner OPC QRN HE AL,
A respkpir = op_pk_copy (piptr)
op_suhq_pk _tnsert (L SEK_GROLE SIZE « slot owtier gesprpie OFC QPOS TAIL,
op_pk_deliver_delayed :pkplr obp_ 00 135,
!
t
a0 el

evebranch
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