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ABSTRACT

This thesis evaluates the packet satellite channel performance based on the
modified non persistent inhibit Sense Multiple Access Protocol (np-ISMA) protocol in the
Low Earth Orbit (LEO) satellite system. In this protocol, the satellite station broadcasts a
busy signal when an incoming packet is received, to inhibit other earth terminals from
colliding transmissions, and broadcasts an idle signal when a packet is successfully
received; to allow other earth terminals initiates packet transmission. These signals
arrive at each earth terminal with a propagation delay, which is difference as the
distance between the satellite station and the earth terminal, to consider that each earth
terminal has an equally probability of successfully packet transmission.

Received results show that on the satellite uplink channel, the throughput and
delay of np-ISMA protocol with timing advance are substantially improved when
compared to without timing advance and the number of collided attempts and inhibited
attempts are reduce as well. The throughput of modified np-ISMA protocol is also better

than that of the slotted ALOHA protocol.
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Chapter 1
INTRODUCTIONS

1.1 Background

Packet satellite communications of future will be based on non-GEO satellite, in
particular, “Low Earth Orbit Packet Satellite System”, and will represent an interesting
solution, since they are characterized by low propagation delay and low propagation
attenuation that allow the use of low power earth stations. Packet satellite channels rely
on appropriate access protocol to organize randomly occurring attempts by earth
station, to transmit a data packet to a satellite, and offer the efficient sharing of
communication resources by many contending earth station with unpredictable
demand. The ALOHA system is one of the earliest random access protocols of packet
over satellite channels, to provide a means of communication between a number of
geographically distributed earth station and a satellite. The ALOHA protocol can be
understood as when the earth stations transmit their packets over a common satellite
channel without any mutual collision control or regulation. If two or more stations happen
to transmit simultaneously, a packet ‘collision’ occurs. This mutual interference results in
loss of packets, which have to be retransmitted.

In a satellite system, each earth station can hear its own packets repeated by
the satellite and thus can determine whether a retransmission is necessary without
waiting for an acknowledgement from the addresses. The likelihood of a collision during
a retransmission can be reduced by having each station use a random number
generator to determine the waiting period before retransmission. This decreases the
probability that the same two packets will collide a second time without forcing any one
station always to wait longer than the others before retransmitting.

However, the maximum throughput of ALOHA system is only 18.4 percent which
is low channel utilization. In order to reduce the adverse effects of collisions, the
simplest way for doing this is called slotted ALOHA. The slotted ALOHA protocol occurs

when the satellite channel is slotted on time-axis and allows participating stations to



transmit packets beginning only at specified times. Thus colliding packets interferes with
the end of another is avoided. This doubles the utilization to 36.8 percent.

To reduce the adverse effects of collisions on ALOHA protocol, a number of alternative
protocols have been proposed. The carrier sense multiple access (CSMA) protocol has
been shown to be highly efficient in environments with propagation delays which are
short compared to the packet transmission time. In essence, CSMA reduce the level of
interference caused by overlapping packets in the random multi-access channel by
allowing a terminal with a packet to be transmitted, first senses the channel for active
carriers from other terminals. Cnly if the channel is idle, a new data packet is allowed to
be transmitted, and inhibit transmission when the channel is in use. Packets which are
inhibited or suffer rescheduled for transmission at a later time according to some
rescheduling policy. In mobile radio systems, CSMA protocol has the drawback that
collisions can occur if a termina! is not aware of an ongoing transmission by another
remote terminal due to the distance between a terminal transmitting a data packet and
the remote terminal which generating a data packet to transmit is very far or has the

obstacles between them. This issue is discussed as the hidden terminal problem.

1.2 Object of the study

The slotted non persistent Inhibit Sense Multiple Access (np-ISMA) protocol is
one of random access protocols, which is developed to solve the hidden terminal
problem occurs in Carrier Sense Multiple Access (CSMA) protocol in packet switching
radio network. In ISMA protocol the central base station continuously broadcasts the
status of the inbound channel, being either IDLE or BUSY, to all terminals. The terminals
transmit a data packet when receive an idle signal and schedule transmission when it
receives inhibit signal. However, the increase of delay timein the np-ISMA protocol is
more than that of CSMA protocol because all terminals detect only the channel status
signal from the satellite and the satellite needs to receive packets from terminals and
then broadcasts an inhibit signal to all of terminals. This situation is solved by the use of
timing advance of idle signal, which is broadcasted to all terminals and reducing the idle
signal broadcasting time is effect to reduce the idle sensing period. Therefore, the

throughput and delay performance of modified np-ISMA system are increased.



Compare with the conventional slotted np-ISMA protocol, the modified slotted
np-ISMA protocol can reduce the propagation delay effect on the BUSY and IDLE
period of forward radio channel between the satellite and the stations. The throughput
and delay performances are analyzed. It is shown that the proposed system is
increased the throughput performance when increase the timing advance and
decreased average delay time of a data packet. It is also shown that the time duration of
idle sensing period is decreased and busy sensing period is increased.

This thesis is going to evaluate the modified slotted non-persistent ISMA protocol
on a LEO packet satellite system. The process of evaluation, numerical analysis of
throughput of the proposed system will be performed and compared with slotted

ALOHA system.

1.3 The organization of the thesis

This thesis consists of five chapters:

Chapter 1: Introductions: introduces the study object of this thesis.

Chapter 2: Packet satellite system and multiple random access protocols:
introduces some multi random access protocols which are used in packet satellite
system.

Chapter 3: Modified Slotted non-persistent ISMA protocol in the packet satellite
communications: introduces the proposed technique modified np-ISMA with timing
advance in the LEO packet satellite system..

Chapter 4: Experiment results of modified slotted non persistent ISMA protocol
on packet satellite communications: shows the results of the experiment which are done
in the thesis.

Chapter 5: Conclusions.



Chapter 2

Packet Satellite System and

Multiple Random Access Protocols

2.1 Packet Satellite System

2.1.1 General

Satellite communications [1-3] is a natural facility for serving user while they
travel by various means. These include ships on the on oceans, rivers, and lake;
commercial and private aircraft; land-based vehicles of various type; and individuals
using portable and handheld devices. The mobile satellite service is an established user
of spectrum at frequency between 1 and 3 GHz, where simple antennas provide flexible
access to the space segment. This regime is preferred because of its greater ability to
penetrate foliage and nonmetallic structures and bend around obstacles. (The low end
of the useable spectrum is probably 100 MHz, which is able to penetrate the ionosphere
under all conditions). Frequencies above 3GHz, while more readily available, are easily
blocked by natural and manmade obstacles and introduce practical difficulties when it
comes to generating transmit power. Above 10GHz, rain attenuation must be factored in
the equation; as a result, there is an optimum window for MSS in the 1-to-3-GHz range.
The MSS portion of the optimum is limited to segments of around S0MHz each due to+:
the following factor:

® A general lack of bandwidth to begin with, due to the lower frequency as
compared to C-, Ku-, and Ka- band;
® Competition with land-based services such as cellular telephone, mobile data
communications, and a wide variety range of unlicensed services, the popular

802.11 wireless LAN being a notable examples;

® Reduces ability to achieve frequency reuse because user antennas have little or

no gain and cannot easily discriminate among satellites within view.
Operations at 1.5 GHz (L-band) began in the 1970s with the launch of Marisat
and subsequent creation of the most successful maritime mobile satellite operator:

Inmarsat. However, 1990 was a turning point for MSS, when Motorola introduced their



concept of a Low Earth Orbit Satellite System capable of directly serving handheld
terminals. When the idea first appeared, the belief within the established GEO satellite
industry was that even the most advanced satellites of the day were not capable
supportiné direct links to handheld phones. However, by 1994, several companies had
devised schemes to provide mobile service handheld phones, employing literally all
altitudes ranging from Iridium’s 800 km all the way up to 36,000 km at GEQO. Iridium went
in to service around 1999, followed closely by Globalstar; however, neither service
gained enough early subscribers to overcome the skepticism in the financial markets
nor did both go in to bankruptcy. Iridium restructured in to a new company that provide
basic voice and data service to government and industrial users. Globalstar was
acquired by Craig McCaw and continues to seek its future as private company, focusing
instead on aeronautical and fixed telephone services. Two GEO MSS systems began to
offer similar service to handheld phones around 2002-AceS and Thuraya-and both have
continued as operating businesses at the time of 2004. All of these systems are useable
for fixed telephone and temporary emergency communications, which will have
significant impact in areas and times of great need for rapid deployment and high
mobility where the terrestrial infrastructure is either poor or nonexistent. Inmasat's fourth
generation satellites could offer near-broadband services using a satellite similar in
design to Thuraya.

2.1.2 Orbit selection

Figure 2.1 The three orbits that are applied to MSS: GEO, MEQ, LEO



MSS systems involve mobile Earth stations, many of which do not employ
directional antennas. The satellite need not to be stationary relative to the user, and thus
inclined geosynchronous and non-GEO orbits are candidate. We mentioned Motorola’s
Iridium system that introduced the handheld UT. Motorola was joined by Loral and its
Globalstar system and perhaps ICO Communications, a spin-off of Inmarsat, as
implementers of non-GEO orbit constellations. While none of these original operations
survived the tech wreck 2001, the non-GEO systems are interesting in their approach to
reaching mobile users around the globe.

The general range of candidate orbits for use in a global MSS context is shown
in Figure 2.1. The LEO constellation is exemplified by the Iridium system, which currently
contains 66 satellites. The polar orbits of Iridium cause the satellites to provide the best
coverage' of the North and South Poles, with the least favorable operation occurring
along the equator where only a single satellite is visible on the ground at a time. The
other leading LEO system, Globalstar, contains a reduced number, 48, made possible
by tilting the orbits to focus the coverage away from the poles and toward the regions of
interest to more users. At a higher altitude, the MEO or intermediate circular orbit (ICO)
provides coverage comparable to Globalstar but with fewer satellites. The satellites of
ICO Communications, taking its name from the intermediate circular orbit they employ,
also sec a larger amount of the Earth. A summary of the ‘properties of these orbits is

provided in Table 2.1

Table 2.1 Options for Earth Orbits for Use in Mobile and Other Satellite

Communications Services

Orbit Definition Altitude Range (km) Period (hours)
LEO 150 to 1,000 1.5t01.8
MEO 5.000 to 10,000 35t06
Geosynchronous orbit 36,000 mean altitude 24
GEO 36,000 precisely, in plane | 24

of the equator
Highly elliptical Earth orbit 1,000 to 4,000 1210 24
(HEO)




2.2 MULTIPLE ACCESS TECHNIQUES

Efficient allocation of signaling dimensions between users is it key design aspect
of both uplink and downlink channels, since bandwidth is usually scarce and/or very
expensive. When dedicated channels are allocated to users it is often called multiple
access. Applications with continuous transmission and dela.y constraints such as voice
or video typically require dedicated channels for good performance to ensure their
transmission is not interrupted. Dedicated channels are obtained from the system signal
space using a channelization method such as time division, frequency division, code
division or some combination of these techniques. Allocation of signaling dimensions for
users with bursty transmissions generally use some form of random channel allocation
that does not guarantee channel access. Bandwidth sharing using random channel
allocation is called random multiple access or simply random access. In general, the
choice of whether to use multiple access or random access - and which specific
multiple or random access technique to apply - will depend on the system applications,
the traffic characteristics of the users in the system, the performance requirements, and
the characteristics of the channel and other interfering systems operating in the same
bandwidth. '

Multiple access techniques [4] divide up the total signaling dimensions into
channels and then assign these channels to different users. The most common methods
to divide up the signal space are along the time, frequency, and/or code axes. The
different user channels are then created by an orthogonal or nonorthogonal division
along these axes: time-division multiple access (TDMA) and frequency-division multiple
access (FDMA) are orthogonal channelization methods, whereas code-division multiple
access (CDMA) can be either orthogonal or nonorthogonal, depending on the code
design. Directional antennas, often obtained through antenna array processing, add an
additional angular dimension that can also be used to channelize the signal space; this
technique is called space-division'multiple access (SDMA). The performance of different
multiple access methods depends on whether they are applied to an uplink or downlink
as well as on their specific characteristics. The TDMA, FDMA, and orthogonal CDMA
techniques are all equivalent in the sense that they orthogonally divide up the signaling

dimensions and hence create the same number of orthogonal channel. As a result, all



multiple access techniques that divide the signal space orthogonally have the same
capacity when applied to additive white Gaussian noise (AWGN) channels. However,
channel impairments such as flat and frequency-selective fading affect these
techniques in different ways, which leads to different channel capacities and different

performance in typical wireless channels.

2.2.1 Frequency-Division Multiple Access (FDMA)

In FDMA the system signaling dimensions are divided along the frequency axis
into nonoverlapping channels, and each user is assigned a different frequency channel,
see Figure 2.2.

The channels often have guard bands between them to compensate for
imperfect filters, adjacent channel interference, and spectral spreading due to Doppler.
If the channels are sufficiently narrowband, then the individual channels will not
experience frequency-selective fading even if the total system bandwidth is large.

Transmission is continuous over time, which can complicate overhead functions
such as channel estimation because these functions must be performed simultaneously
and in the same bandwidth as data transmission; FDMA also requires frequency-agile

radios that can tune to the different carriers associated with the different channels.
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Figure 2.2 Frequency-division multiple access

It is difficult to assign multiple channels to the same user under FDMA, since this
requires the radios to simultaneously demodulate signals received over multiple

frequency channels. Even so, FDMA is the most common multiple access option for



analog communication systems, where transmission is continuous, and serves as the
basis for the AMPS and TACS analog cellular phone standards. Muitiple access in
OFDM systems, called OFDMA, implements FDMA by assigoing different subcarriers to

different users.

2.2.2 Time-Division Multiple Access (TDMA)

In TDMA, the system dimensions are divided along the time axis into
nonoverlapping channels, and each user is assigned a different cyclically repeating
timeslot; see Figure 2.3.

These TDMA channels occupy the entire system bandwidth, which is typicaily
wideband, so some form of iSI mitigation is required. The cyclically repeating timeslots
imply that transmission is not continuous for any user. Therefore, digital transmission
techniques that allow for buffering are required. The fa(?t that transmission is not
continuous simplifies overhead functions such as channel estimation, since these
functions can be performed during the timeslots occupied by other users. Time-division
multiple access also has the advantage that it is simple to assign multiple channels to a

single user by simply assigning him multiple timeslots.
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Figure 2.3 Time-division multiple access

A major difficulty of TDMA, at least for uplink channels, is the requirement for
synchronization among the different users. Specifically, in a downlink channel all signals
originate from the same transmitter and pass through the same channel to any given

receiver. Thus, for flat-fading channels, if users transmit on orthogonal timeslots then the
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received signal will maintain this orthogonality. However, in the uplink channel the user
transmit over different channels with different respective delays. To maintain orthogonal
timeslots in the received signals, the different uplink transmitters must synchronize such
that, after transmission through their respective channels, the received signals are
orthogonal in time. This synchronization is typically coordinated by the base station or
access point, and it can entail significant overhead. Multipath can also destroy time-
division orthogonality in both uplinks and downlinks if the multipath delays are a
significant fraction of a timeslot. Hence TDMA channels often have guard bands
between them to compensate for synchronization error and multipath. Another difficulty
of TDMA is that, with cyclically repeating timeslots, the channel characteristics change
on each cycle. Thus, receiver functions that require channel estimates, like equalization,
must re-estimate the channel on each cycle. When transmission is continuous the
channel can be tracked, which is more efficient. Time-division multiple access is used in

the GSM, PDC, and I1S-136 digital cellular phone standards.

2.2.3 Code-Division Multiple Access (CDMA)

In CDMA the information signals of different users are modulated by orthogonal
or nonorthogonal spreading codes. The resulting spread signal, simultaneously occupy
the same time and bandwidth, as shown in Figure 2.4.

The receiver uses the spreading code structure to separate out the different
users. The most common form of CDMA is multiuser spread spectrum with either direct
sequence frequency hopping.

Downlinks typically use orthogonal spreading codes such as Walsh-Hadamard
codes, although the orthogonality can be degraded by multipath. Uplinks generally use
non-orthogonal codes owing to the difficulty of user synchronization‘and the complexity
of maintaining code orthogonality in uplinks with multipath. One of the big advantages of
nonorthogonal CDMA in uplinks is that litle dynamic coordination of users in time or

frequency is required, since the users can be separated by the code properties alone.
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Figure 2.4 Code-division multiple access

In addition, since TDMA and FDMA carve up the signaling dimensions
orthogonally, there is a hard limit on how many orthogonal channels can he obtained.

This is also true for CDMA using orthogonal codes, but if nonorthogonal codes
are used then there is no hard limit on the number of channels that can be obtained.
However, because nonorthogonal codes cause mutual interference between users, the
more users that simuitaneously share the system bandwidth using nonorthogonal codes,
the higher the level of interference, which degrades system performance for all users. A
nonorthogonal CDMA scheme also requires power control in the uplink to compensate
for the near-far effect. The near-far effect arises in the uplink because the channel gain
between a user's transmitter and the receiver is different for different users. Specifically,
suppose that one user is very close to his base station or access point while another
user is far away. If both users fransmit at the same power level, then the interference
from the close user will, swamp the signal from the far user. Thus, power control is used
such that the received signal power of all users is roughly the same. This form of power
control, which essentially inverts any attenuation and/or fading on the channel, causes
each interferer to contribute an equal amount of power, thereby eliminating the near-far
effect. Code-division multiple access systems with non-orthogonal spreading codes can
also use MUD to reduce interference between users. Multiuser detection provides
considerable performance improvement even under perfect power control, and it works
even better when the power control is jointly optimized with the MUD technique. The

form of CDMA with multiuser detection achieves the Shannon capacity of both the uplink
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and the downlink, although the capacity-achieving transmission and reception strategies
for the two channels are quite different. Finally, it is simple to allocate multiple channels
to one user with CDMA by assigning that user multiple codes. Code-division multiple
access is used for multiple access in the 1S-95 digital cellular standards, with orthogonal
spreading codes on the downlink and a combination of orthogonal and nonorthogonal
codes on the uplink. It is also used in the W-CDMA and CDMA2000 digital cellular

standards.

2.2.4 Space-Division Multiple Access (SDMA)

Space-division multiple access uses direction (angle) as another dimension in
signal space, which can be channelized and assigned to different users. This is
generally done with directional antennas, as shown in Figure .2.5.

Orthogonal channels can be assigned only if the angular separation between
users exceeds the angular resolution of the directional antenna. If directionality is
obtained by using an antenna array, precise angular resolution require a large array,
which may be impractical for the base station or access point and is certainly un-
feasible in small user terminals. In practice, SDMA is often implemented using setorized

antenna arrays. In these arrays, the 360° angular range is divided into N sectors.

Figure 2.5 Space-division multiple access
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There is high directional gain in each sector and little interference between
sectors. Either TDMA or FDMA is-used to channelize users within a sector. For mobile
users, SDMA must adapt as user angles change; or, if directionality is achieved via
sectorized antennas, then a user must be handed off to a new sector when it moves out

of its original sector.

2.2.5 Hybrid Techniques

Many systems use a combination of different multiple access schemes to
allocate signaling dimensions. OFDMA can be combined with tone hopping to improve
frequency diversity. Direct-sequence spread spectrum (DSSS) can be combined with
FDMA to break the system bandwidth into subbands; in this hybrid method, different
users are assigned to different subbands with their signals spread across the subband
bandwidth. Within a subband, the processing gain is smaller than it would be over the
entire system bandwidth, so interference and ISl attenuation are reduced. In exchange
for this performance loss, this hybrid technique does not require contiguous spectrum
between subbands, and it also allows more flexibility in spreading user signals over
different-size subbands depending on their requirements. Another hybrid method
combines DS-CDMA with FH-CDMA so that the carrier frequency of the spread signal is
hopped over the available bandwidth. This reduces the near-far effect because the
interfering users change on each hop. Alternatively, TDMA and FH can be combined so
that a channel with deep fading or interference is used only'on periodic hops, enabling
the mitigation of fading and interference effects via error correction coding. This idea is
used in the GSM standard, which combines FH with its TDMA scheme in order to
reduce the effect of strong interferers in other cells.

There has been much discussion, debate and analysis about the relative
performance of different multiple access techniques for current and future wireless
systems. Although analysis and general conclusions can be made for simple system
and channel models, it is difficult to come up with a definitive answer as to the best
technique for a complex multiuser system under a range of typical operating conditions.
Moreover, simplifying assumptions must be made in order to perform a comparative

analysis or simulation study, and these assumptions can bias the results in favor of one
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particular scheme. As with most engineering design questions, the choice of which
multiple access technique to use will depend on the system requirements and

characteristics along with cost and complexity constraints.

2.3 RANDOM ACESS TECHNIQUES

Multiple access techniques are primarily for continuous applications like voice
and video, where a dedicated channel facilitates good performance. However, most
data applications do not require continuous transmission: data are generated at random
time instances, so dedicated channel assignment can’ be extremely inefficient.
Moreover, most systems have many more total users (active plus idle users) than can be
accommodated simultaneously, so at any given time channels can only be allocated to
users that need them. Random access strategies are used in such systems to efficiently
assign channels to the active users.

All random access techniques are based on the premise of packetized data or
packet radio [5-12]. In packet radio, user data is colleted into packets of N bits, which
may include error detection/correction and control bits. Once a packet is formed it is
transmitted over the channel. Assuming a fixed channel data fate of R bps, the
transmission time of a packet is =N/R. The transmission rate R is assumed to
require the entire signal bandwidth, and all users transmit their packets over this
bandwidth with no additional signaling to separate simuitaneously transmitted packets.
Thus, if packets from different users overlap in times a collision occurs, in which case
both packets may be decoded unsuccessfully. Packets may also be decoded in error
as a result of noise or other channel impairments. The probability of a packet decoding
error is called the packet error rate. Analysis of random access techniques typically
assumes that, collectively, the users accessing the channel generate packets according
to a Poisson process at a rate of A packets per unit time; that is, Ais the average
number of packets that arrive in any time interval [0,7] divided by ¢. Equivalently, AN
is the average number of bits generated in any time interval [0,#] divided by ¢. For a
Poisson process, the probability that the number of packet a(rivals in a time period [0,7],

denoted as X (¢), is equal to some integer k is given by:
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P(X(f)=k)=g,;—t!)—e‘” (2.)

Poisson processes are memoryless, so that the number of packet arrivals during
any given time period does not affect the distribution of packet arrivals in any other time
period. Note that the Poisson model is not necessary a good modei for all types of user
traffic - especially internet data, where bursty data causes correlated packet arrivals.

The traffic load on the channel given Poisson packet arrivals at rate A and
packet transmission duration 7 is defined as G = At. If the channel data rate is R,
packets per second then 7=1/ R, =N/R for R the channel data rate in bits per
second. Note that G is unitless: it is the ratio of the packet arrival rate divided by the
packet rate that can be transmitted over the channel at the channel's data rate R. We
assume that colliding packets are always decoded in error. Thus, if G>1 then on
average more packets (or bits) arrive in the system over a given time period than can be
transmitted in that period, so systems with G >1 are unstable. If the transmitter is
informed by the receiver about packets received in error and retransmits these packets,
then the packet arrival rate 4 and corresponding load G = At is computed based on
arrivals of both new packets and packets that require retransmission. In this case Gis
referred to as the total offered load.

performance of random access techniques is typically characterized by the
throughput S of the system. The throughput, which is unitless, is defined as the ratio of
the average rate of packets successfully transmitted divided by the channel packet
rateR,. The throughput thus equals the offered load multiplied by the probability of
successful packet reception, § =G, (successful packet reception), where this
probability is a function of the random access protocol in use as well as the channel
characteristics, which can cause packet errors in the absence of collisions. Thus
S <G . Also, since a system with G>1 is unstable, stable systems have S<G <l.
Observe that the throughput is independent of the channel data rate R, since the load
and corresponding throughput are normalized with respect to this rate. This allows
analysis of random access protocols to be generic any underlying link design or
channel! capacity. For a packet radio with a link data rate of R bps, the effective data

rate of the system is RS, since S is the traction of packets or bits successfuily
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transmitted at rate R . The goal of a random access method is to make S as large as
possible in order to fully utiize the underlying link rates. Note that in some
circumstances overlapping packets do not cause a collision. In particular, short periods
of overlap between colliding packets, different channel gains on the received packets,
and/or error correction coding can allow one or more packets to be successfully
received even with a collision. This is called the capture effect.

Random access techniques were pioneered by Abramson with the ALOHA
protocol, where data is packetized and users send packets whenever they have data to
send. ALOHA is extremely inefficient owing to collisions between users, which lead to
very low throughput. The throughput can be doubled by slotting time and synchronizing
the users, but even then collisions lead to relatively low throughput values. Modifications
of ALOHA protocols to avoid collisions and thereby increase throughput include carrier
sensing, collision detection, and collision avoidance. Long bursts of ‘packets can be
scheduled to avoid collisions, but this typically takes additional overhead. In this section
we will describe these various techniques for random access, their performance, and

their design trade-offs.

2.3.1 Basic ALOHA channel:
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Figure 2.6 Distributed network using a satellite channel for common access
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First of all, ALOHA [13] is not an acronym. Used in the sense of its Hawaiian

meaning as a greeting both of arrival and of departure, it is the name of a
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communications protocol and technique that was developed during the late 1960s at the
University of Hawaii. The word is also used in the operation of the protocol: Whenever a
user has something to transmit, he simply says "Aloha" into the channel and begins
transmitting the message.

Imagine the situation illustrated in Figure 2.6. Here we see a group of users,
each communicating with a central processor over a comm;)nly available channel. The
communication takes places via a synchronous satellite 22,300 miles above the equator.
All users can receive the communications of all other users, and can also hear their own
transmissions. The satellite is more than just a mirror in the sky. It receives signals
transmitted on the uplink frequency, amplifies them, and retransmits them on it different
downlink frequency. Because of the long distance the transmissions must travel, it takes
about one-fourth of a second for a user's signal to reach the satellite and be returned to
earth.

Figure 2.7 shows the typical occurrences in the channel. Although the ALOHA
technique is not confined to .any particular data rate, it is explained most easily in terms
of a specific data rate. We will assume that the channel is operating at a rate of 50,000
bits per second, and that each user sends a data packet consisting of 1000 bits or less.
A full packet will thus have duration on the channel of onefiftieth of a second (20 ms),
which is relatively short compared to the quarter second (250 ms) that the packet takes
to travel up to the satellite and back.

This figure shows each individual user's transmissions separately and the sum of
all the user transmissions. User | transmits a packet for 20 ms first. Shortly thereafter
user N transmits a packet, but before this packet is completed, user 2 begins to transmit
a packet. As we see in the sum channel, this results in a collision, or overlap, of these
two packets, making both of them unintelligible at the destination.

One-quarter second after the initial transmission, user 2 and user N, by listening
to the satellite downlink, hear that their packets have been involved in a collision. They
each transmit a repetition packet to replace the packet that was damaged in the
collision. (We assume that, if any part of a packet is damaged, the entire packet has to
be repeated.) If both users act immediately, however, they are likely to collide again. In

order to avoid this, both users wait for a randomly selected delay time to elapse before

50182
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attempting the retransmission. As we see in Figure 2.7, the procedure is successful: The

repetitions of the collided packets are retransmitted without interference.
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Figure 2.7 Summary operation of the basic ALOHA channel

In order to portray the packet overlap process, we have had to use a time scale
for Figure 2.7 that is quite inaccurate. The entire width of the figure represents less than
1 second of real time. In reality it is very unlikely- for most users quite impossible- that
any user will generate more than one packet during an |-second interval. (To do so from
a keyboard-type device would require a typing speed in excess of 1500 wards per
minute.)

With the offered traffic G , the throughput can be found as

S =Ge™*° (2.2)
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In any case, collisions do occur, causing delays and retransmissions. As the
number of active users increases or the frequency with which each user transmits
packets increases, the likelihood of collisions increases. As the collisions increase, the
channel becomes even busier because each collision generates at least two attempted
retransmissions. Therefore, it is important to see if we can predict the behavior of the
ALOHA channel and determine how much traffic the channel is actually capable of

delivering.

2.3.2 The slotted ALOHA channel:
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Figure 2.8 Throughput of ALOHA and Slotted ALOHA channels

In slotted ALOHA [14], time is assumed to be slotted in timeslots of duration 7,
and users can only start their packet transmissions at the beginning of the next timeslot
after the packet has formed. Thus, there is no partial overlap of transmitted packets,
which increases throughput. Specifically, a packet transmitted over the time period
[0,7] is successfully received if no other packets are transmitted during this period.

This probability is obtained with t =17
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with G is the offered traffic. The corresponding throughput is :
S=Ge® ) (2.4)

Slotted ALOHA has double the maximum throughput as pure ALOHA, and it
achieves this maximum at a higher offered load. Although this represents a marked
improvement over pure ALOHA, the effective data rate is still less than 40% of the raw
transmission rate. This is extremely wasteful of the limited wireless bandwidth, so more
sophisticated techniques are needed to increase efficiency.

Note that siotted ALOHA requires synchronization of all nodes in the network,
which can entail significant overhead. Even in a slotted system, collisions occur
whenever two or more users attempt transmission in the same slot. Error control coding
can result in correct detection of a packet even after a collision, but if the error

correction is insufficient then the packet must be retransmitted.

2.3.3 Carrier-Sense Multiple Access Protocol (CSMA)

Collisions can be reduced by carrier-sense multiple access protocol [15], where
users sense the channel and delay transmission if they detect that another user is
currently transmitting. To be effective, detection time and propagation delays in the
system must be small. After sensing a busy channel, a user typically waits a random
time period before transmitting. This random back-of precludes multiple users
simultaneously transmitting as soon as the channel is free. Carrier-sense multiple
access works only when all users can detect each other's transmissions and the
propagation delays are small. Wired LANs have these characteristics, so CSMA is part
of the Ethernet protocol. However, the nature of the wireléss channel may prevent a
given user from detecting the signals transmitted by all other users. This gives rise to the
hidden terminal problem [16-18] (illustrated in Figure 2.9), whereby each node can hear
its immediate neighbor but no other nodes in the network. In the figure, node 3 and node
5 each wish to transmit to node 4. Suppose node 5 starts its transmission. Since node 3
is too far away to detect this transmission, it assumes that the channel is idle and begins
its transmission, thereby causing a collision with node 5's transmission. Node 3 is said to

be "hidden" from node 5 because it cannot detect node 5's transmission.
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Figure 2.9 Hidden and exposed terminals

ALOHA with CSMA also creates inefficiencies in channel utilization from the
exposed terminal problem, also illustrated in Figure 2.9. Suppose the exposed terminal
in this figure - node 2 - a wish to send a packet to node 1 at the same time that node 3 is
sending to node 4. When node 2 senses the channel it will detect node 3's transmission
and assume the channel is busy, even though node 3 does not interfere with the
reception of node 2's transmission by node 1. Thus node 2 will not transmit to node 1
even though no collision would have occurred.

The collisions introduced by hidden terminals are often avoided in wireless
networks by a four-way handshake prior to transmission. This collision avoidance is
accomplished as follows. A node that want, to send a data packet will first wait for the
channel to become available and then transmit a short RTS (request to send) packet.
The potential receiver, assuming it perceives an available channel, will immediately
respond with a CTS (clear to send) packet that authorizes the initiating node to transmit
and also informs neighboring hidden nodes (i.e., nodes that are outside the
communication range of the transmitter but within the communication range of the
receiver) that they must remain silent for the duration of th.e transmission. Nodes that
overhear the RTS or CTS packet will refrain from transmitting over the expected packet
duration. A node can send an RTS packet only if it perceives an idle channel and has
not been silenced by another control packet. A node will transmit a CTS packet only if it
has not been silenced by another control packet. The RTS/CTS hand shake is typically
coupled with random backoff to avoid ail nodes transmitting as soon as the channel
becomes available. In some incarnations, including the 802.11 WLAN standards, the
receiver sends an ACK (acknowledgement) packet back to the transmitter to verify when
it has correctly received the packet, after which the channel again becomes available.

Another technique to avoid hidden terminals is busy-tone transmission. In this
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strategy, users first check to see whether the transmit channel is busy by listening for a
"busy tone" on a separate control channel. There is typically not an actual busy tone;
instead, a bit is set in a predetermined field on the control channel. This scheme works
well in a flat network without centralized control; more complicated measures are used
to ensure that any potential interferer on the first channel can hear the busy tone on the
second. Hybrid techniques using handshakes, busy-tone transmission, and power
control can also be used. Collisions can also be reduced by combining DSSS with
ALOHA. In this scheme, each user modulates his signal with the same spreading code,
but if user transmissions are separated by more than a chip time, the interference due to

a collision is reduced by the code autocorrelation.

2.3.4 Inhibit Sense Muitiple Access protocols (ISMA)

With Inhibit Sense Multiple Access protocols (ISMA) [19-24], each user must be
able to detect the transmission of all other users. There is a base station that transmits a
busy/idle signal on separate channels (inbound and outbound) to indicate the presence
or absence of a transmission of one of the users. As soon as the base station receives a
transmission from a user on the inbound channel, it will generate a busy signal on the
outbound channel. When the transmission ends, the base station transmits an idle
signal. Now, if two users are hidden from each other, they will still be able to determine if
the other user is transmitting or not because the base station: The variations on the ISMA
scheme are due to the behavior of users that wish to transmit and find (by sensing) the
channel busy. One of the variations is Slotted ISMA with Collision Detection. In this
group of protocols the throughput is the ratio between the expected useful times spent
in a cycle to the cycle duration itself. To improve the throughput, the cycle length must
therefore be reduced. A cycle is composed of a transmission period followed by an idle
period. Shortening the idle period is possible by means of Slotted 1-persistent ISMA
protocols, which do not perform very well under most loads. The duration of the
successful transmission periods should not be changed for this is the time the channel
is used best. Hence, performance can be improved by shortening the duration of

unsuccessful transmission periods.
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2.3.5 Non-persistent ISMA (np-ISMA)
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Figure 2.10  (a): Successful transmission
(b): Unsuccessful transmission
The operation of a ready mobile packet radio terminal in a non-persistent ISMA

channel can be briefly described as follows:
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(a). If the inbound multiple-access channel is idie, the mobile terminal transmits
the packet.

(b). If the inbound channel is busy, the terminal schedules the transmission of
the packet to some later time according to the retransmission delay distribution. At the
retransmission time, depending on the idle/busy state message broadcast by outbound
channel, the terminal repeats the algorithm as explained.

Successful and unsuccessful transmissions in ISMA are illustrated in Figure
2.10. The inhibit delay fraction is shown in Figure 2.10a by notation d and the fraction of
time required to reverse this condition (i.e. from busy state to free state) is represented
by d'. In the following analysis it is assumed that d =d" for simplification. Thus mobile
terminals are inhibited from transmission until the inbound channel is free, hence
preventing most packet collisions. The inhibited packets are rescheduled. In the present
analysis, it is further assumed that in the event of collision, instead of unsuccessful
transmission as shown in Figure 2.10b, one of the involved packets (test packet) may be
received successfully if its received power P, exceeds the total power P, of all
interfering packets by a factor known as the capture ratio (z,).

The throughput S is defined as the ratio of the probability of success of the test

packet P, . (z,), and expected length of the cycle L., assuming that the total arrival
rate of (new plus inhibited, rescheduled) packets, G , is Poisson-distributed:
Sé Rrucc_ef (ZO) (25)
(9

Where the expected length of a cycle L. is defined as the sum of a busy period

and the following idle period:

L.Al+2d + R (2.6)
G

P.mcces: (zo) = Z[I)n(n + l)prOb{pd /pni >ZO}] (27)
n=0

And P, , the probability of n interfering packets overlapping a test packet, is given by:

P" — (dG)” e—dG (28)

n!
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2.3.6 Slotted Non-persistent ISMA (Slotted np-ISMA)

We assume that all terminals have the same characteristics, except their relative
positions. Data Packets arrive at the terminals generated by the users. The transmission
occurs only when the terminal gets permission to transmit. When there is a busy signal,
transmission attempts are unsuccessful. Such packets are rescheduled for later by
putting them into retransmitting buffer, which will transmit-again at the start of the next
idle time slot and the duration of a time slot is assumed to be exactly to the transmission
time of a single packet. Thus, there is either no collision or complete collision of the
packets. Since there is no collision detection, a higher level process is needed to
determine which packets were lost due to this complete collision and need to be
retransmitted. A terminal in the blocked state will listen to the busy signal transmitted by
the base station to determine when the channel becomes idle.

Each terminal of slotted np-ISMA is restricted to start transmission only at the
beginning of a time slot and the duration of a time slot is assumed to be exactly to the
transmission time of a single packet. Thus, there is either no collision or compiete
collision of the packets in which case an unsuccessful packet will be subsequently
retransmitted after a random number of slots. . i

In order to prevent these collisions among data packets transmitted from mobile
terminals to common base station, the inbound multiple access channels can be
supplemented by a broadcast inhibit-signaling channel. The inhibit bits indicate the
state of the inbound channel: busy or idle. The moment when the base station receives
an inbound packet, the outbound signaling channel broadcasts the busy condition to all
terminals. A fraction of the constant packet length is needed to inhibit the mobile packet
transmissions, the inhibit delay fraction d is a dimensionless quantity. Thus mobile
terminals are inhibited from transmission until the inbound channel is free, thus
preventing collisions. These packets are rescheduled according to retransmission
distribution. Inhibit delay fraction,d , is defined as the ratic of propagation delay and
packet timing.

The length of an idle period (/) is at least one time slot. When the idle period is
only one slot long, it means there is at least one arrival in the first slot of the idle period.

For the period to be two slots long means that there is no arrival at the first siot, but there
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is at least one arrival in its second slot. The virtual offered traffic on the forward channel,
assume Poisson with average value G, consists of both new packet arrivals and
rescheduled packets from both collisions and inhibited transmissions. With slotted non-
persistent ISMA, the normalized slot length is set just slightly greater than d /2. It allows
terminals to commence transmitting packets only at slot boundaries, thereby reducing
collisions and resulting in higher throughput. Continuing the reasoning and considering

the Poisson scheduling process we have:
d
1 —

T 1-e©

(2.9)

A collision might occur if two or more packets arrive within the same slot and are
scheduled for transmission in the next slot. A busy period will contain k£ transmission
periods if there is at least one arrival in the slot of each of the first £ —1 transmission
periods, and no arrival in the last slot of the k™ transmission period. Thus, the busy

period is

1+d
Bzzja (2.10)

The average successful packet transmission time in a cycle is found as,

— B
J=i—" P 2.11
7 1+(d-a) 7 @1)

Where P, is the probability of a successful transmission period. We have:

succ

_ Prob[single arrival within a slot]  dGe™®

suce = (2 1 2)
Prob|more arrivals withina slot]  1- a7
Put all these together, we get the average throughput is
U -dG
dGe (2.13)

"B+l 1+d-e®
The packet delay which followed the quasi-static assumption of offered traffic is

applied to the slotted non-persistent ISMA protocol. There are three components of
packet delay:
1) When a data packet is successfully received, the normalized delay by the

packet length is denoted by
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D, =1+d ' (2.14)
2) When a data packet is unsuccessfully received due to a collision and
retransmits until successfully received, the delay consists of the transmission time of the
packet isl+(d——a), the average propagation delay is d/2, the transmission time of
the acknowledgement packet is T, , and the average retransmission delay is T, that is
D, =N, (1+d+T,+T,) (2.15)
which normalized by the packet length, where N, is the average number of
unsuccessful transmission attempts (collisions) a packet encounters before being
successfully delivered.
3) When the forward channel is busy, the delay is
D, =NT (2.16)
where N, is the average number of inhibited attempts before successful
transmission packet, and T, is the average retransmission wait time.

The expression for the average packet delay for slotted non-persistent ISMA is

D=1+d+N,(1+d+T,+T,)+NT, (2.17)
The average number of collided attempts can be found as
(H-S
N -H5) 219
h)
The average number of inhibited attempts can be found as
(G-H)
N,.=—E—— (2.19)

where H is the rate of actual transmissions on the channel. For slotted non-

persistent ISMA
dG*e™

-dG

H=H(d,G)= (2.20)

Thus, we are able to determine the average packet delay time as a function of

either the virtual traffic, or the throughput.

2.3.7 Slotted 1-persistent ISMA (Slotted 1p-ISMA)
In np-ISMA there are situations in which the channel is idle although one or more
users have packets to transmit. The 1-persistent ISMA (1p-ISMA) is alternative to np-

ISMA that avoids such situations. When the outbound channel sends the busy signal to
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the terminal, it persists to wait and transmits as soon as the channel becomes idle. Thus
the channel is always used if there is a user with a packet.

The analysis of slotted 1p-ISMA is similar to slotted np-ISMA. The mean of idle
period is same as in slotted np-ISMA. Since the busy period will contain £ transmission
periods if at least one packet arrives in each of the first £—1 transmission periods and

no packets arrives in the k” transmission period. So the busy period B is

1+d

The probability of success in the first transmission period in a busy period, Py,
is different from the success probability in any other transmission period within the busy
period, Fy,.,. For the first transmission period in a busy period to be successful we
need the last slot of the idle period to contain exactly one arrival, taking in account that

there is at least one arrival there, since it is the last slot. Hence
dGe

P y=——r (2.22)
SUC1 l_e-dG
For any transmission period in a busy period to be successful we must have

exactly one arrival during the previous transmission period,

G +d)e ™9
FPyver = TG

(2.23)

The channel carries useful information only during successful transmission
periods. Py, is the expected amount of time the channel carries useful information
during these period and Fy,., is the probability of success in each of these
transmission periods. The expected amount of time within a cycle that the channel

carries useful information is:
B-(1+d)
1+d
Therefore the throughput can be given by:
S= Ge "D (1+d - e )
(+d)1-€ )+ de M9

U= Fyye, + Psucz . (2.24)

(2.25)

2.3.8 Slotted Non-persistent ISMA with Collision Detection (Slotted np-
ISMA\CD)
The operation of Slotted ISMA\CD protocols is identical to the operation of the

corresponding ISMA protocols, expect that if a collision is detected during transmission
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by the base station, the transmission is aborted and the packet is scheduled for later
transmission. The non-persistent ISMA\CD time alternates bétween busy periods (which
include both successful and unsuccessful transmission periods) and idle periods. The

length of the busy period is B

e—dG ’
Where Py, is the probability of a successful transmission period
Gde ™™
I)SUC = 1- e._dc; (227)
And y is the time taken to complete a successful transmission of a user
y=2d+d.,+d, (2.28)

d., is the time taken by the base station to detect a collision and dc, is the time
taken to let the other users know that a collision took place. |
The distribution of the idle period is identical to that computed for Slotted np-

ISMA, thus the expected length of the idle period is
I= d

¢ I_e-dG

(2.29)

Amount of time within a cycle during which the channel carries useful information

P,
U =ef% (2.30)

Combining the equations throughput can be analyzed

dGe ™
S= 2.31
dGe™™ +(1+e* - dGe™ )y +d (231)

y =1, throughput is identical to Slotted np-ISMA.



Chapter 3
Modified Slotted non-persistent ISMA protocol

in the packet satellite communications

3.1 Modified Slotted non-persistent ISMA protocol

The Modified Slotted non-persistent ISMA protocol can be proposed to decrease
effect of propagation delay by reducing the empty period of idle and busy slot on
forward channel.

Now we can revise the Slotted np-ISMA. Slotted np-ISMA can be considered in
which the time-axis is slotted and the slot size is different between idle and busy slot.
The base station and the terminals are synchronized and are forced to start transmission
only at the beginning of a slot. When a packet's arrival occurs during a slot, the terminal
waits for the channel status signal at the beginning of the next slot and operates
according to the protocol as described before. Figure 3.1 illustrates the timing
relationship in slotted non-persistent ISMA.

A cycle starts at t0 by starting of idle signal from a base station. The average
time between the beginning of a packet transmission and the detection of a busy status
by the remaining terminals is the inhibit time denoted by d, which is twice that of
average of the propagation delay. Therefore, an idle signal reaches at terminals with
time t0+d/2. For simplicity, assume that the average of inhibit time is normalized to a

unity packet length.
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Figure 3.1 Time relationships in slotted non-persistent ISMA protocol
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The ready terminals transmit a data packet to the base station at time t0+d/2,
réaches at the base station at time t0+d = t1. Then, the base station broadcasts an
inhibit signal, reaches the terminal at time t1+d/2 and successfully received a data
packet at t1+1. The base station broadcasts an idle signal and reaches the terminal at
time t1+1+d/2. Any terminal is ready to transmit between t1+d/2 and t1+1+d/2, are
inhibited to transmit and reschedule its data packet, and if ready between t1+1+d/2 and
#1+1+3d/2, are permitted to transmit on the next slot. The slot has received a packet, is

called busy slot and no receive a packet is called idle siot. The average duration of the

idle and busy slot are denoted by 7and E. respectively, alternates in the forward
channel transmissions. The forward channel is busy when one or more packets are
presence. If more than one terminal transmit packet in the same idle slot, the collision is
occurring, with non-capture effect, both of data packets are destructive and retransmit
at a later time. The duration of each packet is set to the unit of time, which is 1. When the
reception of the last interfering packet terminates, the base station broadcasts idle
signal at the next time slot and the next cycle starts. If one terminal transmitted a data
packet in the idle slot, successfully transmission and the base station broadcasts an idle
signal immediately.

In the Modified Slotted non-persistent ISMA protocol, we add the timing advance
to channel status signals to decrease effect of propagation delay by reducing the empty
period of idle and busy slot on forward channel. The average duration of the timing

advance is denoted by a, which normalized to a unity packet length.
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Figure 3.2 Timing relationships in modified slotted non-persistent ISMA protocol
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Figure 3.2 illustrates the timing relationship in the modified slotted non-persistent
ISMA with timing advance. Result in the empty duration of busy and idle slots are
reduced to d-a. A cycle starts at the base station receiving a data packet, before it
received the successfully at t1+1- a, the base station broadcast an idle signal to all
terminals to permit the transmission, and then broadcast an inhibit signal before
successfully received a data packet if 2a-d is positive value or after the successfully
received if 2a-d is negative value. An inhibit signal is broadcasted at t1+1-a-(2a-d).
Thus, during the ready terminals are permitted to transmit a data packet and reduces to
be d-a, and the ready terminals are inhibited to transmit and increases to be 1+d-a.

The virtual offered traffic on the forward channel, assume Poisson with average
value G, consists of both new packet arrivals and rescheduled packets from both
collisions and inhibited transmissions. With slotted non-persistent ISMA, the normalized
slot length is set just slightly greater than (d-a)/2. it allows terminals to commence
transmitting packets only at slot boundaries, thereby reducing collisions and resulting in

higher throughput.

3.1.1 The throughput analysis
For the modified slotted np-ISMA, the busy period is found as

— l+d-a
B= —@e (3.1
e
The average idle period is found as
Z d—a
I = I—_—;m (32)
The average successful packet transmission time in a cycle is found as
— B
U=———P,. ' (3.3)
1+ (d - a)
Where P, is the probability of a successful transmission period. We have
_ Prob [single arrival within a slot] (3.4)

Prob[more arrivals within a slot]

_(d- a) Ge 40
Psucc - 1— e—(d—a)G

Putting all these together we get the average throughput is
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S= = (3.5)

3.1.2 The delay analysis
The packet delay is found using the quasi-static assumption of offered traffic
applied to the slotted non-persistent ISMA protocol with timing advance. There are three
components of packet delay:
1) When a data packet is successfully received, the normalized delay by the
packet length is denoted by
D, =1+(d—a) (3.6)
2) When a data packet is unsuccessfully received due to a collision and
retransmits until successfully received, the delay consists of the transmission time of the
packet isl+(d—a), the average propagation delay is d /.2, the transmission time of
the acknowledgement packet is T, and the average retransmission delay is T, that is
D,=N,(1+(d-a)+T,+T,) 3.7)
which normalized by the packet length, where N, is the average number of
unsuccessful transmission attempts (collisions) a packet encounters before being
successfully delivered.
3) When the forward channel is busy, the delay is
D,=N[, (3.8)
where N, is the average number of inhibited attempts before successful
transmission packet, and T, is the average retransmission wait time.
The expression for the average packet delay for slottéd non-persistent ISMA with

timing advance is

D=1+(d-a)+N,(1+(d-a)+T,+T.)+NT, (3.9)
The average number of collided attempts can be found as
H-S
n=U=5) (3.10
S
The average number of inhibited attempts can be found as
G-H
N,.=£———)— (3.11)

S
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where His the rate of actual transmissions on the channel. For slotted non-
persistent ISMA
H=H (d,G)
is modified as
(d—-a)GPe™™°

~(d-a)G

H= (3.12)

l-e
Thus, we are able to determine either the average packet delay time or the

throughput as a function of the offered traffic.

3.2 The Low Earth Orbit (LEO) packet satellite communications:

The LEO packet satellite typically has the circular orbit about 200 to 2,000
kilometers above the earth's surface. The spot beam signal of satellite will make one
cover zone on the earth’s surface. Thus the cover zone diameter can be obtained as a

function of satellite spot beamwidth.
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Figure 3.3 Geometric configuration for the calculation of the coverage zone diameter

A geometric approximation is adopted for the calculation of the cover zone
diameter which is depending on the satellite antenna pattern. The pattern is frequently
specified by its 3-dB beamwidth, the angle between the direction in which the radiated

field falls to half the power in the direction of maximum field strength. However, a



35

satellite antenna is used to provide coverage of a certain area, or zone on the earth’s
surface, and it is assumed to have circular contour of antenna gain in order to simply
calculate.

Figure 3.3 shows the geometric configuration for the calculation of the coverage
zone diameter. The beamwidth is denoted by € in degree, the earth’s radius is denoted
by r, which is about 6,370 kilometer, and the orbital radius of LEO satellite is denoted

by r,. The cover zone radius can be calculated as:

2r, tan 2 - 4r? tan’ £—4(tan2 gJrl)(r;2 —rf)
2 2 2 :

y:
2(tan2Q+l)
2

(3.13)



Chapter 4
Experiment results of
modified slotted non persistent ISMA protocol on

packet satellite communications

4.1 General simulation assumptions

4.1.1 System assumptions

1. The transmission method used here is the Frequency Division Duplex (FDD),
with the difference frequency between uplink and downlink. The uplink is the radio
channel to transmit data from terminals to base station. The downlink is the radio
channel to broadcast signal and control message to the terminals.

2. The ready terminal is the terminal that has a packgt ready for transmission at
this instant (either a new packet just generated or a previously conflicted packet
rescheduled for retransmission at this instant).

3. The packet transmission time is the time to successful transmits a packet from
terminal to base station. A terminal may, at any one time, either be transmitting or
receiving (but not both simultaneously). However, the delay incurred to switch from one
mode to the other is negligible.

4. The time required to detect the carrier due to packet transmissions is
negligible (zero detection time).

5. The time axis is slotted into segments whose durations are exactly equal to
the transmission time of a single packet. All terminals are synchronized and are forced
to start transmission their packets at the beginning of a slot. ‘

6. The generation of a packet is independent of the past generation.

7. The probability of the packet does not change in each time slot of the
simulation.

8. In a very small period, the probability in which more than two packets
generated can be disregarded.

9. All packets are of constant length and are transmitted over an assumed

noiseless channel (example, the errors in packet reception cause by random noise are
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not consider to be a serious problem and are neglected in comparison with errors cause
by overlap interference). .

10. The system assumes noncapture (example, the overlap of any fraction of two
packets results in destructive interference and both packets must be transmitted).

11. The propagation delay is assumed to be identical for all source destination
pairs, because it is small compared to the packet transmission time.

12. If more than one terminal transmits their packets on the same time slot, the
collision occurred and they must retransmit these packets till successful transmission.

13. When has no collision occur on the channel and a packet can be successful
transmitted, the base station will send an acknowledge message to terminal to inform
about that successful transmission packet.

14. The base station sends a busy signal to all other access terminals when
base station is receiving packet from one access terminal. It is mean that base station
will send the idle signal when it is not receiving any packets.

15. When each access terminal receives the idle signal, each access terminal
must decide whether to transmit packets to the base station or not.

16. When each access terminal receives the busy signal, the packet

transmission of each access terminal is inhibited.

4.1.2 Traffic model assumptions

1. We assume that our traffic source consists of an infinite number of terminals
which collectively form an independent Poisson source with an aggregate mean packet
generation rate of A packet/s. This is an approximation to a large but finite population in
which each terminal generates packets in frequently and each packet can be
successfully transmitted in a time interval much less than the average time between
successive packets generated by a given terminal. Each terminal in the infinite
population is assumed to have at most one packet requiring transmission at any time
(include any previously blocked packet).

2. We assume that each packet is of constant length requiring T seconds for

transmission. We have S = AT , with S'is the average number of packets generated per
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transmission time, example, it is the input rate normalized with respect to T . Under the
steady state conditions, S can also be referred to as the channel throughput rate.

3. If we were able to perfectly schedule the packets into the available channel
apace with absolutely no overlap or gaps between the packets, we could archive a
maximum throughput equal to 1; therefore also referto § as the channel utilization.

4. Because of interference problem inherent in random nature of the access
modes, the achievable throughput will always be less than 1. The maximum achievable
throughput for an access mode is called the capacity of the channel under that mode.

5. Since conflict can occur, some acknowledgment scheme is necessary to
inform the transmitter of its success or failure. We assume a positive acknowledgement
scheme: if within some specified delay (an appropriate time out period) after the
transmission of a packet, a terminal does not receive acknowledgement, it knows it has
conflicted. If it transmits immediately after received the idle signal from base station, and
if all terminals behave likewise, then it will definitely be interfered with again (and
forever!). The channel for acknowledgement is assumed to be separate from the
channel we are studying; acknowledgements arrive reliably and at no cost.

6. The traffic offered to the channel from our collection of terminals consist not
only of new packets but also of previously collided packets: this increases the mean
offered traffic rate which we denote by G (packets per transmission time 7)) where
G=>2S.

7. Each terminal delays the transmission of a previously collided packet by some
random time whose mean is average transmission delay. The average transmission
delay is large compared to transmission time 7.

8. The interarrival times of the points process defined by the start times of all the
packet plus retransmission are independent and exponentially distributed.

9. Without loss generality, we choose T =1. This is equivalent to expressing

time in units of T

4.13 The Basic configuration of computer simulation
The Basic configuration of computer simulation is shown in Figure 4.0. In our

computer simulations, it is assumed that propagation loss and shadowing are constant.
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Until the number of successfully transmitted packet is equal to the required number, the

computer simulation is continued.

Traffic model * Position of base station

Poison arnval = Position of access terminai

* Number of access terminal

w

Modeling of wireless communication channel:
*. Propagation lcss

*, Shadowing

’l Access protocol

Packet transmission {(new

transmission or retransmission}

Failure Decision whether the

transmission packet is

successfully transmitted or not

Success

Measurement of transmission delay

Number of successfully transmitted

packets reaches required number in

the simulation

The simulation is finished

Throughput and transmission delay

Figure 4.1 Basic configuration of computer simulation
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4.2 Experiment simulation results of the slotted non persistent ISMA protocol

In this part, we will evaluate the performance of the slotted non persistent ISMA
protocol by the results of simulations. By the way to change the values of tree
parameters: cover zone radius, packet length and symbol rate, through simulations, we
will analyze how the slotted non persistent ISMA protocol works.

We will evaluate the performance of this protocol by four simulation elements:
throughput, average packet delay, number of collided attempt time and number of
inhibited attempt time.

The protocol has a good performance if it has high value of throughput.

The protocol has a good performance if it has sme;ll value of average packet
delay.

The protocol has a good performance if it has small value of number of collided
attempt time.

The protocol has a good performance if it has small value of number of inhibited

attempt time.

4.2.1 Simulation results when varied the value of cover zone radius
Table 4.1 shows the conditions of the simulation with the values of cover zone radius (r)

are varied from 100km to 1,000km.

Table 4.1 Simulation condition assumptions of the slotted np-ISMA protocol with

the varying values of cover zone radius (r)

Symbol rate Srate 256 ksymbol/second
Length of t.he packet Mplen 128 symbol

Inhibited time (normalized) d 0.00136 -

Cover zone radius r 100, 400, 700, 1,000 km
High of the base station - 100 km

Number of terminal Mnum 300 -
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Relation between throughput and offered traffic of the slotted np-ISMA

1.

protocol when varying the value of cover zone radius (r):

S N Sy g

||||||||||

.
[
G
.l dIIb e

- - L o

[ P S S R X Y O

o

BF---
0.5 -
04 f---

(pezipewou) yndybnoay |

Offered Traffic (packets/second)
Figure 4.2 Throughput of slotted np-ISMA protocol with cover zone radius

(r) = 100, 400, 700 and 1.000 km

In figure 4.2, with four values of cover zone radius: 1.00, 400, 700 and 1,000km,

200 packet/second, the throughputs received are 0.8654,

when the offered traffic G

0.5551

0.3387 and 0.1995, and the maximum throughput received are 0.9487, 0.9001,

’

0.8637 and 0.8451. It is mean that the throughput decreased when the cover zone

and the slotted np-ISMA protocol has better performance when the

radius increased

cover zone radius decreased.

2. Relation between packet delay and offered traffic of the slotted np-ISMA

protocol when varying the value of cover zone radius (r):

with four values of cover zone radius: 100, 400, 700 and 1,000km,

In figure 4.3,

the packet delays received are 0.1158,

200 packet/second,

when the offered traffic G

0.181697, 0.2995 and 0.5115. It is mean that the packet delays increased when the

and the slotted np-ISMA proto‘col has better performance

cover zone radius increased

when the cover zone radius decreased.
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Figure 4.3 Packet delay of slotted np-ISMA protocol with cover zone

10

radius (r) = 100, 400, 700 and 1.000 km

3. Relation between the nhumbers of collided attempt time and offered traffic of

the slotted np-ISMA protocol when varying the value of cover zone radius (r):

In figure 4.4, with four values of cover zone radius: 100, 400, 700 and 1,000km,

200 packet/second, the numbers of collided attempt time

when the offered traffic G

received are 230.0940, 359.2784, 589.3956 and 1001.3690. 1t is mean that the collided

and the slotted np-ISMA

(]

attempt time increased when the cover zone radius increased

protocol has better performance when the cover zone radius decreased.

4. Relation between the numbers of inhibited attempt time and offered traffic of

the slotted np-ISMA protocol when varying the value of cover zone radius (r):

, with four values of cover zone radius: 100, 400, 700 and 1,000km,

In figure 4.5

200 packet/second, the numbers of inhibited attempt time

when the offered traffic G

It is mean that the inhibited

received are 29.9521, 1568.6518, 388.1911 and 799.5231.

attempt time increased when the cover zone radius increased, and the siotted np-ISMA

protocol has better performance when the cover zone radius decreased.
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Summary of the slotted np-ISMA protocol's simulation results is showed in the

table 4.2, when the value of cover zone radius varies from 100km to 1000km.

Table 4.2 Simulation results of the slotted np-ISMA protocol with the varying values of

cover zone radius (r), when the offered traffic (G) = 200 packet/second

Cover zone Radius (r) [km]
Simulation Element
100 400 700 1,000
Max Throughput 0.9487 0.9001 0.8637 0.8451
Throughput 0.8654 0.5551 0.3387 0.1995
Packet Delay 0.1158 0.1816 0.2995 0.5115
Collided Attempt 230.0940 359.2784 589.3956 1001.3690
Inhibited Attempt 29.9521 158.6518 388.1911 799.5231

4.2.2 Simulation results when varied the value of length of the packet
Table 4.3 shows the conditions of the simulation with the values of length of the
packet (Mplen) are varied from 128 to 1,024 symbol.
Table 4.3 Simulation condition assumptions of the slotted np-ISMA protocol with the

varying values of length of the packet (Mplen)

Symbol rate Srate 256 ksymbol/second
Length of the packet Mplen 128, 256, 512, 1,024 symbol
Inhibited time (normalized) d 0.00136 -

Cover zone radius r 100 km

High of the base station - 100 km

Number of terminal Mnum 300 .

1. Relation between throughput and offered traffic of the slotted np-ISMA
protocol when varying the value of length of the packet (Mplen):

In figure 4.6, with four values of length of the packet: 128, 256, 512 and 1,024
symbol, when the offered traffic G = 200 packet/second, the throughputs received are
0.8652, 0.9285, 0.9615 and 0.9781, and the maximum throughput received are 0.9486,
0.9633, 0.9741 and 0.9816. It is mean that the throughput increased when the length of
the packet increased, and the slotted np-ISMA protocol has better performance when

the length of the packet increased.
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Figure 4.6 Throughput of slotted np-ISMA protocol with packet length

(Mplen) = 128, 256, 512 and 1.024 symbol

2. Relation between packet delay and offered traffic of the slotted np-ISMA

protocol when varying the value of length of the packet (Mplen):

In figure 4.7, with four values of length of the packet: 128, 256, 512 and 1,024

200 packet/second, the packet delays received are

symbol, when the offered traffic G

0.1163, 0.2148, 0.4149 and 0.8170. It is mean that the packet delays increased when

the length of the packet increased, and the slotted np-ISMA protocol has better

performance when the length of the packet decreased.

3. Relation between the numbers of collided attempt time and offered traffic of

the slotted np-ISMA protocol when varying the value of length of the packet (Mplen):

In figure 4.8, with four values of length of the packet: 128, 256, 512 and 1,024

the numbers of collided

200 packet/second

symbol, when the offered traffic G

attempt time received are 230.1449, 214.3787, 206.9998 and 203.4648. It is mean that

the the collided attempt times decreased when the length of the packet increased, and

the slotted np-ISMA protocol has better performance when the length of the packet

increased.
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4. Relation between the numbers of inhibited attempt time and offered traffic of

the slotted np-ISMA protocol when varying the value of length of the packet (Mplen):

In figure 4.9, with four values of length of the packet: 128, 256, 512 and 1,024

200 packet/second, the numbers of inhibited

symbol, when the offered traffic G

attempt time received are 30.0027, 14.3091, 6.9655 and 3.4477. It is mean that the

inhibited attempt times decreased when the length of the packet increased, and the

slotted np-ISMA protocol has better performance when the length of the packet

increased.
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length (Mplen) = 128, 256, 512 and 1.024 symbol

Summary of the slotted np-ISMA protocol's simulation results is showed in the

table 4.4, when the values of length of the packet (Mplen) are varied from 128 to 1,024

symbol.
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Table 4.4 Simulation results of the slotted np-ISMA protocol with the varying values of

packet length(Mplen), when the offered traffic (G) = 200 packet/second

Length Of The Packet (Mplen) [symbol]
Simulation Element
128 256 512 1,024
Max Throughput 0.9486 0.9633 0.9741 0.9816
Throughput 0.8652 0.9285 0.9615 0.9781
Packet Delay 0.1153 0.2148 0.4149 0.8170
Collided Attempt 230.1449 214.3787 206.9998 203.4648
Inhibited Attempt 30.0027 14.3091 6.9655 3.4477

4.2.3 Simulation results when varied the value of symbol rate

Table 4.5 shows the conditions of the simulation with the values of symbol rate
(Srate) are varied from 256 to 2,048ksymbol/second.
Table 4.5 Simulation condition assumptions of the slotted np-ISMA protocol with the

varying values of symbol rate (Srate)

Symbol rate Srate 256, 512, 1,024, 2,048 ksymbol/second
Length of the packet Mplen 128 Symbol

Inhibited time (normalized) d A 0.00136 -

Cover zone radius r 100 km

High of the base station - 100 km

Number of terminal Mnum 300 -

1. 'Relation between throughput and offered traffic of the slotted np-ISMA
protocol when varying the value of symbol rate (Srate):

In figure 4.10, with four values of symbol rate: 256, 512, 1,024 and 2,048
ksymbol/second, when the offered traffic G = 200 packet/second, the throughputs
received are 0.8653, 0.7481, 0.5491 and 0.2755, and the maximum throughput received
are 0.9487, 0.9255, 0.8992 and 0.8562. It is mean that the throughput decreased when
the symbol rate increased, and the slotted np-ISMA protocol has better performance

when the symbol rate decreased.




49

e e nb b whd S

“
“
4
0
4
1]
*
[]
1]
h ]
L]
L]
L]
1
............ :
......... :
llll -
4 a
.......... F
lllllllllllll .ﬁ
lllllllllllllllll 4
. 1
iiiiiiii *
1 3
4
1 m H
MA. m )
m = M :
N
-3 4
1R R TR S
[l @ @ @[I3III200
— e 4o et
L] 8 o @®© .0 ,
A S e B . h
1A B D hf-temmnd
X * +++ I :
i) 1] ’
* 1] 1]
! ST SO SR A SRR S A
k3 L] 1] 1 . 1] 1]
1 L] . + 1 L] ’
1] [] 1 1} 1 [} 1]
o sl N NS SRS SN TS SR N LA
- O @ N~ O W0 W MmN - O
o ©o o b o6 «¢6 o o

(pezyjewtou) Jndybnoiy |

Offered Traffic (packets/second)
Figure 4.10 Throughput of slotted np-ISMA protocol with symbol rate

256, 512, 1.024 and 2.048 ksymbol/s

(Srate)

lllllllll
lllllllll
'''''''''

|||||||||

nnnnnnnnn

uuuuuuuuu

o,
lllllllll
lllllllll

'''''''''

lllllllll
lllllllll
lllllllll
lllllllll

lllllllll

SR R e L LT LT EREY EOR R TR T D

llllllll
llllllll
llllllll
||||||||

iiiiiiii

||||||||
||||||||
vvvvvvvv
00000000
nnnnnnnn

||||||||

llllllll

llllllll
llllllll
llllllll
llllllll

||||||||

LR LIRS |

~—w—— Srate

—4#— Srate =512000

awm

e

—&— Sratg =

IS P ENE

dondecbdotlblibuveondantuabtuldiiddeacwdendds

lllllllll
lllllllll

lllllllll

iiiiiiiii

'''''''''
ttttttttt
lllllllll
|||||||||

== wreoreany

llllllll

||||||||

D -
D

-woe
|||||
llllllll

nnnnnnnn

nnnnnnnn

lllllllll

lllllllll

lllllllll
lllllllll
lllllllll
lllllllll
lllllllll

lllllllll

lllllllll

B R LR PR R R R L X R S P PP T TP

llllllll

llllllll
llllllll
llllllll

llllllll

llllllll

llllllll
llllllll
||||||||
llllllll

llllllll

llllllll

ol d S0 LY

|||||||||

o - =l

llllllllll

-3d

dmednabdablilileorednconnbhulobdddbncnndomala =l

nnnnnnnnn

lllllllll

uuuuuuuuu

0.1 H —+— Srate =1024000

0.08 |----

06 -~

0

0.04f----
0.02f---

(spuodes) Kejeq 1@)oed

10°

Offered Traffic (packets/second)

Packet delay of slotted np-ISMA protocol with symbol rate

(Srate)

Figure 4.11

256, 512, 1.024 and 2.048 ksymbol/s



50

2. Relation between packet delay and offered traffic of the slotted np-ISMA
protocol when varying the value of symbol rate (Srate):

In figure 4.11, with four values of symbol rate: 256, 512, 1,024 and 2,048
ksymbol/second, when the offered traffic G = 200 packet/second, the packet delays
received are 0.1153, 0.0668, 0.0457 and 0.0460. It is mean that the packet delays
decreased when symbol rate increased, and the slotted np-ISMA protocol has better

performance when symbol rate increased.

3. Relation between the numbers of collided attempt time and offered traffic of
the slotted np-ISMA protocol when varying the value of symbol rate (Srate):

In figure 4.12, with four values of symbol rate: 256, 512, 1,024 and 2,048
ksymbol/second, when the offered traffic G = 200 packet/second, the numbers of
collided attempt time received are 230.1274, 266.3397, 363.2177 and 724.7623. It is
mean that the the collided attempt times increased when symbol rate increased, and the

slotted np-ISMA protocol has better performance when symbol rate decreased.

4. Relation between the numbers of inhibited attempt time and offered traffic of
the slotted np-ISMA protocol when varying the value of symbol rate (Srate):

In figure 4.13, with four values of symbol rate: 256, 512, 1,024 and 2,048
ksymbol/second, when the offered traffic G = 200 packet/second, the numbers of
inhibited attempt time received are 29.9853, 66.0438, 162.5787 and 523.3093. It is
mean that the the inhibited attempt times increased when symbol rate increased, and

the slotted np-ISMA protocol has better performance when symbol rate decreased.

Summary of the slotted np-ISMA protocol's simulation results is showed in the
table 4.6, when the values of symbol rate (Srate) are varied from 256 to 2,048

ksymbol/second.
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Table 4.6 Simulation results of the slotted np-ISMA protocol with the varying values of

symbol rate (Srate), when the offered traffic (G) = 200 packet/second

Symbol Rate (Srate) [ksymbol/second]
Simulation Element
256 512 1,024 2,048
Max Throughput 0.9487 0.9255 0.8992 0.8562
Throughput 0.8653 0.7481 0.5491 0.2755
Packet Delay 0.1153 0.0668 0.0457 0.0460
Collided Attempt 230.1274 266.3397 363.2177 7247623
Inhibited Attempt 29.9853 66.0438 162.5787 523.3093

4.2.4 Conclusions

Through all of the simulation results above, we can conclude that the
performance of the slotted non persistent ISMA protocol will be increased when the
service are radius is decreased, the length of the packet is decreased and the symbol

rate is decreased.

4.3 Experiment simulation results of the modified slotted non persistent ISMA
protocol

In this part, we will evaluate the performance of the modified slotted non
persistent ISMA protocol with three value of timing advance factors, (a) = 30%, 60% and
90% of inhibited time (d). The comparisons with the original slotted non persistent ISMA
protocol (when a = 0%) will be showed by the results of _simulations. By the way to
change the values of tree parameters: cover zone radius, packet length and symbol
rate, through simulations, we will analyze how the slotted non persistent ISMA protocol
works.

We will evaluate the performance of this protocol by four simulation elements:
throughput, average packet delay, number of collided attempt time and number of
inhibited attempt time.

The protocol has a good performance if it has high value of throughput.
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The protocol has a good performance if it has small value of average packet
delay.

The protocol has a good performance if it has small value of number of collided
attempt time.

The protocol has a good performance if it has small value of number of inhibited

attempt time.

4.3.1 Simulation results when varied the value of cover zone radius
Téble 4.7 shows the conditions of the simulation with the values of cover zone

radius (r) are varied from 100 to 1,000km.

Table 4.7 Simulation condition assumptions of the modified slotted np-ISMA

protocol with the varying values of cover zone radius (r)

Symbol rate Srate 256 ksymbol/second
Length of the packet Mplen 128 symbol
Inhibited time (normalized) D 0.0013 -

Cover zone radius R 100, 400, 700, 1,000 km
High of the base station - 100 km

Number of terminal Mnum 300 <

Timing advance (% of Inhibited time) A 0%, 30%, 60%, 90%

1. Relation between throughput and offered traffic of the modified slotted np-
ISMA protocol when varying the value of cover zone radius (r):

In figure 4.14, with cover zone radius r = 100km and offered traffic G = 200
packet/second, when the values of timing advance increased from 0% to 30%, 30% to
60% and 60% to 90%, the throughputs of modified slotted ‘np-ISMA protocol increased
4.33%, 4.29% and 4.23%, respectively. The maximum throughputs of modified slotted
np-ISMA protocol increased 0.84%, 1.12% and 1.64% respectively. With the cover zone
radius r = 100km and 1,000km, when the values of timing advance increased from 0%
to 90%, the throughputs of modified slotted np-ISMA protocol increased 13.41% and
341.92%, respectively. The maximum throughputs of modified slotted np-ISMA protocol
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Table 4.8 Throughput of the modified slotted np-ISMA protocol with the varying

values of cover zone radius (r), when the offered traffic (G) = 200 packet/s

Cover zone Throughput (normalized)
Radius (r) [km] ISMA ISMA +30% ISMA +60% ISMA +90%
100 0.8654 0.9029 0.9416 0.9814
400 0.5552 0.6682 0.7967 0.9425
700 0.3379 0.4810 0.6682 0.9045
1,000 0.1963 0.3383 0.5569 0.867659

Table 4.9 Maximum throughput of the modified slotted np-iISMA protocol with the

varying values of cover zone radius (r)

Cover zone Radius Maximum Throughput (normalized)
(r) [km] ISMA ISMA +30% ISMA +60% ISMA +90%
100 0.9487 0.9567 0.9673 0.9833
400 0.9001 0.9156 0.9335 0.9676
700 0.8636 0.8887 0.9156 0.9570
1,000 0.8446 0.8636 0.9004 0.9492

2. Relation between packet delay and offered traffic of the modified slotted np-

ISMA protocol when varying the value of cover zone radius (n):

in figure 4.15, with cover zone radius r = 100km and offered traffic G = 200

packet/second, when the values of timing advance increased from 0% to 30%, 30% to
60% and 60% to 90%, the packet delays of modified slotted np-ISMA protocol
decreased 4.21%, 4.17% and 4.12%, respectively. With the cover zone radius r =
100km and 1,000km, when the values of timing advance increased from 0% to 90%, the
packet delays of modified slotted np-ISMA protocol decreased 11.99% and 77.72%,

respectively. The summary of these simulation results is showed in table 4.10.
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Table 4.10 Packet delay of the modified slotted np-ISMA protocol with the varying

values of cover zone radius (r), when the offered traffic (G) = 200 packet/s

Cover zone Radius Packet Delay (normalized)
() (km] ISMA ISMA +30% ISMA +60% ISMA +90%
100 0.11563 0.1104 0.1058 0.1015
400 0.1811 0.1502 0.1256 0.1059
700 0.2997 0.2098 0.1504 0.1107
1,000 0.5194 0.2999 0.1813 0.1157

3. Relation between collided attempt times and offered traffic of the modified
slotted np-ISMA protocol when varying the value of cover zone radius (n):

In figure 4.16, with cover zone radius r = 100km and offered traffic G = 200
packet/second, when the values of timing advance increased from 0% to 30%, 30% to
60% and 60% to 90%, the collided attempt times of modified slotted np-ISMA protocol
decreased 4.17%, 4.13% and 4.08%, respectively. With the cover zone radius r =
100km and 1000km, when the values of timing advance increased from 0% to 90%, the
collided attempt times of modified slotted np-ISMA protocol decreased 11.87% and

77.45%, respectively. The summary of these simulation results is showed in table 4.11.

Table 4.1 Collided attempt of the modified slotted np-ISMA protocol with the varying

values of cover zone radius (r), when the offered traffic (G) = 200 packet/s

Cover zone Collided Attempt (times)
Radius (r) [km] ISMA ISMA +30% ISMA +60% ISMA +90%
100 230.0940 220.4937 211.3874 202.7719
400 359.2295 298.3108 250.0048 2111793
700 590.7981 414.7736 298.2911 220.0963
1,000 1017.6420 590.0717 358.1077 229.5054
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4. Relation between inhibited attempt times and offered traffic of the modified

slotted np-ISMA protocol when varying the value of cover zone radius (r):

In figure 4.17, with cover zone radius r = 100km and offered traffic G = 200

packet/second, when the values of timing advance increased from 0% to 30%, 30% to

60% and 60% to 90%, the inhibited attempt times of modified slotted np-ISMA protocol

decreased 31.71%, 44.70% and 75.59%, respectively. With the cover zone radius r

100km and 1,000km, when the values of timing advance increased from 0% to 90%, the

inhibited attempt times of modified slotted np-ISMA protocol decreased 90.79% and

96.40%, respectively. The summary of these simulation results is showed in table 4.12.
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with service area radius (r) = 1,000km

Table 4.12 Inhibited attempt of the modified slotted np-ISMA protocol with the varying

values of cover zone radius (r), when the offered traffic (G)

200packet/s
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4.3.2 Simulation results when varied the values of packet length

Table 4.13 shows the conditions of the simulation with the values of packet

length (Mplen) are varied from 128 to 1,024 symbol.
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Table 4.13 " Simulation condition assumptions of the modified slotted np-ISMA

protocol with the varying values of packet length (Mplen)

Symbol rate Srate 256 Ksymbol/second
Length of the packet Mplen 128, 256, 512, 1,024 symbol
inhibited time (normalized) d 0.0013 -

Cover zone radius r 100 km

High of the base station - 100 km

Number of terminal Mnum 300 -

Timing advance (% of Inhibited time) a 0%, 30%, 60%, 90%

1. Relation between throughput and offered traffic of the modified slotted np-

ISMA protocol when varying the value of packet length (Mplen):

Table 4.14  Throughput of the modified slotted np-ISMA protocol with the varying

values of packet length (Mplen), when the offered traffic (G) = 200packet/s

Packet Length Throughput (normalized)
(Mplen) [symbol] ISMA ISMA +30% ISMA +60% ISMA +90%
128 0.8653 0.9028 0.9416 0.9814
256 0.9286 0.9482 0.9681 0.9882
512 0.9561 0.9677 0.9793 0.9910
1,024 0.9781 0.9831 0.9882 0.9933 |

Table 4.15 Maximum throughput of the modified slotted np-ISMA protocol with the

varying values of packet length (Mplen)

Length of the Maximum Throughput (normalized)
packet (Mplen) ISMA ISMA +30% ISMA +60% ISMA +90%
128 0.9487 0.9567 0.9673 0.9833
256 0.9633 0.9694 0.9768 0.9882
512 0.9720 0.9766 0.9822 0.9910
1,024 0.9816 0.9841 0.9882 0.9933
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In figure 4.18, with the packet length Mplen = 128 symbot and offered traffic G =
200 packet/second, when the values of timing advance increased from 0% to 30%, 30%
to 60% and 60% to 90%, the throughputs of modified slotted np-ISMA protocol
increased 4.34%, 4.29% and 4.23%, respectively. The maximum throughputs of
modified slotted np-ISMA protocol increased 0.83%, 1.12% and 1.65%, respectively.
With the packet length Mplen = 128 symbol and 1,024 symbol, when the values of
timing advance increased from 0% to 90%, the throughputs of modified slotted np-ISMA
protocol increased 13.42% and 1.55%, respectively. The maximum throughputs of
modified slotted np-ISMA protocol increased 3.65% and 1.19%, respectively. The

summary of these simulation results is showed in table 4.14 and table 4.15.

2. Relation between packet delay and offered traffic of the modified slotted np-
ISMA protocol when varying the value of packet length (Mplen):

In figure 4.19, with the packet length Mplen = 128 symbol and offered traffic G =
200 packet/second, when the values of timing advance increased from 0% to 30%, 30%
to 60% and 60% to 90%, the packet delays of modified slotted np-ISMA protocol
decreased 4.22%, 4.17% and 4.12%, respectively. With the packet length Mplen = 128
symbol and 1,024 symbol, when the values of timing advance increased from 0% to
90%, the packet delays of modified slotted np-ISMA protocol decreased 12% and

1.56%, respectively. The summary of these simulation results is showed in table 4.16.

Table 4.16 Packet delay of the modified slotted np-ISMA protocol with the varying
values of packet length (Mplen), when the offered traffic (G) = 200packet/s

Packet Length Packet Delay (normalized)
(Mplen) [symbol] ISMA ISMA +30% ISMA +60% ISMA +90%
128 0.1153 0.1104 0.1058 0.1015
256 0.2147 0.2102 0.2059 0.2016
512 0.3602 0.3558 0.3515 0.3473
1,024 0.8171 0.8128 0.8085 0.8043
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3. Relation between collided attempt times and offered traffic of the modified

slotted np-ISMA protocol when varying the value of packet length (Mplen):

= 128 symbol and offered traffic G

In figure 4.20, with packet length Mplen

200 packet/second, when the values of timing advance increased from 0% to 30%, 30%

to 60% and 60% to 90%, the collided attempt times of modified slotted np-ISMA protocol

decreased 4.18%, 4.13% and 4.08%, respectively. With the packet length Mplen = 128

symbol and 1,024 symbol, when the values of timing advance increased from 0% to

90%, the collided attempt times of modified slotted np-ISMA protocol decreased 11.89%

and 1.54%, respectively. The summary of these simulation results is showed in table

4.17.
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Table 4.17 Collided attempt of the modified slotted np-ISMA protocol with the varying

200packet/s

values of packet length (Mplen), when the offered traffic(G)
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In figure 4.21, with packet length Mplen = 128 symbol and offered traffic G =

200 packet/second, when the values of timing advance increased from 0% to 30%, 30%

to 60% and 60% to 90%, the inhibited attempt times of modified slotted np-ISMA

protocol decreased 31.50%, 44.49% and 75.74%, respectively. With packet length

Mplen = 128 symbol and 1,024 symbol, when the values of timing advance increased

from 0% to 90%, the inhibited attempt times of modified slotted np-ISMA protocol

decreased 90.78% and 90.10%, respectively. The summary of these simulation results is

showed in table 4.18.
Table 4.18

Inhibited attempt of the modified slotted np-ISMA protocol with the varying

values of packet length (Mplen), when the offered traffic(G) = 200 packet/s

Packet Length Inhibited Attempt .(times)
(Mplen) [symbol] ISMA ISMA +30% ISMA +60% ISMA +90%
128 29.7935 20.4071 11.3270 27477
256 14.3113 9.8618 5.5326 1.3718
512 8.0497 5.6294 3.1911 0.7883
1,024 3.4543 2.4022 1.3718 0.3420

4.3.3 Simulation results when varied the values of symbol rate

Table 4.19 shows the conditions of the simulation with the values of symbol rate

(Srate) are varied from 256 to 2,048 ksymbol/second.

Table 4.19  Simulation condition assumptions of the modified slotted np-ISMA

protocol with the varying values of symbol rate (Srate)

Symbol rate Srate | 256, 512, 1,024, 2,048 ksymbol/second
Length of the packet Mplen | 128 symbol

Inhibited time (normalized) d 0.0013 -

Cover zone radius r 100 km

High of the base station - 100 km

Number of terminal | Mnum | 300 -

Timing advance (% of Inhibited time) a 0%, 30%, 60%, 90%
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1. Relation between throughput and offered traffic of the modified slotted np-
ISMA protocol when varying the value of packet length (Mplen):

in figure 4.22, with the symbol rate Srate = 256 ksymbol/second and offered
traffic G = 200 packet/second, when the values of timing advance increased from 0% to
30%, 30% to 60% and 60% to 90%, the throughputs of modified slotted np-ISMA
protocol increased 4.36%, 4.27% and 4.23%, respectively. The maximum throughputs of
modified slotted np-ISMA protocol increased 0.85%, 1.11% and 1.65%, respectively.
With the symbol rate Srate = 256 ksymbol/second and 1,024 ksymbol/second, when the
values of timing advance increased from 0% to 90%, the throughputs of modified slotted
np-ISMA protocol increased 13.43% and 223.27%, re‘spectively. The maximum
throughputs of modified slotted np-ISMA protocol increased 3.65% and 11.42%,

respectively. The summary of these simulation results is showed in table 4.20 and table

4.21.

Table 4.20 Throughput of the modified slotted np-ISMA protocol with the varying

values of symbol rate (Srate), when the offered traffic (G) = 200 packet/s

Symbol Rate Throughput (normalized)
(Srate) [ksps] ISMA ISMA +30% ISMA +60% ISMA +90%
256 0.8653 0.9030 0.9417 0.9815
512 0.7485 0.8169 0.8903 0.9680
1,024 0.5487 0.6628 0.7932 0.9416
2,048 0.2754 0.4206 0.6226 0.8903
Table 4.21 Maximum throughput of the modified slotted np-ISMA protocol with the
varying values of symbol rate (Srate)
Symbol Rate Maximum Throughput (normalized)
(Srate) [ksps] ISMA ISMA +30% ISMA +60% ISMA +90%
256 0.9487 0.9567 0.9674 0.9833
512 0.9256 0.9380 0.9540 0.9768
1,024 0.8992 0.9149 0.9327 0.9674
2,048 0.8562 0.8784 0.9096 0.9540
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2. Relation between packet delay and offered traffic of the modified slotted np-

ISMA protocol when varying the value of symbol rate (Srate):

In figure 4.23, with the symbol rate Srate = 256 ksymbol/second and offered

200 packet/second, when the values of timing advance increased from 0% to

traffic G

30%, 30% to 60% and 60% to 90%, the packet delays of modified slotted np-ISMA

protocol decreased 4.24%, 4.16% and 4.12%, respectively. With the symbol rate Srate

256 ksymbol/second and 1,024 ksymbol/second, when the values of timing advance

increased from 0% to 90%, the packet delays of modified slotted np-ISMA protocol

decreased 12% and 69.46%, respectively. The summary of these simulation results is

showed in table 4.22.

I
TTrIIrTe Toeeoeer s Joo e Foorooens P PRy Foneonessd
TR oo Lo FRRE LR Foooozis 3
......... ToIIIlIIIdIIIIIIIIEIIIIIiIaTiiIIIIiioIiiiziicd
......... | SOOI SOOI SPPPR OOt IO SO
lllllllll boavcseonsnadasscsvsvsoslovenmcsanadacrnancncshuncnannend

] * 1 1 1
lllllllll Aonmennsnadenannssnsbocnsvoscssvdrccanncashoisccnnond

1 L] 1 . 1]
lllllllll Lovenavondrsnvwassibosavenendesvsovensbhecnccenead

) 1] L [3 ¥

] 13 1] 1 ]

J 1) .
L ik ST “. llllllll freamcannn hosman e

» 1 $ 1]

' v ' ' .

) L] [} .

L * 1 ¥
......... [ Nessonasew A TR ZE R Y RN R ER .
beszaes: ' sirizzsnen 3 s3szzzzooes mizzzzsacd
......... v R 2514 o T BRI ST
......... ! # e daieths - Mkpac === or T i oy
'''''''' [} Muss TR ansadeeaneasmTNanw v waswvnsonnonwan

L [} $
lllllllll *lllllllll.lt..|||||l*llll||||lolllll P g
lllllllll "l"UIO'.‘I.l!'DIO"O.!..'ID".O!.O!. Rescsonvsd
£ ] * 1
1] *
vvvvvvvvv *'llu-..-|t“anu|tul:!m.anuinlnin.iu'icn-lnﬂ cow e

] . 1] L] 3
- 1 & ] 4 L) o
........ =\ gy 20 o W TR in ST NN L. "W

L] ? L] i L]

1 L] L} ] 3

1 [ L 1] 1

L] 1] . L] ¥
......... /Y.L e SE NG
......... tersizsrsersierizoemccssiocoaceciazonoeosecs
RSNk Ve 2 S A pedsatooct I At
......... Vigroesamte- con - oketcifiche s s =222 2 rob £- Rl -
lllllllll bucsownsvedevnunvnsvboonvavsodonnvansenshoness=@@
vvvvvvvvv *tlnuvltt-"n‘-luoti.. ||..lllliA..litlllt"-)..-ll'l
b seocenene w llllllll _ﬂ lllllllll -F llllllll -\. lllllllll “-'l!ltt &
......... forecrsvadessoconschasosanondoanconnsahoceancs

[} . ) + 13 -
b csocoase taveasona qeesvnasas feevecans qecvosneas pussvane :

L] 1 . ’
* L] 1 1]
—— - . 1] (] L]
- ‘ H H H
b = }rewduesnccana Cacesanne s o e .
- Ry ST | H:-)é-e B oe—2ks T ST
8 8 B gl
= ~ d . < PR TR R R poccveswe dewanenoeww o e =g
- mewdesvonwnnw .- e = - LY o
AR TR R | S & R L e e e 5 [ DA 4
o @ @ @peemdeameeenns Lomacmnnn demmimnas Lo
. ey | Gl WY § v YR oo o nffd
* [ 4 1]
1] 1] t k)
! A S o ) N Ve, N & 4
4+ 13 L} L}
* [} 1] 13
4 H 1] ]

T i i 1 i
o = &8 8 & g
- o
=3 o b= o

0

(spuodes) Aejeq jo3oed

1
10
Offered Traffic (packets/second)
Figure 4.23a Packet delay of modified slotted np-ISMA protocol with

256 ksymbol/second

symbol rate (Srate)



81

--------------

nnnnnnnnnnnnnn

e s ap e p ey a gy

o saanaa Pommeanm
epunusesapannnnan

% I

10°

c.07

...... .....:.:......:
...... soiriiiisaiinine
lllllll mesenaloponneanap
aaaaaaa n.ﬁ'.nqc»munﬁcnnnm
------- hesecessanbonasnaak
1 ’ .
nnnnnnn Lerunwvoentonnwnaatl
L] 4 .
L] . *
* L] *
....... L R |
L] * ’
L] L ] b
....... heccrascbacancuns o
....... soizniissrrzizizy =
....... eoisIIinenIiiiize
....... coIziziiriiiiize
lllllll Meanmssonbosnunnonk
........ ".nuvnunownnlanl;*
------- VLesvoeoosvaboacananal
. [ .
....... ".||n.n‘|*|v»-snnm
. L] 4
. . ‘
ttttttt et cagpgeneanceyr
. L] *
* . +
289l i 4
(D) L] L] 1]
o )« N fzborzozzzdozooozal Q
o fod L@ [epeccnnccpovceena
s 88 8 siziiiic :
- 0 D e s v CSoemmnenwe -
ST T O Tl PO PO ;
3 S @ @ © n”. nnnnnnn ". ------- u.
. * .
s heaeaien Penmoncn .
L * ++ + crceneman tencvana .
* . . ’ +
: . . : : _
H ; i i i i 4"
< —
8 8 3 8 8 g
(=} o = (=] o o

(spuodas) Aeje(] 1@oed

Offered Traffic (packets/second)
Figure 4.23b  Packet delay of modified slotted np-ISMA protocol with

symbol rate (Srate)

512 ksymbol/second

ey pyeap Foooes \TYYTY ITIIT 1TTTIT A P T
[ aocelocana fomceamecan Jecaes pacena oo ma qesene H
focanqannca Froesoponae P e far=an eeen eecae '
prcsendanens oo - e vessdesesw boaswscfevocndoncsavab
vvvvv B S
i h ) + ' « i .
||||| dumamnbhoonasreonadancoabonnostennacdamnnnt
' . ' a ¢ s 3 ‘
||||| Josemoboroostenomwdancnatoneedonccndavannt
+ ¢ ) 0 h ¥ b .
[ . ) 1 + L] 1] s
~ !, d -t 4 - ".
b ane AR 2. L el A > S LT LT PO RY PR T
(] »
] [ s
. ?
! ! ©
' o O
leracodmoacompanssnimnasadoanscs PR O
i ot Procemmanmannacmnpanmecgmnne = 0O
AP P PP A G PR A
..... B et L L L S LT L Pxt
vvvvv Boncumbransnisssandennonbhaanbsteanuadnsonn e
||||| *lilllPl!lll-llllt.—ll!ll—.rlli-.lln..lu|..tl..».
¢ " d s b 7]
hecandansea bmecansteansadaenen Cenmcoleonccdocnae PP -~
T . ) [ I ) i l P
) )
ccccc *uyta!*,-utcu.'ill-u.laalt*actn....!t.c.nuc:.-*nn.uu P-4
‘ I ' ' \ ' t ' ()]
1] s ' ] i ) ’ ' :
b econqrmmen e Rt LE R T procvoymem—e qe=ne- FERERTTMES : 4
1 . ' . I . ' I}
' ' ) ' \ ¢ ' I b4
. v ' . ' 3 ) + 1+
) . 1 + () . » ] -
rreenduesscopsoansirenmsduosenbonanoinonondoencnh fow ) p
ttttt bbbl bt oD np- Aot oD S A= - -
----- et At apuuipup. Apuia AP Map. upuipug Aupuprguin sguind
b evsogoecnw gromemmeamsganvaspanscymanangreans reccempreas O
ﬁ.nlns ----- bronmminasnednnnes Vonnastancondonnoe [P R .
] | T, 7 AN, M B e | A, L SRR
i YL $ommes LXE 1 + : 1 : : m
—-iltthll'llf lllll A donans | TR Ponmaw danwen Locnaoionsefl a
s . ¥ ] b o " ‘ * r jad
rtlll.“ lllll w. ttttt "vlnitl" 11111 ? ttttt " ccccc ,* nnnnn ”' ttttt " -----
’ . [ . ' 1 ' I * ,
s . ’ ¥ L . 13 $ 3
lllll B S Y I T ey ko)
' ] ) . ’ i .
] ' ' . ] + * [+1]
& ' ] ] . . + i -
] ’ ' ’ ' : N o
o g eolnenvadusevebasssstscanvdnansatosancmoneol O D
C Rawate 8 oo - PPyl . i posssmill 4
E m B e e s o v Fecommtmenaagnnnen eemesnan b ot
L ) L frcmvmnagmcann Fesensevrnssnnvon ceeammans
5 Y O B tevansmonasdoancae IS O
¥ » * L 4 .
§ RTAR TR TR T SO SOt SO M 1
1l s 8 35 ¢ 0'" lllll m """" .r nnnnn “ nnnnn s. [
’ : . ) +
S o ecmngeanan Pocenna feamae 1
. * * £ L]
' » . . +
L [ ApRSHE S P e offfe coqe o muny
] ] 1] ’ 1 T
13 . t . » 1
v . . + + 3
T ] 1] 13 -
H H ] i H H i H b e
% %9 ] m m o~ [Te) - 0~
;8 S ! S 5 5
o " o - o (e o 4
[ o] o] fom] o

(spuodes) Aeje( j1)oed

Figure 4.23c  Packet delay of modified slotted np-ISMA protocol with

symbol rate (Srate) = 1,024 ksymbol/second



82

lllll
vvvvv
lllll
vvvvv

vvvvv

lllll
lllll
lllll
lllll
lllll

|||||

lllll

lllll

-----

kel bddad

iiiii

b dondeuhtebhdddbocandonsloabuivddddbnnce

vvvvv e oo

--------

—— 3 =0.00000

—4+— 3 =0.00326

—+— a =0.00652

—&— g =().00877
it

nnnnnnnn

tttttttt

| yomon

-t el b o

cdenb dJats

se

-----

|||||
ooooo

ttttt

.....

s
R bl R el L R e et el A

LELIREE EE et Et i A b e

nnnnnnnnn
|||||||||
nnnnnnnn

oo
---------

aaaaaaaa

F T T N

b mbebdassd

..... | ST T
..... DO RO
lllll FEETERNER A RL,
lllll besonatesnead
||||| Lmmccalecrnad
t 1
llllllllll e - - - -
) 1
lllll Levvouduowonad
L] +
s )
A
foaeodd NP
t
]

|||||||||||
llllll
---------

0.05
0.045

R

10°

Offered Traffic (packets/second)

10’
Figure 4.23d  Packet delay of modified slotted np-ISMA protocol with

2,048 ksymbol/second

symbol rate (Srate)

Table 4.22 Packet delay of the modified slotted np-ISMA protocol with the varying

200 packet/s

values of symbol rate (Srate), when the offered traffic (G)
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In figure 4.24, with symbol rate Srate = 256 ksymbol/second and offered traffic G
= 200 packet/second, when the values of timing advance increased from 0% to 30%,
30% to 60% and 60% to 90%, the collided attempt times of modified slotted np-ISMA
protocol decreased 4.2%, 4.12% and 4.07%, respectively. With the symbol rate Srate =
256 ksymbol/second and 1,024 ksymbol/second, when the values of timing advance
increased from 0% to 90%, the collided attempt times of modified slotted np-ISMA
protocol decreased 11.89% and 69.16%, respectively. The summary of these simulation

results is showed in table 4.23.

Table 4.23 Collided attempt of the modified slotted np-ISMA protocol with the varying

values of symbol rate (Srate), when the offered traffic (G) = 200 packet/s

Symbol Rate Collided Attempt (times)
(Srate) [ksps] ISMA ISMA +30% ISMA +60% ISMA +90%
256 230.1258 220.4600 211.3812 202.7678
512 266.1862 243.8195 223.6234 205.5907
1,024 363.4437 300.7452 251.1185 211.3829
2,048 725.1199 474.4661 320.1981 223.6197

4. Relation between inhibited attempt times and offered traffic of the modified

slotted np-ISMA protocol when varying the value of symbol rate (Srate):

in figure 4.25, with the symbol rate Srate = 256 ksymbol/second and offered
traffic G = 200 packet/second, when the values of timing advance increased from 0% to
30%, 30% to 60% and 60% to 90%, the inhibited attempt times of modified slotted np-
ISMA protocol decreased 32.09%, 44.38% and 75.68%, respectively. With the symbol
rate Srate = 256 ksymbol/second and 1,024 ksymbol/second, when the values of timing
advance increased from 0% to 90%, the inhibited attempt times of modified slotted np-
ISMA protocol decreased 90.81% and 95.51%, respectively. The summary of these

simulation results is showed in table 4.24.
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Table 4.24 |nhibited attempt of the modified slotted np-ISMA protocol with the varying

values of symbol rate (Srate), when the offered traffic (G) = 200 packet/s

Symbol Rate Inhibited Attempt (times)
(Srate) [ksps] ISMA ISMA +30% ISMA +60% ISMA +90%
256 29.9837 20.3621 ©11.3258 2.7541
512 65.8908 43.6173 23.5108 5.5632
1,024 1 62.8040 100.3173 50.8852 11.3275
2,048 523.6663 273.5184 119.7009 23.5072

4.3.4 Conclusions

Through all of the simulation results above, we can conclude that the modified
slotted non persistent ISMA protocol have the better performance than the original
slotted non persistent ISMA protocol.

The performance of the modified slotted non persistent ISMA protocol will be
increased when value of the timing advance factor is increased.

Further more, the performance of the modified slotted non persistent ISMA
protocol also be increased when the service are radius is decreased, the length of the

packet is decreased, and the symbol rate is decreased.

44 Compare the simulation results of the modified slotted non persistent
ISMA protocol and the slotted ALOHA protocol:

In this part, we will evaluate the performance of modified slotted non persistent
ISMA protocol compare with the slotted ALOHA protocol by the simulation throughputs

of this system.

4.4.1 Simulation results when varied the value of cover zone radius
Table 4.25 shows the conditions of the simulation with the values of cover zone

radius (r) are varied from 100 to 1,000 km.
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Table 4.25 Simulation condition assumptions of the modified slotted np-ISMA

protocol with the varying values of cover zone radius (r)

Symbot rate Srate 256 ksymbol/second
Length of the packet Mplen 128 symbol

Inhibited time (normalized) d 0.001 -

Cover zone radius r 100, 400, 700, 1,000 km
High of the base station z 1,000 km

Number of terminal Mnum 300 -

Timing advance (% of Inhibited time) a 90%, 99%, 99.9%, 99.99%

Figures 4.26a, 4.26b, 4.26c and 4.26d show the relations between throughput
and offered traffic of the modified slotted non persistent ISMA protocol and the slotted
ALOHA protocol when the cover zone radius r = 100, 400, 700 and 1,000 km,
respectively.

We can see in these figures that the throughput of the modified siotted non
persistent ISMA protocol increases when the cover zone radius decreases and the
timing advance increases. And the throughput of the modified slotted non persistent
ISMA protocol always higher then that of the slotted ALOHA protocol when the timing
advance is over 99% of the inhibited time duration. The simulation results summary is

shown on table 4.26.

Table 4.26 Maximum throughput of the modified slotted np-ISMA protocol with the

varying values of cover zone radius (r)

Cover Zone Maximum Throughput (normalized)
Radius (r) [km] 100 400 700 1,000
Slotted ALOHA 0.3679 0.3679 0.3679 0.3679
ISMA+90% 0.1116 0.1101 0.1069 0.1024
ISMA +99% 0.4582 0.4563 0.4497 0.4398
ISMA +99.9% 0.7877 0.7859 0.7821 0.7764
ISMA +99.99% 0.9286 0. 9280 0.9267 0.9248
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4.4.2 Simulation results when varied the value of the packet length
Table 4.27 shows the conditions of the simulation with the values of the packet
length (Mplen) are varied from 128 to 1,024 symbol.
Table 4.27 Simulation condition assumptions of the modified slotted np-ISMA

protocol with the varying values of packet length (MPlen)

Symbol rate Srate 256 ksymbol/second
Length of the packet Mplen 128, 256, 512, 1,024 symbol
Inhibited time (normalized) d 0.001 -

Cover zone radius r 100 km

High of the base station z 1,000 km

Number of terminal Mnum 300 S

Timing advance (% of Inhibited time)  a 90%, 99%, 99.9%, 99.99%

Figures 4.27a, 4.27b, 4.27c and 4.27d show the relations between throughput
and offered traffic of the modified slotted non persistent ISMA protocol and the slotted
ALOHA protocol when the packet tength Mplen = 128, 256, 512 and 1,024 symbol,
respectively.

We can see in these figures that the throughput of the modified slotted non
persistent ISMA protocol increases when the packet length decreases and the timing
advance increases. And the throughput of the modified slotted non persistent ISMA
protocol always higher then that of the slotted ALOHA protocbl when the timing advance
is over 99% of the inhibited time duration. We can see the simuiation results summary on
table 4.28.

Table 4.28 Maximum throughput of the modified slotted np-ISMA protocol with the
varying values of packet length (MPlen)

Packet Length Maximum Throughput (normalized)
(MPlen) [symbol] 128 256 512 1,024
Slotted ALOHA 0.3679 0.3679 0.3679 0.3679
ISMA+90% 0.1874 0.2925 0.4154 0.5366
ISMA +99% 0.5751 0.6783 0.7629 0.8269
ISMA +99.9% 0.8430 0.8873 " 0.9196 0.9426
ISMA +99.99% 0.9485 0.9634 0.9741 0.9815
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4.4.3 Simulation results when varied the value of the symbol rate
Table 4.29 shows the conditions of the simulation with the values of the symbol
rate (Srate) are varied from 256 to 2,048 ksymbol/second.
Table 4.29 Simulation condition assumptions of the modified slotted np-ISMA

protocol with the varying values of symbol rate (Srate)

Symbol rate Srate | 256, 512, 1,024, 2,048 ksymbol/second
Length of the packet Mplen | 128 symbol

Inhibited time (normalized) d 0.001 -

Cover zone radius r 100 km

High of the base station z 1,000 km

Number of terminal Mnum | 300 -

Timing advance (% of Inhibited time) a 90%, 99%, 99.9%, 99.99%

Figures 4.28a, 4.28b, 4.28c and 4.28d show the relations between throughput
and offered traffic of the modified slotted non persistent ISMA protocol and the slotted
ALOHA protocol when the symbol rate Srate =, 256_, 512, 1,024 and 2,048
ksymbol/second, respectively.

We can see in these figures that the throughput of the modified slotted non
persistent ISMA protocol increases when the symbol rate decreases and the timing
advance increases. And the throughput of the modified slotted non persistent ISMA
protocol always higher then that of the slotted ALOHA protocol when the timing advance
is over 99% of the inhibited time duration. We can see the simulation results summary on
table 4.30.

Table 4.30 Maximum throughput of the modified slotted np-ISMA protocol with the

varying values of symbol rate (Srate)

Symbo! Rate(Srate) Maximum Throughput (normalized)
[ksymbol/second] 256 512 1.,024 2,048
Slotted ALOHA 0.3679 0.3679 0.3679 0.3679
ISMA+30% 0.4399 0.3160 0.2060 0.1227
ISMA +99% 0.7764 0.6971 0.5956 0.4780
ISMA +99.9% 0.9248 0.8937 0.8513 0.7928
ISMA +99.99% 0.9758 0.9658 0.9617 0.9321
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4.4.4 Conclusions

From these simulations, we can see that the modified slotted non persistent
ISMA protoco! has the better performance than the slotted ALOHA protocol on the LEO
packet satellite system when the timing advance ais over 99% of the inhibited time
duration.

Further more, the modified slotted non persistent ISMA protocol can get the
better performance on the LEO packet satellite when the cover zone radius decreases,

the length of packet decreases and when the symbol rate decreases.



Chapter 5
CONCLUSIONS

Through all of the simulation results above, we can conclude that the modified
slotted non persistent ISMA protocol has the better performance than the original slotted
non persistent ISMA protocol and the slotted ALOHA protacol on the Low Earth Orbit
(LEO) satellite system.

The performance of the modified slotted non persistent ISMA protocol will be
increased when value of the timing advance factor is increased.

The performance of the modified slotted non persistent ISMA protocol will be
increased when the service are radius is decreased. On this case, the throughput of
system increases, the packet delay decreases, the collided attempt times and the
inhibited attempt times also decrease, and the symbol rate is decreased.

The performance of the modified slotted non persistent ISMA protocol will be
increased when the length of the packet is increased. On this case, the throughput of
system increases, the packet delay increases, the collided attempt times and the
inhibited attempt times decrease.

The performance of the modified slotted non persistent ISMA protocol will be
increased when the symbol rate is decreased. On this case, the throughput of system
increases, the packet delay increases, the collided attempt times and the inhibited
attempt times decrease.

The modified slotted non persistent ISMA protocol has the better performance
than the slotted ALOHA protocol on the LEO packet satellite system when the timing

advance ais over 99% of the inhibited time duration.
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