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Defense Information Center
ATTN: Pat Mawby

8725 John J. Kingman Road
Suite 0944

Ft. Belvoir, VA 22060-2618

Reference our 01/20/98 telephone discussion. The two
requested publications are attached: Assessment of Options
for Improving the 5-kHz UHF DAMA Waveform, 10 May 95; and
Tutorial on Set-up and Communications Delays for All UHF
SATCOM DAMA Modes of Operation, 20 Jun 94. The author (A.
Pappas) places no restrictions on the distribution of these
publications.

If I can be of further help, let me know.

vl

Bob Hager
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FOREWORD

This report has been prepared by the Joint Interoperability
and Engineering Organization (JIEO), whose principal interest is
to improve joint interoperability among command, control,
communications, and intelligence (C3I) systems. JIEO prepared
the report based on Military Communications-Electronics Board
(MCEB) direction to address user operational issues with the
5-kHz ultra high frequency (UHF) demand-assigned multiple access
(DAMA) waveform.

The report will be used to help UHF satellite communications
(SATCOM) users understand the efficiency versus operational
effectiveness trade-offs in the implementation of contemplated
improvements to the 5-kHz UHF DAMA waveform. This understanding
will enable users to actively participate in the design of the
improved waveform. This report was prepared by Andreas Pappas,
Jim French, and Frank Grausso.

FOR THE DIRECTOR:

Louis J. Pilla
Chief, Information Transfer
Standards Department
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EXECUTIVE SUMMARY
ES-1 PURPOSE

The purpose of this report is to present optional technical
approaches for resolving user community concerns with the UHF
SATCOM 5-kHz TDMA/DAMA waveform (MIL-STD-188-182). This report
is in direct response to Military Communications-Electronics
Board and Joint Staff tasking to address these concerns (see
Appendix E). The design of existing waveforms is discussed to
provide a basis for understanding the technical aspects of the
problem and to provide an insight into possible solutions. This
report initiates the process for reaching a decision on what
actions will be taken.

ES-2 USER CONCERNS

The UHF SATCOM user community has questioned the
effectiveness of MIL-STD-188-182, since its publication, in
meeting their requirements. Operational community concerns
expressed in several messages (see Appendix D) fall into the
following three categories:

A. Delays. Because of the need for synchronization and to
store data bits for transmission at a later time, there is a
delay inherent in TDMA/DAMA systems. In addition the need to
exchange orderwire messages, to establish a communications path,
introduces additional delays. These delays fall into three
areas. Note that the waveform acquisition and link set-up
delays, as defined below, are cumulative for establishing a
communications path starting with terminal power-up. Once
established in the DAMA network, the waveform acquisition delay
is not a factor.

1. Waveform Acquisition Delay. This delay is the
time it takes from terminal power-up until synchronization with

the TDMA frame is attained. This delay is typically 27 to 36
seconds for S5-kHz TDMA/DAMA waveform operations.

2. Link Set-up Delay. This delay is the time it
takes to establish a communications path between users, starting
with the initiation of a service request. For the 5-kHz
waveform, this time ranges from 18 to 27 seconds.

3. Push-to-Talk Delay. This delay is the time it
takes for the spoken words at the transmit terminal to be
received at the receive terminal. For the 5-kHz waveform this
delay is approximately 9 seconds. For a voice net, this delay
would cause an additional 18-second channel turnaround time.
Channel turnaround time starts when user A says "OVER" until a
response is received from user B.

ES-1
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B. Seamless Switching Between TDMA/DAMA Channels. The
current design of the 5-kHz waveform does not permit a terminal,
operating on a 5-kHz TDMA channel, to switch and operate on
another 5-kHz or 25-kHz TDMA channel without delays. When
switching to another TDMA channel, a terminal experiences
waveform acquisition and set-up delays. With the current design,
switching to a S-kHz channel can typically take 45 to 63 seconds.
Switching to a 25-kHz channel typically takes 15 seconds.

c. COMSEC Periods. Several users have expressed concerns
that differences in the 5-kHz and 25-kHz DAMA waveforms will
require different orderwire encryption keys. Such need will
result in operational problems for users who have to operate over

.5-kHz and 25-kHz channels. The number of keys required for DAMA
orderwire encryption is strictly an operational security issue
unrelated to the differences in the DAMA waveforms.

ES-3 EXISTING TDMA FRAME CONSTRAINTS

Below are three 5-kHz TDMA/DAMA waveform features that
result in all users’ concerns:

A. Length of the TDMA Frame. The length of the 5-kHz TDMA
frame is the predominant cause of waveform acquisition, link
set-up, and push-to-talk delays.

B. Flexible TDMA Frame Format. The 5-kHz waveform is
based on a flexible frame format. This flexibility was a design
feature to allow dynamic adaption, on a frame-by-frame basis, to
changes in communications traffic demands. As a result, each
terminal must receive and interpret the forward orderwire (FOW),
transmitted by the network control station, in each and every
frame to determine where to transmit or receive during the next
frame. Terminals that do not receive the FOW or receive it in
error are prohibited from transmitting during the next frame.

c. Different Frame Lengths. The lengths of the 5- and
25-kHz TDMA frames are different. Not only are they different,
but they are not a multiple of each other. This difference
requires a terminal to reacquire TDMA frame synchronization when
switching to or from a 5-kHz channel.

ES-4 VALIDATED REQUIREMENTS

The JIEO strategy for improving the 5-kHz DAMA waveform was
presented and approved by the USMCEB (Ref. A). During the
briefing of the established strategy, JIEO requested that the
Joint Staff establish the maximum acceptable delays of the
improved waveform. The Joint Staff messages (see Appendix E)
identify the objectives of the waveform improvements to "drive
the delay times down to the lowest level possible” and establish
the maximum acceptable waveform delays as follows:

ES-2
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® Frame duration to 2.25 seconds or less
° Call set-up time to 8 seconds or less
® Push-to-talk time to 2 seconds or less

ES-5 POSSIBLE SOLUTIONS

This report identifies three possible solutions that address
the above user concerns. Reduction of the S-kHz TDMA delays
requires the use of a. frame that has a shorter length and a
fixed-frame format. Therefore, each of these solutions is based
on having 2 frames for 5-kHz TDMA/DAMA operations. Channels
configured to support small message communications will use the
present TDMA frame and format. Channels set-up to support voice
or critical data communications will use a much shorter frame,
which has a fixed format. By implementing a fixed-frame format
in the 5-kHz waveform, it will not be necessary any longer to
operate the FOW at very low data rates. Therefore, it will
require less overhead, allowing more traffic handling capacity.

A. OPTION 1: Short Frame 1/4 of Existing Frame - Long
Frame Unchanged. The short TDMA frame of this option will be 1/4
the length of the existing 5-kHz waveform. This new frame would
be used on UHF SATCOM channels configured to support users who
require voice or data communications that cannot be delayed. The
new frame would employ a fixed frame structure similar to the 25-
kHz waveform. The existing 5-kHz waveform would be retained for
short -message data communications.

B. OPTION 2: Short Frame Equal to or Twice the 25-kHz
Frame - Long Frame Unchanged. The short TDMA frame of this
option will be equal to or twice the length of the 25-kHz TDMA
frame. As with Option 1, this option would use a fixed-frame
structure similar to the 25-kHz waveform. The existing 5-kHz
TDMA frame and format would be retained for short-message data
communications. The new frame would be used on channels
supporting users who require voice or data communications that
cannot be delayed.

c. OPTION 3: Short Frame Equal to the 25-kHz Frame - Long
Frame Slightly Shorter. As Option 2, the short TDMA frame of
this option will be equal to the length of the 25-kHz TDMA frame
and would employ a fixed-frame format structure. The long frame
would have a frame length exactly 6 times that of the 25-kHz
waveform (which is approximately 0.6 seconds shorter than the
present 5-kHz frame). The long frame would employ the existing-
orderwire and frame format and would be used for data
communications not affected by delays.

ES-3
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ES-6 EVALUATION OF OPTIONS

The following discusses the evaluation of the three possible
solutions.

A.

B.

Each of the Options Has Four Common Impacts.

o

o

Reduce Delays.
associated with each of the 3 options being considered.

Operationally, 5-kHz channels will have to be
configured to operate in either a short or long
frame in addition to dedicated or DASA modes.
Channel allocation planners will have to address
this additional balancing issue of how many are
DAMA long, DAMA short, DASA, and dedicated.

New orderwire messages development. The waveform
standard must be revised to define new control
messages (5- and 25-kHz) to identify a new short
frame mode.

Upgrade those DAMA terminals that are to operate
over the new frames, to change the timing and
generate and respond to new orderwire messages.

Incorporate new waveform into control system.
Newly defined FOW/return orderwire (ROW) formats
and protocols must be integrated into controller
development and additional controller functions
will be required to issue/receive orderwires at
new short frame intervals.

Table ES-1 lists the delay reduction
Each of

the improvements noted is the result of reducing frame length.
Note that all the times are shown in seconds.

Table ES-1. 5-kHz Delays

WAVEFORM FRAME ACQUISITION|LINK SET-UP| PUSH-TO- SEAMLESS
LENGTH DELAY DELAY TALK DELAY | OPERATION
STING (VOICE/DATA) 8.96 27 to 36 18 to 27 9 NO
JOPTION 1
ISHORT FRAME. (VOICE) 2.24 7 to 9 4.5 to 6.6 2 5 toS
L.ONG FRAME (DATA) 8.96 27 to 36 18 to 27 N/A NO
OPTION 2
SHORT FRAME (VOICE) 1.386/2.77] 1.4 to 5.4 | 3.2 to 4.6 1 S to 25
IONG FRAME (DATA) 8.96 27 to 36 18 to 27 N/A NO
OPTION 3 '
SHORT FRAME (VOICE) 1.386 1.5t0 2.7]13.2 to 4.6 1 YES
IONG FRAME (DATA) 8.320 25 to 32 16.5 to 25 N/A YES

ES-4




JIEO REPORT XXXX

Table ES-1 indicates that using only delay and seamless
operation as criteria, option 3 is the option of choice.
However, other factors, such as cost and operational
requirements, must be considered before making a final choice.

c. Channel Switching. Table ES-2 depicts how each of the
options enhances the capability to switch from one TDMA/DAMA time
slot to another without having to reacquire synchronization. The
enhancement relates to switching between and among 5- and 25-kHz
channels. The improvement noted for Options 2 and 3 results from
the ability to synchronize the 5- and 25-kHz TDMA frames. This
is made possible because the two TDMA frames will be the same
length or multiples thereof. Note that for Option 2 switching
would not be feasible for the 5-kHz TDMA frame retaining the
existing frame length.

Table ES-2. Enhancement in Capability to Channel Switch

OPTION CHANNEL - SWITCHING ENHANCEMENT

1 Minimal enhancement will be provided, since the short
5-kHz TDMA frames will use a fixed-frame format.
However, seamless operation will be limited to 5-kHz
channels only.

2 More enhancement will be provided, since the short

S-kHz TDMA frame length is a multiple of the 25-kHz
frame and both use a fixed-frame format. Therefore,
seamless operation will also be between short-frame
5-kHz and 25-kHz TDMA channels.

3 Most enhancement will be provided, since both 5-kHz
TDMA frames (short and long) are equal to or multiples
of the 25-kHz frame.

ES-7 FOLLOW-ON ACTIONS

The intent is to decide, by the end of 1995, which technical
solution will be used. This report is the first step in reaching
that decision. The plan is to ensure involvement of all
interested parties in reaching this decision. Users will be
briefed to ensure the selected solution resolves their concerns.
Service project managers will be involved to ensure the selected
solution has the least impact on ongoing terminal and control
system acquisitions. The final decision will take into
consideration the results of a separate effort to define a more
efficient modulation scheme referred to as Advanced UHF SATCOM
Modulation (AUSM). AUSM will enhance the throughput capacity of
each 5-kHz channel. The plan is to divide the tasks of waveform
improvement decision into the following 4 steps:

ES-5
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1. Select the frame length and format of the improved
waveform. (Technical and Operatiocnal impact)

2. Select the modulation and forward error correction
(FEC) coding to be used for the improved waveform.
(Technical impact only)

3. Select the services to be offered and the frame time
slot configuration that will support these services.
(Technical and Operational impact)

4, Select the orderwire messages to be used. (Technical
impact only)

NOTE: The feasibility of implementing the revised 5-kHz waveform
will be based on terminal program impacts and cost analysis.

ES-6
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1. INTRODUCTION

1-1 PURPOSE

The purpose of this report is to present the results of the
development and assessment of alternative options for improving
the 5-kHz UHF DAMA waveform to address several inherent
operational issues. This document provides a tutorial of UHF
SATCOM principles, a description of the operational concerns and
alternative approaches to resolve these concerns.

1-2 BACKGROUND

The Joint Chiefs of Staff (JCS) has issued memorandum
MJCS-63-89, updated by MCM-89-94, requiring all of the Services
to be capable of UHF SATCOM DAMA operation by the end of FY 96.
As this transition point approaches, organizations are asking for
more information on the new DAMA system and how its
implementation is likely to affect them. Several organizations
have studied the implementation standards and are concerned with
the projected call set-up times and communications delays that
can occur when operating in the various DAMA modes. These
concerns were voiced at the Military Satellite Communications
(MILSATCOM) Users Conference 93-1.

As a result, a Joint Staff Tasking Memorandum was issued
[(Ref. A}, Subject: Tasking Based on MILSATCOM Users Conference
93-1, dated 10 September 1993, directing that a tutorial be
developed to address user concerns. The tutorial ([Ref. B]
presents information to help users understand exactly what
capabilities are available with DAMA. It explains both sides of
DAMA--the vast improvement in service as well as the operational
drawbacks. All the operating modes that DAMA offers are
addressed. How users’ needs can be satisfied, as opposed to
continuing with the current practice of providing only a limited
number of users with single net per channel (dedicated) service,
ig illustrated. The tutorial was well received by the user
community, because it offered a comprehensive explanation of the
flexibility and benefits of the 5- and 25-kHz DAMA waveforms.

Additional concerns have been expressed that the inability
to switch from one TDMA/DAMA channel to another without undue
delay limits the operational applications of UHF SATCOM. This
switching has been referred to as seamless switching. For
purposes of this report, seamless switching is defined as the
~ capability to switch from a time slot on a TDMA/DAMA channel to a
time slot on another TDMA/DAMA channel without experiencing the
delays experienced with the present waveforms. These delays can
include logging out of one network, reacquiring the TDMA frame on
a different channel, and logging in to the new network.
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While the major concerns of users were in the area of voice
services, the operational drawbacks of the 5-kHz waveform were of
the highest concern. It became immediately evident that the
5-kHz waveform had to be improved to enhance operational
suitability. Therefore, it was decided to prepare an assessment
of improvement options for presentation to the user community, tc
enable a system to be designed with the proper balance of
efficiency and operational effectiveness.

In developing the proposed improvements, a user-developer
team approach has been adopted to preclude the design of an
operationally deficient system. The original DAMA system was
developed by systems and design engineers with the
all-important objective of efficiency, since they knew that UHF
resources were scarce and they needed to serve as many users as
possible. The problem with this approach is that a very
efficient system was designed, but at the cost of operatiomal
effectiveness, which is now realized, must be traded-off for
efficiency. Therefore, to obtain the proper balance of
efficiency and operational effectiveness, the user will be part
of the team to provide input to design improvements to the 5-kHz
waveform.

This report will present a number of viable alternatives to
improving the waveform as well as the results of an assessment
based on performance criteria that highlight the advantages and
disadvantages of implementing each. The plan is to open the
channels of communication with users, in designing a system that
provides both efficiency and operational effectiveness through a
user-developer team concept.

1-3 REFERENCES

The following references were used in the preparation of
this technical report:

A. USMCEB MSG# R 060705Z JUN 94, SUBJECT: Summary
of 31 May 94 United States Military Communications-Electronics
Board Meeting

B. JTC3A Report, Tutorial on Set-up and Communications
Delays for all UHF SATCOM DAMA Modes of Operation, Final Report,
20 June 19594

C. MIL-STD-188-182, Interoperability Standard for 5-kHz
UHF DAMA Terminal Waveform, 18 September 1992

D. MIL-STD-188-183, Interoperability Standard for 25-kHz
UHF TDMA/DAMA Terminal Waveform, 18 September 1992

E. USCINCSOC MSG# R 231300Z SEP 94, SUBJECT: UHF DAMA
Meeting Results

1-2
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F. HQ ACC MSG, DTG R081840Z, June 1992, SUBJECT: JCS
Mandated Ultra High Frequency (UHF) Satellite Communications
(SATCOM) Requirements

G. CDRSIGCEN MSG, DTG 041500Z, October 1993, SUBJECT:
5-kHz Demand-Assigned Multiple Access (DAMA) Call Set-up Delay

H. USCINCSOC MSG, DTG 121800Z, October 1993, SUBJECT:
DAMA Time Delay

I. USCINCSOC MSG, DTG 011605Z, August 1994, SUBJECT:
S-kHz DAMA Voice Fix

J. USCINCSOC MSG, DTG 2313002, September 1594, SUBJECT:
UHF DAMA Meeting Results

K. USCINCPAC MSG, DTG 082000Z, September 1994, SUBJECT:
S-kHz DAMA Voice Fix for the Warfighter

L. COMUSKOREA MSG, DTG 260226Z, October 13994, SUBJECT:
Warfighter DAMA Concerns

l1-4 APPLICABILITY

This report applies to UHF SATCOM terminals operating over
5- and 25-kHz satellite transponders in accordance with UHF
SATCOM standards (Refs. C and D].

l1-5 POLICY

This report was prepared by JIEO, based on MCEB direction,
to lessen the 5-kHz DAMA inherent delays for providing voice
services and to address other operational issues. It will be
used to help UHF SATCOM users understand the operational and
communications impacts of proposed improvements to the current
UHF SATCOM DAMA standard for 5-kHz satellite channels.

1-6 CHANGE PROCEDURES

Written recommendations or suggested changes to this
assessment should be submitted to:

Joint Interoperability

and Engineering Organization
ATTN: JEBBC (Andy Pappas)
Fort Monmouth, NJ 07703-5613

1-7 REPORT ORGANIZATION

This assessment is composed of four chapters that address
the following subject areas:

1-3
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® Chapter 1 - Introduction. Provides purpose, background,
references, applicability, policy, change procedures, and

report organization.

® Chapter 2 - UHF DAMA SATCOM Principles. Provides a basic
tutorial on UHF SATCOM DAMA concepts geared toward

nontechnical audiences and addresses the
5- and 25-kHz waveforms and modes of communications.

® Chapter 3 - User Operational Issues. Presents user-
identified operational problems including set-up and

communications delays, waveform synchronization, COMSEC
periods, and channel switching between 5- and 25-kHz
waveforms.

® Chapter 4 - Alternative Options Evaluation. Presents
descriptions of alternative options proposed to address

operational issues and assesses each.

® Chapter 5 - Next Steps. Provides a proposed process for
finalizing the selection of the technical solution to use

concerns.
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2 UHF DAMA SATCOM PRINCIPLES

The purpose of this chapter is to provide a basic tutorial
on time-division multiple access (TDMA) satellite access and DAMA
techniques that permit users to share satellite resources. The
discussion is geared toward nontechnical readers, to provide an
understanding of the technical aspects of TDMA/DAMA and how these
techniques are applied to S- and 25-kHz UHF SATCOM channels.
Understanding the technical aspects of TDMA/DAMA is important to
understanding the constraints that must be considered in
developing options to respond to user concerns with the current
system design.

2-1 OVERVIEW OF DAMA MODES

Although it is true that TDMA/DAMA standards define
waveforms for operatiocn on the UHF SATCCM channels that employ a
technology called TDMA, these standards include provisions for
operating in four different UHF SATCOM modes. These modes
increase the flexibility in use of the channels to better respond
to variable operational requirements. Below are the four modes
available in future UHF SATCOM systems:

A. Dedicated Single Access. This access mode provides sole
ugse of a satellite channel (5- or 25-kHz). These channels do not
operate within the DAMA protocols and are not controlled by a
central controller. Authority to operate in this mode is
attained from the satellite system manager. This is the
principal way UHF satellite channels are employed today.

B. Demand-Assigned Single Access (DASA). This access mode
provides for temporary use of a satellite channel (5- or
25-kHz) by a user for a predetermined time. This dedicated use
requires that a satellite channel be allocated for non-TDMA/DAMA
operation. Unlike the dedicated single access, users request
this mode of operation using the DAMA protocols (orderwire).
Authority to operate in this mode is made by the central
controller, based on user demands and management guidance.
Management guidance includes any terminal restrictions and the
priorities assigned to the user. This mode of operation is
terminated either by the central controller upon expiration of
the established time for which the user was authorized to use the
channel, or the user authorized to use the channel, such as would
occur upon call completion. The user terminal must be
synchronized and operating with the TDMA waveform to request this
service.

C. Dedicated Multiple Access. This access mode assigns a
dedicated time slot within the TDMA frame for full-time use by a
uger. Permission to operate in this mode is a management
responsibility while the actual assignment is accomplished within
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the DAMA protocols. A user terminal must therefore be
synchronized with the TDMA frame to request and use this service

D. DAMA. This mode provides users with a time slot based
on demand. Requests for and assignment of the TDMA frame time
slot is accomplished within the DAMA protocols. Time-slot
assignment is temporary or until users have completed the
required communications. User terminals must therefore be
synchronized with the TDMA waveform.

User concern has been expressed that the warfighters
actively engaged or under imminent threat of engagement should
retain the highest priority channels, that is, dedicated single
access or DASA. However, with the number of users projected to
employ UHF SATCOM capabilities, the use of these two modes is
envisioned to be the exception rather than the rule. To satisfy
the requirement for predominant use of the DAMA mode by users,
the DAMA mode has to accommodate the full range of capabilities.
This mode will be the focus of further discussion in the report.

2-2 SATELLITE ACCESS PRINCIPLES

The SATCOM equipment at the satellite acts as a relay that
receives user communications signals, translates the frequency,
and retransmits this signal after amplification. There must be
means to separate the user rf signals to allow multiple users tc
share a single satellite channel. The means to provide this
separation that will be employed in future UHF SATCOM networks i
TDMA.

TDMA separates user signals based on time. Using this
technique each terminal takes turns transmitting. With proper
system design, the user signals arrive at the satellite at
different times and do not interfere with each other. Sharing c
satellite channels is accomplished by assigning each terminal a
time in which to transmit. As shown in Figure 2-1, each user
must transmit precisely at the assigned time. To compensate for
inaccuracies in terminal and central controller timing source,
guard bands are provided. During the time that each user’s
signal is received at the satellite, it has exclusive use of the
SATCOM bandwidth and power. This communications at a specified
time is referred to as a communications burst. Assigmnment of
transmission time for exclusive use by an earth terminal require
that all earth terminals be synchronized.

A. Synchronization Required. For TDMA communications to
occur, not only must the transmitting terminal transmit at a
precise time, but the receiving terminal must be prepared to
accept the communications that are precisely located in time.
For this to .occur there must be a means of synchronization withi
the system. Figure 2-2 depicts how each earth terminal (ET) mus
transmit at the proper time for its signal to arrive at the
satellite in the proper sequence. As shown, time slots have bee

V

2-2
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Guard Bands
/‘/ )
\ » \\
f » \l
A . ’
| | |
USER-2 USER-1 USER4 | USER-3

TRANSPONDER ? ' ?
BANDWIDTH é

TME
Figure 2-1. TDMA Sateliite Transponder Access

! assigned for satellite processing in the sequence ET-2, ET-1,
ET-4, and ET-3. If either of the transmitting earth terminals is
‘ not synchronized, the communications signals will collide.

Figure 2-2, TDMA Synchronization

B. TDMA Frame. The means employed to synchronize the
system is the transmission of a TDMA frame by a central
controller, which defines system time. Figure 2-3 depicts a
general TDMA frame. The segments of this frame are defined as
follows:

2-3
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N\
: * Burst surstior | Burstior | ) | Burstt
s ’ urst for ’ urst for ' urst for E urst for
OW150W23 ET, i ET 4 : : ET
: a ;
Figure 2-3. General TDMA Frame Structure
1. Orderwire, (QW,). This segment of the frame provides

communications path for the central controller to transmit
messages to user earth terminals. These messages include
responses to service requests and instructions to be implementec
by the earth terminals. Also included are data bits, referred t
as the synchronization preamble, which permit the earth termina.
to achieve receive timing or frame lock.

2. QW,. This segment of the frame provides a
communications path for the user earth terminals to transmit
messages to the central controller. These messages include
service requests and responses toO central controller commands.
Included in these messages are synchronlzatlon preamble data bit
that permit the central controller to attain bit synchronizatior

3. Burst for ET. This segment of the frame provides a
path for user-to-user communications. Included in these
communications are synchronization preamble data bits that perm:
the receiving terminals to attain bit synchronization.

Also included in a frame structure are separately assigne
time slots for ranging and performance of link tests. These
slots may be located within one of the segments noted in Figure
2-3, or there may be separately assigned segments.

c. Synchronization Actions. How does a UHF user termina.
attain this synchronization with the TDMA frame when remotely
deployed? To attain this synchronization each earth terminal
must accomplish the following steps:

1. A i I 0 Irwir This action, knowr
as downlink acquisition, is required to allgn terminal receive
timing with the central controller. The terminal must receive
and interpret the orderwire transmitted from a central controlle
to attain downlink acquisition. This interpretation encompasses
detecting special data bits that permit the terminal to read the
orderwire transmitted from the central controller. This
acquisition permits the terminal to determine location of time
slots throughout the frame, including those time slots available
to perform ranging, login, and requesting service, all of which
are required to initiate operations.
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2. Ranging. This action, known as uplink acquisition,
must be completed to determine the distance to the satellite.
This distance is essential for the terminal to calculate transmit
time for all transmissions. Those terminals able to determine
satellite range by other methods can bypass this step.

D. Separate TDMA Frame for Each Satellite Channel. Each
satellite channel will have a distinct TDMA frame. Each terminal
assigned for DAMA operation has to synchronize with the TDMA
frame on the satellite channel to which it has been assigned.
Switching to another rf channel will require resynchronization
with the different TDMA frame.

E. Time Delays in Communications. Since there is not a
continuous stream of information (bits) flowing over the network,
but, rather, bursts of information during a time slot, a means to
store information between bursts is required. This storage
procedure is called buffering, and it works as illustrated in
Figure 2-4. As a user is speaking into his handset, his voice is
being converted into a data bit stream at 2.4 kbps. In the
example the TDMA frame contains four user communications time
slots. One of these time slots is assigned for voice
communications. Thus, each time slot is 1 second long. The
voice communications is burst during the assigned time slot or
1 second out of 4. Note that in the figure one of the time slots
in the frame is being used for orderwire communications. Before
the burst can occur, the data bits must be stored, so that when
the assigned time slot occurs, the data bits can be transmitted.

For this example, 4 seconds’ worth of information from the
user is transmitted in a 1l-second interval. A storage device
(buffer) capable of storing 4 seconds’ worth of speech is
required. At the 2.4-kbps rate of the data stream, this buffer
would have to store 4 times 2.4 kbps or at least 9.6 kbps. When
the assigned time slot occurs, everything in the buffer that
amounts to 9.6 kbps is transmitted. Therefore, in order to burst
all information bits, the data has to be transmitted at a rate of
9.6 kbps.

The effect of this buffering procedure causes what is
known as waveform delay. The delay is equal to the length of the
TOMA frame. Therefore, the delay experienced would be 4 seconds
in the example.

2-3 LAYMAN’S VIEW OF TDMA

As a nontechnical person, the reader may have found the last
section confusing. You read terms like multiple access, frame,
orderwire time slot, and communications time slot, and you may
have gotten lost after the first term. Let us take the example
of tracking the manufacture and consumption of a widget. The
widget is produced in a manufacturing plant on an assembly line
and the widgets are produced in a steady stream. The widgets are
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Figure 2-4. Waveform Delay

not shipped to the store where they will be sold to consumers
steadily, but rather go into a warehouse or holding area until
they are shipped at specifically timed intervals in accordance
with a schedule. The widgets are loaded on a truck and
transported to the store where they will be sold to consumers.
They are unloaded into the store’s warehouse and are moved to tt
store shelves as consumers purchase the widgets at a continuous
rate, hopefully equal to or less than the manufacturing rate.
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This widget supply model is very much the same as talking
over a TDMA system. The widgets are your voice, which comes out
continuously. The voice information is stored in the warehouse,
which we call a buffer. The buffer is then unloaded into the
transport system, the truck, at a scheduled time interval, which
is analogous to the timing of the TDMA frame. The truck arrives
at the store and the voice information is unloaded into the store
warehouse, or the receive buffer. The voice information is then
transferred to the shelves where consumers can get a steady
supply just as if they were standing at the end of the assembly
line.

As you can see from the model, the truck and warehouses must
be large enocugh to supply the needs of the consumers between
delivery intervals; otherwise, out-of-stock periods would occur.
Also, the time between shipment or the time interval determines
what the delay is between when an item rolls off the assembly
line and when it is actually purchased. In the TDMA system, this
is known as waveform delay. The time the truck leaves for the
store can be considered a time slot on the highway that the truck
travels to the store. Many trucks can use the highway at the
same time, as long as they do not try to occupy the same place
(time slot) at the same time. The highway is similar to the
satellite link, where each burst or truckload is in sequence on
its way to its destination on a schedule.

2-4 USER ACCESS WITH TDMA/DAMA

The coupling technique to be employed in future UHF SATCOM
networks to connect a user transmission to a TDMA time slot is
demand-assigned multiple access (DAMA). The term DAMA can be
viewed in two parts. The assignment of user access to satellite
resources based on demand is the first part; thus, the term
demand assigned. Since many users can share or access a
satellite channel at the same time via multiple time slots, the
system is said to have multiple access, which refers to the
second part. The multiple-access technique for UHF SATCOM is
TDMA; thus, the term TDMA/DAMA. This demand-assigned sharing
allows many more users to access satellite channels, because
channel time slots are used only when a terminal is actually
talking on it, and released for other users when it is finished
talking. This method reduces the idle time on a channel
significantly, and makes the SATCOM system much more efficient.

The users within a UHF SATCOM system are connected to a
specific port of an earth terminal. The earth terminal receives
the data (message or digital voice) at the specific user port and
processes it for transmission within a TDMA time slot. The user
could be conrected to the TDMA time slots on a dedicated basis.
This dedicated connection, however, would not permit sharing of
the assigned time slot in near-real time. Sharing of the time
slots based on need or demand requires that a time slot
connection be made only for the duration of use by a specific
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user and assigned to another user when the time slot is no longe:
in use.

The assignment of time slots based on demand requires a
control system capable of processing service requests,
determining whether the request can be satisfied, assigning
available time slots to service the request, and conveying the
assignment to the calling and called parties. Thus, the time-
slot assignment is accomplished dynamically. Figure 2-5 depicts
the flow of messages between the user terminal and the central
controller to establish a communications path between two users.
Each action to establish a communications path is defined as
follows:

. Unk M{ 1| 2/eee{N {0 uper 8
~ Assign #ime siot
4 f\\\\ ----- for ink-up
J/ AN \\\
' . SV
U:u ’ Controlier | u;' {
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Figure 2-5. UHF SATCOM TDMA/DAMA Concept

A. Link Set-up. The initial step is for the calling-user
earth terminal to transmit a service request orderwire message t
the central controller. This transmission is done within a
designated orderwire segment of the TDMA frame. Upon receipt of
this request the central controller locates available time slots
that can be employed for the communications service. When the
central controller locates the time slot, an orderwire message :
transmitted to the calling and called party, identifying the tin
slot(s) to be used for the requested communications. This
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orderwire transmission is done within a designated orderwire
segment of the TDMA frame.

B. Communications. Upon receipt of the orderwire message
from the controller, the calling party (user A) communicates with
the called party (user B) in the assigned time slot(s). These
transmissions are done within designated communications segments
of the TDMA frame.

C. Link Release. When communications between user A and B
are completed, an orderwire message is transmitted to the central
controller so advising. This transmission is done within a
designated orderwire 2 segment of the TDMA frame discussed above.
The central controller notes the time slots as unused and
available for assignment to another service request.

2-5 OVERVIEW OF 5-kHz TDMA WAVEFORM

The 5-kHz waveform was designed primarily for data
communications, specifically for Air Force applications, as
evidenced by the requirements in the waveform for acknowledgment
of receipt at the destination of message packets and total
messages. The waveform frame structure adopted for the 5-kHz is
depicted in Figure 2-6. Each frame is 8.96 seconds long, and
consists of 3 segments, described as follows:

k 8.96 seconds -

Frame
1024 Building Blocks

FOW ROW COM
| i
1Sl ...Variable... ..Variabie...
ot Number Number
of Slots of Slots-

Figure 2-6. 5-kHz Frame Format

A. Forward Orderwire (FOW). This segment consists of one
variable-size time slot and. is always located at the start of the
frame. The FOW provides the means for the central comntroller to
communicate with each earth terminal, and provides the data bits
used by the earth terminals in the DAMA network to attain network
synchronization. The controller transmits responses to user
service requests and directs actions to the user earth terminals
employing the FOW. The actual size of the FOW is determined by
the central controller. The user earth terminals are advised of
this size within a data field of the FOW. This size notification
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is provided in each frame to define the size of the FOW in the
succeeding frame. The size must be known by the user terminal tc
determine the location of other time slots. Adaptive techniques
will be employed by the central controller to determine whether
previous FOW time-slot allocation within a frame was adequate,
inadequate, or excessive for transmitting required messages. The
FOW size can therefore change from frame to frame.

B. Return Orderwire (ROW). This segment follows the FOW
segment and is composed of a variable number of time slots. The
length of the ROW is therefore variable. These time slots permit
the user earth terminals to communicate with the central
controller, as well as perform ranging and link tests. The ROW
segment is composed of a variable number of time slots shared by
the user earth terminals and time slots assigned by the central
controller. These time slots are defined as follows:

1. Contention Ranging. The central controller allocates
a variable number of time slots, in a frame, for the earth
terminals to perform ranging operations. The number of these
time slots allocated in the next ROW is identified in each FOW.
These time slots are shared by each earth terminal and are the
time slots used by the earth terminals to perform ranging when
initially entering a DAMA network. The number of time slots
allocated in each frame is based on network activity requiring
initial DAMA system entry.

2. Contention Message. Within the ROW segment are a
variable number of time slots used to transmit messages to the
central controller. The number of these time slots in each frame
is based on traffic requirements. These time slots are shared b
the user earth terminals and are used to forward the initial ROW
message to the central controller. This type of time slot is
used to transmit initial service requests to the central
controller.

3. Aggigned Ranging. Within the ROW segment are a
variable number of time slots assigned in each frame to specific
terminals to perform ranging. These time slots are assigned by
the central controller, based on requests received from the
terminals, and automatically assigned at least every 4.5 hours t:
each terminal. These assignments are made in each FOW.

4. Aggigned Message. Within each ROW are a variable

number of time slots assigned to specific terminals to respond t
central controller directions. For example, if the controller
requests a status report, the FOW transmitting this request woul.
include designaticon of the time slot to be used by the terminal
for responding via the ROW. The number of these time slots in
each frame are based on the number of requests generated by the
central controller.
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cC. Communications (COM). This segment consists of time
slots that vary in length and number. The variable length is
based on traffic requirements. All of these time slots are
assigned by the central controller, based on user service
requests and other network activity.  These are the time slots
employed by the user earth terminals to communicate among each
other. The critical piece of information about the assignment of
time slots in the 5-kHz waveform is that only the length of the
time slot is allocated to a terminal. The time slots do _not have
a predefined start or stop time. The terminals must calculate
where to start and stop time for their assigned time slot based
on all time-slot assignment information in the previous FOW. At
best, only one 2400-bps voice circuit can be provided in each
frame.

The actual number of time slots allocated to each segment
of the frame is determined by the central controller, based on
traffic demands and the number of ROW retransmissions by the user
earth terminals. The central controller can therefore change the
allocation for each frame. Additional details on the TDMA frame
structure is included in Appendix B.

2-6 OVERVIEW OF 25-kHz WAVEFORM

The 25-kHz waveform is organized as a repetitive frame with
a period of 1.3866 second, with two separate frame formats.
Unlike the 5-kHz waveform, each segment of the 25-kHz TDMA frame
is fixed. Also, within each of the user segments is a fixed
number of time slots. Frame Format 2, depicted in Figure 2-7, is
divided into 7 separate segments. Frame Format 1 differs from
what is depicted in Figure 2-7 in that the B segment is divided

< 1.3866 second >-
) , |
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: |
c User RO R User = User
C Segment A K C. Segment Segment
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Figure 2-7. 25-kHz Frame Format

into 2 subsegments to eliminate contention for those half-duplex
terminals (at rf) that require voice communications on two
2400-bps time slots. Appendix C provides additional detail on
the TDMA frame structure. Frame Format 2 segments are defined as
follows:
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A. Channel Control Orderwire (CCOW). The CCOW is
broadcast at the start of each frame. The CCOW is used by the
central controller to transmit commands to user earth terminals,
respond to service requests, and provide the information
essential for earth terminals to attain synchronization.

B. User Segments A, B, and C. These segments of the frame
are used for user-to-user traffic. These segments have 16
different fixed formats in which they can operate. The format of
the frame is defined in the CCOW master frame, which occurs every
eighth frame. Time slots within these segments are assigned by
the central controller, based on service requests via the
orderwire. Segment A can support data rates between 75 and
1200 bps, B can support data rates between 75 bps and 16 kbps,
and C can support data rates between 75 and 2400 bps. Each data
rate for the segments is transmitted at designated coding and
burst rates.

The important fact to remember about the 25-kHz frame is
that all formats are predefined and stored in the terminals.
Time slots are defined as to ID number and start/stop timing.
Therefore, when the controller tells a terminal to talk on a
specific time slot, that slot always occurs at the same time
relative to frame start time. The terminal, therefore, need not
interpret the orderwire to be able to communicate on the time
slot, once the time slot is assigned.

C. Range. This segment of the frame provides time slots
used by user earth terminals to perform ranging operations.
Ranging can be accomplished using transmission of ranging signal:
in shared time slots, or the terminal may be assigned a dedicatec
time slot. Where active ranging is required, the terminal
employs the shared time slots for initial entry into the DAMA
network.

D. Link Test. This frame segment provides time slots for
performing bit error ratic (BER) tests to determine current
operating conditions. A data stream is transmitted to the
satellite and the return signal used for this test. Time slots
in this segment can be shared or can be dedicated to a specific
terminal by the central controller.

E. Return Channel Control Orderwire (RCCOW). This frame
segment is used by the user earth terminals to transmit service
requests to the central controller and respond to commands
generated by the central controller.

2-7 5- AND 25-KHZ WAVEFORM COMPARISON
The two DAMA waveforms both have frames, orderwires, and
communications segments, but they are extremely different in

their implementation. These differences are the root causes for
poor voice communications capability of the S-kHz waveform.
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A. Frame Length. The frame length is the cause of delays
experienced in a TDMA system. The 5-kHz waveform has
approximately a 9-second frame length, and the 25-kHz waveform
has a 1.4-second frame length. Since requests for service must
be made over the orderwires, each communication between
controller and terminal takes a minimum of 9 seconds for the
S-kHz waveform. With a call request, two messages are required
between controller and user terminal, meaning, at best case, a
call request takes 18 seconds to set up. The push-to-talk delay
is also long (9 seconds), and interactive voice is very
cumbersome, since the elapsed time from a question being asked to
the beginning of the receipt of the answer from the other party
would be 18 seconds (twice the waveform delay). In comparison,
the 25-kHz waveform can set up a call request in a little over 3
seconds, with an interactive voice delay of 2.8 seconds.

B. Frame Structure. The 5-kHz waveform frame structure is
continuously flexible, and the 25-kHz structure is fixed. The
5-kHz was designed to dynamically adapt to changes in data
communications traffic demands on a frame-by-frame basis. This
is accomplished by variable-size orderwire segments that set up
the communications frame structure in the prior frame, based on
specific-service requests. This requires that a user terminal
must always receive the orderwire to know when to burst in the
following frame. For every frame during a communication, the
terminal will likely burst in a different time period, based on
direction given in the previous FOW.

The 25-kHz, on the other hand, has several fixed formats
in which it operates that are set for fairly stable periods of
time. A user terminal gets a time-slot assignment once and
always talks in that slot until the call is terminated or
preempted, whichever comes first. The terminal listens to the
orderwire, but if for some reason (noise, errors) does not
receive it, can still continue communicating on the time slot
that was assigned.

With the 5-kHz, if a FOW is missed, a terminal cannot talk
for an entire frame (9 seconds). In addition, since a 5-kHz user
must receive the FOW to communicate on that channel, the ability
cannot be provided for a 5-kHz user to switch to another S5-kHz
channel to talk during the communications part of the frame, and
then return to its original channel within 1 frame period.

c. Orderwires. The orderwires on the 5-kHz waveform are
variable in content and length; those of the 25-kHz are fixed and
short. The 5-kHz offers a greater number of service features,
especially for data transmission, because of the complex and
elaborate orderwire structure and scheme; however, a great deal
of overhead is introduced, which forces the frame to become
longer to provide better efficiency. The orderwires offer
message and circuit service and multi-hop transmission for
circuit mode.
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The 25-kHz offers basic circuit service with fixed format:s
stored in the terminal memory, so that it can be told the time
slot to talk on and talk without being concerned with what all
the other terminals on the channel are doing. The format also
fixes the location of the orderwire slots, so the terminal alway:
knows when to listen and when to send requests for service, even
if the previous orderwire was missed.

The terminal operating on a 5-kHz DAMA channel must
compute the next frame structure based on data included in the
previous FOW. This must be done to determine what time slot is
available for transmitting a service request or, for that matter
to transmit user data.
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3 USER OPERATIONAL ISSUES

This chapter discusses the operational problems that users
have identified with the current design of the 5-kHz waveform.
These concerns are determined in references A and F through L,
and are included in Appendix D.

3-1 COMMUNICATIONS DELAYS

This section reviews the problems that were identified in
Reference A with regard to expected communications and set-up
delays for the various DAMA modes in providing voice services.
Below are the definitions of the identified delays:

® Waveform Acquisition Delays: The time it takes to
synchronize with the TDMA waveform.

® Link Set-up Delays: The time it takes to establish a
communications path with called user or net.

® Waveform Delays: The time delay associated with buffering
the voice signals that is required to operate in the TDMA
waveform.

Table 3-1 summarizes the delays that will be experienced for
the voice services defined in MIL-STDs 188-181/182/183. The
first two columns depict the voice service options available for
both the 5- and 25-kHz channels and reflect use of opticnal
orderwires to set up the circuit. The voice service options are
for 2.4- or 16-kbps voice, as noted. Note that the link set-up
delays are based on which orderwire is being employed and results
in a 6-fold decrease with use of the 25-kHz orderwire. The
waveform delays on the other hand are determined by the waveform
being used for actual communications. The delays shown are the
extra time required above the time experienced when operating in
the single-net-per-channel dedicated mode, as is currently done.
The transmission delay (earth terminal to satellite to earth
terminal) and terminal installation times are not included in
Table 3-1. All delays have been rounded off to the nearest tenth
of a second.
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Table 3-1. UHF DAMA Delays
WAVEFORM LINK SETUP
ACQUISITION DELAY DELAY WAVEFORM
CHANNEL | ORDERWIRE DATA RATE NO COLLISIONS NO COLLISIONS DELAY
(kHz) USED (kHz) MODE (kbps) (SECONDS) (SECONDS) (SECONDS)
25 25 TDMA/DAMA 2.4 1.5t 12.7 3.2t0 4.6 1.4
25 25 TOMA/DAMA 18 1.85t0 12.7 3.2t 4.6 1.4
25 28 DASA 16 1.5t 12.7 3.2tc 4.8 0
25 5 DASA 16 27 to 36 18 to 27 o]
25 Not Required Dedicated 18 0 o] o}
5 25 DASA 2.4 1.5t0 12.7 3.2t0 4.6 0
g ) TDMA/DAMA 2.4 27 to 36 18 to 27 9
S 5 DASA 2.4 27 to 36 18 to 27 0
5 Not Required Dedicated 2.4 o] 0 0

The table clearly indicates that the S5-kHz TDMA/DAMA mode is
not usable for voice communications due to the long turnaround
(waveform) delay. An interactive conversation would result in
time gaps of 18 seconds from end of transmission of User A to
receipt of response from User B by User A. The other problem is
that when a voice slot is assigned, it uses nearly all of the
bandwidth on the channel, leaving little room for other traffic.
Even though voice delays are not a problem with a 5-kHz DASA
channel, the set up time of a DASA channel from the 5-kHz
orderwire is a concern for many high-priority and special
operations users.

In addition to the set up and communications delays, a user
concern with the lack of preemption capability of the DASA mode
has also been raised. Once a user has left the DAMA system for
DASA operation, he cannot be preempted, since he no longer is
receiving DAMA orderwires. This situation could potentially
result in higher-priority traffic not being serviced, while a
DASA channel has been assigned to lower-priority traffic for a
specified time interval.

3-2 5- AND 25-KHZ TDMA/DAMA CHANNEL SWITCEING

The second area of user-identified operational issues is the
inability to switch between and among 5- and 25-kHz TDMA/DAMA
time slots. To provide the greatest efficiency of use of
channels and time slots of the UHF SATCOM system, it would be
operatlonally beneficial to be able to send a termlnal to a time
slot that is not on the channel where it is monitOring its
orderwire. There are two aspects of this operaticnal problem.
One is timing and synchronization, and the other is the orderwire
and waveform structure differences between the two waveforms.
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A. Timing and Synchronization. The 5-kHz frame is 8.96
seconds long, and the 25-kHz frame is 1.3866 seconds long. Since
the designers never envisioned the two waveforms to work in-
concert with one another, no provisions were made to enable the
two waveforms to synchronize.. The waveform durations are not
multiples of one another, so there is no short repeat pattern
where the two frames have matching start-of-frame times. No .
control messages exist for sending timing differences between the
two waveforms to a terminal switching between the two. The
controller has no function defined to keep track of timing
differences in real time and to send that information to a
terminal. Therefore, whenever a terminal is instructed to switch
between 5- and 25-kHz waveforms in the TDMA mode, it must
reacquire timing and synchronization of that waveform before
communications can take place. Such reacquisition' can take
typically 15 seconds for a switch to the 25-kHz waveform and
45-63 seconds for a switch to the 5-kHz waveform.

B. Orderwire and Waveform Structure. The different
philosophy of waveform structure emplcyed on the 5- and 25-kHz
waveforms prevents switching between 5- and 25-kHz modes in the
TDMA mode without delays. The 5-kHz has a variable internal
frame format; the 25-kHz has fixed internal frame formats. The
S-kHz variable frame format was introduced to enable maximum
efficiency, but has unfortunately introduced considerable
complexity. ~

To operate on a 5-kHz channel in the TDMA/DAMA mode, the
terminal must listen and correctly interpret the FOW before it
knows where it can make requests in the next frame, to enable it
to talk in some subsequent frame that could be five frames later.
The ROW has a variable number of time slots and structure as does
the communications segment. There are no provisions to provide a
start-of-time slot time in the 5-kHz waveform. There is likewise
no message to tell a terminal to switch to a channel and talk on
a specific time slot, because time slots are defined in the
previous frame’s FOW by virtue of circuit- assignment messages.
Therefore, a terminal cannot change channels from one 5-kHz
channel to another S-kHz channel to talk without waiting,
synching, and requesting a time slot on that channel.

The same would be true if a terminal were switching from a
25-kHz channel to a 5-kHz channel in the TDMA/DAMA mode. A
message may be possible for development in the 5-kHz waveform to
tell a terminal on a 5-kHz channel to switch to a specific 25-kHz
channel, provide start-of-frame timing, provide frame format, and
provide the time slot.

The 25-kHz TDMA/DAMA mode, on the other hand, operates in
fixed formats where the frames, communications segments, and time
slots are all predefined. A terminal can be assigned a time slot
on another 25-kHz channel to talk, and, during each frame, the
terminal switches to either transmit or receive in the assigned
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time slot. Then it switches back to listen to the CCOW for any
new directions. Switching can occur because once a terminal
knows the timing on start-of-frame and the fixed format of the
frame (stored in the terminal memory), it can burst in its
assigned time slot and communicate. This switching cannot be
done with the 5-kHz waveform, because a terminal cannot switch t
another channel to talk in the middle of a frame, and return to
the original channel to monitor its orderwire. If it goes to
another channel, it would not know where to burst without
listening to the orderwire for one frame to determine the
structure of the next frame. Therefore, the constantly changing
internal durations and lack of predefined time slots of the 5-kH
waveform make switching channels (switch-talk-switch back) withi
a frame duration impossible and switching temporarily a time-
consuming exercise.

3-3 COMSEC PERIODS

Several users anticipate operational problems associated
with different COMSEC periods for the waveforms. Although this
issue would severely limit users from seamless channel switching
to maximize use of pooled channel capacity, the waveform
structure has no bearing on this issue. This is strictly an
operational decision to be made UHF SATCOM system managers and
operators that does not require changes to the waveform
definition. Along these lines, this issue is being addressed in
the DAMA Joint Key Management Concept document now in
development.

This document calls for all 5- and 25-kHz channels in a
satellite footprint to use the same COMSEC key and crypto period
With this approach COMSEC would not be a detriment to directing
user to a different channel.

3-4 REQUIREMENTS

The Joint Staff has identified the maximum delays that voic
communications should experience when operating within the
improved 5-kHz waveform. The Joint Staff messages included in

Appendix E form the basis of this requirement. Below are the
three requirements:

®+ Frame duration. Less than 2.25 seconds

®-Link setup. Less than 8 seconds

@+ Push-to-talk. Less than 2 seconds

The Joint Staff’s stated requirements are supported by CINC
and Service concerns with delays experienced in the existing

S5-kHz waveform (see CINC and Service messages in Appendix D).
The stated concerns can be grouped into three areas:
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- ® Delays significantly impede sensitive communications,
which are essential for military operations.

® Delays severely degrade a commander’s ability to execute
an assigned mission, by limiting the ability to rapidly
disseminate critical command and control information.

® Delays are unacceptable for specific operations.

These concerns take into consideration that dedicated and
DASA channels could be allocated to the most critical users, as
these modes of operation offer the least delay. This operational
allocation decision is considered an interim solution, but an
exception rather than the rule for a long-term solution. Such
allocations reduce the availability of UHF SATCOM resources to a
large segment of users, resulting in a loss of throughput
capabilities over limited UHF SATCOM resources.
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4 ALTERNATIVE OPTIONS EVALUATION

The purpose of this chapter is twofold: to present
descriptions of alternative options that address the operational
issues, and to provide an assessment of each option.

4-1 ALTERNATIVE OPTION DESCRIPTIONS

This section presents a description of the alternatives
considered for improving the 5-kHz UHF DAMA waveform. All of the
options were developed using the following assumptions:

® The 25-kHz UHF DAMA waveform structure will remain as
~currently defined.

® All options assume use of the advanced UHF SATCOM
modulation (AUSM) technique that