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Abstract

During recent years the land mobile communications has

seen a rapid growth, which led to severe spectrum congestion.

"The available spectrum can be put to an efficient use when a

volce channel is shared by more than one subscriber. This can
be accomplished ©because the voice conversations contain

considerable silent gaps.

The concept of Time Assigned Speech Interpretation [TASI]
applicable to Telephone Switch Network could be applied for the

mobile network to increase spectral'utilization. A Demand TASI

[D-TASI] suitable to mobile channels has been proposed. Three

variations of D-TASI: ALOHA, POLLING énd' TABLE DRIVEN are

proposed. ALOHA and POLLING cdndepts are similar to switched
line networks with some time constréints peculiar to the mobile
systems. The so—calléd TABLE bRIVEN system 1s radically
different, and as opposed to the‘preceding.two, does not suffer
from technological constraints. The system simulations have

indicated that the ALOHA and the POLLING methods are similar

"and are considerably superior to the TABLE DRIVEN method. It

_is however felt that superiority of ALOHA and POLLING systems

may be "due to choice of system‘paraméters which may not be

justifiable from the point of view of present day technology.



Finally, problems associated with. signal design are
addressed. Expressions for packet error rate in fading
environment are obfainedo The effect of synchronizétion time
on the channel throughput is discussed. It is céncluded that
the coherent system pérforms better than the asynchronous
system 1if the synchronization time is kept smaller than a
critical value. The critical value of the syndhronization time
depends on the required throughput. Once the synchroniéatioﬁ
time exceeds the <critical value, the synchronous system

performs better.
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CHAPTER 1

1.0 INTRODUCTION

For many years mobile radio sysfems have been used almost
exclusively by police, ambulance, and other emergency and dis-

patch services. The vast majority of these systems were and

still are analog FM voice systems, with push-to-talk trans-.

mission over narrow FM radio channels in the VHF and low VHF
bands. Moreover, each of these sYsteﬁs is assigned one or more
(20-30 KHz) radio channels for its exclusive wuse,  and the

configuration of the system consists of a base station, which

+is usually located near the center of the service area and a

number of mobile units which roam freely. within the (10-20 km

radius) coverage area.

"Recently, however, there has been an increased awareness

of the advantages of radio communications by small businesses,

and indeed by the general public. This awareness was triggered:

and enhanced by the tremendous advantages in solid/state tech-
nology, computers, Tremote control devices and information
distribution systems. Indeed, the knowledge which a few years

ago was the exclusive domain'(and privilege) of the engineéring



and scientific communities is now fully appreciated by the
general public. Moreover, the rapid decline in the cost of
bigh teéhnology proddcts is making ?hese producté readily
available to more and more people énd small businesses. Cord-

less telephone, personal computers, microproéessor—tontrolled

energy saving devices, robots and satellite receivers are .

quickly becoming household items.‘

The impact of this technological revolution is now being

felt by the radio regulation authorities. A sharp incfease in

demand - for radio licences has already saturated the band of

frequencies allocated for mobile radio systems, and governments
around the world are now scrambling in search of ways to accom-
modate the ever increasing demand on the radio spectrum. The

use of . single sideband modulation, spread spectrum,. cellular

systems, high capacity. mobile 'teléphony and an increase in

I : .
spectrum resources through the allocation of new radio communi-

cations bands are some of the measures which are either being
taken or are under tonsideratioﬁ by many governments iﬁ the
developed countries. The , underlying aim is better spectrum
utilization. In the very near ’future the perceftidn of
mébile/portable radio Will;change from being a simple tool for

emergency services to an integral part of modern life.
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.Even if this e&olving form \of radio comﬁunications  in
urban areas is commercially explbited, still the concept of
aésigning one channel per activé user may be an inefficienf
utilization of ‘spgctrum resources. For example, a radio
channel assigned to a taxi dispatch system With 50 operating
cabs may result in less than 10% utilization, as in this mode
of communication brief canersations: are foliowed by long
periods of silence. Statistically studies‘show that when the
two parties (ﬁobile and base) are.éﬁgagéd in an active conver-—
sation, silent gaps between talk spurts occupy more than 50% of
the time. In principle, this same radio» channel could be
sharé& with aﬁothér user who makeé use bf intertalk spurt gaps
ieft by the primary user, without noticeable degradétion in

service quality. Existing technology now provides the means to

‘accomplish this end.

It is obvious that any workable time-shared scheme.leads
to better utilization of the'scarce‘radio<spectrum‘resqurce°
AMany such schemes have .been studied in the past .fpr the
Switched Telephone Network (STN),’ _ Unfortunately the
signal environment oflthe mobile nétﬁork is qdite different
from that of the STN, . and applicationé of tﬁe STN techniques to
the mobile network have to be re-examined carefﬁlly unéer the

stringent requirements of radio networks.




In this report we shall focus on one of the most
sophistica;ed time-sharing schemes, namely, Time Assigned
Speech Interpolation (TASI). This scheme has been stﬁdied
extensively for “the STN [2-9], and it has a potential
capability of approximately doubling the number of ﬁsers for
the same number of voice channels. The adaptation of this

scheme to the mobile radio network will be discussed .in the

following sections, with emphasis on the constraints imposed by

the complex signal environments in mobile networks.
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CHAPTER 11

2.0 TASI for Mobile Packet Radio -

The concept of TASI stems from the desire to wuse the
available bandwidth effectively. In conventional telephony,
spectrum conserﬁatioﬁ>does not play as important a role as 1in
the case of .moBile' networks, where the number of alloéated
channels‘is limited and the demands on the épectrum are
increasing. 'Céliular radio is one steﬁ 'towards spectrum
conservation. With this technique a limited number of channels
is used to serve a large area. 'TASI~is a method of increasing
the utilization of each channel. This section describes
features of TASI thch are pafticulafly relevant to the mobile

signal environment.

The application of TASI to Land Mobile (LM) networks
encounters the following two major difficulties in addition to.

the complexities in the Switched Telephone Network (STN) .

i) STN-TASI each of the users is connected directly to the
switching system through a dedicated line. The system

" controller can therefore assign the speech channel



ii)

immediately upon detecting the presence of speech from
a user. In a land mobile network users .are not
directly connected to the site controller at tﬁe base
station; no channel is assigned to a user during a
silent gap. When speech activity is detected by the
mobile unit, it must therefore obtain a channel assign-
ment from the cdntroller for immediate transmission of

the talk spurts

In addition to the time required to detect speech, the

‘time necessary for channel acquisition must pose some

‘limitation on system design. The protocol used for the

acquisition by a mobile unit of an uplink channel to

the ceil cite is therefore of considerable signifi-

‘cance. ' ' B

In a mobile land network the available 'spectrum must
produce a common communications channel. Thus the
geographical area covered 1is of some significance.

Witﬁin a local area -channels should be allocated to

‘minimize adjacent channel interference. Over a large

area a given channel may be used more than once.




Therefore, the major difference between TASI for STN andl
that in the LM Network is that the latter be based on demand
assignment and 1s termed here as Demand TASI or~D—TASI,: it
will be of interest to identify the paraﬁeters of impdrtance
which determine the expected performance of the Demand TASI

System.

Clearly, the fundamental desire of the user: is to .hear
natural uninhibited speech regardless of how such commenication
is being processed; that is, the sysrem must Be traneparent to
the.ﬁser. Such a requirement imposes serious>rime‘constraints.
Stﬁdies have shown that a delay of more than 250 milliseconds
in speech resulte in a.serious 1555 of intelligibility. Also
there could be a delay introduced »in the system when the
direction of the flow of information is reversed. This.delay
has also an upper bound of 250 msece. Thué any time contiguous
speech burst or talk ~spurt thet fails to arrive at its
destination within 250 msec is abandoned or blocked. Blocking
probability ﬁusr be kept te a very low 1evel‘fer natural speech
to occur, since, 1f blocking is likely, speech patterns will
probably adapr themselves to maintain the channel even Qhen_no
information 1is being exchanged, thus defeeting the whole
purpose of TASTI. These time cohstraints also'aprear in an-STN

with D-TASI. However, there are additional constraints in the



application :of TASI over Land Mobile communication. _VOﬁe
important constraint on system performance is imposed by fading
of the signal, which 1is more severe oﬁ thé doﬁnlink;chénnél
(cell site to mobile) than on the uplink channel (ﬁobile to

cell site). This results in a channel model which is mnot

reciprocal and,hence may need different protocols for uplink'

and downiink channels. Also, due to fading,'the systemlétatus
information available at the mobile or ét the base statioﬁ_may
be imperfecto. Collision .bf messages prior ‘to allogétion
process or delay in‘information updating'may also cause errors.
Finitey: and indeed significant, transmitter and receiver

channel switching times is a techhology related constraint.

2.1 System Network Configuration

The overall system 1s based on the high capacity mqbile
telephone neltwork° Such networks have been installed iﬁ,the
Nordic countries and Japan and are being implemented in the
United :States, the United Kingdom, Canada, France and Spain.
In several other developed and developing couptriesH the
feaéibility of similar systems 4is being studied,/ The 'TASi
system considered hefe could be thought of as a subset of these

high capacity systems with a 1little variation. These high




capacity systems are based on the cellular conéept where a much
larger area is subdivided into smaller contiguous areas known
as cells and each cell is assigned a particular set of
frequehcy which minimizes the adjacent and ?o—channel inter-
ference. Each cell contains on the .aygragé one .cell site

transmitter/receiver and has the task of serving mobiles in

‘that particular cell. The system considered here, though,

relies on the transceiver at the cell site; it has connected to

it a number of base stations with the cell via land lines as

shown in Figure 2.1.

These base stations communicate with their mobiles wvia
cell site rather than going through a Mobile Telephone

Switching office (MTSO) as is the case with the Bell's Advanced

Mobile Phone Service (AMPS). This necessitates transferring

some of the logic/control functidns from MTSO to the cell

. site.

In D-TASI the followiﬁg are the  possible modes of

communications:

(i) Mobile to Mobile (in the same cell)
(ii) Mobile to Base (same cell)

(iii) Mobile to Mobile (different cells)
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(i&) Mobile to Base (different cells)
(v) Base to Mobile (small céll)
(vi) Base to Mobile (same cell)
(vii) Mobile to Fixed teiephone (Integration Wifh céllular
system necessary) |
(viii) 7Fixed to Mobile (Integration With'CellularASystem

necessary)

The base §§ations basically represent an officevcomplex of
a business organization which runs and controls its own mobile
units. This arrangement not only provides interbusiness
communications but also integrates these subsets iﬁto global
pelephone‘service. Oﬁt'of the modes'of comﬁuﬁications listed

above, (iii), (iv), (vii) and (viii) will not be considered

further, as the analysis encompassing the total system 1s

beyond scope of this report. We shall restrict-dur attention
to ‘a system-cqnsisting of a single cell containing a number of
base stations and mobiles and assume that solutions to - the
problems arising out of intercell and cell-MTSO communications

have been solved.

2.2 D-TASI Model

The. D-TASI system is considered to have the following
modes of operations: Mobile to Mobile, Mobile to Base and Basé

to Mobile.
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In all cases the call must be processed in two stages: .

(i) Call Establishment Procedure;

(ii) D-TASI on each talk spurt basis until signing off.

‘The call is established when the cell site receives a
request from the calling party for entry to the system, giving
its identification and of the called party. This information
is retained in the cell site until the call 1is terminated.
Obviously a call originating from a base  station will be
handled at no cost to the radio link since the base stétion is

assumed to be wired to the ceéll site. -0n the other hand, a

call originating at a mobile unit will be established using.aﬁ

dedicatéd setup channel. These three modes of operations are

described below.

2.2.1 Call Originated by a Base Unit'

1. The calling base sends a message to the -cell site

‘" identifying itself and the mobile unit being called.,

2. The cell site stores this information and checks if

+ provision exists for:.an additional active, user. If

i, such provision exists, then the calling sparty 1is.

registered as a user and the called party is paged on

a forward setup channel.

4 1 - _
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If acknowledgement to the paging messagel is not
received within a certain period of time, the same
message is broadcast again and an aqknowledgement is
awaited. In the aBsence of acknowledgement after a
total of three or four ¢trials, the cell site will
abandon the call and dinform the base to that effect;

the base then makes an exit from the system.

If the called mobile. acknowledges, the. cell site
informs thé calling base. of the readiﬁessv of the-
called mobileé to receive the call. ~Aﬁ this stagg the
calling énd the called parties become bona fide users

of the D-TASI system.

Once the call hasbbeen established, uplink and down-
link.channels must be allocated at the onset of a talk
spurt. Allocation of downliﬁk channels does qot pose
a problem as downlink channel status is available at
the cell site. Howéver, uplink channel .allocation 1is
more complex. The need for an ﬁplink channel from a
mobile unit is generated -on a rand;m ‘basis by the
occurrence of talk spurts, and the cell éite has ho a
priori knowledge of such channel needs. This situ;
ation is addressed in more detall in subsequent ¢hap-—

ters.
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6 At the end of conversation, the base or the mobile
sends a supervisory tone to announce the end of con-
versation and both parties.are taken off the list of

active users.

2.2.2 Mobile Originated Call

In this category two distinct modes occur:

(i) Mobile Calling Base

(ii) Mobile Calling Mobile
and_these are described below.

Case i: Mobile Calling Base:

This case is the simpler of the two. The sequence of
events differs slightly from the case desﬁribed in Section
3.2.1 for basé originating calls, and this differenée lies in
the (call setup procedure. The mobiie, when intending to

communicate with a base, goes through the following procedure:
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The calling party (mobile) sends a request on a dedi-

cated or uplink setup channel identifying to the cell

site both itself and the party it wants to contact,

and opens a time window to receive acknowledgement.

The request is acknowledged on the downlink channel
provided the system can sustain ‘the entry of the
calling party into the system. If no such acknow-
ledgement is received, the request is repeated after a
random delay. After R unsuccessful trials ﬁo‘éccess
the system, the ﬁobile abapdons attempts to access -and

the call is considered to be blocked.

If the cell site decides that the requesting mobile is
to be gi#en access to the system, then it is consi&—
ered to be an active user of the D-TASI until the call
is terminated. At the 1nstant of such a decision, the
cell site ackhowledges the .feQuest and also informs
the called party. On the réceipt of tﬁe acknowledge-
ment,_the mobile follows the procedure gkplained in

Step'S of the last section.
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Case ii: Mobile Calling Mobile

The call setup procedure in this case starts with Step 1
identical to Cése i, Here the mobile requests entry to the
system giving 1its i&entification and the number‘ called, and
waits. for the acknowledgement from the cell site. The cell
site, on.the receipt of the request, checks for provision of
such entry to the system, if such provision exists,.then it
sends thé acknowledgement on  the doWnlink setup channel.
Simultaneously it pages the called mobile and waits for
acknbwledgemento if‘acknowledgement is not received within a

specified time, paging messages  are repeated and after R

failures to get the acknowledgement, the call is.abandoned and -

the icalling parfy is informed of this and the call 1is aséumed

to be blocked.

When the cell site receives the acknowledgement success-— -

fully, then both the calling and the called partieé are regis-
tered as active users and normal TASI procedures;take over. It
is, however, to be noted that now two different mobiles are

demanding channels from time to time depending on the arriving

talk spurts, It is important that the elapsed time between the
organization of the talk spurt and its arrival .at the destina-

tion should not exceed 250 msec in order to preserve continuity

.0f speechs The mobile to mobile case causes greatest strain on

the D-TASI systeme.




17

It can be seen that control of communicationé in a land
mobile network is distributed geographically amongst sités
thch are iinked by noisy chaﬁnels. This gives rise to the
possibility of errors and blocking.‘ - To help dvercome: the
diffiéulties of demand assignment,‘it‘is necessary to allocate
additional communications facilities  specifically for
signalling purposes. These éhannels comprise an overhead cost
which must be paid to compensate for the effects of fading,

delay, and noise.

2.3 D-TASI System Parameters

It was pointed out earlier that the alldwable time in
which the various control/communications functions, starting
frbm detection of the talk spurt to the channel allocation and
transmission, must be completed is 250 msec. .How.this évaii—
able time resource is shared among various control functions
depends on the channel'assignment protocol and on technological
and environmental factors. One of the most important questions

to be resolved .is whether to use coherent or incoherent

modulation. - This aspect needs a detailed study of relative

merits of each modulation. technique on the basis of system

performance. These issues are taken up in Chapter 5 of the
report. However, it may be sufficient to state that though a

coherent scheme dlways performs better, nevertheless overhead
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associated with carrier recovery may be prohibitively large,

given the time constraints. For example, it is estimated that

overhead for frame time acquisition is of the order of 2 milli--

seconds for the incoherent system and 30 milliseconds for the"

coherent system. In a time constrained éystem, the performance
advantage of the coherent system may have to bé sacrificed to
reduce the time spent to acquire the channel, The adaptation
of TASI for mobile radio may require a dedicated downlink
channel’over which system status is transmitted from the base
station. This informafion will be required by active stations
to avoid repeated timing acquisition delays. This information
is transmitted continuously .in the form of a bit stream,
regardless of tﬁe pfesence:'or absence of new data. Thus;

timing information will 'be available at all mobile stations at

all times, and downlink transmission may hence be regarded as’

being <coherent. Due to the: unavailability of mobile signal
phase information at the cell site, it is considered that the
uplink channel will use incoherent modulation. However, the

penalty paid for this limitation is not severe since, owing to

the presence of scatterers close to the mobile, the: scattered.

signal components will have wide spatial diversity at the base

k4

station with the result that uplink messages are ;relatively

insensitive to fading. Transmission of a short. preamble also

results in a considerable benefit. Downlink channels are sub-
ject to fading to a larger. :extent than uplink'channels, and

this fact must be recognized in system design.
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2.4 Environmental Parameters

Ideally, the design of a system should involve consider-
ation of environmental factors influencing the signal charac-
teristics. These environmental factors may inclcde the
orientation and physical nature of the streets, buildings and
their structure, the location and velocity of the mobiles, étcg
Such factors affect the signal environment, and inclusion of
all of them will make the analysis and simulation too complex
to handle. This calls for some simplifying assumptioné. This
study assumes the existence of Rayleigh fading, which appfoxi-
mates the signal characteristics associated with the vehicle
moving at a constant speed. It is fecognized, of course, that

speéd may vary substantially. Indeed, in the extreme case the

_vehicle may be stationary in a shadow zone and therefore unable

to receive a transmission from the cell site.

2.5 Technological Parameters

The D-TASI system in a mobile environment must work under
severe time constraints. Some finite time 1is required for

switching the transceiver to newly acquired uplink and downlink

channel frequehcies.w Switching time of the order of 100 msec

in the present day mobile wunits is prohibitively long for

D~TASI wuse. However, recent developments in the field of
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synthesized - receivers by Nippon Electric show that channel
switching times could be safely assﬁmed to be less than 30
msec . The other time constraints which are technologically
related are procéssing of sysﬁem status information, and trans-
mission of commands f;om the site to the mobiles. It 1s felt
that the final éystem specifications will be dictated "by

technological factors.
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CHAPTER III

3.0 System Configurations

In light of various constraints for D-TASI discussed in
the preceding chapter, three different systems are plausible.

These are:

(i) System using ALOHA reqﬁest channels
(1ii) Polling system

(1ii) Table driven system

The detailed discussion of these syéfems fpllows in‘this
chapter. It includes system aréhitecture, their ability to
function within the given time constraints. The merits and
demerits of each scheme are discussed qualitatively. Hardware
requirements along with their degree of complexities areAaléo

discussed.

3.1 System Using ALOHA Request Channels

A subscriber is registered as active by going through thé

procedure explained in Chapter II. This system, as the name

implies, relies on demand assigned channel for transmission of
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speech packets. The channel is requested on an uplink channel
which is shared by many ﬁsers° Due to sharing of channels, the
request which originates as soon as a talk spurt is available
at a user terminal, may result in a collision at the cell site
with a request from some other user. For a lafge number of
users sending short messages (or requests) on a.shared channel?
an ALOHA system can tolérate a traffic density-of the order of
0.15 units. It is clear that it results in a véry'inefficient
utilization of the channel., This inefficiency arises due to
the requirement of retransmission of the collidedAmesgage after
a certain "fall ©back” time whose distribution has been
optimized for the application. This type of system is usually

termed as.Pure ALOHA.

+ A modification of Pure ALOHA system, which>is’twice as
efficient in channel wutilization, dis known aé.Slotted ALOHA.
In the Slotted ALOHA system, the randomness in request trans-—
mission is reduced by allocating time slots for the messages .
A message is sent iﬁ such a system not immediately upbn the
creation of transmit buffer, but must wait until the Beginning
of the next time slot. The time slot is of ~about the same
duration as the message packet of duration, say,'T seconds. It
is clear that in this case, collision occurs only if another
user assembles a packet _during the same time slot. On the

other hand, in a Pure ALOHA system, a collision will occur if
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another message 1s assembled either during the T second period

of (Slotted ALOHA Transmission slot) T seconds or preceding T
seconds. Thus the probability of collision in the Slotted
ALOHA system is halved and hence capacity is doﬁbled for the

éame'p:obability of blocking.

"The application of this system to D-TASI is as follows.
Assuming that call has been established by following the
procedure described in the preceding chapter and D-TASI have
taken over the control of the call. A statlon detecting the
presence ef a talk spurt would immediately send a message on a
dedicated uplink channel to infprm the cell site of its iden;
tity and since the cell site‘has.aiready registered the call
between two parties, therefore it 1is already aware of - the
destination. The cell eite immediately assigne an uplink and a
downiink channel to the call .originating "and terminating
statiens respectively. This assignment is set up as a packet
on a dedieated downlink channel which is transmitted as quickly
as possible; It may be seen that the downllnk message will not
be much 1onger in. duratlon than was the uplink request message
and, given wuplink capacity smaller than the. determlnlstic
allecation. of the downlink channel, this delay will .not te

severe.
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The assignment 1s transmitted repeatedly untill the cell
site receives the acknowledgements from both the partieé,
between whom the call has been set up. The destinéd station
sends suéh acknowleldgemeﬁt on the dedicated uplink channel .and
the transmitted on the assigned ublink frequency. | Thus a
complete connection has been made at the expense of, at mést,
two messages on ALOHA channgl. Ideally, only one message has
been sent on the dedicated 'downlink channel, although this
number may increase in case of fading on either of the downlink

paths.

It is to be noted‘that if the downlink message is not sub-
ject to fading at either the origiﬁator or receiver stations,
then both statlions will begin switching to the appropfiate
channels simul taneously. On réceipt of acknowledgement froﬁ
the cell site, the originator starts transmitting immediately.
If the acknéwledgement is received from thg call;vcompleting
station; the qell site Dbuffers thé information until . B
indicates its readiness to receive. The system is nmow prepared
to receive other packets; In the systems where time constraint
applies such simul taneous channel switching may carry»cénsider—
able advantage. Intuitively, it seems fheoretically possible
ALOHA traffic density cénnot be attained, due to the severe

time constraints ‘applied to the system. In order to get
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subjectively contiguous speech af the receiver, the fall back

time must be short which increases probability of a collision

on subsequent trials. The packet is abandoned if it has been

delayed so much that the time constraint cannot be met &

In. order for the ALOHA system to be feasible, even in the

case of Slotted ALOHA, the uplink channel should be lightly
loaded, as major difficulties arise when avrequest.for cﬁannel
allocation results in a failu;e. If a preamble is necessary
for time acquisition purposes, then its length will make ub
most of the requeét message. The information contents of

request message contains requesting ‘station's identifier

(perhaps 10 bits), a message identifier (2 'bits) and some

‘parity or redundant bits, all of which take considerably less

time than the preamble (perhaps 30 msec).

An increase in the ‘number of dedicated uplink channels
could certainly alleviate this problem, the >num5er of such
channels'needed might cause a signifidantiloss of bandwidth
ad#antage, which is . the original 1motivation_"for considering

TASI. This brings about the important point of the acquisition

-time which should be considerably shorter than 30 msec long

preamble. The tranémitters must also be capable of. trans-—
mitting short packets on short notices and then leave the

channel free of any interfering energy in the intervening time.
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Such transmitters are not known to exist but certainly are
feasible. Figure 3.1 shows a logical diagram of the timing of

a channel acquisition sequence over an ALOHA D-TASI system.

3.1.1 Hardware Configuration

An ALOHA based D-TASI will consist of the following: a

fixed channel receiver (for dedicated downlink channel), a

fixed cﬁannel transmitter (for dedicated uplink channel) Whicﬁ
has the property of being very quiet_in qulescent state vyet
having capability of rapid start and termination of trans-—
mitting state, and a varilable frequency transceivér of
~conventional design but ﬁaving a rather rapid switching
capability. Also, about 250 msec of buffering equivalent to 4K

bits is required.

At the cell site,hsome modest computational,¢apacity'is
necessary, as well as 250 msec of buffering per channel pair
may be: fequired with every set of..fixed transmitters and
receivers, one for each channel. The most stringent require-—
ment to utilize maximum system capacity Dbeing ﬁery rapid

acquisition of the ALOHA channel.




Mobile A _Tequest switch transmit
Base allocate ~ buffer
‘retransmit
N
~
Mobile B o ' switch ack receive

Fig. 3.1: LOGICAL TIMING DIAGRAM ‘FOR ALOHA AND POLLING SYSTEMS
IN THE ABSENCE OF FADING




v . Mobile A . srequest timeout request
Base ' allocate
Mobile B switch ack

Fig. 3.2: LOGICAL TIMING DIAGRAM FOR ALOHA AND POLLING SYSTEMS.
‘ CASE OF A SINGLE FADE ON DOWNLINK TO ORIGINATING MOBILE.

switch

transmit

allocate

buffer

retransmit

receive

8¢




request switch transmit
buffer
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3.2 Polling Approach

3.2.1 System Descriptidn: The polling appféach is a slight
variation on the ALOHA approach. The general idea remains
that creation of a talk spurt at a mobile station causes a
request to be initiated from a station (mobile or base) to thé
cell site for channel allocation. ‘Thus, idea of dedicated
uplink channel for these reqﬁests, as well as for acknowledge-
ment, is maintained, as is the idea of a dedicated downlink
channel for the assignment information; The differeﬁce is in
the nature of the réquests; Rather than a stochastic access
approach, each active user would be assigned a very short time
slot in which to signify the presence of é message by a pulse.
Thus if active ﬁsers existed, for. example, and the slot for
each were of a duration of 250 user, then each station would
have ‘a 250 usec window in which to signify the presence of a

message, with such a window appearing every 10 msec.

The cell site receiver examines the uplink channel time
slots:and determines the caller's identity from the particular
slot filled. As the identity df the called party is already
known, tﬁerefore the cell site allocates an uplink and a down-.
link channel ° to the «call initiator and call recipient

respectively., Both the  stations, on recéipt of channel
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‘allocation information starts switching to the new channel,

thus advantage of simultaneous switching of the ¢hannels, as in

case of ALOHA configuration, is retained.

In sucﬁ a case, delay due to polling would not be too

~severe, being uniformly distributed on (0, 10) msec, to be

followed by a similar delay upon confirmation. In general,
this delay is proportional to the maximum number of slot
positions which would probably be identical to the numﬁer of
activé'users.. Furthermore, while the ﬁinimum ﬁindow duration
is set by the uplink channel bandwidth, this_dufation is quite
sensitive to the geographical size of the region being served.
The minimum>propagatioh delay of é pulse relative to a window
whose limits were determined by a downlink timing frame is near
zéro, while the maximum is determined by tﬁe time for propa-
gatioh over twice the cell size. This delay israpproximately
6;67 msec per kilometre of radius. It ma& be considered that
since this channel is for uplink messages; and fhus~re1ative1y
ihsensitive to fading, a rather high'capacity channel might be
set up for the purpose (with resuiting expense from the point

: i
of view of bandwidth). In this case, the performance of a
polling system is limited by its geographical size and its

maximum active population.
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The quesﬁion of definition of a call establishment proto-
col 1s’not trivial in this system, since an idle station does
not have an assigned slot in order to communicate with the base
station° The solution may be to allocate one or several time

slots for request to enter the system.

Another point requiring consideration is whether  the
polling cycle should be of fixed or variable nnmber of slots.
In case of variable number of slots, the nnmber of slots may be
added or deleted as the nen users enter of established users
hang up respectiveiy. It should be kgpt in mind thét variable
length‘ polling cycle adds. to complexities and ;mny not be

desirable.

Additional complications arise ifimore than'one type of
message is’to be contemplated on the nplink channel. Consider,
for aexample, a situation Ainvolving two nsers' with an
established call which will:be labelled for convenience users A
and nser B. Suppose that user A requests attention, 56 thnt

the cell site sends on the downlink channel allocation for A

and B. Suppose fnrther that by mischance not only the message

to B:is lost but also that B in the next polling sequence also
sends a channel request. This request may then be mistaken for
an acknowledgement. Either some escape protocol from this rare

but by no means impossible event must be designated, or some
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means must be found for distinguiéhing between requests and

acknowlédgements.

A similar dilemma occurs in considering the possibility of
mixed voice/data traffic in a .network of this kind. Since
voice is to have a higher priority than data, some indication

must be made at the time of request as to what sort of message

.is being sent. At this juncture, four types.of messages, 1l.e.,

voilce request, voice acknowledge, data Arequest, and data

acknowledge have been identified.

To suggest th;t message window .allows for . two bits of
information 1leads back to the‘ timihg acquisition problems
discussed in the previogs section. Perhéps the deteépidn of
-the presence or absence of a pulse could be extended to a
decision ambng positivé ~pulse, negétive puiée and no pulse
which would allow the base to distinguish bEtween.a réqueét and
an acknbwledgement. Another ‘alternative is to double the
polling timé with polling cycle alternating'between requeéts
and acknowledgements or perhaps: between ‘data and Qoice
messages. It is clear that the number of uplink messages must

be minimized to keep the polling cycle of reasonable duration.
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3.2.2 Hardware Configuration: The hardware requiremeﬁts of
this system are veryAsimilar to the ALOHA systems requirements.

That 1is, a fixed channel transmitter and a fixed channel

receiver required for uplink -channel to be used for requesting

a channel and receiving acknéwadgements on £he downlink channel
respecfivelfg In addition, variable frequency transceiver is
requirea for each user to transmit‘and receive speeéh packets.
The cell site will require;a similar array of communication
equipment along with considerable coﬁpuéational facilities. As
compared to ALOHA, the principal difference is in the upliﬁk

request transmitters which will still be required to be very

quiet when not transmitting, and yet very quick to attain full

energy. The design of such transmitters may be simplified by a
fact that only detectable energy mneed be sent, rather than
decodable message. fhese design constraints may turn out to be
considerably less severeo Furthermore, the timing recovery
problem at the bésevstétion is considerably mitigated in this
approach as the presence or absence of transmitted energy in a

window should be easy to detect regardless of clock -phase.

3.3 Table Driven Approach

3.3.1 . System Description: .This approach differs .considerably
from the systems described in Sections 3.1 and 3.2. In - the

previous cases, all the channel allocations took place at the
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cell site with the mobile stations .acting as  (somewhat

unreliable slaves). In the table driven approach, decisions

relating to channel allocations are made at the mobile station

itself. The tradeéff is that, in exchange for using technology
which ié knownAto exist, considerable complexity is added to
the mobile.station itself. The basic idea is as follows. A
dedicated channel 1is maintained for the purpose of sending a
qomplete list of system status. That is, a table is trans-
mitted indicating whether .each channel is free or Busy. Thus
for 160 channels, table information will comnsist of 160 bits,
which may take wup AlO msec to tramsmit. A mobile station
detecting a talk spurt (or for that matter, a station wishing
to establish a call) would find a frée channel, based on its
version of the table. It would then switch to that chaﬁnel and
immediately begin transmission. The first message of the call
(part of call establishment proceduré) would have to include
some identifier of the calling and tﬁe called in partiés°
Here, it would Seem_that the cell site has beén-caught unaware
df impending“;raffic. This drawback can, however, be reﬁoved
by using.dedicated uplink channel .or channels for call setup
purposes only. .The cell site on ﬁhe receipt of this infor-
mation, will inform on the dédicated downlink channel all the
stations of the occupancy of the channel, i.e., directive to
modify the table accordingly. .Furthermore, the designated

recipient "would have to be informed of the presence of a

\
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message for it. Thus, the dedicated downlink channel would

have to carry an explicit message indicating the availability

of a packet for the recipient., This implies that the downlink-

channel is not being used for an exclusive purpose of trans-

mitting table information, it is also being usedlfor informing
the called in party to switch to an allocafed channel. This
means that complete table information is transmitted from time
to time and not continuously. The time elapsed between the
complete table infofmatidn. transmission may be considerably

longer than the time it takes to transmit thé compléte table

update,

The Table Driven system is subject to some impairments
that do not affect the request driven sysﬁems‘ deséribed
earhier. One obvious problem with this system dis the possi-
bility of méssage collision° This would arise; if two qsefs
began Fransmission on the same channel near1y simultaneously,
so that neither header was receivéd at the bése statidn :in
uncorrupted form. The solutidn to this for an} tranémitting
station to abandon'a.ﬁransmission afterAa sﬁitable time out
without a confirmation on the dedicated downlink‘channel'(whiCh
would be of the fdrm of a channel allocation to the designated
receive; in a mobile to mobile céil); Unfértunately,'in this
case, both users have wasted the total of s&iyching, header,

and time out time and have to start the process anew. In a
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heavily loaded system; furthermore, they will be likely to
collide again on their next.attempt at acqﬁiring one of a small

number of available channels.

A second type of impairment occurs wheﬁ the header message
is received at the cell site but has not yet been acknowledged
on the dedicated downlink channel when another station attempts
to: transmit on that channel. The Secbnd station will abandon
its attempt after the cohfirmationAfo another user or the time
out, but the established wuser will experieﬁce a period of

garbled transmission.

Thirdly, due to the finite time for channel switching, and

especially in heavily loaded systems, the possibility exists

"that even a correct decision about the existence of a free

channel may be inyalidéted by the time the sWitching hés been .
completed. The authenticity of the table contents may also
come under doubt if the station fails to update its‘?ersioﬁ of
the table due to its location in a shadow zone. This impair-

ment is perhaps common to all the mobile systems.

It is also not clear that this configuration as such can
be extended to a mixed voice/data integrated system or any

other system where packets of two different,priorities existo
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The reason 1s simply that, in a sysfem which 1s completely
occupied, there 1s no way to request resources . on a priority
basis, since there is no way of cémmunicating-with the‘cell
site if all the 'message channels arev OCCupiéd. - One may
consider allocating a dedicated uplink channel to. élleviate
this difficulty at the expense of a reduction in the bandwidth
resources. The same dedicated uplink channel could ﬁow Be used

for entry into the league of active users.

Perhaps the most serious: proﬁlem in the table driven
approagh is thg need for sequential switching. That is, the
recelver station cannot begin to.switCh until the’calier has
actually acquired the channel. ItHis possible toofthét th;s

may be mitigated by continuously switching the channels during

idle times so that the transmilitter, as nearly as possible, is

always ‘ready. Nevertheless, despite all these impairments, the
table 'driven approach can result in considerably higher

throﬁghput as the .channel resources used 'up in channel

allocations din case polling and ALOHA systems are being
utilized in transmission of messages. A logicai diagram of
successful channel acquisition and a packet transmiésion is
provided'in Figure 3.3, Figure 3.4 illustrates the situafibn
where message is aborted dﬁe;to non—afrival of acknowledgement
from the base station within. a time out period. If the age of
the talk spurt is not too}long, the source mbbiie.wiil try to

transmit agaln on another idle channel.
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3.3.2 Hardware Configuration: The table driven approach has

made a tradeoff in hardware, with respect fo the request-driven
approach of some légic circuitryvin the former case compared to
a fixed frequency (dedicated uplink channel) transmitter in the
latter. The circuitry must.receiVe and decode dedicatéd down—
link channel messages and use them to update ‘1ts local chénnél
status table, and thereby to make decisions about optional
channel selection. - A - fixed freqﬁency recéiver, a fast"
switching transceiver, and 250 msec: of buffering are stilli

required.

THe cell site.will again need an array of-transmitters,
receivers and data buffers. The cqmplexity of thé cdmputationQ
al power at the cell site will be only glightly reduced, if at
all; compared to thé'requesﬁ methods, owing to a necessiﬁy to
update»the master table and to optimally allocate the time of
doWﬁlink channel. However, it must be noted that absolutely no
assumptions are made regarding the feceiver transmitter tech-

nology, which is known to exist.
3.4 Summary
Ffom the discussion it follows that systems based on ALOHA

request channel and polling concept are very much alike. The

polling system has an advantage of;reducing the collision due
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to allocation of time slots and thus seems to have some

capacity advantage over ALOHA. Simulation of the sysﬁém in the

next chapter will clear up the picture. On the face of it, the‘

table driven approach seems to have a major problem of message

collisions which may cause a greater loss of speech packets

resulting in quality'degradation. This problem <could perhaps

be alleviated by adopting a different strategy on system

access., Also the issue of the system not being capable of

communicating except via voice channel could be resolved by
allocating a dedicated uplink channel or channels. This will,
however, result in some reduction‘in the overall capacity of

the systems

mn
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CHAPTER IV

SIMULATIONS

4.0 Introduction

For meaningful simulation of D-TASI, it will be worthwhile
to establish some figures for simulation parameters. These

parameter values can then be included in simulation design.

The parameters of the systems are dependenf’ on fhe
particular situatién and mobile radio configuration. . For
example, in mobile cellular system,.cgll‘size, usér population,
nature of destination and reliability may be important para-
meters. Several questions arisé in’ﬁhe category of "nature and

destination of the.traffic.' Firstly, there is the question of

whether the majority of traffic is betwéen one mobile station
and another, or f;om the mobile sfation!to.the ﬁase (of some
transmission line network connected‘fo the base.étation). Pre-
liminary tests show [10] that 60% of the traffic originates
from -the mobile and majority of it ‘is addressed to Dbase

stations. ‘However, in this study. mobile to mobile communi-

cations, for the reasons that such environment is more
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demanding upon the time constyainfs of D-TASI, than would be
for mobile to base only. 1In the iattef casé, the complexity is
reduced by half. Once we demonstrate the feasibility of mobile
to mobiie gommunication, it will be safe to assume feasibility

of gimpler cases of base to mobile and mbbile to base.

Secondly, the use of mobile network by dispatch and police
services do not represent typical conversational speech, but
would comstitute mostly silence broken by short and functional
talk .spurts. It is always technically sound to prove the
feasibility of a system for-the worst case, then the simpler
cases ‘are taken care of automatically. Therefore, naturally
occurring speech in a normal cénversation is taken as a bench
mark for performance. The‘parameters of mnatural speech vary
widely{among‘speakers_and circumstances. However, speech to
total time ratio.of 0f4 is generally éccepted, with falk sputts
of 1 tojS seconds long.

The question as to whether the network is to maintain some
data traffic as well as voice must be addressed. The cfiteria
for déia traffic are different_from those of voice. Invdata

traffic errors cannot be tolerated, but delay is aqbeptable in

order .to avoid large instantaneous usage peaks. In case of

speech, loss of few bits does not seriously degrade the system
performance,  but an excessive delay will result in an

!

_J
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unacceptable system. This implies- that voice/data integrated
systems must have two distinct protocols with speech having
priority for speed (to avoid delays) and ‘data packets for
reliability. This very broad topic ié examined only briefly in
this paper and much work remains to be done to design protocols
to implement these divergent goals simultaneously. There are
indigations nevertheless that even a heavily loéded TASI

network can tolerate some data traffic.

A final consideration which Vrelates directly i$ the
reliabilityvconstraint. This fefers directly to.thé quality of
the service, i.e., the probability of blocked calls{ In the
confext of TASI, it will be the prbbability of blocking per
éall spurt.‘ If a blocking probability of 0;2% ié assumed, then
pfobébility that a talk spurt failsito reach its destination

will indeed be Very low.

4,1 Simulation Design Considerations

The .simulations for the three systems are based on an
event queue and can be classified as:event driven simulations.
Any changé of state scheduled ‘anywhere in  the .system was
recorded as an event, where each event is a record whose fields

include a pointer to the next scheduled event.
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The occurrence of.an event - is simulated by’poppiﬁg the
first scheduled event from the event quéue and all the systenm
parameters affected by such occurrence are éhénged. Iﬁ’thié
implementation, each speech stream has a single corresponding
event din the event dqueue. ' As a result, part Qf the system
update that corresponds to an event oécurrence is the
scheduling .of another event. In these programs, this was
accomplished by‘redefining several of the event fields, notably
ones denoting the type of the évent'and the time of the évento
In principle, event driven simulations may have the number of
events in an event queue which may change dynamically during
execution, with some evénts causing more or leés;than one new

event to be scheduled right after execution of the current

event. This would indeed: be necessary in this application for

a more complete simulation of the cell site behaviour.
% One advantage of having an event queue is the ability to
detect interacting events. Our greatest concern 1is the
detection of collisions, a factor which has not been investi-
gated in mobile TASTI to date. A beginning of packet event may

cause a check for a collision with already scheduled beginning

of: packet and end of packet events. The possibility that a

packet may collide with - another packet not yet in the event
queue is taken care of by checking for collisions again at the

end of the packet. An end of packet event involves a decision
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between successful or unsuccessful transmission. Using this
device of two events per packet subject to collision, an event

driven simulation thus handles every possible case.

The program .simulated fades by simple expedient of
assumiﬁg an overail réte of fadeé "for any downlink trans-
mission. This neglects the fact that at any time some statioqs
are more subject to fédés than others, which may slightly skew
the-delay distributioq. However, the overall system, traffic
should not be greatly affected. Fading and interference on
ﬁplink trénsmission were also neglected. This is reasonable,
since antenna sizg and space divérsity at the base station
makes loss of packets a relatively rare event.which‘will not
hgve a large effect on.overall'traffic‘performance. It is of
course necessapy‘that a final prdtocol specification take these
possibilities iqto account to enable clean and rapid recdvery

ffom such unlikely events.

Another aspect of the:system which has not been simulated
is fhe call establishment périod. That is, the means whereby a
uséf acquires active sfatus and‘rings the desired destination
has ﬁot.been considered in ;his simﬁlatién. This aspect of the
system would be a straightforward extepsion of the ALOHA and
the table method, but . somewhat . problématié in the .poiling

approach. One solution may be to reserve a special polling
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slot for call establishment. In any case, the call establish-

ment will form a small percentage of the request traffic.
Finally, the effect of fades on the actual data was not
considered, but this is an unavoidable feature of mobile radio

regardless of whether TASI is used.

4,2 ALOHA Based System Simulation

Figure 4.1 illustrates the aspects of the 'ALOHA based

system protocol which were simulated. The buffering of the

message data at the base sfation is éhown in the flowchart, but
was not taken into account in the simulations. The total delay
repoffed in the siﬁulations did take into account:. the differ-
ence ‘in time betwgén the' beginning of the message at the

originating station and its:reception at the destination.
| ,

‘It is seen that if no channel 1is available,-the originator .

will reissue a request after a short time; In the simulations
reported here, this time was taken to be 50 msec. A élightly
more sophisficatéd protocol might cause a queue to- be formed aﬁ
the base station, wﬁich might.make-delayed assignments on a
first come first served basis, which.woﬁld ameliorate conges-—

tion- on the ALOHA channel.
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Another parameter which was constant over the simulations

was the mean fallback after a collision, which was uniformly

distributed over (0,100) msec. This must be decided on a

pseudo random basis at the transmitting station, in order to

avoid repeated collisions due to a fixed retrial period.

Table 4.1 shows the ﬁerformancé of the ALOHA system fér
various ALOHA packet‘durations and system congestioﬁ levels.
The uplink packet durations vary over a considerable range.
The sﬁaller values may be justified by the @se of several;
rather than aAsingle, ALOHA channels. Furthermore, the down-
link channel may be used to perform some time-slotting, with a
result of cﬁtting the effective packet>length.by nearly half.
(A full 50% reduction 1s wunachievable due to the wvariable
round-trip delays between the base‘ station and Ehe various
mobiles.) An estimate of the packet duration might be about 12
bits of message, 20 bits of preamblé, adding to 32 bits for a
total packet length of 2 msec. Taking advahtége of slottiﬁg,
this could mean an effective length of littie more ;han 1

msece.

The table shows, for each combination of traffic level
(designated p) 1in erlangs and system size, both blocking

probability and mean packet delay in milliseconds.



ALOHA METHOL (10 ms

n=8

#(hy  del
0,41% 012
0.45 L0132
0,27 014
0,14 .022
0,83 ,015
0,67 017
0.928 ,019
1,15 024
1.35 019
1,66 023
1.93 024
1470 057

Table 4,1: Performance of ALOHA SYSTEMS for Various

n=l4
F(h) del
0.00% 008
0,00 ,008
0,00 011
0,00 ,024
0.02 ,008
0,10 009
0,02 012
0,06 026
0,1% .01t
0,16 011
06,08 015
0,14 ,03%1
0,20 015
0,31 ,01i8
0.58 022
0,58 040
0,93 ,023
0,92 026
0.81 ,027
1.41 050
1,65 032
2,27 ,0%9
1,90 .039
2,23 ,060

switchings

1,3
=32
#() del
0.00% 007
0,00 ,007
0,00 013
0:01 041
0.00 007
0,00 009
0.00 ,014
0,04 ,045
0,00 007
0,00 ,009
0,00 014
0,08 050
0,03 008
0,04 011
0.:.02 014
016 2054
¢,08 012
D,15 ,014
0,17 021
0,461 045
D44 020
0,47 024
0,71 032
1,28 ,078
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n=44

#(b) del
0.00% ,008
0,00 ,008
0.00 (019
0,00 008
0,00 010
0,00 021
0.00 ,008
000 ,010
0,00 ,021
0,00 008
0,00 ,011
0.00 ,022
0,004 ,009
0,02 012
0,00 ,024
0.17 013
0,05 015
0.07 031

sec tzlkspurts)

n=128

#ib) del
0.007 008
0,00 009
0,002 035
0.00 ,009
0,00 ,0132
6,00 .039
0,00 .009
0,00 013
0:01 042
0:00 (009
000 010
0,02 040
0,00 009
0,00 003
0,02 051
0.Q1 vﬁ010
0:01 ,016
0.05

Packet Lengths and Congestion Levels

D39




In this, and all the results which follow, runs which

indicate a blocking probability greater than two percent are-
not shown. The dashes in the tables thus indicate a non-

functional configuration. All runs are'based on ten minutes of

simulated time, representing from 2000, to 50000 completed
messages. Despite the rather large population, -considerable
statistical fluctuation 1is evident on these tables that
occasionally masks the trends being examined, particularly with
respect to the blbdking probability value. The reason for this
fluctuation is that blocking events tend to comé in bunches,
when the system 1is fully loaded. A blocking situation may be
very short or relatively long, depending on how many users
enter into contention immediately after system saturation and

before active channels are relinquished.

The table shows that performance nearly double that of
non—interpolated aésignment (that is 0.4 erlangs) éan‘ be
acﬁieved with a channel pool as small as 16 channels. Further-
more, as might be expected, performancé improyes with
increasing pool size. Ah apparent anomaly sho%s_up at longer
packet. 1engths  for large systems, where ﬁerformance breaks
down. Figure 4.2 plots‘the perforﬁance'ofvthe ALOHA systems

for a packet length which illustrates these phenomena.
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Table 4.2 shows the results of ALOHA simulations in which
the mean talkspurt duration was taken to be 2.0 seconds rather

than 1.3 seconds. The ratio ofISPeech to silence was kept at 2

to 3. As expected, ALOHA system performance improves, due to

reduced ALOHA channel loading.

Table 4.3 shows the results of ALOHA simulations where the
switching time 'was taken to be uniformly distributed over
(0,60) msec, rather than (0,10) msec, as in most of the

simulations. Some deterioration in performance is noted.

‘Table 4.4 shows simuiations.of ALOHA performance in the
presence of fading. Downlink message failure rates as high as
15% were simulated. .Increased mean delay is evident, but any
increase in blocking probability is not papticularly'appafent

compared to the statistical fluctuations.

Figure 4.2 shows an output from the ALOHA simulation. A
switching time of 60 msec was chosen so that its effect would
be obvious in the deléy histogram. This run simulates a rather

heavily loaded system, so the effect of collislions can be seen.

t
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ALOHA METHOD
shannels? - 12
psaprs ) 48
gnd of zimulstion at? 22 0000000 0QDELO?
statistics cleared at) 2.000000000E+02
mean follisiion fallback! S, 000000075E-02
reresuzst after bloehking? S, 000000075E~02
st 0f zbandened Jobst 5,000000000E-01
faile erobability! _ 5.,000000075E-02
mean rsuse after abandornment: . 1.000000000E400
uelink =zcket lendth! 1:.000000047E-03
pean ohznnel switch timed 2,9999999132E-02
hese ststion timeout! Q.999999774E-03
posn time between talbseurts? 1,2500G0048E+00
mEan branemission durationd 1,299979952E4+00
ent of simulation a2t S,000000000E+02
sustem time = 4,221732398E403
potive time = 0 T 3,904291992E403
Cnumber of Jobs comelated = 3093
muzmoer of messzades colliding = 245
number of . .obs bloocked = : ‘ 3370
numper of .JJobs abandoned = . 102
lerdth of observation = 3+ 000000000E+02
rrabaghility of azbhandonment = 3J.192428104E-(
mean dolaw = 8,582004905E-02
total dobs i sustem = . 92 of which ' ? zetiye
total sge in system = 2,058294973E401 of which 2,004095459E+01 active
A 0,000E400 33 K¥¥
T 1, 000E-02 184  ¥hyywyskyxix : f
2 2.000E-02 288 REEX¥RERNRRLKi ¥k o ‘ '
3 3,000E-02 4148 REREXRRRRELkgeveyadkreyy
4 4.Q00E-02 BIR RRykRGrvEydEvEyd HYRYE YT TR ALY
I S.000E-02 A77. XEXEXKRAREARIEFRVERERRLLRFRLRd kv vhpvy:
£ A,DOCE-02 85  EU¥RX
7 7, 000E-02 40 %Y
3 8,000E-02 43 X%
9 9, GUdE-02 24 ¥k¥
10 1 GJOE 01 A4 RkE% T e
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ALOHA METHOD (10 me switchingd 2 sec talhkerurts)

uplink, r=g r=14 n#32 n=k4  p=128
recket  m(b) del  r(b) del r(E) del #(b) del w(b) del

0v4 ms 1,027 (015 0,007 008 0,00% 007 0.00% 1009 0,007 011
1,6 0,77 4012 0,17 011 0,00 ,011 0,00 . ,015 0,00 032
boh 0056 019 0,10 ,021 0,00 .029 0,18 ,059 - - -
0,4 0,85 ,015 0,03 ,009 0,02 ,008 0,00 ,009 0,00 011
1.6 0,94 018 0,10 ,011 0,00 012 0,00 014 0,00 0025
fod 1,237,025 0,0% ,021 0,00 030 0.42 ,047 - -
0.4 2,80 .028 0,41 ,012 0,00 ,008 0,00 009 0.00 011
1,6 2,35 ,023 0,35 L015 0,03 ,013 0,00 .016 0,00 077
bod 3019 033 0,47 028 0,03 .01Z 0,46 074  ~ - -
0,4 - - 0,50 015 0,04 ,010 0,00 .010 0,00 ,0ii
1,4 - = 0.74 ..020 0.07 015 0,00 018 0,00 029
604 - - 1,08 ,023 0,18 ,037 1.70 ,086 - -
0.4 - S2.62 0,028 0,19 013 0,00 010 0.00 012
1,6 - - 2,04 ,034 0,30 ,020 0,04 ,019 0,00 031
6.4 - - 2,01 044 0,33 047 0,82 017 - - .
0.4 L= == e 113,024 0,15 ,014 0,07 .01%
1.4 - - - - 1,23 ,0Z1 0,31 026 0,07 073
6.4 -

- - -~ - 1,68 ,057 - - -

Table 4.2:  Performance of ALOHA System for Various
Packet Length and Congestion Levels .
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ALOHA METHOD (40 me switchings 1,3 secbtalkﬁﬁurtg)

gl

1,39
.61

n=8

Y del

1
F{D

0,068
0.06
010

0,20

0.12

0,22

0.72
S 0.82
0,51

Table 4.3:

=14

) del

1 o.042

+043
047

046
044
1050

+ 051
»054
s 007

1041
061

» 068

r=32
=«(h)  del

0.00% 041
0,00 ,047

0,00 ,047
0,00 041
0,00 043
0,00 . ,049

0,05 - ,043
0,04 ,044
0.10 - 051

0,18 . ,047
0.22 .049
0,22 L0595
0.80 037
0,80 099
0.65 (067
1.66 4073
2.2% .078
i,48 082

n=sd n=128

#(h)  del F{h)

0,00% (041 0.00%
0,00 ,043 0,00
0.00 (047 0.00%

0,00 041 0,00

~0.00 .043 Q.00

0,00 054 0,01

0.00 L042 0,00

0,005 ,044 0,00

0.00 096 0.00

0,004 042 0,00
0.02 l0450t00
0:02 059 0.06

0.06 (047 0,004
0,09 050 0,00
0.13 046 0.14
0,52 ,059 0,13
(58,063 0,08
V57,077 0,44

del

£ 042
1047
074

L 042
047
1078

L0432
. 048
081

048

087

043

C» 049

093

s 049
2087
+108

Performance of ALOHA System for Increased
Switching -Time
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+B

fade
srob,

005
0.10
0,15

0,05
0,10
0.15

0,05
0.10
015

0.05
0.10
0,15

ALDH4 METHOD (10 ms swyitchingd 2 sec telhseuric)

" on=fR

rib) el
0.99% ,019
0,50 .022
0,28 ,022
D55 L0246
1.93  .0R&
1436 4024
1.44 031
.25 4032

n=14
#{h) del
0,027 G122
0,08 014
0,00 .017
0,046 ,022
0.08 015
0,29 .019
0.19 022
0,35 025
0.58 ,022
0,31 ,023
049 025
D49 L0320
081 (027
1:40 ,03Z4
1+49 040
1,86 042

Table 4.4:

Performance of ALOHA in Presence of Fading

=32
r(b) del
0,007 014
0,00 017
0,00 ,019
0,00 (023
0,00 014
0,00 017
0.00 021
6.00 ,024
0.02 014
0,05 020
0.06 .027
0,12 L0327,
0,17 021
0.3 L0208
0.18 028
0.21  ,032
0.71 032
0.5% 035
061 037
0,40 040
1.53  ,043
1,81 ,082
1.04 ,048

1056
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n=44

r(b)  del
0,007 ,021
0.00 .023
0,00 027
0.00 029
0.00 021
.00 ,024
0.00 027
0,00 ,030
000 Q22
0.00 024
0,01 ,028
0:.00 033
0,00 ,024
0,01 ,028
0,01 031
8,01 034
.07 031
0.07 033
0:.10 ;035
010 040
0.41 039
0,595 046
0,95 048
0,48 052

n=128
#{b) del
0,007 019
0,002 ,042
0,003 045
0,01 /049
0,00 ,042
0,01 044
0,01 ;049
0,01 ,052
0.02 ,040
0,02 ,050°
0,02 ,053
0,02 057
0,03 051
0,04 ,056
0.03 058
0,04 ,043
0.05 ,059
0.08 0641
0,07 064
0,14 ,068
0.41 4071
0.20 ,072
026 077
0,40 ,078
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4,3 Polling Simulation

Thé logical aspects of the“polling simulation Qere
similar to those in the ALOHA approach, so that Figure 4.1
remains valid in ‘this instance. Indeed, the simulation was
rather simplified by the absence of any collisioﬁ eventsa.
Figure 4.3 1llustrates a typical run, .representing circum-
stances similaf to those of Figure 4.2, A rather long polling
cycle _is illustratede. It is ciear that thié polling can

contribute significantly to the delay experienced.

Table 4.5 shows the results of simulationé of a polling
network with a 10 millisecond maximum éhannel switching time,
and a 1.3 secqnd mean talkspurt duration. Performanqe is seen
to be similar to that of the ALOHA based system, though not, of
course, subject to collisions, as far as the probability of.
blocking is concerned. However, for networks which are both
geographically and numerically large,' the expected delay
becomes unacceptable. Assuming no guard time and zero pul se
width, a 160 microsecond polling intérval implies‘ a 1ﬁaximﬁm

diameter of about 25 kilometres.

Table 4.6 shows that, as expected, changing the talkspurt
distribution while maintaining traffic intensity has no signi-

ficant effect anthe polling system performance. Table 4.7
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of simulation 3ti 4.,000000000E402
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uelink
sacket

10 ugee

40

© 140

4490

10
40
140
449

10
40
1460
640

10
40
140
540

10
49
140
$40

10
40

140
&40

FOLLING METHOD (10 ms switching: 1,3

n=8
#(b) del
0.36% (011
0, A5 »012
0,31 014
0.28 028
0.79 014
D37 4018
0,82 4022
D74 032
1,55 021
1.07 024
1.31 024
.41 (039

Table 4.5: Performance of POLLING System for Various

n=14

w(h)  del
0,00% 007
0,00 009
0,00 014
0,00 ,037
0.08 009
0,06 011
0,00 015
0,04 041
0.27 013
0.10 012
0,12  ,020
0,14 ,047
0,53 ,014
D,36 ,019
0,58 027
0,24 ,054
1,32 ,025
1,13 ,028
0.83 ,035
1.17 D44

=32
#{b) del
0.00% 007
0,00 011
0.00 (022
0,00 ,048
0,00 ,008
0,01 011
0.00 (023
0.00 ,073
0.00 008
0,00 012
0.04 .025
0,01 ,079
0.15 .011
0,02 013
0.04. ,028
0,00 .084
0.14 ,014
0.15  ,018
0.14 033
0,26 ,094
0,29 ,020
0,57 .025
0,33 040
0,85 ,108
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goe talksrurts)

n=bd’
£(h)  del
0.00% 009
Q.00 014
0,00 038
0,00 129
0.00 009
0.00 L0135
0.00 040
0,00 141
G.00 (D09
0.00. 014
0,00 042
0.00 149
0.01 009
0:.00 016
0.00 045
0.00 159
0,00 010
0:00 .018
0:.01 (043
0.004 ,171
0,04 ,012
0.04 022
0.05 034
0.08 ,184

n=138
r{b) del
0,007 (010
0,00 022
0,00 (048
0,00 ,251
0,00 010
0,00 023
0.00 073
0,00 .273
0.00 011
0,00 025
0400' eO?Q
0.00 293
000 .011
0.00 024
0.00 084
0,00 ,314
0,00 012
0,00 027
0,00 089
0.00 ,334.
0.00 013
0,00 ,029
0,00 094
0,004 ,35%

Packet Lengths and Congestion Levels
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FOLLING METHOD (10 ms switchings 2 cec talksrurts)

urlink n=8 ' n=l4 n=32 n=44 n=128

7

3

o

racket #(h). del #{h)  del b)) del r(b) del #{h) del

10 usec 0,62% (011 0.04%Z ,008 0,007 008 0,00Z ,009 - 0,00% 010
40 0,49 ,015 0,00 009 0,00 010 0,00 ,014 0,00 ,022
160 0.33 ,015 0.00 014 0.00 022 0,00 037 0.00 068
10 0.34 ,01%9 0,24 ,009 0,00 ,008 0,00 .009 0.00 ,011
40 1.98 021 0,24 011 0,00 011 0,00 ,015 0.00 023
160 1,47 020 0,00 016 0,00 027 0.00 ,040 0.00 073
10 -~ - 0,38 012 0,07 ,009 0.00 009 0.00 ,011
40 - - 0.1g¢ ,012 0,02 ,012 0,00 ,015 0,00 ,024
140 - - 0.42 ,020 0,03 025 0,00 .042 0,00 078
10 - - i1.38 022 0.11 011 0,00 ,009 0,00 ,014
40 - = 086 018 0.11 014 0,00 .0146 0,00 ,025
160 - 1,03 ,02%9 0,09 ,028 0,00 ,045 0.00 ,084
10 - - - = 0,33 013 0.00 ,010. 0,00 ,012
40 - - - - 0,23 ,018 0,03 ,018 0,00 027
140 - - - - 0,12 032 0,00 048 0.00 .088
10 - - 1037 9,027 0,15 ,014 0,00 ,013
40 - - - 023 ,012 0.03 018 0,004 ,029
160 = - - -~ 1,41 031 0,07 ,0%4 0,00 .094

’_Tablév4.6: Performance of POLLING System for Various

Packet Lengths and Congestion Levels
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FOLLING METHOD (60 ms switehing: 1.3 sec telksrurts)

uelink =8 n=14 n=32 n=hd n=128
raclket i) del g(h) del (b)) del #{h) del w(h)  del

1O uwzee 0,31% (047 0,004 (040 0.00% 041 0,007 (042 0,007 044

40 013,045 0,00 042 0,00 044 0,00 049 0,00 L05T
160 041 050 0,00 048 0.00 L0535 ©0.00 .071 0,00 101
10 0,83 048 0,06 ,042 0,00 .044 0,00 042 0,00 ,044
40 0.94 (051 0,04 ,044 0.00 .044 0,00 048 0.00 054
140 1,10 4083 0,15 051 0,00 057 0.00 .073 0.00 ,106
10 1,08 .05& 0.33 . ,047 0,01 ,042 0,00 ,042 0,00 044
40 1,31 ,0%4 0,16 ,D46 0,00 045 0,00 047 0,00 038
140 1.76 043 0,20 .054 0.00 058 0,00 074 0.00 .111
10 - - 0»53 l053 'ﬁaO'q 0044 . 0.\00 )043 0)00 )045’
40 - - 0.97 094 0.01 047 0.00 030 0:00 .05
140 - - 0,77 2061 Q.03 062 0,00 078 0.00 117
10 - - 1939 40’50 le 5‘350 0&03 104‘} 0)@0 |045
40 - - t.18 061 0,17 054 0,00 051 0,00 061
1'50 - " 1)14 (-071 0!17 !066 0001 (-0"32 OGC‘O *122
1w - - - ~ 0,50 ,056 .0,02 ,048 0,004 ,047
49 Co- - - - 0.42 062 0,08 054 0,01 043
140 - - - - 0:.40 ,076 0,11 090 0,00 127

Table 4.7: Performance of POLLING System for Various
Packet Lengths and Congestion Levels
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FOLLING METHOR (10.m5 syitching? 1.3 cec talkspurts)

n=8 .
Pl del
0.37% ,015
0,50 ,018
0,63 022
1,06 028
1:07 024

1,44 ,072%

0,95 028

1,81 1,032

rn=14

del

n=33

Fi(b)  del
0,01% .011
0,00 ,014
0,00 ,017
0,00 020
0,00 012
0,00 ,014
0(01 4018
0!00 IO:'?O
0,02 ,013
0,0% ,017
0.01 020
0,01 ,024
0.15 ,018
0.12 ,019
0.07 ,02%
0,21 ,026
0.57 025
0,42 031
0,38 ,032
0,48  ,033
1:.34  ,040
1.19 .041
1,81 .049
1,18 ,049

n=464

r(h) del
0,004 ,015
0,00 ,118
0.00 021
0,00 ,024
0,00 ,01é4
0.00 019
0.00 021
0,00 ,025
0,00 016
0,00 ,019
0,00 023
0,005 ,025
0.00 .,018
0,00 .021
0.00 ,024
0,01 027
0.04 ,012
0.08 026
0,09 ,028
0.09 ,028
0,38 ,034
0,21 ,031
0,44 ,039
0,30 ,0%9

n=128

#ih) del
0,00% 023
0,00 026
0,00 ,029
6.00 ,032
0,00 025
6,00 ,028
0.00 031
0:.00 034
000 024
0.00 ,029

0.00 ,032
0,00 035

0,00 ,027
0,00 L0320
0,00 033
0,00 ,034
0,00 029
0,00 ,032
0,002 ,035
0,00 ,038
0,01 .032
0.02 034
0,04 040
0.04 043

Table 4.8: Performance of POLLING Network in the

Presence of Fading




shows the performance with switching time uniformly distributéd
on (0,60) milliseconds, rather than on (O;IO)Aaé in most runs.
Nothing surprising emerges. Biocking probabilities are’
similar, and delay times increase an average of 25 milli-

seconds. This compounds the problems of the larger systems.

Finally, Table 4.8 shows the performance of the polling
network in the presence of fading. A 40 microsecond polling
slot is assumed. Performance is seen to be robust in the

presence of a loss of downlink command messages at a rate of

15%.

4.4 Table-Driven System Simulation

Figure 4.4 shows a flowchart‘of the process simulated by
the table—-driven ﬁgtwork program. While fhe decision ﬁrocess
illustrated seems isimple, mﬁch comﬁlexity is masked in the
channel acquisition block. In ordef to fit the simulatioﬂ in
the limited memory of the ?DP—ll, and to speéd éxecution as
well, the actual maintenance of system ﬁaps: at all mobile
Astations was nét simulated. Réthe;, a deciéion was made about
t he ége of the local map at the time of detectioﬁ Qf é speech
burst. The map was then set to be tﬁe correct map at the time

of last successful refresh.
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Fig. 4.4(b):
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Also, mno additional checks were simulated during the
switching interval, although in practice this would probably be
a good idea if no interference due .to the.channel switchiﬁg
process were anticipated. | 4The expectation was that this
simplification would penalize the performance>of systems with a

long switching time, but this turned out not to be the case.

As simulated, the ‘table-driven system shows some
instability. In particular, the "header length” is seen in
Table 4.9 to be a rather critical performance parameter. This
is defined as the time between physical acquisition of a

channel and the confirmation of the assignment by the base

statione. A long header greatly increases the chance that the .

headers will be subject to collisioﬁ, and that hence neither
user will have the channel allocated. Thus both will continue
to search a possibly limited set of free chaﬁnels, with a high

probability of colliding again.

Despite this problem, it is seen that quite acceptable
performance can be achieved relative to non-interpolated

assignment.

Table 4.10 shows the. performance of the same set of

systems with talkspurt durations averaging'Z.O seconds rather

than 1.3. There is a surprising dindication of ;déteriorated
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034
031

041

n=l4
(b} del
0.27%4 014
0,323,019
3,24 -,032
0,44 ,018
0.82 023

Table 4.9: Performance of Table Driven System for
Various Packet Lengths and Congestion

=232

‘#{p) del
0.01% 011
0,02 015

R4 029
.01 014
0,15 016
0,19 ,019
0,32 021
0,63 (023
0,88 ,030
249 (033

Levels

ewitohings 1.3
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ser talkerurts)

n=44

CR(h)  del
0.04 ..015
.74 030
0,00 L0111
¢.01 013
0,05 012
0. 1% L0185
0,02 ,01X
¢.80 ,018
1:.39 021
D50 024
4,588,028

n=128

Fib)  del
0.00% 011
0,03 015
4,47 029
0.00 011
0,05 015
0,00 011
0,16 014
0,00 011
0,45 017
0,02 012
0,04 015
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TABLE METHOD (40 me switchings 1,2 sec tallseurts)

header r=4. n=14 n=32 n=64 n=128
length (b} del  sin) . del pln)  del =(h)  del Fip)  del

Iomsee 30677 075 0,387 (042 0,01% (043 0,00% 062 0.00% (042
4 3,27 077 0,55 071 0,05 046 0,00 066 0,00 ,0hé
14 3.27 095 0.82 087 0,23 ,084 0,32 084 0,00 084
1 - = 0,72 ,073 0,12 045 0,00 063 0,00 043
4 - = 112074 0.08 089 0,01 047 0.00 (047
16 - = 105,092 0,48 089 0,67 L0B8 0.84 ,088
1 - 1,87 078 0,26 ,048 0,01 ,065 0,00 045
4 - - 1,66 4082 0,17 ,071 0,01 ,070 0,00 ,049
16 = 2,72 0101 1,05 ,093 1,81 095 2,21 ,094
1 - - - - 0,43 ,074 0,10 068 0,01 066
4 " - - - 1.02 (081 0.09 073 0101 (072
16 - - - - - - - - - -
1 - - - - 1440085 0,27 .074 0,03 ,070
4 - - - = 1,80 ,092 0,30 081 0,04 078
1 - - - - - 0,95 .084 0,11 077
4 - - - - - -1

+ 28 091 0,54 -,088

Table 4.10: Performance of Table Driven System for
Various Packet Lengths and Congestion
“ Levels :
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performance at smaller network sizes. The Llarger networks
perform better than in the case of more‘ffequent switching, as

expected.

Table 4.11 1is aiso surprising, in that no deterioration is
shown with respect to blocking probability in.a sysﬁem with a
much higher switqhing time. However, closef examination of
these runs has revealed that the collisioﬁ probability is much
higher in the cases where faster switching is possible. Thus a

"chain ‘reaction” type of situation is set up, in which channel

acquisition problems proliferate among all users, while in a

‘system with a slower switching time, abandonment is much more

likely.

Table 4.12 shows the relationship between table-driven
system performance and fading probability. The most noticeable
thing is the large fluctuation from run to run, with relatively

little correspondence between fading probability and blocking

rate. Indeed, in one case, the simulation "blew up" for a case

of zero fade (an exit trap‘was provided for simulations where
blocking exéeeded 25%) while results were obtained with higher
fade values. This situation was not repeated for an identical
run with a different random number_seéd. In that case the

result was comparable to the others in the cell.
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n=44

#(h) del
0.00 ,011
0,00 ,014
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0,00 ,011
0.00 .014
0.00 012
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The conclusion 1is that the behaviour of the table-driven
system is both complicated and unstable. If such a system is
to be reliably workdble, a more complete protocol will have to

be specified and implemented .

4,5 Comparisons and Conclusions

Figures 4.5, 4.6 and 4.7 present a graphic comparison of
the three approaches studied, as far as blécking probability ié
concerned at least. The performances of the two request—drivén
methods are seen to be very similar in this regard, and con-
siderably better than that bf-the table-driven method.

The decision between these approaches rests. on techno~-
logical factors and geographic ones. Large cell sizes work
strongly agaihst the polling method in terms of delay. 'This
can be ameliorated; qf course, by the éddition of extra polling
channeil s, so that each user'ﬁould make requests onfonly_one'of
a number of polling‘cycles; Similarly, in situations wheré the
ALOHA channel is the principal performance 1imitation, extra
ALOHA channels may be added. 0f course, both of these
approaches will 1lessen the\bandwi&th advantgge which is the

main purpose of TASI.
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"The technological considerations for the ALOHA . method
require deyelopment of very fast non—cdherent;rdemodulators,
minimizing the required preamble. For .the polling method, the

requirement is for very Short,'easi1y detectable pulses which

do not‘requifg‘too,mﬁch bandwidth. Optimai'perfbrmance of the

two methods is comparable.
The. principal conclusion of this study is that TASI in the
mobile radio environment seems feasible, and that work should

continue. The present work could‘be‘expandéd-to include

1) simulation of queueing Qn'tﬁe dedicated downlink

channel;

“2) simulation of varying fadé'prdbébilities'fon vapioﬁs

usérs;
3) call establishment;
"4) Dbase—-to-mobile and mobile~to-base communication;

5) ‘mixed voice and datd packets with data integrity

checks, and

-~ 6) a more sophisticated table-driven approach.
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CHAPTER V

ISSUES RELATING TO DATA COMMUNICATIONS

5.1 Introduction

The network éonfigurations proposed in the previouS'Chap—
ters.can be greatly enhanced by includiﬁg data communication
faéilities. This can be éccomplished by simply reserving a
small number of channels for daté traffic. Of course the data
and voice can be fully integrated on all channels, but that
would complicate the design considerably. »Thg data traffic

generated by the mobile units is expected to consist of short

‘and infrequent messages, hence one or two radio channels can’

support a 1arge number of data terminals. Moreover, the bursty
natﬁre of the data traffic suggests fhe use of random access
schemes. Slofted ALOHA is difficult to implement in the mobile
environment because of the large differential aelay between
terminals at various 1ocationé, while CSMA techniqueé are more

compiicated and probably unreliable under fading  conditions,

This>suggests that the simple ALOHA scheme is the most suitable
technique. In the AMPS system ALOHA was modified in order to

reduce the probability of collision between .packets. The

modified version can be described as a quasi-CSMA, where the

base station sends a control bit periodically to indicate the
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statusvof the random access channel ("1" for busy and "0" for:
idle);. the mobile is required to monitor three consecutive
controi bits and take a maJority voting decision as to transmit
or Waito' Here, we shall restrict the discu851on to the simple

ALOHA schenme.

Although packet radio is feasible with today's technology,
a great deal of work remains to be undertaken before it becomes
a realistic practical alternative to meéssage or. . circuit

switchlng. This is particularly true for mobile systems where

frequent signal fading_ and high error probability severely

constrain the selection of packet length, modulation method and

access protocol.

In this chapter, we address a number of outstanding

problems in designing packet radio systems. It should be noted
| :

that these problems affect the control channel'throughput.of

the TASI system discussed previously as well as the mobile-data,

communication in general. An expression for the packet error
probability under fading conditions is derived in Section 5.2.
In Section 5;3 the channel throughput of ALOHA/ARQ protocol for
fading channel 1is determined{' A discnssion of the effect of
synchronization time on the channel throughputh is given in

Section 5.4. Then, the chapter is coneluded in Seetion 545
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5.2 Packet Error Rate

In a typical land mobile éystem the enveldpe',of' the
received signal at thé~ mobile ié known to-. have a Rayleigh
probabi}ity distfibution with é‘time variation ppoportional to‘
the product of the-vehicular speed and the carrier‘frequendyu
At the base station the received siénal has differeﬁt statis~
tidal characteristics. The signal is compbsed of few specular
reflections from the buiidings in the immediate‘vicinity of the
mobile unit, plus a large number of Wéak_réflegfions from the
clutter surrounding the transmitter. The coﬁbined waves can be

viewed as a Ricean process and it may be expressed as:
s(t) = A(t) cos [2nf t + o(t)] +n(t) (1)

where A(t) and 6 (t) dre the random amplitude and phase of the
strong reflections and n(t) is, by the central limit theory, a

Gaussian process.

The enveiqpe of the féceived signal ﬁiil then vary with
time and occasionally dropg below a hertain decision threshold
level given rise of error.bursts. Thé eﬁvelépe'variationvat
the base station is usuélly much slowér thanltha;.at the mobile
unit, and a high degfee of correlétion between the ‘signal
levels<séen by consecutive bits in.a‘packet>does exist. Under

these conditions, the assumption of independent errors seems to
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be invalid. In fact, since the average signal to moise ratio
is relatively high, most of the errors occur during the fading
intervals, and they tend to occur in bursts. Therefore, one
would expect an errored packet ﬁo cbntain moré thén one error.

Then, the packet error rate 1is upper bounded by:
L
P(E) < [1-(1-P)M1 (2)

where P, 1is the average bit error rate and L is the packet
length in bits. The bound represents the worst case of inde-

pendent errorse

A-éimple model which can be used to estimate the packét
error rate for a given bit error rate under the assumption that
errors are not independent is a stationary first—order Markov
chain. The model is a first—-order approximation fo real fading
channels, but it represents a consiaerable improvemént over the

assumption of independence between transmission.

We consider a sequence of identically distributed random
variables X, X9, .., Xi; +e. each of which can take on
just two values, "1" if a bit is in error and "0O" if fhe bit is
correct. The average bit error rate is:

Pe = Pyob. [X_i=-l] '= 1 - Prob. [X.i=0] =1 = q . (3)
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For a Markovian relation, the errors of consecutlve bits are

related by:

B = Prob. [X;=1 | X,,

171 o | (4)

where g is constant to be determined by the envelope
correlation coefficient and the particular modulation system
being wused. Under these aSSumptions, the packet error. rate,

P(E), is related to the bit error rate by:

P(E)=1; 1= (1. Pe 11 - '_ _
(1=p) [1-(1 p)]-Pe] | .

- The two extreme cases are:
(i) .Independent error: Q= pe
?(E) = ] - (1.—Pe)L .(non—fading)
and

(ii) complete correlation: g=1

P(E) = Pg
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The factor Q = 1 - P(E) is bounded by:

L
(1-p,)

< Q< (1-P) | ' (6)
Figure 5.1 shows the relation between a and B for PSK and
DPSK modulation systems at SNR = 30 dB. 1In this figure B was
the independent. pafémeter and theb calculations were carried
according to Egn. (55u _The figure Indicates that Q remains
»fairly constant for values of B below 0.1, then 1t increases
rapidly for larger values of B until it reaches the upper bound

Cof (1-Pp).

Unforfunately, the observable .parameters of the system
(i.e., SNR, speed, carrier frequency, etc.) are not enough to
evaldate the parameter B 3 what d1s mneeded is the joint
probability density of consecutive eﬁvelope'Samples, which 1i's
very difficult to obtain. = For Rayleigh fading channels,
however, a simplified model for estimating B was obtained. The

model 1is based' on creating two concurrent two~state Markov
processes, one for the signal level above or below a certain
threshold, and the other for the bit decision (correect or
erroneous) . A complete description of the model is given

below.




SNR = 30 db
-4
| | 5 f3x107, (PSK)
? | e “15x10”" (DPSK)
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0.8 | 77 '
PSK, L = 1000
0.7 . ]
| - 921
0.6 ;L___]?EKJ L=1000 _ e e =TT
.0005  .00L .02 w005 .01 .02 .05 1 2 5 B

Fig. 5.1: PROBABILITY OF CORRECT PACKET VS. THE ERROR CORRELATION
PARAMETER B
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I In a ~rayleigh fading channel the probability density'

function of the signal power (envelope squared) is the square

Chi density, il1.e.,

~y/Y - _ :
P(Y)=—-]—e o y >0 ‘ (7)

where y is the instantaneous power level and Yo is the local

average power level. The fraction of time the signal stays

below a certain threshold level YT ; (average fading interval)

is:

Yr/Y
e.r O-—]

fD ‘/ZWYT/YO ‘ : ' (8)

Tb = <tb> =

and the average non-fade interval is
' v

Ty = <ty = : (9) .
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where fD = Doppler frequency = o (10)

where fois the carrier frequency, Y is the vehicular speed and

C is the speed of light.

The Pdf of TH and ng are not known, but previous work
has indicated that under high signal-to-noise: ratio they can
both ‘be approximated as exponential densities. If this

assumption is acceptable, then the Markovian modeI is a wvalid

“approximation. The model consists of two random processes:

The first process, (Y(n), ié'the transition between two states
‘denoted by G (signal above thresholdj and B (signal below
threshold). The.sgcond process; X(n), is the sequence of error
(E) and correct (C) bit decisions (see Figure 5.2). We assume

\

tﬂat:

(11)

It
-

P[X(n) = E | Y(n) = B]

2 o ‘ (12)
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Fig. 5.2: TWO 2-STATE MARKOVIAN MODEL

I
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where P; and P9 are constants. Now, the parameter B can be
described as:
= P[x(n) = E| x(n-1) = E] (13)

Figure 5.3 shows a tree diagram for two arbitrary time-
indeces (n~1) and (n) including all'possible transitions of the
two concurrent Markovian processes. In the diagram we define

four new probabilities.

Py = P[y(n) = G | x(n) = E] | - - (14)
P4 = Ply(n) = B | x(n) % B] as)
W= Ply(n) = B | y(n-1) = G] ‘ (16)
b= ply(m) =6 y(a-1) = B] | | '<'1 7‘>
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Counting the four possible ways of obtaining two consecutive

errors, the parameter B can now be expressed as:
B=Pu(l-m) Py + PynPy + P3uPpy + Py (1=i) P

For a given power threshold level Y., the six
probabilities Py, P9, P3, Py, pand n can be calculated

from the following relations:

Pe-Pep ) | (19)
by = Leb | | (20)
= fﬁi@.’a | . - o . | (21)
Peb' _ : | , | (zz)

(235

-p . ,
_].__'9_ ‘ (24)
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where:
P, = probability of bit error
= ST pgly) fly) dy | @
0 .
Pop joint probability of error and fading -

YT ‘ ' : o
£ Paly) fly) dy : (26)
0 .

Pp = probability of fading

(27)

Pbg = transition prdbability from G (above thresold)
to B (below threshold) during a symbol time .

interval T
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-T/T |

= l1-e / g (28) -
where PO(Y) is the probability of error of a noh—fading
channel for the power level Y.

Based on the previous discussion, we conclude that the

parameters involved in calculating Y‘are tﬁe“féllowing:'
- Thé veh;cular speed, v
- The carrier frequehcy,fb
—‘The threshold power leﬁel,yT~n

- An expression for the probability of error over non-
fading channel for .the modulation technique used,

Po(Y)

- The symbol duration T (bit rate)
and

- The probability distribution of the received signal, f(y)
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The procedure described above may be lengthy and méy
require some numerical integration but it is straightforward.
Theré is only one ﬁrbblem with this method; it requires a
careful selection of the threshold ievel Yoo Notice that the
threshold level divides the entilre range of éignaivlevels into
two distinct ranges. An érror probability is then assigned to
each range, and the value of B Will.depend on the ratio between
these two probabilitiés and the probability of tramsition f;om
one range to the other.. If the value of yp 1is too high, the
.transition between the two ranges becomes highly probable and
the Qalue of B will decrease. On the other hand; a very small
value of yp will maké ‘the probability of fading too sma}l,
and since the probability of error is fixed, most of the errors
will appear to occur in non-fading intervals and: again B’Will
’be small. Figure 5.4 dhows the depéndence of B on yp. The

/calchlation of gin thi; figure was carried out assuming a DPSK
modulatiod which has the following simple expression of error

probability.

Py (y) (DPSK) = %—é*SNR) (29)
: One.way to remove the dependency of B on yp is to
integrate over all possible values of B ; i.e.,
B = Ofw B('YT) f('YT) d'YT (30)




‘B .- Fig. 5.4:- VARIATION of B WITH SIGNAL THRESHOLD LEVEL
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where f(yr) is the Rayleigh distribution given in Eqn. (7).
Now, the calculation of B is many order more tedious and time

consuming.

A simple approximation, which <can be very accurate
provided that the fading énvelope is much élower than the bit
rate,"is to assume that - thé éignai level remains mnearly
constant over two consecutive bits. Then, the prqbability of

two errors in a row is:

©o

2 o ,
Py = Of Py (v) fly) dv (31)
and the parameter B can be approximated as:

_ P
B r
.

Eqn. (31) is a valid approximation as long as the bit rate R 1is

much greater than the Doppler frequency Fpe.

For DPSK Pzrand P, are calculated as follows:

w1 N2 1 Yo
Po= S (e —e dy (32)
2. 0 2 - Yo T
I 1
Y
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o _ -v/Y
o o Y/N 1 0 dy

and P_= S = S HPA
e 0 2 YO_
N H(SNR; ] (33)
av
and then;
(SNR) v+1 _
Bopsk = T(STR) 2 (34)
DPSK  4(SNR av+2
Note.that the limit of BDPSK as SNR 5 o 15 25 and_
for very small values of SNRB*+ .55 i.e.,
25 _ (35)

+5 = Bppsy = -

For other modulation methods Eqn. (31) may have to be
evaluated numerically. However, since all modulation methods

behave in more or less the same way under fading conditions, .

then %PSK. can be takgn as an approximation of the actual

value of B.

" Figure 5.5 illustrates the relation between the bit error

" rate and packet error rate for various values of 8 .
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5.3 Channel Throughput of ALOHA/AEQVProtocol.

The basic struéture of a packet radio network consists df
a central station and a number of radio terminals scattered
over a geographically limited area. The radio terminals share
a singlé radio channel to reach the cenfral étation on a random
access basis. We assume a pure ALOHA access écheme; Whereby a
ready terminalvblindiy transmits its packet andAwaits.for an
acknowledgeﬁent. If the packet is :eceived correctly, thé base
station immediately sends a short acknowledgement packet. If
no ackpowiédgement is received within A seconds (A 1is
constant), the . términal reschedules the. same _packet for
retransmission XA seconds later, _whére- X. is an uniforﬁly
distributed.random delay with a mean value of X. Wé'assume
that all terminals‘form (colleptively) a Poiss&ﬁ'source with an
average packet generatioﬁ rate of X packets/sec. "There are two
sources of error in_éhg channél: (1) Errors due-tq noise, and
(2) Errors due to. packet gollision, and singé these two
mechaﬁisms are ;ndependent, theﬁ the probability of packet

retransmission can be written as:

P. = P(C) + P(E) - P(C)P(E) | | ~(35)

" where P(C) is the probability of packet collision and P(E) is

the packet error rate due to noise and fading.
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Figure 5.6 1illustrates the life cyclé of an arbitrary
packet. The total packet delay from the instant the‘packet
arrives to the network wuntil ith is received correctly and
acknowledged can be expressed as:

R
d = (1+R)(T+A + i§] X3 (36)

where:
T = Packet transmission time, sec.
A = Acknowledgement delay, sec.
R = Number of retransmission (random)
X4 = The intentional retransmission delay associated

with the ith retransmission trial, sec.

The details of the packet transmission time components, T,

and the acknowledgement delay componenfs, A, are shown in

Figure 5.7, where

T = TS'+— ‘ o (37)




Packet
arrival
time
i 1st trans. 1st retrans. , 2nd retrans. Rth retrans.
, . ACK
Vit B/ Y W0
T AL X, T A X Xn . T A
o A DL 2 - |
d
Y
Packet
 departure
time

T0T

T = Packet transmission time
A = Acknowledgement delay
X3 = Retransmission delay ; 1= 1, 2, ..,R

d = Total delay

Fig. 5.6: LIFE CYCLE OF AN ARBITRARY PACKET
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Fig. 5.7: DETAILS OF .THE PACKET TRANSMISSION TIME
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‘ed, = address

Q; = information bits 7 . '
Y heck , = propagation delay
= check sum
2‘ _ T,= processing delay
s = ack. bits

% V'za‘--l'alf—f-ogc
.= Ld + Lo

Ts= synch. delay




A = .TS + ;§f+ 2 (T1‘+ T2) | | | (38).
and L = 2d + 21 + lc : v (59)
Ly = Zd + Ra ‘ | (40)
where:
T = bit synchronization time, sec.
ry = bit rate, b;ts/sec.
4 = addressing bits
. = check bits
23 = information bits
£, = acknowledgement bits

103
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T)] = -one way propagation delay, sec.

12' "processing delay, sec.

The retransmission delay, X, is assumed to be uniformly

distributed with an average of mT seconds where m> >1.

For a given traffic level, the average number of packet
retransmission is R, which is assumed to be independent of the

retransmission delays Xj's.

Then, the average packet delay is

d.= (1+R)(T+A) + R X : ‘ . o (41)

where X = mT = the mean retransmission delay. Substituting
(37) and (38) in (41) gives

d = k; + ky 14 | (42)
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where k] = (1+R) [( r ) + 2(T-|+T2)] + FE _ - (43)
and ko = 2(1+R) + mR. . Y

The average number of packet retransmission. R will now be

calculated for fading channels.

The probability of packet collision, P(C), is a function

of the channel traffic load, A., which is the sum of the

sqﬁrce traffic A and the retransmission traffic Ape The
exact probability distribution function of the channel traffic
is difficult to calculate, since it conétitutes two dependent
random processes, the source packet generation which is assumed
to be Poisson, and tﬁe ﬁacket retransmission process which is
difficult to evaluate analytically. But, if we assume that the
random delay X is: relatively iargé ‘and the traffic load 1is
stable, then thé distributibp of the channel traffic proceés

can be approximated by a Poisson process with an average rate
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of Ac = X + Ar’ - In this case the probability of packet

collision will be

P(C) = 1 - expl[-2A,.T] ‘ (45)

A and R are related by

A, = A*(14R) | : (46)

Substituting Eqns. (45) and (46) in (35) we get:

P, =1 -4Q expl[-2AT(1+R)] , (47) -
where Q = 1-P(E) | . (48)

: [ . : ’

Under steady state conditions, the probability of packet
retransmission, .P,, 1s constant; hence the number of trans-

missions per packet (1+R) has a geometric distribution, i.e.,

PL(R+1) = kI = P X L(i-p) (49)
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It follows that the average number of packet retransmissions is

R = : - (50)

Using Eqns. (47) and (50) we get:

—  1-Qexp[-2T (1+R)] '
R = Q explL-2AT (1+R)] (51)

A numerical solution can be easily obtained.for Eqn. (51)
which can then be substituted in Eqmns. (42) to dbtain the

average packet delay for various system parameters.

Rearranging Eqn. (51) provides an expression for the

channel throughput s = AT in terms of R and Q.

e . 000 o
) 2(1+R) i

Now, we have all the relations needed to predict the
behaviour of ALOHA/ARQ mobile data communigation channels. We

shall summarize that part by giving a design example.
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Design Example:

The ultimate performance criteria in any multiple access
scheme are: The average delay and channel throughput. The
final design decision wusually involves a trade-off between.
these two ”parameterso Let wus find the : throughput delay
relation for an ALOHA/ARQ mobile channel having the following
parameters:

(1) Carrier frequency = fo = 850 MHZ.

(2) Av. vehicular speed = v = 30 km/ hr.

(3) Modulation method :  DPSK

(4) Av. signal-to-noise ratio = (SNR),y = 20 dB

(5) Bit rate = R = 1 = 16 kbps

(6) Bit synchronization time = Tg= 3 msec (48 bits)

(7) Av. propagdation delay (one way) =Ty = .03 msec
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(8) Processing delay = 1) = 0

I

(9) Addressing bits %4 = 16 bits

It

(10) Check bits = & 16 bits
(11) 1Information bits = &; = 160 bits
(12) Acknowledgement bits = &, = 8 bits

(13) " Normalized retransmission delay = x = m = 20

T

For DPSK, the burstness pafameter B can be calculated frgm
Eqn. (34):
.z (SNR) +
4(SNR)av + 2

and the average bit error rate is (Eqn; 33)

- 1 _ : -3
Pe —Z(SNRTav n 2— 4.95 X 10




110
delay d, sec.

12 % P )= 3x10'4 (PSK) ]

= - I

¢ Y5x10™% (DPSK) j

11

0 , )

0o .05 ' 0.10 \ '\0.15

.112 .1366

Fig. 5.8: DELAY-THROUGHPUT CHARACTERISTIC FOR A

MARKOVIAN CHANNEL MODEL ( = .01)

.2
Thrdughput
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Then the packet error rate P(E) is (Eqn. 5)

P
P(E) = 1 =(1-P)[1-(1-§ 7op— 1M7% = 512

e

and Q = 1-P(E) = .488

Using Eqns. (42-44) the average delay d can be written as

a function of R as:
d = .01956 + .31956 R

and the channel throughput is (Eqn. 51)

. - n(.512 (1+R))
2 (1+R)

The rélation between s and d is shown in Fig. 5.8. The maximum

S ©.0942 with a corresponding average

throughput is max

delay per packet of approximately 1.36 sec. - At that point the-
average number of retransmission per packet is nearly equal to

4»-
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5.4 Effect of Synchronization Time on Channel Throughput

In the upber portion of the UHF band (around 850 MHz) the
number of fades per unit time is high and the duration of non-

fade intervals is relatively short. ‘Then, in order to minimize

the probability of packet retransmission, the pack length must -

be short. Under these conditions it 1is iﬁportant that .the
packet header (synch. bits and addresses) be as short as
possible in order to maintain a reasonable transmission
efficiency. This gives rise to one of the outstanding problems
in designing packet radio systems, nameiy; finding the relative
performance of coherent aﬁd noncoherent systems in terms of the
overall packet delay and channel throughput. Coherent systemg
are characterized by long synchronization times and low error
probability. These two characteristics affect the packet delay
in opposite wayé, The long‘synchronization time reduces the
transmigssion efficiency and increases the delay, while the low
probability of error reduces the probability'of’packet retrans-
mimssion, hence reducing the éveragé“packet delay. On the
other hand, noncoherent systems exhibit higher bif error rates
but have much shorter synchronization time than that of the
coherent systems. A meaningful comfarison; between the two
systems can only be made on'the basis of their reiatiye perfor-

mance in terms of the packet delay and channel throughput.
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The analysis given 1in the previous section gives some

insight into the problem, In particular, Eqn. (42) expresses

'the.avefage packet delay as a linear function of the synchro-

nization time ‘tg . . The coefficients. k; and kg are also
functions of the selection of,coherenf ér noncoherent systems.
In general, k; and k2 are largef for nonéoﬁerent systemé
because. of the 1argér Values of R. But; siﬁce R is a func;ion
of many of the system parameters (bit rate, packet lengfh; oo
etc.), .one would expect that for séme sets of parameters
coherent systems are suﬁerioriﬁo noncoherent systems, while for

other sets the opposite is true.

Td ‘examine this poinf, the chaﬁnel' throughput was
calculated for two widely used systems: DPSK.which represents’
the noncoherent class, and PSK which represents the éoherenp
class. A sample of the results is shown in Fig. 5.9. Iﬁ this
figure:the synchronization time of DPSKFis assumed té be =zeroy
then the throughput vs. s is a- family of hOrizontal straight
lines. These liﬁes are not shown in the figﬁre; only the
interséction'points between these lines and the corresponding
PSK'cufves‘are marked and connected with the broken ling; ~To
the left of the broken line PSK provides highér throughpuﬁ (for
the same delay) than DPSK. To tﬁe right of the line the

opposite 1is true. The figure also indicates that larger
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throughput

packet length = 2000 bits
15 L " retransmission delay = 50 packets

Bit rate = 24 kbps

-0 50 100 150 - 200

Synch, time, msec

Fig. 5.9: THROUGHPUT VS. SYNCH. TIME FOR COHERENT
PSK. FOR VARIOUS BIT RATES




115

synchronization times can be tolerated for lower bit roles.
When the bit rate 1s high, the transmission efficiency of the

coherent system drops very quickly with increased synchfq—

nization délays.

There is a basic conclusio; that can be drawn from Fig.
5.9, that 1is for a fixed delay requirement coherent systems
provide higher throughput than nonéoherent systems provided
the

that the synchronization time is kept very small. Once

synchronization time exceeds a certain critical value the

noncoherent systems become more efficient. The critical

synchronization time becomes smaller as the bit rate 1is

increased.
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CHAPTER VI

SUMMARY AND CONCLUSIONS

6.1 Summary

The need to dincrease the spectral wutilization has been
stressed and various methods of achieving this goal have been
discussed. Some of the stepséalready taken by the reguiatory
activiéies resulted in propésals of novel systems such as
cellular radio, a step further in this direction béing time
assign;d sharing of'voice communication chanhels by more than
one us;ar° These systems commoﬁly known as TASI are well known
in Switched Telephone Netwdrks [STN]. ‘It has been hoted that

‘adaptation of TASI to mobile network confronts complexities

unknown to TASI for STN, these obstacles being channel fading
and unavailability of permanent wireline connections as 1is the
case 1n STN. Therefore for adaptation of packetized voice in

the land mobile systems, a radio connection (channel) must be

demanded before any packet 1s transmitted. The desirability of
contiguous speech at the receiving end results in severe time

constraints.

Three séhemes have been proposed for packetized voice over
the land mobile channel. Two of these, the ALOHA and the
POLLING schemes, .are modified versions .of similar schemes
alreédy in wuse over teleﬁhone networks. A pgovision is
obviously made to deﬁand,a channel before.traqsmissién of voice

packets. Simulations of these two schemes regul ted in similar
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results, with POLLING scheme. havihg a slight edge over the
ALOHA scheme. However, system parameters used in simulation

may seem to rely on a rapid progress in technology in the near

" future. This could be -doubtful. The conclﬁsions are

optimiétic iﬁ the sense that, given that the technology
delivers the desired advancements in thé system desigﬁ, the two
schemes are feasible and a considerable increase in channel
throughput could be obtained. It 1is though.not clear whether
the technological goél éould be achieved. The perfofmancé of

the POLLING system is dependent on- the geographical layout.

The third scheme, TABLE DRIVEN syst¢m, does not depend on
ambitious technological advandement, but 1is pérforﬁance~wise
inferior to.the other two Schemes;‘ For instance, for tréffic.
intensity of 0.8 Eflangs gnd 64,~Channels, the biocking
brobability is_0.0li%, 0.015% and 0.09% for ALOHA, POLLING and
TABLE DRIVEN systems fespectiyely. For all the three systéﬁs
considerable impro?ément in éystem'<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>