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The purpose of this report is to summarize U.S. Department of Transportation
activities with regard to the AEROSAT access control studies that have been conducted in
the recent past and to make recommendations for future efforts . In particular , this report
concentrates upon the studies conducted by Aerospace Corporation, Bell Aerospace Company
and Computer Sciences Corporation on behalf of the Department.

The report consists of three basic sections. Section 218 a discussion of the corn-
• municatlons concepts germane to AEROSAT accees control. It defines and reviews the

principles of multiplexing, multiple access, demand access , and access control and relates
them to the system parameters of AEROSAT. Section 218 a complete slmrntniy of the three
AEROSAT access control studies. The evaluation approach taken, the access control

• techniques considered, and the conclusions reached by each stuck are summarized. No
attempt Is made to critique these results or to combine them Into a common set of recom-
mendations. Section 4 presents the recommendations for AEROSAT access control tecimiques
miiinly based upon the results of the three studies and the access control techniques defined
In appropriate AEROSAT documentation. Also Included are recommendutiona for AEROSAT
test and evaluation, as well as future simulation efforts.

17. Key Ws,de t~ • DI.wI~v~Iea S e.,t

Satellite communications, AERC)SAT, accea~ Document is available to the pablic through
control, multiple access, multiplexing the National Technical Information Servloe,

I ‘ Springfield, Virginia 22161
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• PREFACE

The purpose of this report is to summarize U.S. Department

F of Transp ortation activ ities with regard to the AEROSAT access
• L control studies . that have been conducted in the recent past and

- 
to make recommendations for future efforts . In particular , this

• report concentrate s upon the studies conducted by Aerospace
Corpora t ion , Bell Aerospace Company and Computer Sciences Corpora-
tion on behalf of the Department .

- 
•
• This report presents the recommendations for AEROSAT access

control techni ques , mainly based upon the results of the three
studies and the access control techniques defined in appropriate
AEROSAT documentation . Also included are recommendations for
AEROSAT test and evaluat ion , as well as future simulation efforts.
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SECTION 1 - INTRODUCTION

The purpo se of this report is to summarize DOT activities with regard to the
AEROSAT access control studies that have been condu cted In the recent past and to
make recommendations for future efforts. In particular , this report will concentrate-
upon the studie s conducted by Aerosp ace Corporation , Bell Aero space Company and
Computer Sciences Corpo ration on behalf of DOT . The final reports submitted by
these three organizations are entitled:

• Analysis of an Aeronautical Satellite Evaluation and Development System
(FAA-RD-74-41) (by Aerospace Corporation)

• System Access Control Study (FAA—RD -74—107) (by Bell Aerospace Company)
• Access Contro l and Processing Studies for Ground-S atellite Mobile Comm-

unlcations/Survej flance Systems (FAA-RD-74- 106) (by Computer Sciences
Corporation).

This report consists of three basic sections. SectIon 2 is a discussion of the
communica tions concepts germane to AEROSAT ace 

~~
- - .~untrol. It defines and

reviews the principles of mul tiplexing, multiple access , demand access, and access
control and relates them to the system parameters of AEROSAT. Section 3 is a
complete summary of the three AEROS AT access contro l studies . The evaluation

• approach taken, the access control techniques considered , and the conclusions
reached by each study are summarized. No attempt Is made to critique these results
or to combine them into a common set of recommenda tions. SectIon 4 presents the
recommendations for AEROSAT access control techniques, mainly based upon the
results of the three studies and the access control techniques defined in the Technical
Requirements for AEROSAT L-Band Test Avionics System (TSC, December , 1974).
Aiso Included In SectIon 4 are recomme ndations for AER OSAT T&E , as well as
future simulation efforts. Note that the access control techniqu es considered app ly

- 
~- to the VHF as well as to L-band. The same methods would be used at either ire-

queney and the same general design considerations apply to both.

• 1-1/1-2 
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SECTION 2 - COMMUNICATIONS CONCEPTS FOR AEROSAT

2.1 INTRODUCTION

The desIgner of a satellite communications system for aircraft users must
consider the following:

• Large number of aircraft users

• Low communicatIon duty cycle per user

• Limited satellite capacity especially In ground-to-air direction

• Low gain mobile user antenna

• Potential multibeam satellite antenna

• Requirement to minimize avionics cost and crew workload

• Potential requirement for independent surveillance

• Relatively severe Doppler environment.

The first three points provide the basIs for the problem of access control , i. e. ,

the method whereby a limited satellite capacity is shared and used by a large number
of users. The other points Influence how this might be done, and directly affect the

• 

- capacity of the system, in some cases.

Later sections of this report treat access control for AEROSAT In detail. This
section will be devoted to providing a general background on the subjects of multiple

access, multiplexing and access control Including a brief discussion of the multiple

beam problem potentially related to Aerosat.

~: First, a few definitions:

Multiplexing Is the process whereby a number of channels of information (voice

• or data or combinations) are combined so that they can be collectively modulated onto

a single carrier for transmission. The Individual channels are generally not recover-

able at the receiving point untIl the entire multiplex Is demodulated . Demultiplex ing Is

I
• I

2—1
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the process of breaking the composite multiplex signal down Into Its constituent Infor-
mation channels. Multi plexing can be done In the time and frequency domains (TDM
and FDM respectively). • -

Multiple Access Is used to describe techniques that permit several separated
- 

users to “simultaneously” communicate via some common medium, In our case a

• repeater (or transponder ) channel of a communication satellite. The users each
access the repeater channel with a modulated carrier (which might have been multi-
plexed at the earth terminal). It can be viewed as a resource sharing technique since

• the available resources of bandwidth, time or power are divided up between the

accessing carriers.

Access Control refers to the methodology used to allocate the communica tion

• 
resources of the system , i. e. , the assignment of users to channels of the system. i -

• Access control provides a similar function whether the communication chann els are to
be full—time asstgned* or demand ass Lgned~. The access control subsyste m of a corn—
munication system is responsible for controlling the capacity of the system by use

• of an efficient and ordered set of techniques. The case of demand assigned usage Is

• more important to AEROSAT becau se of the low duty cycle of the users.

2.2 MULTIPLE ACCESS TECHNIQUES

2.2. 1 S~gnal Design Techniques

As previously discussed satellite communication systems generally have the

problem of multiple access. The satellite repeater , In conjunction with the modulation
employed and the procedures followed at the ground station, must allow the repeater
output power to be shared between two or more signals. The number of users that
must be served or signals that must be processed simultaneously Is , of course, a

• function of the system requirements.

• j * See discussion In Section 2.2.2 for a detailed explanation of these terms.

-
~~~~ 2—2
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The multiple access method or multiple access modula ti on is designed to accom-

plish two main purposes : (1) It must make possible separate reception of each signal
passing through the satellite by any receiving station possessing the requi site demod-

ulato r , and (2), it must minimize the signals ’ interfering with each other as they pass

through the satellite repeater. The three most common method s are frequency dIvision ,
time division and code division multiple access.

Three resources are available In a satellite rep eater: time, frequency and

power. The three cited multiple access methods can be visualized as fitting Into a

three—dimensional domain of these resources as shown In FIgur e 2-1.

In frequency division multiple access (FDMA), the signals are mainta ined at
different center frequencIes so that a simple filtering operatIon will separate them at

the receiver. . Therefore , the signals can be present simultaneously but they must

share the available power and bandwidth. In time division multiple access (TDMA ) the

signals from different sources are interleaved in time at the satel lite; therefore each
occupies the total available bandwidth and receives the total satellite power when
present . Code division ~or spread spectrum)* multiple access (CDMA or SSMA) uses

specially designed , simultaneously present signals , each of which totally occupies the
available bandwidth. -

• It Is also helpful to consider the multiple-access modulation as a means of

address ing the signal to the receiver. For example , in TDMA , the multiple—access

modulation Is a tlme—gat lng funct ion which correctly locates each t ransmiss ion burst

relative to those of the rest of the network. The repeater output signals can then be

separated by time gating. In constant—envelope SSMA , or CDMA , a wldeband phase or

frequency coding is Inserted to provide carrier address ing. The different carrier

• entries Into the repeater channel can coexist In the same channel with only minor inter-

ference by the selection of nearly orthogonal codes , that Is , codes that exhibit a low

cross-correlation. The repeater output signals are separ ated at a receiver by cor-
relating them with a perfectly synchronized code Ident Ical to that used at the trans mitter.

• * Pseudono lse techniques represent one way of spreading the spectrum of a signal.

2—3
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When the wideband code Is accomplished by phase shift keying the carrier It is often
referred to as pseudonoise, and when frequency shift keying Is employed the term
frequency hopping is used.

In FDMA , the multiple-access modulation Is not really a modulation In the strict

sense; it Is an a priori choice of carri er center frequency .

Just as in the discussion of message modulation , many factors influence the

final decision in selecting the multiple-access modulation. The first and perhaps most

Important factor Is the efficient use of the available satellite power. The cost of

launching the satellite repeater Is a function of the transmitter power. Thus , It Is

Important that a multiple access technique be selected that uses the repeater power
efficiently. The efficiency must be considered in terms of the overall capacity with
multiple entries as well as with a single sIgnal .

The second factor relates to the mechanics of how multiple access is achieved

and maintained . FDMA or CDMA systems requIre control of the relative satellite
• Input signal levels (not necessarily all equal), and TDMA requires that the trans-

mission time of each entry be controlled accurately .

The total number of sIgnal entries that the particular system Is requi red to

handle Is also an Important factor. For example , FDMA through a linear rep eater
could handle as many non-overlapping sIgnals as the overall repeater bandwidth would

permit, but a nonlinear rep eater generates intermodu lation products which can Inter-

fere severely unless special precautions are taken . To minimize interference from

intermodulat lon, frequency assignments for an FDMA system can be chosen so that

the spacing is unequal. This is only possible , of cours e, when the repeater bandwidth

is large enough to permit such spacing. An alternative approach which is more

• bandwidth-efficient but less power-efficient is to linearize the satellite transmitter .

- 
- Another factor Influencing the selection of multiple—access modulation Is the

performance that can be obtained with a mixture of transmitting term inal sizes. It
may be necessary, for example , for the large terminals to reduc e their output power
to allow the small terminal s to operate.

2—5
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A factor related to communications requirements sod operational fiexibtlity Is
connectivity. The operation of any multiple access system requires some form of
network control. This means that terminals must be able to communicate with
another as well as wIth a control station. This Is especially the case If some degree
of demand access Is desIred. Demand access Is here defined as the situation In which

- • there may be more users than available satellite entries, requiring that a user request
entry Into the system from the network controller . The requirement for Interlink
connectivity can very heavily Influence the choice of multiple access technique.

• • Table 2-1 summarizes multiple access techniques.

2. 2.2 Channel Access Principles

“Multi ple access” is used to connote signal design techniques that permit a
member of users simultaneous ly to communicate via some common medium. The
multiple-access techniques considered In this report do not rely upon avoidance

•
- measures such as narrow-beam antennas and/or geographical Isolation among different

communication links, but rather on efficient spectral occupancy by a group of users
who, by design, share some common spectrum in a satellite repeater channel. Channel
access refers to the philosophy of useage of the communications channels.

To Illustrate the tradeoffs that exist, it Is convenient to define three basic forms
of channel access:

a. Controlled acces s on a full—time assignment basis (hereinafter called Full—
Time Access).

b. Controlled access on a nonpermanent allocated basis (hereinafter called
Allocated Access or Demand Access).

o. Random Access.

-• 
- “Full-time ” accessing refers to those techniques In which each user Is perma-

ment ly assigned a transmit channel. Such assignments can be made on a noninterferthg
basis If appropriate signal design techniques are used so that in principle, one user

I
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never interferes with any other transmission . * Thus , in an operational sense, the user

transmissions have fixed nonlnterfering assignments. To accommodate a total popu-
lation of (M) users , adequate spectrum must be available to provide at least (M) non—

interfering channel assignments . Each chan nel assignment can consist of an exclusive

frequency channel , as in frequency-divisio n multiple access (FDMA), or an exclusive

time slot , as In time—division multiple access (TDMA), or some combInation thereof.

With full—time accessing, inefficient spectrum utilizatIon results when channels are

ldle. ** Thi s inefficiency becomes pronounced when the users are characterized by

low duty cycles of transmission. -

• “Allocated” accessing refers to techniques where each user is temporarily

assigned a transmit channel . This spectrum-sharing technique is also referred to as

“demand access. ” As was the case with full—time accessing, such assignments can be

made on a noninterfering basis. Allocated accessing can be used as a means of accom—
modating a total populatIon of (M) users within a spectrtun that is adequate to provide
some lesser number of noninterfering channel assignments. This represents a spectrum
saving. However, no user can be assured of immediate access to the spectrum with—
out priority and may be asked to wait until a channel becomes available. Two forms

of demand access are available. The fully variable demand assignment permits any
Idle satellite channel pair to be used by any two earth station s upon demand if all

channel selectors are not busy at either of these two stations. Semivarlable demand-
-
• access method s restrict the degree of flexibility in demanding and seizing a satellite

channel pair. With allocated accessing, Inefficient spectrum utilization results from

idle channels and may become pronounced when the total available spectrum is made

suffici ently large so that Immediate access is highly probable.

* If one of the spread spectrum signal design techniques is used , some level of inter—
• ference will be present between channels (so-called code noise) .

** Power utilization efficiency Is not affected in FDMA If the transmitted carrier is
shut off when the channel Is Idle. In TDMA , power efficiency is reduced as well as
spectrum utilization efficiency when the channel is Idle.

I
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• “Random” accessing refers to those techniques where each of (M) users Is

tsilowed to transmit at any frequency within the available spectrum at any time with no
- cognizance of other user transmissions. Obviously, noninterfering operation cannot

be assured. However , Immed iate access to the spectrum is assured. With random
accessing, Inefficient spectrum utilization results from sparse occupancy of the tlme/
frequency plane, which Is the inherent requirement for reducing the mutual interference

— 

I between channels. Relatively efficient spectrum occupancy can be achieved through the

use of coding that can tolerate a large “similar signal” interference level.

Any multiple-access scheme must depend upon sharing the time/frequency plane
on either a deterministic or random basis. If accessing Is performed on a deterministic

• basis, then there exist two possibilities:

a. Permanent assignments (preassigned)
b. Time-variant assignments that depend upon the prevailing traffic load

-

. (demand assigned).

: - The third alternative that exists Is random sharing. Therefore, ft Is concluded that the

three types of accessing defined here are all—Inclusive; I. e. , any multiple—access scheme
may be classifi ed as a form of fuji-time, demand, or random accessing, or possible
combinations of these.

Table 2—2 summarizes the salient features of each of the three accessing tech-
niques. Full-time systems are typified by Frequency Division Multiple Access (FDMA)

and Time Division Multiple Access (TDMA) In which carrier frequency or time slot
assignment is permanent. Allocated systems are typified by FDMA or TDMA systems
where the carrier frequency or time slot assignment is controlled by a network co-

ordinator , there being in general more users than assignment s. Random access systems
are typified by spread spectrum systems such as pseudo noise, frequency hopping , or

pulse address. *

* Another signal design technique where the “address coding” consists of groups of
pulses In particular patterns such that the total duty cycle in the channel is low.

L 2-9
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I
Table 2-2. Channel Accessing Characteristics

• Accesa *”
I Mutual Access Control

Type Interfere nce Delays Required

Full-Time NO NO NO
Allocated NO YES YES

• Random YES NO NO

Type Nature of Performance Tradeoff

Full-Time Large total bandwidth required for low duty
cycle users

Allocated Large total bandwidth required for high
probability of immediate access

Random Large total bandwidth required for low in-
terference (high SNR output or low

* The term specifically refers to the requirement for all nodes of a multiple—
access network to be continually Informed of the access assignment status
of all other nodes (decentralized control) or for a master control node to

• 
- make all assignments.

2.2.3 Demand Access Vaxlabtlij~

Demand access as defined above and applied to allocated satellite multiple-access

systems can now be examined In greater depth to bring out some other Interesting
characteristics resulting from a further subdivision of the general term. The sub-
division occurs in accordance with the way the originating and destination channel
connections are made In the satellite network and can be stated as:

• Seniivartabie

• Variable Origin

• Variab le Destination

• Fully Variable.

The various types are Illustrated in Figure 2-2 . A variable origin configuration con-
slats oI receiving stations perman’ntly assigned to a return satellite channel, and
the trenamitting stations are assigned to a forward satellite channel on demand

2 1 0
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according to the destination of the traffi c being served. A variable destination config-
uratlon Is one where the ~~lInk channels are permanently assigned to a transmitter
station, and the dowulink channels are demand assigned to the receivers, according to
the destination of the traffi c being served. A fully variable configuration has both the
uplink and dowulink channels assigned on demand, as needed.

A comparison of the fully variable demand-access scheme with the other two
semivariable schemes yields the following advantages for the fully variable:

a. The forward and return circuits may be permanently paired. This simplifies
• 

• 
the selection process.

b. Implementation of a. insures that blocking will not occur by failure to find
both a forward and return ch~nnAl.

Contrasting these points, it can be argued that the other two demand-access
schemes have an advantage over the fully variable scheme In that a mmiber of channels
Is allocated to each ground terminal for Its own exclusive use. However , there Is
little sense to insuring, say, the forward ~h~n~pl, If the corresponding return channel
cannot be attained due to blocking. In general, the fully variable demand-access
scheme offers more advantages than either of the semivarlable or the preassigned
schemes.

2.2.4 Control Philosophy for Demand Access

Demand-assignment systems require network control and coordination to monitor
and assign the available channels from the network pool of chm%nells. Two approaches
are possible: centralized and decentralized (or distributed). In decentralized control

¶ - 

for a generalized satellite system, each earth terminal contains a computer that con-
tains the status of channel pool assignments in use and available for use. A network
control orderwlre Is required to continually communicate changes In network status
to all earth tertnfrmnt computers. This approach to system control, although costly,
prevents any one terminal or location In the network from aasnnth~g autonomous net-
work control (important In some military systems). The COMSAT SPADE system
uses auch a decentralized control scheme.

2—11
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In centralized control as the name Implies , each earth station must request

channel assignments from a master control terminal.

For AERO SAT, the situation is somewhat unusual among satellite systems. The

cost of the equipment on the aircraft is an important factor. The communications

connectIvity needed is largely a fan-in , fan-out situation between ATC centers and the

aircraft In the system. In addition , surveillance Is included in the system. These

three factors combine to make centralized control the logical choice for channel assIgn—

ment to aircr aft and ground users .

There are , however , several factors which make the use of a single master con-

trol center impractical In the AERO SAT system . Thus, at least two and possibly three

Aeronautical Satellite Control Centers (each having the channel cont rol jurisdiction -•

over a specific group of aircraft ) will exist in the system. These centers (ASCCs) must

must also share the satellite capacity in some manner. Centralized and decentralized

methods are possible. In the centralized method one ASCC would act as maste r and

the others would request channels as they needed them , in turn , to assign to thei r

aircraft and ground users . These requests can be structured on a short term message

by message basis (applicable for voice) and a long term basis as overall demand vari es

(applIcable for short messages such as data ). It is also possible to request on a mes-

sage by message basi s for data but this I mplies the use of one ASCC to transmit all

data messages with all other ASCC~S routi ng data messages through It.

In the decentralized method, each ASCC is semi-permanentl y allocated a specific

portion of the ava ilab le channels which they Independently assign to their users. The
allocated portions csn be varied with time as the ASCC loads change with traffic con-

ditions on a long-term basis. The decentralized methed, although simpler to implement, -•

can seriously affect the queuing time under certain conditions.

Therefore , AERO SAT may use a combination of cenfralizedic (int ra-ASCC) and

decentralized (lnter- ASCC) access control methods .

* Actually some of the seizure metho ds of access control are simplified methods of

— - 
decentralized control.
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2.3 ACCESS CONTROL TECHNIQUES FOR AEROSAT

2.3. 1 Introduction

The choice of access control method Is affected by system configuration (e. g. ,
the existence of multiple beams), the sj~stem capacity, the type of information to be
sent (digital or analog messages), the frequency and regularity of transmission, the
allowable waiting time between requiring a message transmission and consummati ng its
transmission, and whether independent surveillance Is provided in the system.

A demand (or allocated) access philosophy is attractive for an aeronautical ser—
-

• vices satellite system because of the low—duty cycle of the users . Within thi s philos-
ophy, users are provided communication capacity when they need It (on demand) and
they return this capacity to a common pool when they are through. Although full-time
access systems are attractive from a system control, equipment complexity, and user
workload standpoint, the low duty cycle of the aeronaut ical user results In Inefficient 

-

•

bandwidth utilization in the case of FDMA and in Inefficient bandwidth and power use
- (assuming a peak power lImited satellite transmitting device) in the case of TDMA . —

This paragraph describes a number of candidate approaches to controlling the access
to a demand access system like AEROSAT. - -j

For the purposes of this discussion, acdess control applies to two area s:

• The problem of properly deliver ing ground-originated traffic to the
appropriate aircraft.

• The problem of providing each aircraft with the opportunity of delivering Its
traffic.

In both cases, we assume the conceptual existence of a central point (not necessarily
physically available) from which ground-to-air traffic originates and to which air-to-
ground traffic Is delivered for further distribution.

Methods of access control for ground- and air-originated traffic are difficult to
completely describe separately because they interact to a large extent. That is, the
choice of one method for ground access to aircraft may Imply the existence of s~q,ervIsory 

—— -



_

~
‘
~~~~~

_ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- : -

~~~~~~~ 
- -

signals which would essentially dictate or at least Influence the choice of access control
for air-originated traffic. Also, the desire to Include dependent or independent surveil-
lance makes certain access control methods potentially more attractive than others. In
spite of these factors , access control methods will be separated In this paragraph as a
means of describing their operation.

2. 3.2 Access Control Methods for Ground-Originated Tra ffi c

• There are three methods for access control when the need to establish com-

municatlon contact originates on the ground:

• Semipermanent channel assignment

• Channel scanning

• Supervisory channel assignment .

2.3.2.1 Semipermanent Channel Assignment

In the first method , each aircraft is assigned a communication channel to moni—

tor continuously (I. e., a party line operation). All messages for an aircraft are sent

over that channel using a header containing Its address. These may be true messages,

or a poll , or both. A return channel may be permanently paired with this channel for

duplex tra ffi c or poll responses. If a particular channel becomes heavily loaded , changes

In channel assignments can be made using the channel itself. The communication
channel provides its own supervisory functions. * Because voice and data must be inter-
changed over any channel , the header must also contain additional Information to switch
In the appropriate aircraft modems . In the case of data messages , a block format with

an ARQ strategy might be used via the return channel . In the case of voice, acknowledg-

ment of header receipt before the voice conversation begins would be necessary using
the return communication channel.

2. 3.2.2 Channel Sc~nn-fng

In the channel scanning method, all aircraft continuously scan across all com-

munications channels looking for their address in a header. This is applicable to
systems using either FDMA or TDMA, but FDMA presents reliability problems since

- 
- — 

* In-bend or out of bend signalling similar to SELCAL can be used.
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the header and channel dwell tImes must be appropriately oversized to assure reliable

detection. Channel sc~inn1ng is most appropriate to time division systems. Upon receipt
be an aircraft of Its address and a channel Identification code, the system proceeds as

in the semipermanent assignment case.

2.3.2.3 Supervisory Channel Assignment

This method uses a supervisory channel apart from the communication channels
which all aircraft monitor. Aircraft are addressed over this channel and are told over

which channel a message Is coming and the message type (voice or data) . It is also

possible to Include within the supervisory channel, at the expense of channel capacity,
short messages. In this case , an ARQ strategy could be used via a return supervisory
channel. After aircraft tuning is accomplished, the aircraft transmits an acknowledg-
meet over the paired return communication channel, and either voice or data (possIbly

using a block ARQ strategy) transmission commences.

2.3.2.4 Method Selection -

The choice of these methods depends upon:

• The particular system configuration ; i.e. , whether multlbeaan or not,
• whether a global coverage antenna is available

• The multiple access method (e. g. , TDMA beam-hopping methods can
easily incorporate a channel scanning doctrine)

• The expected message length distribution

• Whether or not surveIllance Is included In the system

• The channel and resulting constraints Imposed on message block length due
to burst errors.

2. 3. 3 Access Control Methods for Air-Originated Traffic

Table 2-3 presents a number of methods I~y which a field of aircraft users can

• gain access to the capacity of a sate llite system. These methods apply mainly to
access of two—way channels. In this table , a message consists of a transmission of

• •~ Information to be transferred (with routing Information) or a signal designed only to

4 2—16
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cause a route connection to be made at the ground complex (e. g., to set up a voice
• conversation). On the other hand, a call is a transmission designed to enter the de-

sire to establish communications into a system control function. In some of the methods
In Table 2—3 , both messages and calls relating to other messages (for example, voice
or long data messages) can be combined.

The methods are broken Into two groups: those which permit direct communication

channel entry and those which use an access control or calling chann el to Indicate a
desire to communicate.

Acknowledgment of a message or response to a desire to establ ish two-way
communications (for example , voice) In the seIzure approach es, and response to a
call In the calling approaches , would use a forward communication channel or super-
visIon channel , depend ing on how the ground-originated access control Is organized.
In the calling approache s, this resp onse could Include channel assignment or estimated
waiting time. The latter gives the aircraft the option of wait ing or requesting again
under a higher priority.

In the calling approaches , the call may include channel-type needed (one-way or two -
way) message type (voice or data) , and message priori ty (routine or urgent), In addition
to addressee and originator identifications.

It is possible to use hybrid method s where in approache s are combined and/or
augmented with certain features of each other.

2.4 UNIQUE AEROSAT CONSIDERA TIONS

The AERO SAT operatIonal environment and the potential configuration of the AERO SAT

L-band antenna requ~ e that additional factors be considered In the solution of the acces s
control problem . These considerations involve coverage and connectIvity.

The dIscussion of system connectivity will be limited to the functions of and

interrelationships among the spacecraft , aircraft and ASET(s).

The general connectivity needed is shown in Figure 2-3. Each Air Traffic Control

Center (ATCC) must be able to access via ateffite any aircraft located within

—
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Its CTA/Fm.’ In this diagram, neither the satellite ner ASETS are shown because
their number and relationships are unspecified in the basic connectivity. It is assumed,
however, that some data processing functions are done by some number of ASCCs.
There Is no apparent requirement for more than one ATCC to access any given CTA.

• (in any practical system, coverage of any CTA will extend to some extent Into adjacent
ones so that surveIllance and communications, If necessary, are available before
handover Is effected.)

The design of spacecraft antenna radIatIon patterns to provide coverage of air-
craft within the field of view can be done under several philosophies:

1. Use of one antenna to cover the entire field of view of Interest
2. Use of one or more spot beams to cover route areas of highest traffic

density superimposed on a broader beam covering the entire field of
view of interest.

3. Use of a cluste r of spot beams arranged and oriented so that a few of them
cover high-density route areas and the rest cover the balance of the field of
view.

The advantage of the first philosophy is spacecraft simplicity but the resultant
• I low antenna gain requires very high RF power per channel. The second philosophy

Improves the situation for those routes included within the high-gain coverage. An
antenna aperture is needed on the spacecraft commensurate with the narrowest beam
dimension desired. The provision of capacity via the wide-coverage antenna to other
areas within the field of view still requires higher RF power as in the previous situation.
Although complicating the spacecraft communication subsystem somewhat, the beam
cluster approach (properly oriented) has the advan tage of potentially lowering the RF
power requirements on both the spacecraft and aircraft for the same capacity. The
latter two coverage philosophies, and their extensions to very large numbers of beams,
are most applicable to the nothroadcast situation, that is, where each aircraft In the

‘We will assume that FIR (Flight Information Region) and CTA (Control Area) are identical.
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I
fi eld of view receives a different message. Broadcast applications can also be served,
but with some power and bandwidth penalties and are, therefore , in general best served
by broader, full-coverage antenna patterns. The cmly true broadcast function relating
to the aeronautical communications problem Is possibly the surveillance channel.

One can see that the relative relationship between the connectivity needed from
• any given ATCC and/or ASET and the coverages provided by the Aerosat antenna

configuration has a large Influence on the design of access - control methods, particta-
larly the use of supervisory channels.

2-2 1/2 -22
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4 SECTIONS - SUMMARY OF ACCESS CONTROL STUDIE S

• This section presents the results of the three access control studies considered
In this report. These results are presented factually as they were originally ~~~~~
by the study teams, and no attempt has been made here to recommend AEROSAT access
control techniques. &ich recommendations will be presented in Section 4. For each
study, a summary of the methodology utilized, the access control techniques
considered, and the conclusions obtained are presented In this section.
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3 , 1 SYSTEM ACCESS CONTROL STUDY (BELL AEROSPACE)

This section presents a summary of the work accomplished during the study on
System Access Control by the Bell Aerospace Company. The objective of the study
was to obtain detailed descriptions of equipment and Interfaces for promis ing access
control techniques which are applicable to an aeronautical satellite system.

3.1.1 Methodolo gy

Emphasis In the study was placed on systems capable of providing voice, data
and independent surveillance services. Six candIdate configurations using either
frequency division or time division techniques were Invest igated. The basic method of
operation and sets of flow diagrams were developed so that comparative evaluations
could be made of work able systems. Provisions were made for differ ent types of
entry, beam switching, and for setting up communications between mobiles anywhere
over the oceanic area and various ground terminals. The Interactions of the access
control techniques with signal designs were considered wherever appropri ate.

• 
- A queuing simulation and supporting analysis was carried out simultaneous with

the formulation for the systems concepts . The simulati on ver ified that results
obtained from the applicati on of conventional queuing theory are valid. A set of charts
developed from the theory Is useful as a design tool helpful in evaluating and compari ng

— 

channel management str ategies.

Descriptions of all the candidate configurations were presented In the final report.
However , based on a comparative evaluation an FDMA concept , Identified In the study
as System C, and a TDMA system, identified as System F, rated highest and were
presented In greatest detail. Preliminary designs of the avionics Instrumentation for
these two systems and a summary listing of avionics element costs were Included.

The forma t of the Universal Digita l Data Link (UDDL) was used In the
selected FDMA system Instrumentation to provide for the transmission and reception
of all supervisory data required for channel accessing. The data-link chann el was

- • 
also used for surveillance polling with the surveillan ce signal multiplexed in

3—2
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quadrature with the data carrier. Full duplex channels were used for both data and
voice.

A separate supervisory channel multiplexed with a surveillance signal in a - •

single framing burst was used In the selected TDMA system. All other bursts repre-
sented communications channels which can be used for either voice or data. The air-
ground transmissions are handled as FDM. Corresponding to each burst In an uplink
frame , there Is a downllnk frequency channel.

The main advantage of the TDMA is the elimination of intermod products and
operation of the satellite power amplifier at maximum efficiency. However , much of
the advantage is lost because of the Increased channel overhead associated with each
burst.

The selected FDMA and burst TDMA systems described are comparable In
operational capability. Access capability from s~ny ASCC/ASET to any mobile any-

• where over the ocean is provided. In the TDMA system, time synchronization of each
ASCC/ASET to the master which tr ansmits a fr ~~ni1ng burst is required. This Is
achieved by monItoring the L-band transmission from the satellite . Rapid beam
switching on a burst-to-burst basis is also required. Therefore , a command channel
to the satelli te which fur nishes a timing reference and the switching sequence must be
supplied. For FDMA , the satellite must have the capability of switching individual
channels to various spot beams. PrecIse timing is not a requirement.

3. 1•2 Access Control Techniques

3. 1.2.1 FDMA Systems

In this section the FDMA systems analyzed during’ the Bell study program are
described. The three frequency division multiple access systems all provide voice,
data and surveillance services under fully loaded conditions. The differences between
the three systems are associated primarily with the manner In which the supervisory

control dat a La handled , and secondarily the manner In which channels are allocated
am ong the ASCC ’s of the system. The variati ons may be summarized as follows :

3-3
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System A. Separate supervisory channel transmitted vIa an earth coverage
antenna; central management of voice channels.

System B. Separate supervisory channel transmitted vIa spot beams; central
• management of voice channels.

System C. Supervisory data for AEROSAT Integrated Into standard data-link;
distributed management of channels.

It is apparent that the differenc es are evolutionary rather than revolutionary.
In System A, the supervisory data , In digital form , Is multiplexed with the surveillance
signals on a separate carrier and tr ansmitted from the master ASCC to all aircr aft on

• an earth coverage beam . Quadrature modulation Is one efficient technique for com-
bining the two signals, which conserves satellite power . System B Is similar to
System A except that the surveillanc e and supervision (S&S) signals are transmitted
via spot beams , thereby takIng advantage of the extra antenna gain. The S&S signals
are sequentially switched from beam to beam to obtain oceanic coverage. In System C,
the supervisory data is transmItted in combination with other data on a “standard
format ” data channe l. Each aircraft continuously receives an assigned data channel
and monitors a sequence of fixed length messages transmitted thereon for self
address signifying Independent surv eillance pollIng commands and a normal data-l ink
Interchange. ~~rveIllanc e signals are multipl exed onto the data-link carrier . By
multiplexing both the supervision and surveIllanc e onto the data-link channel , satellite
power usage for these functions is minimized. Each ASCC manages Its own channels
and performs its own surveillance.

Method of (~ er atlon of System A

The distinguishing feature of System A Is the use of a separate superv isory chaimel
on which are transmitted low data-rate signals for channel access control and surveil-
lance polling. The supervisory signal Is multiplexed with the surveIllance signal and
transmitted via an earth coverage antenna for simultaneous reception by all mobiles.
Tb. ASET/ASCC , designated as the Master, transmits and receives the siçervlslon/
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surveillance signal to and from all mobiles equipped to utilize the service. Uplink
transmission Is continuous. All aircraft In the system continuously monitor this S&S
channel, maintain lock-on and synchronization and respond when sequentially polled
via a system address. Fixed length polling slots are used in the supervisory data

channel with a duration which Is compat ible with the surveillance signal processing
requirements and the Information to be transmitted. The data rate is selected to
minimize satellite power requirements.

The communication channels In the system are designated by the master ASCC
as either data or voice. They are transmitted 0-A via spot beams in each of the

satellItes to the areas of the ocean requiring communication service in response to

switching commands received by the satellite control facility (SCF) from the ASCC .

Tn the A-G direction , either earth coverage or spot beams are used depending on the

particular satellite design.

Digital data links are assigned to each of the ASCC ’S for relatively long periods
• and are managed separately at each ’ center. All aircraft are assigned a data link

channel to monitor, corresponding to the ATCC-ASCC having responsibility for their

contr M. The message formatting and queue manageme nt are accompl ished by the Local

ASCC. However , queue status information Is transmitted to the master from each
local ASCC for overall system management. Data channels can be assigned or

• reassigned based on overall demand . All data transfe r is handled on a priority basis

in accordance with standard data-link practices. Ground requests and messages

funnel directly into the ASCC while airborne requests for data transmiss ion are

received by the master and forwarded to the appropriate ASCC for entry into the queue.

Because of the existence of the separate supervisory channel, perIodic polling

via the data-link Is not required. Message tr affic Is handled purely on a demand
assignment basis. Either variable length or fixed block length messages can be used.

The uplink data transmission Is continuous so that all aircraft can stay locked-on

and synchronized, and reply when the corre ct address Is received . In the downl lnk
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transmission, provision Is made for guard time , acquisition and synchronization.
The acquisition time can be held to a minimum if the supervisory/surveillance signals

are coherent with the data transmission so that doppler Informat Ion obtained from the

former can be used.

Voice channels are allocated on a request/grant (with priority) basis entirely

under control of the master ASCC. Thus , a central queue is maintained for all the

voice channels In the system. The ground-to-ground link is used to receive and

transmit requests and make temporary assignment of voice channels among the ASCC ’s
of the system. The actual voice transmission takes place between the local ASET/ASCC
to the mobile involved.

Description of System B

System B dIffers from System A in the manner in which the supervisory and
surveillance (S&S) s1gnal~ are transmitted to, and received from, the aircraft In the

system. In System A, the S&S signals are transmitted and received via an earth
coverage satellite antenna. To enable some savings of satellite power and/or provide

additional margin for the 0-A link , a system Instrumentation was Investigated wherein
the S&S signal at one unit of power level is transmitted sequentIally via the contiguous
spot beams to all areas of the ocean. The capability of switching the S&S channel

amplifier In the satellite to the Ind ividual spot beams Is assumed . The S&S signal is
re ceived In only a single spot beam area at any given time at an adequate power
level. The need for an earth coverage antenna in the satell ite for surveillance signal

transmission is eliminated. The princ ipal drawback in this Instrumentatio n Is that -

quite frequent beam swItching is required to provide high rate polling to several
aircraft each of which may be in a different spot beam. This results in attendant
delays while aircraft in an area reestablish synchronization. The lengthening of total

S&S servicing time (epoch) for all aircraft , with a typical distribution of aircraft com-
munIcating at a high message rate is, however, not severe and the concept Is quite

• workable. It was felt that since regular surveillan ce polling would not optimally be
programmed In one or more areas any more frequent ly than once per epoch (no

- 
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aircraft in area on high polling rate) , that It would be best to provide emergency
signalling over a separate low speed A—G chs~n~1. An earth coverage receiving antenna
In the satellite is utilized .

The supervisory data channel format for System B Is e.s~~~t~lly Identical to
that for System A, except that an emergency signalling channel Is added.

Description of System C

The design of System C follows as a logical exLi.~aIon to Systems A and B
described in previous sections and Is based on th. following rationale.

The Universal Digital Data-Link duplIcates wIthin It. forw~,2t many ci tha chemiel
management functions required of the supervisory signal and Lu transmitted via spot
beams. Since, as In System B, the supervisory signal Is also transmitted via spot
beams , it is efficient to combine the two signals into a single 1200 bIt per second
stream based primarily on the UDDL format. Most of the communications to and
from a mobile will be to a particular control center via a local ASCC . If that ASCC Is
allocated, a group of voice channels in addition to a data-link/supervisory channel for
management most ground or airborne requests can be handled on a focal basis. This
distrIbuted control will eliminate the necessity for processing of all ring-up and
grants from the master ASCC and reduce G-G supervisory message traffic. If the

waIt ing time allowances are not too restr ictive , the implementation of a distributive
control discipline does not impose severe penalties on the allowable message loading
per channel. If the surveillance sIgnal is quadrature modulated on the data-link
carrier , the additional satellite power for this signal is negligible.

Each local ASCC designate s at least one of the channels assigned to it as a

supervi sory/surveIllance /data (SS&D) channel and uses It to manage the allocated voice
channels, transmit and receive digital data , and control surveillance polling. The
aircraft under control of the oceanic air traffic control centers (OATCC) which Interface
with a given ASCC continuously monitor the data-link channel emanating from that
ASCC, thereby maintaining lock-on and synchronization. The SS&I) signal Is trans-

mitted as a contInuous 1200 bps bit stream which Is subdivided into fixed block-length

messages whose minimum duration Is compatible with the surveillance signal.
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The local ASCC’s may compute position location for the aircraft under their
indIvidual supervision . Each time an aircraft is polled, it replies on a sing le fre-
quency with multiplexed SS&D information.

All A-G SS&l) messages are transmitted via two paths providing full downllnk
supervisory and data message redundancy. While each transmission of an SS&D

mes sage contain s its own error checking , the redundant transmission of supervisory
and data message will considerably enhance the probability of receIv ing correct

messages.

Beam or channel switching in thIs system Is minimized. For the SS&D channel,
It Is only required wher e the oceanic area serviced by a particular ASCC is covered

by more than one spot beam and it Is not resource effective to put a channel in each

beam.

3.1. 2~ 2 TDMA Systems
.

This section presents a review of the general category of time division multiple
access (TDMA ) types of instrumentation evaluated during the study. Although time
division techniques were considered for both up and downlink transmission , they are
used uplink only. This Is because of the complexity in synchronizing the transmissions

from the mobiles. Thus , the options described are hybrids using time division uplink
and fr equency division downlink.

Two basic types of time division techniques were considered. These are a bit-

br -bit multiplex and a burst multiplex. Two different Instrumentations for the bit-by-
bit multiplex and one burst concept were detailed to permit comparison. The burst
multIplex instrumentation ranked highes t in the comparison. The two bit-by-bit
multiplex concepts are presented first in this section while a mere comprehensive
description of the selected burst TDMA concept Is presented h i t .

Single Multjplex Per Satellite (System P}

The basic uplink digital multiplex consists of a bit-by-bit multiplex of a number
1.

of communication channels and Is framed by a synchronizatIon , surveillance and
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supervision (SS&S) channel. A separate supervisory signal Is thus used for channel

management. The bit rate per channel is 19.2 kllobits per second corresponding to

that used In delta voice modulation system s being pr oposed for AEROSAT. A channel

used for data is transmitted at 16 chips per information bit to provide 1200 bits/sec

with the same power as a voice channel. The uplink multiplex is formatted at the ASCC .

It is composed of the voice and data inputs forwarded to the ASCC from the ATCC and

company terminals connected to It.

Correspond ing to each multiplexed uplink channel , including SS&S, there is a

separate downlink frequency channel to provide a full duplex capabilIty . Voice and

data are transmitted downllnk on separate carriers using the same type of digita l mothz-
lation system. A typical S&S reply consists of a multipl ex of supervisory data and a

ranging signal . The bas ic featu res of the system are:

• One communications and surveillance multiplex per satellite , or a total of

two, each on different frequencies , are available during noneclipse times.

Each multiplex uses full satellite power.

• Each uplink multiplex carries a combination surveillance , supervision and

multiplex-synchronizatIon (SS&S) channel plus a fixed number of communi-

cation channels dependent on satellite power available. Each communications

channel may be used for either voice or data information and has a quality of

at least 43 dB-Hz.

• The two multiplexes can conveniently be transmitted from at most two ASCC ‘S.

Therefore , all ATCC ‘s and company terminal s in an oceanic area must

Interfac e with one of the ASCC’ s which generate the multiplex.

• Each aircraft is assigned a multiplex frequency/channel to tune to while in
a given area. Additionally , each aircraft is assigned a digital channel within
the multiplex to monitor.

• All aircraft In the oceanic area would be provided with a rapid access channel

that could be used to signal either a desire to enter the system on a random

(pop-up) basis or to signal an on-board emergency situation.

3-9

__________ ., l~~~
-
~ ~~~~~~



~~~
-‘-

~~~~~~~~~~~
-

~
-::

~~~~
-- 

~-
--

~~~~~~~~~~
—

~~~~~
.--
-~~~~~

-—

r 

-

~~~~~~~~~~~~~~~~~~

• During ecl ipse the single remaining multiplex services the entire oceanic
area.

• Each of the two multiplexes transmitted uphink, and containing one SS&S

channel, has a companion downllnk frequency channel for transponding SS&S
Information from the aircraft.

• The uplink supervisory data message provides for initial acquisition discrete

addres s polling as well as regular repeated discrete address surveIllance

polling.

• Each ASET/ASCC , transmitting and receiving its own SS&S signals,
processes the returns and computes the position of all aircraft under its

jurisdIction .

• The multiplex area is related to the FIRS associated with the ATCC’ s

interfacing with the ASCC generating the multiplex.

Two Multi plexes Per Satellite (System E)

Use of a single bit-by-bit multiplex per satellite requires that all of the

facilities of a satellite be beamed to a single area of the ocean. In some cases this

results In more channels than are req uired in some of the sparsely populated areas of

the ocean at a given time. When voice communicatio n is involved , the multiplex could

reside In a location for relative ly long periods of time with many of the channels Idle

while other areas not then receiving servic e may experienc e heavy queuing.

To minimize the total number of channe ls switched and to permit greater overall

flexibility, two uplink multiplexes per satellite are provided for the second bit-by-bit

multiplex studied. They are similar to the first multiplex scheme except that each

uses approximately half the satell ite power. Each contains Its own supervision ,

surveillance and synchronization channels . Thus , there are available a tota l of four

multiplexes and these can be allocated to up to four ASCC ’s. For many allocation s the

multiplexes can be dedicated to particul ar beams where the aircraft population t~ high,

thereby minimizing the total switching required. During any period when a multiplex

3— 10
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is switched , only half the satellite capaci ty Is changed. This is advantageous during

eclipse operation when a s*n~le satellite services an entire ocean . On the other hand ,

during some situations when both multi plexes in a satellite servic e a common oceanic

area , and with tr ansmission through a common amplifier , intermod pr oducts are not

completely eliminated.

The basic features of the system are:

• Two communications and surveillanc e multiplexes per satell ite, or a total

of four, are available during nonec lipse times . Each multiplex operates In a

separate freq uency channel.

• Each multiplex carries a combination surveillanc e, supervision and multiplex

synchroni zation (SS&S) channel plus communication channels that may be used

for either voice or data information .

• Each aircraft is assigned a frequency/channel to tune to while in a given

area. Within a multiplex each aircraft monitor s a data link channel .

• System supervision can be distributed among up to four ASET/ASCC ’s or

contained Within a single ASET/ASCC depend ing on whether or not the

multiplexe s are transmitted uplink from a single ASET/ASCC.

• The downlink SS&S return would typic ally consist of a 19.2 kilochip bit stream
carrying a sequential multiplex of synchronization , surveillance and

• supervi sory return Information.

• Each ASET/ASCC , transmitting and receiving Its own SS&S signals , also
processes them and computes the position of all aircraft under its

jurisdiction.

• Random entry or emergency signalling would be done in a manner essentially

identical to that for the single multiplex per satellite.

• Discrete address polling is used for normal entry polling.
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Description of Burst TDMA System (System F)

A burst TDMA concept is presented in sufficient detail to permit study of the

system access char acteristics. It is ada pted to the peculiar requirements of AEROSAT.

The concept utilizes a single burst TDMA per satellite incorporat ing in each a means

for TDMA system supervision , a means for surveillanc e ranging and a means for

communicating between any ground stat ion to any aircraft located anywhere. A typical

signal format is presented in the study to Illustrate operation of the concept.

3.1.3 Conclusions

3. 1.3. 1 General

The systems described in this report indicate that there are several approaches

which could be used effectively for surveillance and communications facilities manage-

ment in the AEROSAT system. Although each of the systems Is workable , they all

have relative advantages and disadvantages. To aid In system evaluation, a comparison

- matrix was constructed during the early phase of the study. This is shown in Tab le-3-l.

A set of numeric al evaluation factors indicating relative ranking are Included. Grading

from 0 to 4 was used with 4 represent Ing a highest score .

The five major parameters chosen for the matrix are:
-
• 

Relat ive Weighting

Avionics Complexity 5

Operational Capabili ty 4

System FlexIbility 4

Satellite Complexity 3

Ground System Complexity 2

Each of these is bro ken down Into several factors which characterize each parameter .

To obtain an overall rat ing, the subpara ineter numbers In each category were

multiplied by the categor y weighting factors. The following results were obtained.
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System A 245

System B 258

System C 291

SystemD 220

System E 235

System F 280

System C rated best primarily because of operational capability and avionic s
simplicity. System F was rated second and slightly above System B. The overa ll
operational capabili ty of the burst TDMA is comparable to that of System C. However ,
It rated lowest in avionics complexity . Nevertheless , it should be rem embered that
the total cost differential is not excessive. It is pointed out that the ratings used in the
evaluation are subject to variations which depend on the relative importance atta ched
to the parameters and tend to be highly subjective.

The following paragraphs discuss the parameters Involved in the system
- comparison.

3 , 1.3.2 Avionics Complexity

• Avionics complexity is considered the most Important evalua tion parameter.
Complexi ty has been chosen rather tha n cost because it is felt that the overall avionics

cost for all systems tends to be about equal. This is because the relative cost for

antennas and RF components tends to be high while the prod uction cost of signa l pro-
cessing components (particularly digital modules) tends to be low. Complexity La more
of a measure of the total number of circuits or active elements . It reflects Initial
design difficulty and ease of checkout and maintenance,

R/T Assembly

The FDMA systems use a double conversion receiver and are identical for all
systems. The TI)M systems use only a single conversion receiver and ar e identical - -

for both types of TDM configurations studied. However , a double conversion receiver
Is equally usable and may have some tuning advantages.

3 3—14

I

——--—-~~~~~~~~~~~~~~~~~ T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~



- • 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• I

I It Is concluded that a single R/T design is usable and valid for all configurations.
‘ The only difference between the variou s configurations is the number of channels

supplied at the output of the second convers ion. The number of Independently tunable
receiving channels is listed as follows:

Systems

C D E I F

1 Voice 1 Voice 1 DigItal Multiplex
1 Data 1 Data/Surveillance

1 Supervisory and
Surveillanc e

Simultaneous reception is provided with an overa ll noise temperature of 1000°K.

In the FDMA systems the number of channels can be reduced If the communications
services supplied are reduced along with a reduced channel management capability.
On the other hand , in the TDM systems the number of chann els La increased If It Is • -~

- 

- desired to monitor the output of both satellites.

• The number of transmitting channels La :

A B C DII E.F

1 Voice 1 Voice 1 VoIce 1 Voice

1 Data 1 Data 1 Data ! 1 Data

1 Supervisory and 1 Supervisory and Surveillance 1 supervisory and
Surveillance Surveillance 1 Rapid Access Surveillance

1 Rapid Access 1 Rapid Access

Transmission of only one carrier at a time is implied, thereby permitting use of

a Class C amplifier . It is assumed that a surveillance reply preempts data and trans-
mission of either of these interrupts voice. A missing data reply will automat ically

I cause a ground request to repeat. An EIBP of 23 dBW is used In all systems. -•

U
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Communications Modems

FDMA

The FDMA systems use separate modems for each received subcarrler. In
Systems A and B, therefore , a separate modem Is provided for the voice, data and

• supervisory and surveillance signals. The configurations identified in the study permit
use of any AEROSAT compatible modulation technique for the voice or data chan nels.

• The S&S modem is designed for 300 bit/second data which is quadrature modulated with
a surveillance signal . Phase -locked loops are required In the data modem and the S&S
modem, and these permit search and acquisition of the carrier and bit sync within a
1—second time period when a special preamble is transmitted.

System C requ ires only two modems. These are an AERO SAT compatible voice
• modem and a surveillanc e and data modem. The latter Is designed for 1200 bit/second

data quadrature modulated with a surveillance signal. Suarch requiremei~s can be met
• 

• 

using phase—locked loops. 
-

• TDM

The time division systems are constrained to the use of digital modulation for all
signals. In all of these, a comparatively wideband pha se—locked loop is used.

In Systems D and E, the bit sync loop tracks a continuous incoming bit or chip
stream. The rate Is about 100 kBz. A special code is used In the SS&S channel to
Identify It and permit demultiplextag of the communIcations channels. The cni~*it of
the demultiplexer provides 19.2 keMp/second delta mod voice or 16 chIp/bit , 1200 bitt
second data at the selected channel outputs . Subsequent demodulation is standard.
Modulation for downlink transmission La accornpllehed In standard AEROSA T digital
voice and data modulator..

Burst TDMA

In the burst TDMA system acquisition of phase and bit sync within every burst Is
required subsequent to initial frequency search. Three millisecond s of preamble Is

~;

I
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provided for this In the burst. In addition, memory Is required to reduce drift , frame-
to-frame, for those aircraft operating in remote areas. Typical loops are disc u s e d

• - In Appendix E of the Bell fin al report referenced earlier .

The modulators for downlink tra nsmission are standard AER OSAT digital voice
and data modulators.

Supervisory Processing

All systems except System C use a separate two-way supervisory channel. In
Systems A and B, a 300 bit per second data channel Is used to perform the functions.
In Systems D and E , the same type of Information Is multiplexed Into the communications
bit stream , while In System F it Is contained in the framing burst. The downllnk
supervisory information for the TDM systems Is transmitted in a surveillance reply

• sequence.

• Surveillance Processing

• FDMA

Analog or digital ranging can be used in the FDMA systems. In Systems A and
B, the signal is multiplexed with the supervisory data. In System C, the signal is
multiplexed with the data-link signal. A signal quality of about 30 dB-Hz is assumed
for System A while 36 dB-Hz is assumed for Systems B and C.

Processing involves lock-on and synchronization to the Incoming signal and
generation of a reply signal.

TDMA

TDM systems are constrained to the use of digital rmighig tethniques. In
Systems D and E, a precision clock I. locked to the Incoming bit stream. A 32 chIp
code provides coarse ranging and ambiguity resolution. The TDMA system uses the
same principle except that the precision clock Is synchronized during the framing
burst.

~~17
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Operational Capability

This parameter is concerned with the effect of the multiple access scheme and
channel management discipline on the overall ability of the AERO SAT system to provide
communications and surveillance services.

• Channel Access Capability

In Systems A, B, C and F, every ASET/ASCC can access every availabl e

• satellite channel. In Systems D and E, G-A access must occur via the center generating
- the multiplex.

In the FDMA systems, access to a mobile is possible via any satellite disanel
• 

- 

subject only to channel (or beam) switching limitation. in the satellite. In TDM
and TDMA systems, access to a mobile Is achieved only via one of the channels In
the multiplex which the mobile is monitoring,

Since all systems use FDMA A-C,, all ground terminals can be acceised from any
• - mobile, subject only to satellite antenna arrangement.

Channel Request Times

This refers to the time required for requesting and obtaining use of a ___

not including the queuelng time.

The major time delay in dowallnk access is the polling epoch time. This is
greatest for System B and Is about 20% less In System A. In Systems D and F, the
polling epoch is cut in half while In Systems C and E multiple polls are used redectag
the epoch time even more. Additional downllnk access delay. may occur du. to 0-0
link delays In granting channels by the ASCC. However, this is cc the order of seconds
rather than minutes as In the above.

The delays In uplink access are minImal because ci the direct coanectica via
terrestrial links between the ATCC’5 and the ASCC ’s.

Emergency access, via dedicated A-C channels on a random access basis, Is
about equal In all systems. In distributed control, granting ci channel, requires smaller
delays since all the ASCC’s monitor the emergency channel.

. 1 
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Access Throughput

An Important aspect of the channel management concept is the number of inter-

changes involved in processing a request. When a single super visory channel is used

with centralized control , as In Systems A and B, all requests are processed through
the master ASCC . All channel requests Initiated from ground term inals associated with

an ASCC other than the master are transferred to the master via the G—G links. The

grant is transmitted back over the 0-0 lInk. A similar situation exists for airborne

requests to a term inal not connected to the master. The call to the ASCC must be

transmitted via 0-0 lInks.

In Systems D and F, the number of such interchanges Is reduced because of the
• use of two supervisory channels. Systems C and E have greatest flexibility in

allocating channel s to ASCC’ s for direct control .

Busy Probability/Waiting Time

A key parameter which Is a measure of how effectively the available channels
are used by the vari ous centers to handle the message traffic is the queuelng time. It

pertains primar ily to the voice channels and Is a function of whether the channels are

all kept in a common pool or whether they are allocated among the centers. Allocation

among centers (or distributed control) represents increased queuefng time. Systems A
and B use centralized control while System C (as presently descr ibed) uses distributed
control. In Systems D, E and F, the channels are split Into separate multiplexes.
Systems D and F represent a 2-way equal split of channels while System E represents
a 4-way equal splIt of channels. In System C, the channe ls are allocated to the various
ASCC ’s In accordance with message traffic.

Effective Channel Utilization

This parameter is concerned with how messages an~1or conversations are
• 

- 
packed Into the channel . All systems use the voice channels on a demand assignment

basis. Therefore, the only loss In utilization comes about because of the set-ep and

ring-up time between conversations. In terms of message durations, this time Is
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expected to be small In all cases. Channel switching capsbillty affects efficiency in the

• following manner. In the FDM and TDMA systems, Individual communications channel s 
- 

-

can be switched on a demand basis to antenna beams covering sparsely populated areas .
In System 1), ai~ entire multiplex must be switched , so that needed capacity may be
removed from one area while providing excess capacity in another area. System E
mitigates this effect.

For data channels all systems use demand assignment without polling except
System C. Therefore , variable length messages are transmitted on these channel s.

- 

• 
By utilizing the message length information , efficient message packing may be obtained
by the ASCC formatt ing the data stream. However , there may still be gaps. In
System C, fixed block length messages are used in polled sequences. Therefore ,
transmissions occur to particular aircraft regardless of whether data is to be sent
or not. Some loss in channel utilization is therefore Incurred.

For air traffic control application ,, most messages are expected to be fixed
length . The differenc e between use of variable length and fixed length messages is
apt to be small.

System Overhead

This para meter Is used to characterize the magnitude of the system power lost
because of the access and channel management discipline. It Is observed that In
System C, there is a substantial savings In satellite power by absorbing the supervision
and surveillance signals into the data-link channel. The TDM systems generally do
not have any intermod losses. In the burst TDMA substantial improv ement in overall ~• 

-

effIciency can be obtained by reducing the preamble preceeding each burst transmission.
One approach for doing this Is to maintain chip synchronization between bursts among
all the ASCC ’s In the system.

Spectr um Utilization

In addition to the interm ~~~l.t1on power losses associated with FDMA systems
there are also Interference problems to be considered. Signal frequency plans have to



~~~~TT ~~~~~~~~~~~~~~~~~

be designed to ensure that any intermodu lation product which falls on a signal frequency
• Is sufficientl y small that the Interference Is negligible. This generally requires that a

• ~
- greater portion of the electromagnetic spectrum Is required for an equivalent number of

• channels In the FDMA Systems A, B and C than for the TDM Systems D and F. System

E, which Is In a sense a hybrid , falls In the midd le.

Degraded Operation
p

Factors to consider here are decrease in satelli te power , extraordinary fading
or scintillation. Systems which do not threshold , as is the case with some analog

modulation technIques , are desirable under the above .~ircumstances. Thus, this

favors FDMA systems. In FDMA systems, channels can be easily dropped If there Is I -

an overall loss in satellite power . In Systems D, E and F which require digital

• techniques, there Is mor e of a tendency toward thresholding. In System D, the entire
multiplex degrades when the satellite power decrea ses. In System E, a multiplex can j
be dropped. In the burst TDMA , channels can be dropped by simply not transmitting

• dur ing a burst if the power supply can adjust to the above.

I Eclipse Operation

Thirlng an eclipse , the available channels are reduced to ~~. In Systems A and B,
If surveillance service is to remain unchanged, the available communication channels

are less than ~ normal. In System C, a reallocation of data-link/supervisory channels

may be required to provide sufficient voice channels for the message traffic. In
Systeiñs D and F, one of the two multiplexes is disabled resulting in single ASCC

control of the SS&S channels. In System D, all communications are curtailed In
oceanic areas other than that covered by the single multiplex. In System F full area
coverage is provided but with fewer channels. In System E, one of the two remaining

multiplexes can be continuously used In the principal North Atlantic area and the other

can be switched to other areas as needed.

1 :.,~
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System Flexibility

Designation of Channels for Voice or Data

All systems have this capability. However , In System C one or more chann els

are dedicated for combined data and supervision.

Allocation/Reallocation of Channels to ASCC ‘a

Greatest flexibility for channel allocation on an Individual channel basis is

obtained with the FDMA and burst TDMA systems. As long as the master ASCC main-

tains queues or is appraised of queue status by other ASCC ‘a channels can be allocated

to relieve build-ups. In Systems D and E, an entire mult iplex must be reallocat ed.

Adding or SubtractIng Channels

Adding or removing individual channel s is easy in the FDM systems . It is not

feasible in Systems D and E. IndivIdual channels can be deleted In System F but It doss
not have the flexibility for addi ng channe ls as in A ,B or C.

ChangIng Bit Rate

The bit rate can be changed from 1200 bits/second to 2400 bits/second by

provid ing 2 unIts of power in a given FDMA channel. In TDM systems , two channels
must be combined on a time basis resulting In a non-uniform bit stream which can be

handled if provision is made beforehand In the avionics .

SatellIte Complexity

• This parameter refers to design and/or control aspect s of the satellite which

may be peculiar to a particular access scheme. (NOTE: Additional satellite design
• data may influence some of the ratings).

Beam/Channel Switchin g

4 Because spot beam coverage has been postulated , all systems require some

degree of channel switching to provide full oceanic coverage. In System A , only • -

Indivi dual communic ations channels need to be switched and only on the basis of demand.
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In System B, In addition , the supervisory and surveillance channels need to be
-

• switched perhaps as often as 15 to 20 times per two-minute epoch. Furthermore, -
•

switchIng of the S&S channel must be accomplished such tha t it adds capacity to the

communications channels already connected to a particular beam. In System C, the

-
• switching is minimized for the supervisory because multiple/data supervisory channels

are used. Hence, one or mor e may be dedicated to a beam . Althou gh beam switching

• is required In System D, the switching function consists of moving the entire power

• amplifier output from one beam to the next. The System E switching function is

minimized because of the availability of more multiplexes as In System C.

In System F, beam switchIng is required oi~ burst-to-burst basis. Therefore ,

a rapid beam switching capability Is required along with the means for processing the

I -instructions for switching sequenc e contained In the framing burst.

Antenna Coverage

As state d previously, all systems use spot beam cover age. An earth coverage

antenna Is required in the G-A link In System A to transmit supervision and surveillance .

No uplink EC antennas are required in the other systems. All systems use earth

coverage antennas A-G for emergenc y access. System F employs earth coverage for

the communications reply channels. It can , however , be used In all other systems.

3. 1.3.3 Ground System Complexity

ASCC Interfaces

Systems usIng centralized control (such a sA and B) require proce- -~ng of all

requests and grants for voice channels at the master ASCC . The G-? links must be

used for transmitting this Information among the various ASCC for completing the

circuit connections. With decentralized control, each ASCC manages Its own channels

• 
- 

and only queue status needs to be transmitted for possible periodic reallocation.

• -~ Aircraft doppler must also be transmitted from the master to the local ASCC ’s to aid
-

• 
in data link lock-on and acqulsition. In systems C, D, E andFeach ASCC having

control determines aircraft doppler on Its own. Position location Is generated locally
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In Systems C, D, E and F while for Systems A and B the position data is transmitted
via the G-G links.

information tran sfer between the ATCC and the ASCC Is comparable for all

systems. In System D where only two ASCC’ s are possible, the links betveen some 1
the ATCC ’s may have to be quite long.

ATCC/AS ET Complexity

The FDMA systems using single channel per carrier tend to require less
Information handling. Voice Is transmitted straight through from the ATCC to the
ASET at baseband. Data messages are handled on a store and forward basis. The

ASCC formats the data stream . In TDM systems, the separation between the
ASET and ASCC becomes less clear . The ASCC must multiplex all the channels

together before transmission of the baseband signal to the ASET. This Includes
Incorporation of the surveillance signal and supervisory Information into the multiplex.
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3 , 2 CSC REPORT

3.2, 1 Methodology

• ~• The CSC study applied a system oriented approach to the access control preblem.
The authors went back to the fundamental requirements-oriented driving function of

the system , namely the communication channel requirements in each AEROSAT coverage
area. These requirements could be met with a number of different satelli te antenna
beam configurations. These antenna beam (coverage footprint) configurations thus
became the fundamental distinguishing elements for the synthesi s of five different

baselines for comparison. These five configurations were as follows :

A Global beam

B Three beams (diverse sizes)
C 7-beam cluster

• B-i B plus a global beam
C-i C plus a global beam

WithIn the constraints of available cost-effective launch vehicles, the communi-

cation capacity of each of these configurations was analyzed. The capacity feasible
plus the nature of the antenna coverage then Implied the most appropriate modulation,
multiple access , and detection techniques. For example , technological factors In

satellite repeater design make TDMA more appropriate to the muttlple-cluster-beain
configuration C than FDMA. The configurations and capaci ties are shown In Table 3-2.

Next, the access control techniques best suitable for each were selected. For

example , configurations of lesser capability were assumed to require “tighter” or

• • 
more stringently controlled access than those with more capacity.

The five selected system approaches were then analyzed in detail. Simulation :
techniques were used where necessary. In particular, a bit error rate modulation,’
detection simulator was used to ascertain the performance of various modulation

techniques WhIch could be applied. Then, an overall oceanic communication simulation

was performed. This simul ation applied a specific traffic requirements model (of

• North Atlantic air traffic) to each of the five selected systems, and provided
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Table 3-2. Systems Analyzed

SAIELLflE ~~P~~4IT ~VIj~IPIE G-A pwJLwrIoJ/ ~JRYEILLN&V
~~~SS ~~~~~ LL1~~~~~~~~~~~~

A 3
Indepaninat

B Triple 8 x 13 FI1~~ 3 ~.80 Zone IPSK/~~etas Depenient
x l3 Bean 1 -’ 13° B. Indapnn~ient

2 -.13° W.

C Seven Bean Cluster ~~~~ 11 + 1 Carrier Burst/ Dep~~~ent
ted. c~stas and Thdepa~~~~
EP~ VQ~eths

9-1 (
~1r5~i1 + B ~~~ or 4 -4° Zonu S~~ie as B Dep~~ ent

0 -‘13° E. Indeperdant
1 -.-13° W.

~-i (Th+.sl + C 8 S~ ie as A and C Dependent
Irdeperdefit

‘This is tha assuned requir t. The izovisicm of independent surveillance in
onnfiguratmon C requires ~enxe stidy.

• **I~~~j  will be referred to as differentially-enonded P5K (I~~SK) to distinguish it
finn tha sd~~~ ithere cerrier ~thaae during a bit is used as a detection refere nce
for tl~ folk~dng bit.

~~mmunication performance outputs such as delays and queue parameters. The five
configurations were refined slightly on the basis of these results , and recommendations
were made.

In support of the system study effort, side studies were performed as follows:

Avionics configuration study

Signal design in a multipath environment
Automatic Repeat Request (ARQ) analysis.
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• 3. 2.2 Access Control Techniques

3.2.2.1 Introduction: General Techniques Considered

The CSC Report emphasized the control of access to the AEROSAT system by the

airborne users; It did not treat contention among ground users , the ASCCs , or the

ASETS. The access control problem was separated into a forward (ground-air) and a

return (air-ground) element . The former relates to which channels an aircraft listens -
•

to, and how. There were three methods considered: semipermanent channel assign-
ment; channel scanning; supervisory channel. The return direction involves control

of which channel an airborne user should transmit Into. The techniques are summarized

In Table 3—3 m

3.2. 2. 2 SpecIfic Application to Specific Configurations Analyzed

• 
As mentioned, the CSC author s went on to select from the dozens of possible

access control technique combinations those most applicable for each of the five

system configurations previously developed. The matching of configuration and
• - techniques is shown In Table 3—4 , Note that in most of the cases a poll or control

message of some kind was specified In the forward direction. Also note that It Is in

general necessary to explicitly treat on a separate basis the forward and return

directions , the Issue of emergency or pop-up access , and voice as opposed to data

utilization .

3.2.2.3 Access Control Delay Analysis

A computerized simulation was applied by the CSC group in order to assess the

performance of the five configurations. The results In terms of access control delay

are shown In Table 3-5. It should be noted that these delays apply to a specific
requirements model, and to the calculated system capabilities derived under a launch
vehicle constraint. Thus It Is not surprising that System C performs better than A,

given Its greater capacity (channels available).

A study of the results obtained using the assumed analog requirements reveals

- 

the following observations:
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Table 3-5. Access Control Delay Performance Comparisons

Total Delay (Seconds)
- - Median 90% PoInt

System G-A A-G G-A A-G

Analog Requirement s
A --- -- —-
B 325 10 455 18

- C 79 15 170 19

B— i 275 64 442 105

• C—i 210 50 260 87

• Digital Requirements
• A 114 58 210 106

B <1 <1 ci 6
C <1 2 5 8

- 
B—i 46 46 82 82

-
• 

C— i 46 46 82 82
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• 1. All delay performance results in the ground-to-air direction represent
operationally unacceptable delay times to access and use the facilities of
the system. This holds even for System C. The assumed requfren’e”t’

thus exceed the capabilities of satellites launched by Delta 2914* boosters.

2. Systems B and C have marginally acceptable delay times In the air-to-

• ground direction , whereas Systems B-i and C-i have unacceptable delay

times.

3. As the satellite capacity Increases from three channels In the North Atlantic
beam of System B, to four channels in System B-i, to eight imiver sally

available channels In System C-i , to 11 In System C, we see the almost
fourfold decrease in system delay performance In the ground-to-air

direction.

4. The excessive delay times of Systems B-i and C-i In the air-to-ground

direction are primarily associated with the poll. The poll frame length Is
• 91 seconds, yielding a median delay of 45.5 seconds. Add to this the

• median service delay of about 1 second In the air-to-ground direction, and
it can be seen that System C-i has almost no queneing delay (i.e. , waiting
for the next available satellite channel), whereas only about one third of
the system B-i total delay can be attributed to the queuelng delay.

- • 5. The chsnnel capacltiesofSystemsB, C, B-I, and C-i appear to be adequate

• enough to handle the assumed air-to-ground analog requirements, although

the access control doctrine of systems B-i and C-i does not yield acceptable
I performance with respect to delay. However, both the random access

(System B) and random seizure (System C) doctrines give acceptable results.
The random access doctrine gives better absolute results than does the

random seizure doctrmne, even though the latter isonagystem that bas

-
~~~ 

-

~ 
. 

considerably greater capacity than is available for the system of the former.

I ~ A study of the results obtained using the assumed digital requirements reveals the

F- 
~ 

. following observations:

* Current plans are to use a Delta 3914, usIng the excess capacity over the 2914 to
• provide the VHF capability.
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• 1. System A yields the longest tot.! delay results. The low capacity of
• System A may preclude it from being seriously considered for Aerosat.

2. Systems B and C show performance delay times that indicate that little or
no delay is Incurred In accessing the system or waiting for an available
satellite channel . Almost all the delay is associated with the service
distributions. In fact, from the population analysis results , neither system j -
ever required more than three satellite chaluiels simultaneously. Thus,
System B, and particularly System C, have excess satellite capacity to meet
the assumed requirements.

3. Systems B-i sad C-i also have excess satellite channel capacity since
System B-i has more than three available ground-to-air channels in the
North Atlantic beam and Systcm C-i has eight universally available ground-
to-sir satellite channels. The median total delay of both systems Is 46
seconds. About 0.5 second of this results from the digital requirements I -

service distributions, and almost all the remainder occurs as a result of
the delay incurred In accessing Ibe system via the polls.

4. The results of the digita l requirements simulations Indicate that, with the
possible exception of the ground-to-air direction of System A, all other
systems tested (i.e. , B, C, B-i, and C-i) have adeq uate or excess capacity
to handle the offered traffic load.

5. The results of the digita l requirements simulations further Indicate that the
random access, random seizure access, and semipermanent assignment
access control doctrines provide equally acceptable system delay perform-
ance , whereas polling, with , or without, message Information will not
provide acceptable system delay performance.

Of .11 the access control sabeystems conceptualized and of those actually tested
via computer simulation, the random access, random seizure, and semi-permanent

:1 assIgnment doctrines are best suited for aeronautical mobile application. The random
seizure doctrine is well suited to larg e capacity system configurations , such as
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System C, but may not work well for 8maller capacity system configurations , such as
• Systems B, B-i and C-i , due to the possibility of mutual interference on the eommunl-

cation channels. A properly designed random access control subsystem will slightly
out-perform a random seizure access control subsystem, particularly with a small
communication channel capacity system.

• Since the global channels of Systems B-i and C-i are not needed for air-to-
ground access control purposes with a random access channel(s) serving this function ,
and may only be used “as needed” for ground-to- air access ‘control , their main purpose
can be relegated to the surveillance functions.

A revised set of configurations was developed by CSC after the simulation results
were studied. The main difference between this list, shown In Table 3-6, and the
previous list were that random access was favored In moat A-O cases, and semi-
perm anent assIgnment was favored for 0-A with FDMA systems (with TDMA,
monitoring of all chann els or slots is elementary and so this approach was selected
for 0-A/TDMA systems. )

3. 2.3 Conclusions

Conclusions with regard to access control were as follows:

1. The polling access doctrines Investigated Incurred long access delays for
both analog and digital air-to-ground traffic.

2. The use of random access calling channels for air-originated air-to-ground
traffic results In high reliabili ty and in insignificantly low access times If
signaling is properly optimized.

- 

- 

3. The semipermanent aasIgnn~ent and cit~nnel scanning methods for use on

• ground-to-air channels are equivalent to single-server and multlaerver
queues, respectively, with the abili ty to 4pnsmlcally aportice the user
population. Thus, in the long term steady state, their performances are
equal. The additional overhead Involved In reassigning users to channels

In semipermanent uslgnment is not expected to be slgnaficsnt. .
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Table 34. Revised System Access Control Doctrines

Access Control Doctrine

System Multiple Access 0-A A-G Remarks

A FDMA Semi-Pe rm Random
Assign ment Access

B FDMA Semi- Perm Random
Assign ment Access

B-i FDMA Semi-Perm Random EC Poll for
Assignment Access Surveillance

& G-A Ac-
cess Control

B-i TDMA Att-Ch aanei Random EC Polt for
Monitoring Access Surveillance

C-I TDMA All-Channel Random EC Poll for
Monitoring Access Surveil lanc e

C TDMA All-Channe l Random
Monitor ing Monitor ini
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4. The seizure with observation doctrine simulated in System C apparently

does result In a signific ant number of simultaneous seizures by aircraft
- • 

- desiring to gain access, for the requirements assumed.

5. SemIpermanent assignment, when used with simple avionics, locks out the
- aircraft communicating on the channel under certain circumstances. It

also requires all aircraft assigned to the channel to reacquire after an
• analog voice transaction.

6. The use of a two-step poll significantly lowers the access time for air- to-
• ground traffic when used with System A. This procedure provides a better

I match of slot length to message length dlstrthution (assumed), and performs
I almost as well as a fully variable slot.

- 

3.2.3.1 System A

System A does not present any major technical problems In access control.

However, because of the assumed launch vehicle constraint, the capacity is low and

it was felt that the access delays incurred In this system (for the requirements used)
could seriously jeopardize the eventual operational acceptability of the system.

3.2.3.2 System B

System B requires the minimum and therefore the least expensive avionics package.
A single channel receiver and a switched (not diplexed) antenna are sufficient. Because
the ground-to-air channels themselves are used for management purposes, analog

requirements result In extremely long delays In delivering ground-to-air messages to

the aircraft users. The use of four random access supervi sory channels In the air-

• 

- 

to-ground direction results In significantly lower, and probably acceptable , access
delays for air-to-ground analog messages . Digital tr affic can be adequately handled
In both directions with this management doctrine and the resource. available fran
System B.

- - System B also suffers from a number of operational disadvantages which further
discourage Its adoption:
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1. Independent surveillance waveforms must be separately provided on all

channels, therthy Increasing ground station and satell ite costs (since each

waveform must be generated, relayed in the air-to-ground direction, and

phase compared at the ground facility) .

2. SInce a number of aircraft are monitoring each channel for both access

Information and messages during voice transmissions, no other aircraft

can receive any but emergency messages.

3. After each voice tra nsaction on a channel (assuming an analog moduintton)

every aircraft assigned must reacquire phase for address recognition purposes .

4. In the lower capacity beams, the failure of a satellite channel amplifier may

cause severe access delays (or no capacity at all) in that beam. The use

of a global coverage pattern with some minimum capacity provide, backup

In such cases. . 
-

3.2.3.3 System C 
-

Even though System C has a large capacity, its analog access performance In the

ground-to-air direction is poor. This can only be attributed to the high message

arrival rate dictated by the requirements used, and the seizure access doctrine used

In this system. As In System B, the absenc e of a global beam on the satellite comprom-

ises Its reliability if any normal beam falls. In the case of System C, the beam

switching mechanism on the satellite might be most susceptible to failure. *

3.2.3.4 System B—i

Since In System B-i both the ground-to-air and air-to-ground channels are

controlled by using the poll, the access delay is dominated by the poll interval. For the

requirements assumed, the analog delays are unacceptable in both the ground-to-air

and air-to-ground directions. The overall performance of this system would be

r ~ *Aerosat is an experimental system but it is felt that most experimentation will be
concerned with the technical aspects of communication and the operational aspects of

- 

- system control and usage rather than the development of satellite techno logy per se.
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• Improved, and the system would be preferred over all others studied, if the access

control performance could be improved .

3.2.3. 5 System C—i

Similar conclusions can be drawn for System C-i as for B-i with the additional
observation that advances In satellite and overall system technology must be made
before this type of system can be active ly pursued and fully evaluated operationally. *

3.2.3. 6 Preferred Method

When all the results of this study are considered, assuming that Independent
surveillance is required, it app ears that the most desirable system uses system

configuration B-i (I.e. , multiple beams for most communications, plus a global beam)
with the access control procedure described below. Each of the communication
beams has from one to four channels, depending on the geography It covers , and the

global beam provides a supervisory channel which all aircraft monitor. This channel
also provides coverage to areas not covered by the multiple beams, and provides

• - backup communication coverage to areas if satellite failures occur. The narrow
multiple beams are used by the aircraft for all air-to-ground transmissions except

for the random access calling channel(s) described below. The satellite equipment

serving this chnnnAl(s) is made redundant to ensure extremely high reliability.

The access control procedure uses:

• Semipermanent assignment of forward (G-A) downlink channels to A/C
receivers.

• Random access calling channels to signal for access by aircraft.

o A global broadcast supervisory ohnT~iel, also used as a reference to aid
acquisition of assigned channels and for Doppler correctIon of all aircraft
transmissions.

•See foothote on previous page.
- -
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In most ins tances, the channel assignment to each aircraft is made well In advance
• of the need, eithe r before takeoff or via other than satellite means. If not, the super-

visory channel can be used.

To obtain access to a channel (one way or two way) an aircraft proceeds as follows.

One of the random access csilflng chfinn44s is entered with a short pulsed transmission

(containing identification and channel type needed), repeated every few seconds until
acknowledged as follows:

• i. If a two—way channel Is requested:

• The aircraft is called over Its assigned channel (if avaiW)le or If the wait

is not too long) , or

• It is call& on the global supervIsory channel and told either the wait ing

time or to tune to anothe r channel (change In assignment) over which It
Is called after acknowledging change over random access chnnnel

• ACK /NAK for digital transmission Is received over the pa!red comnninl—
cation channel for both direc tions. *

2. If a one-way air-to-ground channel Is requested:

• The aircraft Is called over the global supervisory chn~uy!l and told which

one-way air-to-ground channel to use

• ACK/NAK comes over the global supervisory chnnnel.

For the ground system, to reach one particular aircraft:

• The aircraft Is called on its assigned chnnnel, or

• It Is called on the global supervisory channel and an assignment change
Is made.

The global supervisory chnnnAl Is also used for

• • Requesting surveillance returns from aircraft

• Synchronizing periodic data reporting transmissions (Including position
reports and surveillance returns) -
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- • • Emergency calling when assigned channel cannot be used or preempted

• General broadcast messages through the use of appropriate message

labels in the addressed transmission.

• Other rules are:

• Aircraft In flight enter the system using the random access channel,
after acquiring the global supe rvisory channel, and are acknowledged

and assigned their channel and satellite over the supervisory channel.

• The supervisory channel being monitored Is used as an Indication of

satellite health . If it falls, the crew performs appropriate backup pro—

cedures.

• The satellite supervisory channel to be monitored is assigned along with

-, channel assignment. In the case of pop—up or in—flight system entry,

the crew randomly selects a satellite and is told to change If necessary.

• If only the superviso ry channel of a satellite fails , the satellite is

operated in a backup mode with all supervisory channel functions
picked up on one- channel In each beam . This channel Is cleared and
operation continues as before.

• If all random access channels of a satellite fail (which is highly unlikely

because the simulations Indicated that two per satellite are required ),

all aircraft will use the second satellite, thereby slightly Increasing Its

• random access load and access delay characteristics.

Almost all receiver functions are accomplished automatically either In response

to s1gnniii/comin~i~nds on the global supervisory channel or its carrier, slpelii/

commands generated Internally to the receiver, or those received over the assigned
communications ohnnn~l. The aircraft crew Initiates only communication need (If

• not an automatic report), desire to enter the system, the message itself (If not an

automatic report), and the global supervisory channel to be monitored (which dep~~~s

on satellite assignment).
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3. 3 AEROSPACE REPORT

3, 3.1 Methodol~g~

The Aerospace report treats more than just access control techniques. At the

same time, howeve r, it does not present actual performance predictions for the 
-•

various alternatives given.

The approach taken is to descrIbe a set of viable operational concepts to be

evaluated. The various operational concepts have to do with particular service modes,

I.e. , particular combinations of voice, data , dependent surveillance and Independent

surveillance operation. Given these operational concepts, a set ci test configurations

is then developed which allows actual evaluation of the concepts. Inherent In the

detailed descriptions of these test configurations are access control techniques. The

last portion of the report describes a proposed system which would support the

experimental evaluation program implied by the test configuration listing. Thus it
-

• 

would be more accurate to treat the Aerospace report as a test program description
- than as an analytic effort. 

*

3. 3.2 Concepts, Configuration s, and TechniQues

3~3.2.1 Operational Concepts

The operational concepts conside red by the authors total nine, as follows:

1. VoIce commun ications only

2. Voice communicati ons with dependent surveillance
• 3. Voice communicati ons with Independent survelUance

4. Voice communications with dependent and Indepen dent survetllanoe

5. Data communications with dependent surveillance

6. Data communica tions with independent surveillance

7. Data communications with dependent and Independent surveillance

8. Voice and data communications with dependent surveillance

9. Voice and data communications with dependent and Independent survefll~~~e.
U
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Note that at the time this work was performed the data communication and dependent
- surveillance functions were distinct, a distinction which has pretty much disappeared

In most system concepts developed since.

These concepts were then fu’ther refIned and detailed by consider ing the voice
chsrnnpl access techniques applicable for ground users and for airborne users, and

- the type of connection or routing employed for data. Specifically, ground users would
contend for available channels either via “seize when available” (SWA) or “request”

- (REQ) modes. Aircraft access control could be SWA or REQ (via a data link message);
with SWA, some concepts allow for an availability Indication to the pilot (a status tone

package broadcast, for example). Data connections or transfer could be either ch,innpl

switched (CII. SW.) mode or terminal store and forwa rd (TSP) mode. These modes

-

- are summarized In Table 3-7.

3.3. 2.2 Test Configurations

The Aerospace authors have developed so-called “Test Configurations” which could
• • be used to test , in an actual, on-line manner, the concepts postulated. These are

• shown In Table 3-8, with notes. For some cases, more than one variation has been

postulated. As an example, voice only operation (#1) was previously separated Into
1A, 1B, and 1C variants. Now, 1C Is tested under two test configurations, id and

1C2. 
H

- 
3. 3.2.8 Access Control Considerations

~ I The access control considerations are not explicitly brought out in the Aerospace
report, but can be extracted by a detailed perusal of the sixteen different arrangements

1, or variations involved. It is significant to poInt out that the queueing or access

contention of ground users has been addressed in this report, perhaps with more

~ 
j emphasIs than the aircraft access control. On the other hand, there Is no consideration

I 
of how an airborne user is assigned to a given ch~nnpl (many modes have only cue

I . 
cbRnn el In operation, however).
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Notes for Table 3—8

a. Multiple aircraft-to-ground voice channels are assigned to respective controllers.
- ASCC assigns correct (sector dependent) frequency to each aircraft.

• b. The availability Indication for aircraft —to -ground voice channels is ident ified
herein as provided by the equivalent of a separate ground-to-aircraft chsi.i~l. •
However, the indication could be multiplexed onto ground-to-aircraft chnnnsls

- • used mainly for other purposes.

- c. Multiple aircraft-to-ground data channels are assigned to and terminate at •;

respective OCCa. ASCC assigns correct (0CC dependent) aircraft-to-ground
-

• data channel to aircraft . The ASCC controls chj innel switching only. This Is
• the CR. SW. method referred to in the text. - ‘

d. Multiple aircraft—to—ground data channels are assigned to aircraft without
• regard to 0CC to permit best use of available return communications capacity.
-

~ I ASCC terminates data link messages and forwards them to respective OCCs.
This Is the TSP method referred to in the text.

e. Each ASCC polls the aircraft for Its respective OCCs via data link ground-

to—aircr aft channels .

• f. Master ASCC polls all aircraft for all OCCs via the data link ground—to-air—
craft channel . Secondar ly ASC C sends poll requests to maste r ASCC via a
ground—to-ground data channel .

g. Each ASCC polls the aircraft for Its prespective Odds via a polling signal
mult iplexed onto the ranging signal transmitted on the Independent surveillance

I 
ground—to—aircraft chnnnels.

h. Master ASCC polls the aircraft for all OCC s on one ground-to-aircraft Indepen-

I- - dent surveillance channel and uses the other ground-to-a ircraft Independent - •

I- ; - surveillance channel for transmitting the surveillance ranging signs!. Secondary
- 

-
- ASCC sands poll requests to master ASCC via a ground-to-ground data cbs,nisl.

1” P
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I• The g onad-to-ground data choi~nel between ASCCD doe, not need to be provided
by the Aerosat satellites.

• 
J . Tests can be feasibly conducted with considerably fewer chnrnis ls and an

acceptable reduction In scope using reasonable simulation.
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The following access control elements are Implicit In the Aerospace work:

1. Airborne User Access Control

Random Access (Voice)
F Seizure, based on status tone broadcast (Voice)

Data Link (poll responses)
• Requests for voice channels via data link message

Requests multiplexed with Indepedent surveflI~~~e response

2. Ground User Access

Seizure (voice) based on status, loopback, or key system approach
Requests to a manual switchboard (voice)
Requests (automated) (voice and data)
Store and Forward data message service (data link)
Master/Slave ASCC concept. The master runs a forward poll.

In the light of more recent developments, it is seen that the key elements throughout
are:

Manual switchboard voice operation
Status tone broadcast to aircraft
Data link poll operation
A means for ground user contention, e.g., c mference bridge and key
system.

3 , 3, 3 ConclusIons

The Aerospace work does not evaluate the relative morits of various approaches.
It does present designs for system elements which would allow the test program to be
carried out. The intention was to defer conclusions until after collection of experimental!

-
• evaluation data.

I

a
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• SECTION 4 -  ACCESS CONTROL REC OMMEND ATIONS

4.1 INTRODUCTION

The choice ci access control techniques for testing during the Aerosat E&E

I 
program Is Influenced by:

• Their feasibility and suitability for operation al use as demonstrated by
- previous studies

• The configuration of the satellite to be procured for the program.

• It may be argued that potential future operational satellite configurations should
also Influence the choice. However, It is felt that If a technique or configuration is
not tested and evaluated during the E & E phase then it is an unlikely candidate for a
first operational system. * Thus, we limit ourselves to access control techniques which

• are compatible with the E & E satellite configuration. This does not preclude pseudo-
- simulation type scenarios where the E & E configuration is used In such a way as to

simulate an access control scheme on a smaller scale and under slightly different
conditions than might be used operationally.

4.2 SATELLITE CONFIGURATION ASSUMPTIONS

As of this ~~iting, it appears that the pertinent satellite configuration will
• 

- as follows:

• Three beam transmit antenna at L-band-(I.e., no global coverage) each
beam covering one NAT area

• Global coverage receive antenna at L-band (i.e., no reception via three
• narrow beams)

- 

• A ma~dnium of five L-band transmit channels via the three beams during
eclipse

• Beam (area) A can bsve *~~to3c$nnela, bea~n sB a n d c i ap t o 2 ch~~~~~

The E & E satellites themselves may well be the first operational ones also.

4-1 
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• Transfer ci channels (power) between beams will be done relatively slowly
In response to ASCC requests (30 seconclo of elapsed time)

• • A limited number of channel transfers per day are possible (about 5 or 10)
on the average but the peak number daring a few days of testing could be
much higher.

4.3 SYSTEM CONFIGURATION ASSUMPTIONS

In order to set up test scenarios for the E & E program that relate to meaningful

• systems, it Is necessary to establish at least a few basic principles of system configura-
tion. Without these, the number of test scenario possibilities is very large. The basic
principles which have been adapted (at least for now) are as follows:

• All scenarios will primarily make use of the satellite configuration as it
Ia envisioned. This Implies that concepts such as earth coverage, switching,
and others not directly Included In the satellite configuration will have to be
evaluated by slmulation/emulatlon.

• In line with the idea that entire system concepts are being tested and
evaluated, a single access control scheme should be applicable over the
entire system to simplify pilot procedures as much as possible.

• Mr-Initiated access In a beam cannot depend on the current existence of

a ground-air f~hannAl since some beams have zero 0—A capacity at times.

• Ground-Initiated access ,control must work with a minimum of one ground-air
channal In a beam area.

• A few ci the L to C band !hamlels In the satellite can be set aside as ceiling
t~h.iinela for access control purposes.

4.4 RECOMMENDED TEST AND EVALUATION SCENARIOS

4.4.l lntroductlon

The scenarios or teat/evaluatIon modes recommended here have been selected

-: - - according to the services they are assumed to provide. This set is not entirely

4-2
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exhaustive or comprobenaive, but provides scenarios which are consistent with the
assumptions presented previously, and shows a mennin&ui cross-section of concepts

such that the data obtained will be useful In defining follow-on operational systems.
As concepts have been developed and debated, It has become evident that functionally
a distinction between data and dependent surveillance readout Is not necessary. Further-
more, the operational desirability (to users) of voice means that while voice only modes
of operation are meaningful, and voice and data is also reasonable, data only operation
is not viable and therefore unlikely. Thus, there are three general service categories
to consider:

• Voice only

• Voice + data (and dependent surveillance)

• Voice + data + independent surveillance.

The first two can be provided even b~y only one satellite; the third of course requires

two satellites. The last area of distinction with regard to access mode or access

• - control concerns the forward capacity available in each area. If normall y there is no

forward channel capacity provided to an area, differences in exact access mode may
be necessary relative to the other are a,i which do have forward channel capacity
directed Into them . The significance of these distinctions will be evident in the sequel .
The modes are summarized in Table 4—1 .

4.4.2 Voice—Only Operation

Voice—only operation can be supported by a one or a two satellite system. The
baci-rbone of access control In thi s case Is the earth—coverage air—to—ground calling
cha~iinel(s). In an area with no forward (0—A) capacity normally allocated , the ava ilab ility
of this return calling channel allows potential users to gain access on a rando m

access basis. This can be random access using calling tones, for automated or semi—
automated operat ion, or manual voice calling, intercepted by a monitoring operator
not unlike HF radio operation .

Similar rand om—access calling channels would also be used in areas which are

served with forward downlink channels, but only on an emergency or special basis.
Normally, random access would not be necessary since the existence of forward channel

4—3
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Table 4—1. Summary

Access Control In Access Control in
- • 

- Number of Areas WIth Areas Without
Service Mode Satellites Forward Capacity Forward Capacity

I Voice Only 1 or 2 0 to A:
Semi-permanent Earth coverage calling
assignment. channel(s) on random
SELCAL access basis:

A to G: a) calling tones
Seizure with obser- b) voice call-in to
vat lon (of status operator
tones). Use of
calling tones.

II Alternate Voice/ 1 or 2 ARIN C 586 Data Link Random access of E. C.
Data (includes for data and all calling channels using
dependent requests and responses, data link. Also

• surveillance) position readouts.

Ill Voice, Data, and 2 Same as above. Same as above. (No
Independent (Surveillance Waveform Independent surveIllance
Surveillanc e is multiplexed with In these areas on a

• communic ations regular basis.
• modulation)
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capacity allows status tones to be broadcast, so that air-to-ground access becomes
seizure with observation rather than random, The forward chnnnels are semi-
permanently assigned, and SELCAL-like slgnalhIi~g is employed to reach specific

I aircraft.

4.4.3 Voice and Data Operation

The provision for data—link operation is very unlikely to remove the desirability
of voice for the aIrborne community, so the next service level beyond voice only Is

• voice and data operation. This can be supported even with only one satellite. Data link

transmission includes the opportunity for dependent surveillance readout.

Once again, areas which do not usually have forward channel capacity directed to
them still have available on a random access basis a return channel(s) for requesting
service. Since the system is set up to accommodate data transmission, one—way
(unacknowledged) position reports can also be sent in thi s way. In all cases , requests
for voice operation will be accommodated by the sending of a data link request message
by the airborne user.

- In areas with forward channel capacity, ARINC 586-based data link and voice service
are supported. Since some areas might onRy have one forward channel, however, provision
should be made to allow alternate voice and data operation using the same forward channel.

• This excludes the consideration of rigid polling struct ures for access control .

Semipermanent channel assignment will be used to permit ground-originated
calling of aircraft using either SELCAL* (tone coding) or data messages fw voice
access and data messages for data access.

4.4.4 Voice, Data, and Independent Surveillance

The addition of independent surveillance means that two satellites are required.
Areas with no forward capacity (normally) will be supported by means of random access
call—in over the earth coverage return channel(s), as before.

4 an evolving system assuming voice only service In the beginning, SELCAL will 1 -
• • probably be preferred.

I

~I

t
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Forward channels are operated on a semi-permanent assignment, alternate
• voice/data, 586 data- link basis. Rigid-format polling is still excluded, but with two

satellites the forward data-link transmissions may resemble polls In that voice requests
• will be transferred to other channel-pairs whenever and wherever these are available.

In order to support independent surveillance in areas with only one forward channel

• allocated (probably rare except durIng eclipse), it will be necessary to allow for
multiplexing of the surveillance (ranging) signal on the same channel as communications.

4.5 RECOMMENDED AEROSAT SIMULATION AIDED ANALYSES

The objective of the work recommended below is to investigate, by the use of

general simulation models , a number of performance and design aspects of the
AEROSAT Experimentation and Evaluation (E&E) system which are not readily investigated

by alternative anaiytlc or empirical methods. Previous simulation studies considered
a wide variety of access control methods for assumed aircraft traffic patterns and
communication requirements. However , a number of important system level tasks were
considered only partially, or were eliminated entirely from the previous studies, due j
to limitations of time and funds. The tasks which are recommended for future work
wi ll include a sensitivity analysis of access control performance based on the latest

Information available concer ning aircraft oceani c traffic distribution and aircraft

message traffic requ irements , consideration of voice/data traffi c mix evolution,

• integration of satellite and aircraft VHF capability into the L—Band access control

procedures, analysis of overall surveillance performance, and consideration of error
control alternatIves.

1

4.5.1 SImulation Aided Sensitivity Analysis

Based on the most recent estimates of aircraft traffic distribution over the Atlantic
Ocean, and using internationally agreed upon characteristics of the AEROSAT satellites

- 
and ground element s conduct a simulation aided sensitivity analysis to determine access

- control subsystem performance for selected access control techniques. Each technique $

• in turn should be treated as a dependent variable with the various user requirements

4-6
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treated as independent variables. The access control techniques studies should be

selected from among those recommended In Paragraph 4.2.

The user requirements should be varied and treated parametrically in order to
determine the critical points of each of the access control techniques.

4.5.2 Study of Impact of Evolution of Voice/Data Mix

Using estimates of message traffi c prepared by airlines and other responsible

organizations , a simulati on anal ysis shoul d be perform ed of the effects on system

perform ance of varying voice/data mixes used as Input to access control techniques

selected from those of Paragraph 5.2. This should Includ e an analysis of the access

control performance of subsystems controllin g co-channel voice/data mixes , as well as

those with dual—channel mixes. Performance sensitivities of the candidate access cont rol

techniques to the voice/data m i x  can be determined.

4.5.3 - System Simulation Upgrading 
-

Previously developed access control system simulations should be modified to

include the effect s of AEI-IOSAT system noise. As modified , the simulations will have

the capability of calculating the quantity C/N0 for every aircraft during its simulated

flight.

4. 5.4 Error Control Simulation

System simulation can be modified to include error control capabilities in the digital

data transmission , using the variable noise model incorporated Into the simulation under

Paragraph 4.5.3. Specifically, the simulations should be amended to produce the effects

of Automatic Transmission Request (ARQ). The bit error possibilities on each trans-

mitted message shall be error detected and the appropriate ACK /NAK feedback messages

generated. Candidate ARQ techni ques are : “stop—and—wait , ” poll with interrupt , n—block ,

and random block.

4.5. 5 System Surveillance Simulation

UtIlize the simulation models to simulate the AEROSAT independent surveillance

.chsystem. Effects of system organization, polling methods, acquisition performance

p 
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and signal design must be considered In determining the range of surveillance system
performance attainable. The ability of the AEROSAT system to achieve desired posi-
tion location accuracy and update rates should be determined. The effects of unified
signal formats will be considered.

4. 5.6 SImulation of Configuration Changes

The access control simulation model should be altered to incorporate recent changes
In the AEROSAT system concept. Two main topics shall be considered. The partitioning
of the North American earth station into two facilities , one in Canada and the other in

the United State s , will be incorporated into the simulation model , including the requirement
for terrestrial data communications between them . The second configuration change is
the inclusion of VHF into the satellites and U. S. portion of the ground facilities.
Investigate the impact of the inclusion of the VHF commimicatlons channels on the access

• control subsystem. investigate the advantages of a single access control subsystem to

- control channels in both VHF and L-Ban~s as compared with a separate subsystem for
- - each band. For the forme r case consider the effect of error rate diffe rences at the

two frequencies on aircraft queue formation. For the latter case investigate the loss

• of efficiency caused by necessary coordination between the two access control subsystems.

4.5.7 Random Access Simulation

Based on their delay performance as discussed In Paragraph 3.2.2.3, random
access - methods awear to be prime candidates for AEROSAT consideration. However,
the kinds of behavior encountered in a random access system make its design con-
siderably more complex than the design of a polling system. Therefore, it is

recommended that simulation studies be performed to establish a more extensive

- I data base on the performance and behavior of random access systems to serve as
guidance for later decisions on experimentation and design.

4.6 COMMON SYSTEM OPEBATION
- 

Given the international aspect of the component parts of the AEROSAT System
there is a need to specify a commonality of equipment and operations to ensure a basic
degree of compatibility between the various ASCCs and the different types of avionics

4-8
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equipments. This is required so that the equipment which will be provided by the
different panthers In the AERO SAT program can operate In common system e~q)eriments.

4.6,1 Common System Options

A. Define a standard set of modems, procedures, and access metheda that
all aircraft will be equipped to use.

B. Permit each aircraft to be equipped with an arbitrary modem/set provided
that each ASET has the same modem set Each ASET maintains a record
of which aircraft carries which modem/set and has the ability to switch
modems.

C. Use option B except specify a common data modem, which can also be
used for surveillance polling and voice access control.

Option (A) above of achieving common system operation suffers from the
disadvantage that it requires each aIrcraft to carry up to three additional modems.
Option (B) requires ne additional airborne modems but Involves the keeping of
complex aircraft files In the ASCC computer and introduces substantial complica-
tions in procedures required to hqndle pop-up aircraft. Option (C) requires only up
to one additional airborne modem with none of the ground problems.
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APPENDDC - REPORT OF ~~VENTIONS

The contract work reported here consists of a review of general background
material and a presentation in summary form of the studies pertinent to AEEOSAT
channel management and access control carried out under previous contract. Thus
the results presented here do not constitute Inventions or discoveries, but rather are
a summary of a substantial body of material in a form useful to those ti~king part in the
Implementation of the AEROSAT program.
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