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ABSTRACT

This report describes a set of receiver transfer characteristic (RTC)
algorithps developed at NTIA for the analytical assessment of mutual
interference effects in satellite communication services. The RTC algorithms
convert the input carrier-to-interference power ratio (C/I) and modulation
specifications of the desired (C) and interferer (I) signals into an output
baseband performance degradation. The RTC algorithms also compute a C/I
threshold margin for a given oufput baseband performance requirement. The
modulation types and communication services include: (1) companded single-
sideband, amplitude-modulated, multichannel telephony, = (2) regular or
. companded, frequency-modulated, multichannel telephony, (3) frequency-
modulated analog television, (4) digital coherent multiple-phase-shift keying,
(5) single-channel-per-carrier with digital coherent multiple-phase-shift
keying, and (6) single-channel-per-carrier with frequency-modulated analog

voice.
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SECTION 1

INTRODUCTION

BACKGROUND

The National Telecommunications and Information Administration (NTIA) is
responsible for managing the Federal Government's use of the radio frequency
spectrum. Part of NTIA's regponsibility is to "...establish policies
concerning spectrum assignment, allocation and use, and provide the various
departments and agencies with guidance to assure that their .conduct of
telecommunications activitieé is consistent with these policies™ [NTIA,
1985]. In support of these requirements, NTIA performs spectrum resource
assessments to identify existing or potential spectrum utilization and
compatibility problems among the telecommunications systems of various
departments and agencies. NTIA also provides recommendations to resolve any
spectrum usage or allocation conflicts and to improve the spectrum management

functions and procedures.

NTIA is engaged in the development and application of automated computer
capabilities to be used by the Federal Government for the comprehensive
assessment of national and international satellite communications systems. In
particular, NTIA participated in the preparations for the 1985/88 Space World
Administrative Radio Conference, and recently developed a Geostationary
Satellite Orbit Analysis Program (GSOAP) dedicated to analyze the mutual
interference effects between geostationary communications satellite networks
[(Hurt et al, 1986].

The coexistence of multiple satellite networks represents a critical
concern from the orbital congestion, communications interference, and service
impairment standpoints. The link transmissions and spectral characteristics
produce unwanted interfering signals into the antenna patterns and receiver
passbands of the satellite transponders and earth stations involved. Thié
interference causes an output performance degradation on the communications
services provided, which must be assessed to guide the orbit and spectrum

resource management decisions.
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The link geometries, transmission frequencies, antenna coverages, and
power budgets all combine to specify the desired and interferer signal levels
received. The receiver processing varies according to the desired modulation
type and produces distinet output degradations according to the interferer
modulation type. The modulation specifications thus govern the output
performance degradation induced in the baseband information extracted (analog

messages, digital symbols).

The development of receiver transfer characteristics (RTCs) is required
to evaluate the output performance degradation for each possible combination
of desired and interferer modulation types. The RTCs are dedicated algorithms
that accept the desired and interferer modulation specifications and signal
levels to compute an output performance degradation according to the baseband

information content.

The RTC algorithms form an integral part of the GSOAP Program. The
output performance degradations obtained are compared to preset threshold
values to compute the available margins between the desired (C) and interferer
(I) signal 1levels. These C/I threshold margins reflect the severity of the
performance degradation effects and serve to assess the mutual interference

between the communications satellite networks in question.

OBJECTIVE

The objective of this report is to present the RTC algorithms developed
for the performance evaluation of mutual interference between geostationary

communications satellite networks.

APPROACH

The existing and planned geostaqionary satellite networks were analyzed
to identify the modulations associated with their communication services. The
modulation types and parameter specifications encountered represent a wide
variety of carrier frequencies, . signal bandwidths, and spectral

characteristics:
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The RTC algorithms were developed by considering each and all pairs
representing a distinet combination of desired and interferer modulation
types. An output performance measure appropriate for each desired modulation
type was used to formulate the output performance degradation caused by each
interferer modulation typé, as a function of the desired and interferer
modulation parameters. The pertinent CCIR Recommendations and reports were
employed, when applicable, and supplemented when they could not accommodate

certain modulation types or parameter specifications of interest.

Each RTC algorithm representing a distinet pair of desired and
interferer modulation types was designed in both a compact and a detailed
version. The compact mode provides faster execution times, while the detailed
mode can involve a more elaborate processing to improve accuracy at the
expense of speed. The compact and detailed versions are identical in those
cases where a simple formula or subroutine can be provided without accuracy

compromises.
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SECTION 2

SUMMARY

The RTC algorithms provide for the conversion of the input C/I levels
and modulation specifications into an output baseband performance degradation
and an input C/I threshold margin. This conversion varies with the modulation.
types and parameter values of the -desired and interferer signals. A set of

RTC algorithms has been developed for the following modulation types:

1. CSSB/AM: companded single-sideband, amplitude-modulated, multichannel

telephony with suppressed carrier

2. FDM/FM: frequency-division multiplexed, frequency-modulated, multi-

channel telephony with or without companding
3. TV/FM: frequency-modulated television
4. DIG/PSK: digital coherent multiple-phase-shift keying

5. SCPC/PSK: single-channel-per-carrier, coherent multiple-phase-shift

keying
6. SCPC/FM: single-channel-per-carrier, frequency-modulated voice

The inputs to the RTC algorithms consist of the following data for each

pair of desired and interferer signals under consideration.

1. the two data sets of modulation parameters (MPARs) representing the

desired and interferer modulation specifications

2. the frequency offset (FO) betweén the desired and interferer signals




3. the ratio of the desired-to-interferer signal power (C/I), referred to
the desired receiver input and excluding any interfereb spectral

truncation by the receiver passband

4, the ratio of the desired signal power to the thermal noise power

density (C/NO), referred to the desired receiver input

5. a binary flag designating the user selection of the compact or

detailed computation mode.

The MPARs of each signal are structured into data sets fed to the RTC
algorithms. One of the MPARs is a code word designating the modulation type
from the options available.  The RTC algorithms employ the desired and
interferer designators to automatically select the one algorithm dedicated to
a given modulation type pair. The RTC algorithm selected extracts
automatically of those MPARs in the input data sets that are needed for the

algorithm computations.

The RTC algorithms often consist of a main routine supported by
dedicated subroutines that are automatically selected according to the input
data values. This permits the RTC algorithms to self-adjust and accommodate
many carrier offset, signal bandwidth and spectral shape variations in the

desired and interferer signals within a given modulation type pair.

The RTC algorithms can automatically handle the interferer spectral
truncation and power reduction as a function of the carrier offset and signal
bandwidth values. All the spectral shaping and truncation occurs within the
algorithm computations, since the spectral models employed are automatically

triggered by the modulation specifications fed to the RTC algorithms.

The RTC algorithms automatically perform all the spectral generation and
processing (e.g., sampling, integration, convolution) involved in the
algorithm computations. A unified formulation is provided for each desired
modulation type, insofar as possible, with the interferer type then inducing
certain specific computations in the general formulation. This approach
provides a unified foundation for interference analysis and permits modular

processing and logical execution of the algorithm computations.
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The RTC algorithms include automated simulation programs recently
devéloped at NTIA. The FMSPC Program provides for the accurate generation of
FDM/FM spectra, with automatic switching between a simple gaussian formula and
an elaborate simulation process according to the modulation specifications.
The SPCVL Program provides for the accurate execution of spectral convolution,
which 1is reduired to generate the output interference spectra in FM
demodulation cases (FDM/FM, TV/FM, SCPC/FM).

The RTC algorithms for PSK signals have distinet formulations
automatically selected according to the interference spectral
characteristics. The thermal noise effects are accounted for when computing
the bit error rate performance and C/I threshold margin, with the latter
automatically adapted according to the noise magnitude to reflect the

decreased error margin available.

The following output data is provided for each RTC algorithm computation

corresponding to a desired and interferer modulation pair:

1. the output performance measure representing the output baseband

degradation
2. the C/I threshold margin referred to the desired receiver input.

The RTC algorithms represent a bridge between the input C/I level and
the output baseband performance degradation. The fact that distinct
modulation specifications produce a different output performance degradation
with the same input C/I level emphasizes the need to use the RTC algorithms
for the assessment of mutual interference between communications satellite

networks.

The performance degradation dependence on the modulation parameter
values also emphasizes the need to have complete and accurate modulation
specifications. Moreover, the link power budgets that establish the input C/I
levels also vary with the modulation spécifications in practice, which must be

accounted for in the input data preparation.
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The GSOAP model is presented in Section 3 to illustrate the role of the
RTC algorithms in the GSOAP computations. The modulation parameters
corresponding to each modulation type are also identified in that section.
Some application examples of phe RTC algorithms are then presented in Section

4 to illustrate their results and potential.

The spectral models employed in the RTC algorithms are -presented in
Section 5 for each modulation type in question. The spectral characterization
ranges from simple formula evaluations to elaborate process simulations,
according to the modulation specifications and/or the compact/detailed

computation mode.

The RTC formulations and algorithm computations are described in
APPENDICES A through F. Each appendix considers a distinct desired modulation
type and presents the different algorithms employed according to the
interferer modulation type. The compact and detailed versions are clearly

identified, along with the spectral models employed in each version.

A set of additional formulas and measurements available for interference
into TV/FM desired signals is presented in APPENDIX G. They include both
input protection ratio and output signal-to-noise ratio as performance

evaluation criteria.
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SECTION 3

GSOAP MODEL

GSOAP MODEL DESCRIPTION

GSOAP is an analytical model developed by NTIA for the assessment of
mutual’ interference between geostationary communications satellite networks
[(Hurt et al, 1986]. The GSOAP model is supported by a fixed-satellite service
(FSS) data base dedicated to create the input scenarios via a wuser-

interactive, menu-driven, retrieval and edit interface as shown in Figure 3-1.

GSOAP
GSOAP RTC
INPUT ARP OUTPUT
FSS RETRIEVAL | pyypg NRP MATRIX RTC REPORT
DATA }—e] AND EDIT A | vatrix | A . | RO
BASEJ INTERFACE ' RTC ALGORITHMS
DRIVER

GSOAP : Geostationary Satellite Orbit Analysis Program

FSS : Fixed Satellite Service

NRP : Normalized Received Power

ARP : Actual Received Power

RTC : Receiver Transfer Characteristic

Figure 3-1. Block diagram of GSOAP processing.
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The scenario data is processéd to obtain received signal levels for all
uplink or downlink desired and interfering paths involved, as well as to
select the worst C/I path conditions per desired and interfering network pair
and modulation pair combination. The output performance degradation due to
interference is then computed by the RTC algorithms, along with the C/I
threshold margin available for each network-pair and modulation-pair

combination in the scenario created.

FSS Data Base

The FSS data base consists of five files that contain the records of the
geostationary communications satellite networks. A satellite network is
defined as a space station (satellite) and its dedicated earth stations for
uplink and/or downlink communications. A satellite network may exhibit
various- operational states based on the up/down 1link, transponder plan,
satellite antenna, service area, carrier modulation, and link budget options

available.

The five files in the FSS data base are: (1) Satellite Networks,
(2) Service Areas, (3) Transponder Plans, (4) Satellite Antennas, and
(5) Modulation and Link Budgets [Haines, 1985]. The file records consist of
data fields whose entries specify the identification codes, parametric values,

and generic characteristics of the satellite networks.

The first file specifies the space station and operational states (e.g.,
transponder plans, service areas) for each satellite network. The second file
specifies each service area as a set of earth points with their geographical
locations ‘and topographical characteristics. The third file specifies each
transponder plan as a set of uplink and downlink transmission frequencies.
The fourth file specifies each satellite antenna pattern in the form of
digitized shaped-beam contours and/or elliptical-beam parameters. The fifth
file specifies the carrier modulation.types and parameters, plus the 1link
power budgets and earth station antennas associated with each modulation

record.



An important feature of the GSOAP modél is the provision of modulation-
dependent 1link budgets. The equivalent isotropically radiated power (EIRP)
and receive antenna gain specifications depend on the modulation type and on
the modﬁlation parameter valueé within a given type. This reflects the fact
that a given input C/N (or C/I) amount will have a distinct effect on the
output baseband performance depending on the modulation type and parameter
values. Hence, the power budget is adapted, in practice, according to the

modulation specifications.

Retrieval and Edit Interface

The retrieval and edit interface is used to interactively select the
GSOAP input scenarios and automatically format the data for the GSOAP input
files. These files support the automatic operation of all GSOAP program

routines.

The retrieval and edit process is summarized in Figure 3-2, where the
user-interactive stages are menu-driven with default options. The user can
initially select among distinct versions of the data base (e.g., existing
operational satellite networks versus proposed orbital spacing plans). The
user has aécess to the first file to select specific satellite networks or all
networks with a common characteristic such as orbital are, frequency band,

service region, or notifying administration.

The user can also select specific operational states from those
available for each network, as well as antenna pattern and propagation models
from the menu options. The first file contains codeword pointers that serve
as automatic 1links into the subsequent files to provide for the automatic
retrieval of 1linked record collections. The user can select specific
modulation records from those retrieved for each network to control the

scenario complexity (e.g., number of satellites, earth stations, modulations).
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" USER SELECTION OF DATA BASE

USER SELECTION OF SATELLITE NETWORKS
VIA ACCESS FIELDS OF DATA BASE SELECTED

AUTOMATIC RETRIEVAL FROM SATELLITE NETWORKS FILE

‘USER EDIT OF SATELLITE NETWORK RECORDS RETRIEVED

AUTOMATIC RETRIEVAL FROM SERVICE AREA,
SATELLITE ANTENNA, AND MODULATION FILES

USER EDIT OF MODULATION RECORDS RETRIEVED

AUTOMATIC PREPARATION OF GSOAP INPUT FILES

Figure 3-2. Block diagram of retrieval and edit process.




Normalized Received Power Matrix

GSOAP supports either uplink only, downlink only, or up~plus-down link
scenarios. A normalized received powef (NRP) matrix is computed for all
desired and interfering signal paths in the uplink or downlink scenario, as
illustrated in Figures 3-3 and 3—4,. A1l the link EIRPs are set to 0 dB in the
transmitting earth (uplink) or .space (downlink) stations for the NRP

computations.

The NRP computations are sdpported by a dedicated set of routines that
account for the earth and satellite antenna patterns, propagation models, and
polarization combining options selected by the user [Akima, 1985]. The NRP
computations are fully automatic, with all necessary identification codes,

parameter values, and option flags already provided in the GSOAP input files.

Actual Received Power Matrix

The EIRP specifications provided by the data base are used to compute
the actual received power (ARP) and input power ratio (C/I) for all desired
and interfering paths involved. The NRP to ARP conversion is performed by
adding a modulation-dependent EIRP value per path, so that the ARP and C/I

values vary with the modulation type and parameter values.

The worst C/I for a fixed desired and interfering network pair (i,j) and
a fixed desired and interfering modulation pair (k,l) is determined by
examining all possible desired and interfering paths for the two networks
involved. The process is repeated by recycling over all possible network pair
and modulation pair combinations, which results in a set of worst C/I values
tagged by four index designators (i,j,k,l1) that identify the desired network
(i), 1interfering network (j), desired modulation (k), and interfering

modulation (1) associated with each value.
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Key: =——————~ Desired paths

e = = — lpterfering paths

NETWORK A ‘ NETWORK B NETWORK C

Figure 3~3, Illustration of uplink scenario paths.

Key: ——————— Desired paths .

== == == == loterfering paths

v
NETWORK A NETWORK B NETWORK C

Figure 3-4, Illustration of downlink scenario paths.
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Modulation Options

The modulation options supported by the RTC algorithms are now itemized,
along with their data sets of modulation parametérs used in the algorithm
computations. A modulation specification consists of a set of modulation
parameters pertinent to a given modulation type. The following six modulation

types are presently supported by the RTC algoriﬁhms.

1. CSSB/AM: companded SSB/AM mulﬁichannel telephony

2. FDM/FM: FDM/FM multichannel telephony with or without companding
3. TV/FM: FM television

4, DIG/PSK: digital coherent multi-phase PSK

5. SCPC/PSK: single-channel-per-carrier with digital coherent multi-phase
PSK ,

6. SCPC/FM: single-channel-per-carrier with analog FM voice

Modulation Parameters

The modulation parameters (MPARs) consist of data sets of generic or
numerical parameters that provide the modulation specifications. The first
and second MPAR are always a code designator and a text descriptor of the
modulation in question. These two parameters serve to distinguish between
different modulation types, as well as between different parameter values
within the same type. In particular, the code designator provides for the

automatic distinction of different MPAR data sets.

The other MPARs provide modulation data pertinent to the modulation type
in question. The information content of each parameter varies with the
modulation type as shown in TABLES 3-1 through 3-6. The data format (real,
integer, alphanumeric) is maintained invariant for the same MPAR number over

distinct modulation types to permit a simple processing of the MPAR data sets.
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‘TABLE 3-1 TABLE 3-2

COMPANDED SSB/AM MODULATION PARAMETERS FDM/FM MODULATION PARAMETERS

MPARO1 At = A serves to designate CSSB/AM, MPARO1 B¢ = B serves to designate FDM/FM,
# serves to index CSSB/AM cases # serves to index FDM/FM cases

MPAROZ CSSB/AM e« identifies what A above means MPARO2 FDM/FM = identifies what B above means
MPARO3 N, = number of vo;ce channels MPARO3 Ne = number of volce channels
MPQROH By;; = allocated bandwidth MPAROY B3 = allocated bandwidth
MPAROS Bocc e occupied bandwidth MPAROS Bocc = occupied banqwidth
MPAROS fL = low baseband frequency MPAROG f, = 1low baseband frequency
MPARO7 ' fy = high basebarid frequency MPAROT . fy = high baseband frequency
MPAROS (OPEN) MPAROS8 m = rms multichannel modulation index
MPAROS (OPEN) MPAROS Dgus = rms multichannel frequency deviation
MPAR10 (OPEN) . MPAR10 A = peak/average multichannel baseband power ratio
MPAR11 (OPEN) . MPAR11 8 = rms multichannel phase deviation
MPAR12 T = average talker level MPAR12 T = average talker level
MPAR13 (OPEN) MPAR13 Bpp = carrier energy dispersal bandwidth
MPAR1U G = companding gain MPAR1 U G = companding gain
MPAR15 (OPEN) MPAR1S (OPEN)

MPAR16 (OPEN) MPAR16 C,N = flag designating companded (C) or not (N)



6-¢

MPARO1

MPARO2
MPARO3
MPAROY
MPAROS
MPARO6
MPAROT
MPAROS
MPARO9

MPAR10

MPAR11

MPAR12

MPAR13

MPAR1 Y
MPAR15

MPAR16

TABLE 3-3

TV/FM MODULATION PARAMETERS

C# = C serves to designate TV/FM,
# serves to index TV/FM cases

TV/FM = identifies what C above means
1,2 = number of TV channels per transponder
Bjj; = allocated bandwidth
B = occupied bandwidth
rLV = low baseband frequency of video
rHV = high baseband frequency of video
My = peak modulation index of video
Dv = peak frequency deviation of video

Dpgs = rss of peak frequency deviation of video,
audio subcarrier and dispersal waveform

fgc = subecarrier frequency of highest audio
subcarrier

bge = modulated bandwidth of highest audio
subcarrier

DDP = peak frequency deviation of dispersal
waveform

G = gain (noise weighting and preemphasis)
V = TV-standard constant

U,L,F = flag designating dispersal type
(U = unknown, L = line rate, F = frame rate)

MPARO1

MPARO2

MPARO3
MPAROY
MPAROS

MPARO6

MPARO7
MPARO8
MPAROS
MPAR10
MPAR11
MPAR12
MPAR13
MPAR1Y
MPAR15

MPAR16

TABLE 3-4

DIGITAL PSK MODULATION PARAMETERS

D serves to designate DIG/PSK,
# serves to index DIG/PSK cases

D#
DIG/MPSK = 1identifies what D above means,
including the number (M) of phase states
M = number of phase states
B;)) = allocated bandwidth
B = occupied bandwidth

occe

a = unit power normalization ractor;
accounts for band-limited transmission

B. = bit rate
(OPEN)
(OPEN)
(OPEN)
(OPEN’
(OPEN)
(OPEN)

G = coding gain

-
"

implementation loss

(OPEN)
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MPARO1

MPARO2
MPARO3
MPAROY
MPAROS

MPARO6

MPAROT7
MPAROS
MPAROS
MPAR10
MPAR11
MPAR12
MPAR13
MPAR1YU
MPAR15

MPAR16

TABLE 3-5

SCPC/PSK MODULATION PARAMETERS

SCPC/MPSK

Barl

occ

G

L

E serves to designate SCPC/PSK
# serves to index SCPC/PSK cases

identifies what E above means,
including the number (M) of
phase states

number of phase states
allocated bandwidth

occupied bandwidth

anit power normalization factor,

accounts for band-limited transmission

bit rate

(OPEN)

(OPEN)

(OPEN)

(OPEN)

(OPEN)

(OPEN)
coding gain
implementation loss

(OPEN)

MPARO1

MPAAOZ
MPARO3
MPAROY
MPAROS
MPARO6
MPARO7
MPAROS
MPARO9
MPAR10
MPAR11
MPAR12
MPAR13

MPAR1Y

MPAR15

MPAR16

TABLE 3-6

SCPC/FM MODULATION PARAMETERS

F#

SCPC/FM

F serves to designate SCPC/FM,
# serves to index SCPC/FM cases

identifies what F above means
number of voice channels
allocated bandwidth
occupied bandwidth
low baseband frequency
high baseband frequency
peak modulation index
peak frequency deviation
peak/rms frequency deviation ratio
(OPEN)
loading racior
(OPEN)

gain (companding, noise weighting,
preemphasis)

(OPEN)

(OPEN)



RTC Driver

The RTC driver prepares and delivers the pertinent data into the RTC
algorithms. The MPAR data’ sets retrieved from the data base are associated
with their corresponding worst C/I values, via the network and modulation

designators previously discussed.

The carrier frequency offset (F,) between desired and interfering signal
pairs and .the received carrier-to-noise density (C/NO) in the desired paths
involved are also includéd in the data sets fed to the RTC algorithms. The
latter have a compact or detailed computation option selected by the user, and

the RTC driver passes the flag designator corresponding to the mode selected.

The inputs provided by the RTC driver to the RTC algorithms consist of
the following data, which 1is provided for each desired and interferer

modulation pair under consideration:

1. the two data sets of MPAR's representing the desired and interferer

modulation specifications
2. the frequency offset (Fo) between the desired and interferer signals
3. the ratio of the desired-to-interferer signal power (C/I), referred
to the desired receiver input and excluding any interferer spectral

truncation by the receiver passband

4, the ratio of the desired signal power to the thermal noise power

density (C/No), referred to the desired receiver input

5. a binary flag designating the user selection of the compact or

detailed computation mode.
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RTC Algorithms

The RTC algorithms compute the output baseband degradation experienced
by a desired signal in the presence of an interfering signal. The output"
baseband degradation varies with the desired and inﬁerfering modulation
‘specifications, since the receiver processing is governed by the desired
modulation and produces distinct effects in the output baseband according to
the interferer modulation.

A distinct RTC algorithm is automatically selected to match each of the
36 possible combinations of desirea and interferer modulation types. Each RTC
algorithm also computes a specific baseband performance degradation measure
according to the desired modulation type, (e.g., pWOp = bicowatts of output

interference for analog telephony, BER = bit error rate for digital data).

The output performance obtained in each case is compared to a preset
threshold value. The performance threshold margin obtained is then used to
compute the corresponding C/I margin (dB differential) referred to the
receiver input. Hence, each case may have its distinct output performance
measure, but they are all translated into a common index (the C/I threshold

margin in dB) to permit sensitivity comparisons and worst-case identification.

The input/output operation of the RTC algorithms is fully automated once
a compact or detailed computation mode is selected. The RTC driver delivers
all the MPAR data sets and associated data (C/I, C/Ng, Fo), along with the
four designators (i,j,k,l) previously discussed. The RTC algorithms logic
recognizes each modulation type pair (k,l1) to select and execute the
appropriate routine dedicated to that pair, and then recycles over all
possible network pair (i,j) and modulation pair (k,l) combinations. The
output performance measures and C/I threshold margins computed are properly

tagged by the four designators (i,j,k,l).

RTC Output

The output of the RTC algorithms consists of the following information
for each desired and interfering ‘network pair (i,j) and modulation pair (k,1l)

in the scenario:
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1. the output performance measure (value and units) representing the

output baseband degradation, as computed by the RTC algorithms

2. the actual C/I input (dB value) representing the worst-path condition

at the desired receiver input, as computed from the ARP matrix

3. the C/I threshold and C/I threshold margin (dB values) referred to

the desired receiver input, as computed by the RTC algorithms.‘
The C/I threshold margin is positive or negative depending on whether

the actual C/I input is above or below the C/I threshold. The relation C/I
(threshold margin) = C/I (input) - C/I (threshold) is always satisfied.
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SECTION 4

APPLICATION OF THE RTC ALGORITHMS

PROCESSING FEATURES OF THE RTC ALGORITHMS

The purpose of this section is to illustrate the application of the RTC
algorithms wusing representative examples. There are certain common
designators and processing features shared by all the algorithms that are

first described to develop a proper perspective of their application.

A unified notation is used for those modulation parameters and spectral
characteristics pertinent to all algorithms, as shown in TABLE 4-1. The
desired (C) and interferer (I) input powers are always referred to the desired
receiver input. Any interferer spectral truncation is accounted for within

the algorithm computations.

TABLE 4-1

RTC STANDARD NOTATION

C = desired signal power at desired receiver input

I = interferer signal power at desired receiver input

Bd = occupied bandwidth of desired emission spectrum

B; = occupied bandwidth of interferer emission spectrum

Bé = allocated bandwidth of desired emission spectrum

Bi = allocated bandwidth of interferer emission spectrum

Fo = frequency offset between desired and interferer emission spectra
Sd(f) = desired emission spectrum in normalized lowpass form

S;(f) = interfergr emission spectrum in normalized lowpass form

Ki(f) = effective interference spectrum (includes frequency offset and

- spectral truncation effects)
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The desired S4(f) and interferer Si(f) emission spectra are specified in
their normalized (unit power) form and generated according to the modulation
type, as described in Section 5. Their occupied bandwidths are respectively
denoted by By and Bj, and they are either directly specified or indirectly
computed from the modulation parameters, as described in Section 5. The
allocated bandwidths vare respectively denoted by Bé and Bi to distinguish

them from their occupied bandwidth counterparts.

A fundamental distinction 1is made between the interferer emission
spectrum S;(f) and its effective interference spectrum K;(f). The latter is
obtained by first shifting S;(f) relative to S4(f) by the frequency offset F,
and then truncating this shifted replica according to the occupied bandwidth
of the desired signal. The Ki(f) spectrum represents the effective

interference into the deéired signal at the demodulator input.

The K;(f) spectrum may no longer be normalized, with the power truncation
factor dependent on the B4y» Bj, and F, values Dbesides the spectral
characteristic. If B; > By, the spectrum S;(f) will be truncated regardless
of the offset magnitude. If B; < By, the spectrum S;(f) will be truncated if
Fo > 0.5 |[Bq = Bj|, but not otherwise. If Fy > 0.5 (By *+ B;), there is no

spectral overlap and no interference is computed.

The truncated interferer power is givén by I' = pI, where p is the
spectral truncation factor obtained by integrating the spectrum Ki(f) over the
desired receiver passband. This spectrum varies with the different interferer
modulation types via the emission spectrum S;(f), so that this factor is best

computed within each algorithm as needed.

Another parameter of interest is the spectral overlap bandwidth (Bo)
between the desired and interference signals, including the shift and

and FO

truncation effects. This parameter is also dependent on the Bgs Bji»

values, as shown in Equation 4-1,. The value BO = 0 corresponds to the no

interference condition, in which case the algorithm computations are bypassed.

B, = min (By, By), if F, S |B,-B,]

0.5 (By + By) = Fy, if 0.5 |By - Bj| < Fy< 0.5 (By + Bj)

0, if Fg z 0.5 (By + By) (4-1)
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In the case of SCPC interference, the I value represents one of many
possible interferers that can be contained within the desired signal
bandwidth. When the SCPC interferers are narrowband relative to the desired
signal,. they will be assumed to fill the receiver passband with an activity
factor to obtain realistic interference estimates in the algorithm

computations.

The number of SCPC interferers that fits in the desired signal bandwidth
is N' = Bd/Bi and this number is ?educed to kN' by the activity factor (k).
They will be characterized by a total power (kN')I uniformly distributed over
the bandwidth Bd, which corresponds to an effective interference spectrum

K; = kN'/By = k/Bi under normalized power conditions (I = 1).

The I' = pI relation can be used for multiple SCPC interference with a
simple modification. The parameter p = kN' 2 1 now represents a power
increase factor due to the SCPC multiplicity, while the I' term represents the
total interference power (accumulation instead of truncation) present in the

desired signal bandwidth.

Example 1: All Modulation Types Under Cochannel Interference

This example 1illustrates the application of all the RTC compact
algorithms under cochannel interference conditions. The six modulations shown
in TABLE U4-2 are used to span all 36 combinations of desired (DES) and
interferer (IFR) modulation pairs. The six modulations used represent typical

communication services provided by the RCA SATCOM satellite network [Sharp,
19847,

A two-satellite, downlink-only, scenario was simulated to obtain the
input C/I 1levels shown in TABLE 4-3 from the modulation-dependent power
budgets. The modulation parameters of TABLE 4-2 and the input C/I levels of

TABLE U4-3. were then fed to the RTC algorithms under cochannel conditions
(Fy = 0).

The output performance degradation computed by the compact versions of

the RTC algorithms is shown in TABLE U4-4. The performance measure is the
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TABLE 4-2

SATCOM MODULATION SPECIFICATIONS

RECORD MPARO1 MPARO2 MPARO3 MPAROUY MPAROS MPARO6 MPARQO7 MPAROS
1 Al CSSB/AM 5820 32.0 MHz 32.0 MHz 2 MHz 34,0 MHz Rkt
2 B1 CFDM/FM 2892 36.0 MHz 36.0 MHz 12 kHz 12.4 MHz 0.323
3 C1 TV/FM 1 36.0 MHz 33.0 MHz 25 kHz 4,2 MHz 2.560
) D1 DIG/UPSK 4 36.0 MHz 28.6 MHz 1.33 60.0 MHz bt
5 El SCPC/2PSK 2 70.0 kHz 64.0 kHz 1.33 64,0 kHz adades
6 F1 SCPC/FM - 47.8 kHz 36.8 kHz 300 Hz 3.4 kHz 4,412

RECORD MPARO9 MPAR10 MPAR11 MPAR12 MPAR13 MPAR1Y MPAR15 MPAR16
1 hdd -~ ~~= -21,0 dBmO ——r 9.0 dB - ataddod
2 4,00 MHz 10,00 6.6 rad =29.,1 dBmO 0.0 MHz 0.0 dB ated C
3 10.75 MHz 10,98 MHz 6.8 MHz 0.7 MHz 1.0 MHz §12.8 dB 13.5 dB U
4 e At == -== tds 0.0 ¢B ~4.4 dB m———
5 - === Riad Rt ek 0.0 dB -3.7 dB ———=
6 15,00 kHz et i -1.67 dB g 16.0 dB bl aadatd

NOTE: The companding gain (MPAR1Y4) is included in the talker level (MPAR12)

for the FDM/FM case (but not for the CSSB/AM case) to match the

original information source.
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TABLE 4-3
C/1 INPUT LEVELS FOR EXAMPLE 1

DES

CSS8/7AM | FOM/FM TV/FM DIC/PSK SCPC/PSK SCPC/FH
1FR
CSSH/aM 33.4 d8 37.4 d8 | 37.4 dB } 37.4 d8 12.4 a8 3.4 48
FDM/FH 29.4 d8 33.4 d8 33.4 d8 | 33.4 d8 8.4 48 0.6 a8
TV/FH 29.4 a8 33.4 d8 33.4 d8 | 33.4 d8 8.4 a8 -0.6 a8
DIG/PSK | 29.4 dB8 33.4 d8 | 33.4 dB | 33.4 a8 8.4 d0 -0.6 d8
SCPC/PSK | Su.4 4B S8.4 dB | S8.4 dB | S58.4 d8 33.4 dB 24 .4 a8
SCPC/FH | 63.4 dB 67.4 dB | 67.4 d8 | 67.4 dB 82_.4 48 33.4 d8

TABLE 4-4

OUTPUT PERFORMANCE VALUES AND C/I THRESHOLD MARGINS FOR EXAMPLE 1

DES
cssgsamM | FOM/FH TV/EM DIC/PSK SCPC/PSK SCPC/EH
[FR
145 pWOp | 128 p¥Op |37.4 4B c/1Y 9.6 x 1078 BER | 1.1 x 1077BER | 57 puOp
CSSB/aM :
(6.2 a8) (6.7 d8) (10.5 dB) (8.6 ad8) (13.1 a8) (10.2 dB8)
1162 pWOp | 346 pWwop {33.4 dB C/I'|1.9 x 1077 BER 1.5 x 1077 BER | 456 pwop
FOM/FM
(-2.9 a8) | (2.4 48) | (6.5 dB) (3.3 48) (4.1 dB) (1.2 d8B)
611 pWOp | 320 pwOp |26.2 4B PR | 1.8 x 107 BER 8.8 dB8 PR 3.7 4B PR
TV/FH
(—0.1 dB) | (2.7 4B) (7.2 d8) (3.6 aB) (-9.4 d8) (-4.3 d8)
S16 pWOp | 429 pwop |33.4 dB C/1*| 1.9 x 1077 BER 1.2 x 1077 ser | 203 puop
DIC/PSK
(0.7 a8) (1.5 d8) (6.5 48) (3.3 d8) (7.6 a8) (4.7 dB)
765 pWOp | 193 pwap {35.7 4B c/1*l 1.0 x 1077 BER 1.9 x 1077 BER | 288 puop
SCPC/PSK (-1.1 dBi)
° (4.9 48) | (8.7 dr) (7.0 d8) (4.4 a8) (3.2 dB)
341 pWOp | 35 pwop [43.0 dB /1] 8.4 x 1078 Ber 1.3 x 1077 BER | 156 pwop
SCPC/fH
(2.5 a8) | (12.3 ¢8)| (16.1 d8) | (14.4 gB) (13.4 aB) (5.8 48)
Notes

: (1) The top entry is the baseband performance and the bottom entry is the C/IL

threshold margin.

(2) The DIG/PSK and SCPC/PSK columns assume C/N = 15 dB for M = 2 and
C/N = 19 dB for M = 4.
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picowatts of output interference power (pWOp) with a O dBmO test-tone desired
modulation for the CSSB/AM, FDM/FM, and SCPC/FM cases, the input signal-to-
interferer power ratio with spectral truncation (C/I') or the proteétion ratio
(P.R.) for the TV/FM cases, and the bit error rate (BER) for the DIG/PSK and
SCPC/PSK cases. .

The significance of the RTC algorithmé is evident when comparing the C/I
input levels in TABLE 4-3 to their corresponding C/I threshold margins shown
in parentheses in TABLE 4-4. For example, there is a 4 dB differential in the
C/I input level between DES = CSSB/AM and DES = FDM/FM with IFR = CSSB/AM.
Yet this becomes a smaller 0.5 differential in the C/I threshold margin with

the same performance threshold.

There is also a 4 dB differential in the C/I input level (TABLE 4-3)
between DES = CSSB/AM and DES = FDM/FM with IFR = FDM/FM. However, this now
becomes a larger 5.3 dB differential in the C/I threshold margin (TABLE 4-4)

Wwith the same performance threshold.

Example 2: FDM/FM Performance under Cochannel and Offset Interference

This example illustrates the application of the RTC detailed algorithms
under cochannel and offset interference conditions using various FDM/FM
emission spectra. The modulations shown in TABLE 4-5 were seleected to provide

three gaussian and three nongaussian spectra with different bandwidths.

These modulations represent typical communication services provided by
the RCA SATCOM and AT&T COMSTAR satellite networks [Sharp, 1983]. The SATCOM
signals have high modulation indices that validate a gaussian spectrum, while

the COMSTAR signals have low indices that produce a nongaussian spectrum.

The signal spectra are illustrated in Figures 4-1 through 4-6, where the
origin represents the carrier center frequency location, and the frequency
axis units (f) represent the displacement away from the center frequency.
These spectra were automatically generated by the FMSPC spectrum generation

program described in Section 5.

The performance measure computed is the picowatts of output interferer

power (pWOp) in a desired channel. The C/I threshold margin is also computed
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TABLE 4-5

FDM/FM TELEPHONY SIGNALS AND MODULATION PARAMETERS

FOM/FM Ne
Signal  (ffchan)
6l 252
62 432
G3 972
N1 360
N2 600
N3 1200

61
62
G3

N1
N2
N3

FOM/FM TELEPHONY SIGNALS

= SATCOM FOM/FM 252/15 MH2 (gaussian spectrum)

= SATCOM FOM/FM 432/25 MHZ (gaussian spectrum)

= SATCOM FOM/FM’ 972/36 MHz2 (gaussian spectrum)

= COMSTAR FOM/FM 360/15 MHz2 (non-gaussian spectrum)

= (OMSTAR FOM/FM 600/25 MH2 (non-gausstan spectrum)

= (OMSTAR FOM/FM 1203/36 MHz2 (non-gausstan spectrum)

MODULATION PARAMETERS (SEE TASLE 3-2)

BOCC fL fH m DRMS A 8 T BDP G
(MHz) (kHz)  (kHz) (rms) (kHz) (peak/ave) (rad) (d8) (kHz) (d8)
12.4 12 1052 1.548 1628 10,00 9.239 -16.0 0 0.0
20.7 12 1796 1.501 2695 10.07 11,715 -16.0 0 0.0
36.0 12 4028 1.104 4445 9.88 12,811 -16.0 0 0.0
13,5 564 ' 2044 0.500 1022 21.20 0.878 -15,0 2990 0.0
22.5 564 3084 0.607 1871 19.05 1.179 -15.0 597 0.0
34,0 5772 - 0,486 2807 16.02 1.155 -15.0 605 0.0

564

C.N

(flag)

xz X =z =T
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Figure 4-1. SATCOM FDM/FM 252/15 MHz spectrum.

-85
~N -75 4 N
m
£ / AN
: / \
g~ / N
(&1
o =90
£ / \
S _gs
S .
g / \

-100 y \

-105

-15000 ~-10000 -5000 O 5000 10000 15000

t (KHZ)
FLO= 12.KHz FHI=1796.KHz AF=2695.0KHz CARRIER= -585,108d8B

Figure 4-2, SATCOM FDM/FM 432/25 MHz spectrum.
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assuming a 600 pWOp performance threshold. The performance evaluation
requires the spectral convolution between the input spectra generated, but
including any interferer specthal shift by the carrier offset or spectral
truncation by the desired bandwidth. This convolution is automatically

performed by the SPCVL spectral convolution program described in APPENDIX B.

The results obtained under various conditions are presented in Figures
4-7 through 4-18. Each figure consists of three pairs of graphs, with each
pair showing the pWOp and C/I margin computed for the worst desired channel
affected, as a function of the carrier offset and input C/I values. The three
pairs per figure represent the three cases of narrow, medium, and wide input

bandwidths as discussed below.

Figures U4-7 through 4-9 form a group having gaussian desired and
interferer spectra. Figures 4-10 through 4-12 form another group having
nongaussian desired and interferer spectra. Figures 4-13 through 4-15 form
another group having nongaussian desired and gaussian interferer spectra.
Figures 4-16 through 4-18 form another group having gaussian desired and

nongaussian interferer spectra.

The first figure within each group (4-7, 4-10, 4-13, L4-16) maintains the
desired signal invariant and varies the interferer signal bandwidth. The
second figure within each group (4-8, 4-11, LU-14, L4-17) maintains the
interferer signal invariant and varies the desired signal bandwidth. The
third figure within each group (4-9, 4-12, 4-15, 4-18) maintains the desired
and interferer bandwidths equal, but varies their value to span the narrow,

medium, and wide cases.

This collection of results emphasizes the capability of the RTC
algorithms to perform an exhaustive interference analysis or concentrate on
specific parametric variations, while accounting for the distinct spectral
characteristics of the signals involved. Another application would be to
consider two (or more) signals to be designed, and vary certain modulation
parameters to establish the performance sensitivity from a mutual interference

standpoint.

The need for an accurate spectral generation and convolution is evident
by comparing the all-gaussian group (Figures 4-7 through 4-9) with the

all-nongaussian group (Figures 4-10 through 4-12). The former always has the
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cochannel condition as a worst occurrence, while the latter often has an
offset condition as the worst occurrence. This happens because the side peaks
in the nongaussian spectra do notlcoincide with two cochannel signals, unlike
the central peaks of two gaussian spectra. Also, the spectral convolution
tends to smooth the interferer output power, so that the worst offset value is

not evident a priori.

Example 3: PSK Performance Under Varied Interference and Threshold Conditions

This example illustrates the application of the RTC algorithms under
various interferer characteristics and threshold requirements using coherent
PSK (CPSK) as the desired signal. The algorithms distinguish between white
versus nonwhite interference spectra based on the modulation parameters to
select the appropriate BER performance and C/I margin formulation, as

described in APPENDIX D.

The BER performance is governed by an -equivalent output SNR
parameter (Y) that includes both thermal noise (C/N) and interference (C/I)
effects. The C/N value affects the symbol energy to noise density ratio
(E/NO). The C/N to E/N, conversion accounts for the number of phase states
(M), the time-bandwidth product of the symbol duration (T) and the signal
bandwidth (B4), and the coding gain (G) and implementation loss (L) effects
(see APPENDIX D).

The C/I value affects the BER performance in a different way depending on
the white versus nonwhite interference characteristic, including any spectral
truncation by the receiver passband. The nonwhite interference formulation is
based on a simple upper bound to the actual performance that maintains the
6

same BER order of magnitude in the 1073 to 10 region, as discussed in

APPENDIX D.

A comparison of the BER performance for white versus nonwhite
interference is shown in Figure 4-19 for binary CPSK, with ByT = G/L =1 and
no interference spectral truncation assumed for simplicity. The higher error
performance exhibited by the white interference case as C/I decreases is a
consequence of the distinct white and nonwhite interference effects, as
discussed in APPENDIX D.
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. (solid) interference into binary CPSK.
(Note: upper bound used for nonwhite case.)

The input C/I threshold required to provide a given BER performance is
shown in Figuré 4-20, The C/I threshold variation with the BER performance
requirement is shown in Figure 4-21. The vertical lines correspond to the
specific E/N, values that match thé BER requirement, so that thermal noise
alone causes the threshold performance. The vertical lines imply that there
is no room for interference due to the thermal noise amount (i.e., the C/I
threshold is infinite). . The vertical-line location shifts to the left as the
BER requirement is relaxed, since more noise can then be tolerated before
threshold occurs.

4-19



20

43 20
\ f
l .
! !
! i
! |
15 1 15 :
\
@ | = 1
Z { 3 |
a : .9 }
2 | 2 |
[ ] [£3)
] | e |
= | & |
=< | < |
o | o. I
5 : S :
: Nonwhite : Nonwhite
{ i
| |
| i
1 N 1 v
0 5 10 15 20 25 30 0 5 10 15 20 25 30
E/No (dB) E/N0 (dB)
20 ¢ 20 .
¥ 1
: |
. |
| 5 i 6
: |
| |
15 ; 15 :
~ | o |
S ' 2 |
~ : a 1 White
2 | Whi 5 ! T—
o) | Wite 2 |
10} & | 10} 4 |
] | o |
G ‘ 0
ja o4 =y ‘
= |
\ - |
-4 ~ '
~ ‘ o
Q ‘ |
|
> : Nonwhite > ! Nomwhite
| |
| |
| |
| \
]
: i
- ‘ N .
0 5 10 15 20 25 30 ; 0 S 10 15 20 25 30

E/No (dB) E/N° (dB)

Figure 4-20. C/I threshold versus E/N_for white and nonwhite interference

into binary CPSK at varidus BER performance specifications.

4-20



" 30

4-21

a
[&]
3 L
[Xe} < [ o~
| 1 1 &
o o O o Yy
— — - o
1] i (] Wm
+ O
Y E-N-N- = S
/M m M
o A
']
-4
<G — —_
M. pe R S«
C lllllllllllllllllllllllllllllllllllll —
=
L N
(9P) QIOHSIYHI I/D
L + + o
o n o [Te)
N — —
T3
T}
N
(]
(9]
o
&
- B
U -~
FS
- o
Lo
=
..5
—_—
< ]
m D m
(&) =
O e e e e e e e e e e e
A
(4P) QTOHSTYHLI I/D
— —+ + o
o wn
2 A —

(dB)

E/N

(dB)

E/N

Figure 4-21. C/I threshold versus E/NO and BER for white and nonwhite interference into binary CPSK,






SECTION 5

MODULATION SPECTRUM MODELS

GENERAL

A normalized power density spectrum is charaéterized in this section for
each modulation type, to be used by the RTC algorithms, as needed. The
spectrum is to be generated from the modulation parameter values specified for
each modulation type, with the generation process ranging from a simple

formula evaluation to an elaborate simulation process.

The normalized nature implies that the spectrum provided has unit power,
which corresponds to unit area under the power density characteristic. A
scaling factor 1is needed to maintain the normalization under band-limited
transmission, though a unit factor can be assumed if the bandwidth limits

represent a negligible power percentage in the spectrum tails truncated.

The normalized spectrum is provided in its lowpass equivalent form.
This means that the spectrum shall be_centered at zero frequency, with the
actual transmission spectrum being a translated replica of this lowpass
representation [Stein and Jones, 1967; Pontano et al, 1973]. The RTC
algorithms need only generate such lowpass replicas and then accommodate the
frequency offset and spectral truncation effects, as needed. This approach is
compatible with the CCIR spectral representation for interference analysis
[CCIR Report 388-4, 1982].

The provision of a simple formula for a given modulation spectrum does
not necessarily imply a compact RTC algorithm implementation when such
modulation is involved. The algorithm may include other computation processes
besides spectral generation  that require elaborate processing, even if the
spectral generation itself is a simple formula evalﬁation. For example, the
algorithm may involve spectral convolution once the spectra are generated and

spectral integration after the spectra are convolved.



CSSB/AM TELEPHONY SPECTRUM

The signal baseband consists of a number (Nc) of telephony channels that
are frequency multiplexed to form é multichannel baseband spectrum with
specified low (f}) and high (fy) baseband frequencies. The individual channel
center frequencies are determined from these parameters as given by

Equation 5-1.

25 = 1

f. = fL + 2N
c

(fg ~ f) » 3 = 1 toNg (5-1)

The baseband spectrum is characterized as a uniform power distribution
over its frequency range (fL, fH). The modulation process preserves this
characteristic when the spectrum is linearly translated for transmission as
single sideband on a suppressed carrier. The normalized emission spectrum is
represented by a rectangle with a two-sided magnitude of S(f) = 1/2B for

f;, < |f| < fy, where B = fi; = f| is the occupied bandwidth.

The center frequéncy of the emission spectrum is 0.5 (fH - fL) away from
the unmodulated carrier frequency. This center frequency 1is used when
specifying frequency offsets between desired and interfering signals that

involve CSSB/AM modulation.

FDM/FM TELEPHONY SPECTRUM

The original baseband is identical to that previously stated for CSSB/AM
telephony, and Equation 5-1 again specifies the channel frequencies. However,
the uniform multichannel baseband spectrum is now preemphasized and applied as
frequency modulation on a transmission carrier. The preemphasis
characteristic is shown in Figure 5-1 based on CCIR recommendations, and
ideally preserves the rms frequency deviation of the multichannel baseband
modulation so that it 1is identical before and after preemphasis [CCIR
Recommendation 464-1, 1982; Panter, 1972].
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Figure 5-1. FDM/FM preemphasis characteristic.’
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The FDM/FM signal spectrum has a simple formulation under wideband FM
conditions (i.e., high modulation index). The FDM/FM spectrum is then
represented by a gaussian characteristic centered at the carrier frequency and
fully specified by its standard deviation parameter (¢). The latter equals
the rms multichannel deviation (DRMS) of the preemphasized baseband, so that
the normalized FDM/FM spectrum is given by Equation 5-2 [Schwartz, Bennett,
and Stein, 1966].

-0.5(£/0)2 .

e » Where o = Dgyo (5=2)

1

S(f) = ———
Y 2n(ag)

The validity of the gaussian spectral representation depends on' the
modulation parameter values, An effective validation criterion is based on
the magnitude of the rms phase deviation (8) of the preemphasized baseband.
This parameter is a function of both the rms modulation index (m = Dpug/fy)
and the low-to-high baseband frequency ratio (e = fL/fH), as shown in‘Figure

5-2. The gaussian spectral representation has been validated via extensive
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Figure 5-2., RMS phase deﬁiation of FDM/FM preemphasized baseband.

5-4



spectral analysis and computer simulation to be accurate over the predominant
spectral region when 8 2 1.5 radian., The criterion serves to account for low-
baseband frequency effects (not reflected by the modulation index) that can
significantly affect the spectral characteristic in certain cases of interest
[Filippi, 1983].

The FDM/FM signal- spectrum also has a simple formulation under
narrowband FM conditions (i.e., low modulation index). The FDM/FM spectrum is
fhen a translated replica of the preemphasized baseband spectrum, plus a
residual carrier component. However, these narrowband conditions are not
typical of the FDM/FM signals of interest. There remain the cases where
neither wideband nor narrowband conditions exist. The FDM/FM spectrum does

not have simple formulation in such cases.

NTIA has designed and implemented an FDM/FM Spectrum Generation Program
(FMSPC) that simulates the modulation process and generates an accurate
spectral representation in all cases [Filippi, 1983]. The program
automatically recognizes the wideband FM cases by examining the modulation
specifications and replaces the modulation process simulation by the gaussian
formula evaluation when applicable, so as to simplify and expedite the

spectral generation process.

The FMSPC spectrum generation program is illustrated in Figure 5-3. The
FDM/FM modulation parameters are first analyzed to decide if a gaussian
spectrum 1is valid, in which case the simple gaussian formula is used.
Otherwise, the FDM/FM simulation process is engaged to generate the spectral
samples. The process corresponds to a spectral convolution series, but it is
easily implemented using Fast Fourier Transforms (FFTs) and correlation
function properties, so as to avoid the multiple spectral convolutions

otherwise required [Filippi, 19831].

The occupied bandwidth of the FDM/FM signal‘is to be based on Carson's
Rule. The rms multichannel deviation can be converted into a peak

multichannel deviation via DPK =1 (D ), where X is the peak-to-rms

. RMS
frequency deviation, and A°= A2 is the peak-to-average power ratio of the pre-
emphasized Dbaseband. The FDM/FM signal bandwidth is then given
by B =2 (A DRMS

parameter is not specified.

+ fH). A value of A = 10 is often used in practice when this °
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The FDM/FM spectrum is to be restricted by the occupied bandwidth of the
FDM/FM signal. The use of Carsdn's Rule as a bandwidth measure has been noted
to be conserVative under wideband conditions, so that the spectral tails
removed by the occupied bandwidth 1limits have negligible power content.
Hence, the bandwidth restriction can be bypassed to use the entire gaussian
function for the desired signal, if deemed convenient for RTC algorithm

simplification purposes.

Conversely, the receiver passband may significantly truncate a gaussian
interferer spectrum due to frequency offset or distinct bandwidth
conditions. The use of the entire interferer spectrum can yield conservative
interference estimates, but will preserve the simple algorithm formulation
(e.g., gaussian-gaussian spectral convolution formula). A truncated gaussian
spectrum will improve the computational accuracy, but may require an elaborate

algorithm (e.g., truncated gaussian-gaussian spectral convolution routine).

TV/FM SPECTRUM

The signal baseband consists of the video component, the modulated audio
subcarriers, and the energy dispersal waveform. This composite baseband is
usually preemphasized prior to frequency modulation for transmission purposes.
The preemphasis characteristics recommended by the CCIR are illustrated in

Figure 5-4 for various television standards [CCIR Recommendation 405-1, 1982].

The video component itself contains two additive signals representing
the luminance (luma) and chrominance (chroma) information. The luma signal is
a lowpass baseband, while the chroma signal consists of two lowpass basebands
simultaneously applied as quadrature amplitude modulations on a chroma
subcarrier frequency (3.58 MHz for 525-line M/NTSC standard).

The TV/FM spectral characterization remains an open issue 1in the
telecommunications community. The TV/FM spectral measurements show a notable
variation with the modulation speéifications, and investigations to
characterize the TV/FM spectrum are underway [Miller, 1984]. There does not
exist an accepted formulation or simulation to generate the TV/FM spectrum,

while accommodating all modulation components, parametric dependences, and
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statistical properties in the composite baseband. The theoretical models and
experimental results available in the open-literature usually simplify the
baseband modulation and/or restrict the parametric variations, which hinders a

generalized spectral characterization..

One recent approach decomposes the video baseband into its luma and
chroma spectral contributions. The TV/FM spectrum with video~only modulation
is derived' under certain assumptions (low-index luma, high-index chroma,
gaussian video statistics) as a spectral convolution series and predominant
terms are kept to obtain a simple parametric formula [Ali, 1983]. The
normalized spectrum has a gaussian central lobe at the carrier frequendy and a
gaussian sidelobe shifted by the chroma subcarrier frequency. It has been
noted to agree with color-bar test results except at the spectral tails where
an algebraic correction is needed. However, the formulation requires the
power levels of the luma and chroma signals as spectral parameters and further

investigation is needed to establish reliable assignment guidelines.

Another approach is to always use a normalized gaussian spectrum, but
assign its standard deviation such that it provides a spectral bound for the
actual TV/FM spectrum based on experimental results. An example of this
approach is illustrated in Figure 5-5, where the solid curves correspond to
the spectral envelope tagged by the percentage of time not exceeded, and the
dotted curve represents the gaussian bound with standard deviation (¢) equal
to the video peak frequency deviation (Dy} divided by Y2 [CCIR Study Groups,
Documents 4/116-F and 9/105-F, 1984]. This approach has the advantage of
providing a simple formulation for spectral generation purposes, without
requiring specification of the audio subcarrier and energy dispersal

parameters (which is not always available).

Another approach consists of having different spectral bound formulas
whose relative predominance varies according to the modulation
specifications. An example of this approach is illustrated in Figure 5-6,
where one gaussian and three distinet rectangular characteristics represent
the options available. The interest is to: (1) compare the gaussian to each
rectangular function separately, (2) identify the largest function in each
comparison, (3) use the one to three functions obtained to represent the TV/FM
spectrum in interference algorithms, and (4) select the worst interference
resdlt after the corresponding one to three algorithm runs [CCIR Report 388-4,

19821].
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There are some inherent limitations in this last approach. One is the
lengthy computation involving up to three algorithm runs per case. Another is
the complex bookkeeping needed in automated programs, since the number of run
repetitions per case varies with different modulation specifications. Another
is that the largest function selection is ambiguous, since the gaussian may
predominate at some frequencies and the rectangle at other frequencies in any
of the comparisons. The wuse of a hybrid spectrum with gaussian and
rectangular segments, based on their relative predominance, would bypass this
ambiguity, but requires an area_measurement to provide for the unit power

normalization.

In summary, the gaussian spectral bound represents the best approach
when a simple formulation is desired. The normalized gaussian spectrum given
by Equation 5-2 can be used with o = DV//§ where Dy 1s the peak frequency
deviation of the video component. The dual gaussian spectral model provided
by the luma-plus-chroma video decomposition is a promising altérnative, but
requires further investigation to provide reliable guidelines for the
assignment of the parameters used in the formula. On this basis, the gaussian

spectral bound is used for the compact algorithm formulations.

The hybrid spectral bound derived from the spectral characteristics
shown in Figure 5-6 is used for the detailed algorithms. The TV/FM spectrum
generation process (TVSPC) is illustrated in Figure 5-7 and consists of the
selection of the gaussian or rectangular segments based on their spectral
predominance. An area measurement is included to provide a scaling factor for

the normalization of the hybrid spectrum.

The use of Carson's Rule for the TV/FM occupied bandwidth also requires
attention. A conservative estimate results if the sum of the peak deviations
of all baseband components (video, audios, dispersal) is used as the peak
deviation in the rule. A more realistic estimate results if the root sum of
squares (rss) of the peak deviations is used instead of their sum [CCIR
Documents 9/1-E, 10-11S/3E, CMTT/5-E, 1983). 1In either case, the modulation
frequency corresponds to the highest baseband frequency, including the

modulated subcarrier bandwidths.
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Another approach to the TV/FM bandwidth estimate consists of using only
the video component parameters (video deviation and video frequency) in
Carson's Rule, but introducing a multiplier factor that expands the bandwidth
thus obtained. A 1.1 multiplier has been suggested by the CCIR and has the
advantage of standardizing the bandwidth evaluation for cases where the audio
or dispersal modulation specifications are not available [CCIR Report 215-5,
1982].

These TV/FM bandwidth estimation approaches yield values compatible with
existing modulation specifications'under,full—transponder operation, as shown
in TABLE 5-1. The video deviation (Dy) approximates the rss deviation (Dggg),
and the 1.1 (BW)y bandwidth approximates the (BW)pgg bandwidth values. In
particular, the 1.1 (BW)V rule always yields a value within the transponder
bandwidth allocation. On this basis, this rule is used for full-transponder
operation, since it bypasses the need for the audio and dispersal modulation

specifications that are not always available.

However, the TV/FM bandwidth formula requires further revision under
half-transponder operation to avoid excessive values, as shown in TABLE 5-1.
The use of a 1.3 video overdeviation factor and time companding techniques has
been noted to yield bandwidth compression without sacrificing broadcast
quality for partial-transponder operation [Eng and Haskell, 1981]. This
overdeviation yields values that match the half-transponder bandwidth
allocation as shown in TABLE 5-1, and is used in the TV/FM bandwidth formula

for half-transponder operation.

PSK SPECTRUM

The PSK spectrum model supports both wideband digital PSK and narrowband
SCPC/PSK signals. The baseband is a digital data stream that keys the phase
states of the transmission carrier. The phase states are equally spaced and
the data symbols are assumed equiprobable, so there is no discrete carrier
component in the signal spectrum.

The normalized spectrum, when all sidelobes are included, is given by

S(f) =T sinc? (nTf), where sinc X = (sin X)/X and T is the digital symbol
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TABLE 5-1
TV/FM BANDWIDTH ESTIMATES

Transponder  Transponder Video RSS (BW)RSS 1.1(BW)v (BW)OVD
Operation Bandwidth Deviation Deviation Bandwidth Bandwidth Bandwidth
(#Signals) (MHz) (MHz) (MHz) (MHZ) (MHz) (MHz)
Full(1) 36.00 10.8 10.98 - 36.30 33.00 25.02
Full(1) 36.00 10.8 11.01 35.80 33.00 25.02
Full(1) 36.00 11.0 11.22 34.90 33,14 25.32
Full(1) 36.00 11.0 11.22 36.40 33.44 25.32
Full(1) 36.00 12.0 12.28 36.14 35.64 26.86
Half(2) 36.00 6.0 6.2 24.20 22,14 17.60
Half(2) 36.00 6.3 6.46 25.30 23.10 18.09
(BWpgs = 2 (Dggg * f)
(BW)y = 2 (Dy + £)
. DV
(BW)OVD = 2 (1 .3 + fv)
where DRSS = root sum of squares of video,

audio-subcarriers and dispersal

deviations

DV = video deviation

o = highest modulation frequency,
including modulated-subcarrier
bandwidths

f = highest video frequency, including

luma and chroma baseband components
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duration. If the number df phase states . is M and the bit rate is B,, then the
symbol rate (1/T) is given by (B,/logyM). However, the emission spectrum is a
truncated version of this- characteristic, with the transmission passband
usually contained within the mainlobe. A normalization factor (a) must then
be included in the spectral formula to account for the band-limiting effect as

shown in Equation 5-3, where B is the transmission bandwidth.

S(£) = aT sinc®(rTf) , where a 2 1 and |f| s 0.5B (5-3)

The normalization factor (a) is a function of the transmission bandwidth
specified. A plot of the power percentage (1/a) preserved as a function of
the bandwidth is shown in Figure 5-8, so that the normalization factor can be
determined for a given bandwidth (B) and symbol rate (1/T) [Cohen, 1984)].
For example, if the passband exactly preserves the mainlobe of the spectrum,
then BT = 2 and o = 1.1‘corresponds to 90% power preserved. The use
of BT = 1 is often employed, with the bandwidth limits within the mainlobe,

and a¢ = 1.3 corresponds to about 77% power preserved.

SCPC/FM SPECTRUM

The signal baseband consists of a single analog channel that 1is
preemphasized and applied as frequency modulation on a transmission carrier.
The statistical nature of the baseband modulation can vary according to the
information content. For example, gaussian statistics can be assumed for FM

music, whereas nongaussian statistics must be accepted for FM voice.

Some compact formulas have been proposed to model the nongaussian
statistics of the single-channel voice baseband. The 1interest 1in such
formulation 1is that the statistical probability density function (pdf)
effectively represents the SCPC/FM spectrum under wideband FM conditions,
assuming that the baseband statistics are not significantly altered by the

preemphasis effect [Blackman and McAlpine, 1969].
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The three formulations shown in Equations 5-4 to 5-6 have been proposed
to represent the pdf of single-channel voice. The exponential function is a
simple one-parameter distribution, where (¢) is the rms frequency deviation.
The modified gamma function is a two-parameter distribution (a,b) for improved
fit potential, but it cannot be extended to the origin where it becomes
infinite. The exponential plus gaussian function provides a four-parameter
distribution based on the standard deviations (01,02) and weighting factors

(kq,k5) of the two distributions involved.

Exponential:

p(x) = (5-4)
Y20
Modified Gamma:
b(o) ¥ b/
P = ks e X b -va@@r D) (5-5)
Exponential plus Gaussian:
2
K, -/—2-|x/o1[ K, ~0.5(x/0,)
p(x) = e + — e (5-6)
20, /Zvaz

The exponential function can be used for spectral modeling by assigning
the peak/rms frequency deviation factor (A= DPK/DRMS) to match spectral
measurements. The peak deviation (Dpxj i1s usually specified (either directly
or via the peak modulation index) and must be converted into an rms frequency
deviation (DRMS) to permit the formula usage with o =D . The approach is

RMS
illustrated in Figure 5-9, where various X values are assigned ¢to the
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exponential characteristic (dotted), being superposed on a SCPC/FM spectrum
measured with voice modulation [Haller and Van Deursen, 1983]. A value
of A = 2 is noted to provide a wuseful spectral bound when using the

exponential model with o = DRMS = (1/1) DPK‘

The modified gamma function approximates spectral measurements for
a'< 1, but is hindered by the discontinuity at the origin, which makes it
impoésible to perform a spectral normalization or convolution as is. The
origin discontinuity can be avoided by assigning a lower frequency limit to
the function, but such value musf be well specified, since it determines the
scaling factor needed for normalization purposes. There have been no
guidelines hitherto available towards such specification, and the modified

gamma function will not be used, since it cannot be normalized otherwise.

The exponential-plus—gaussian function is also hindered by the lack of
guidelines to select its four parameters (k1,k2, 01,02). The k parameters
control the relative weighting (k1 + ko = 1) of the two distributions
involved, while the ¢ parameters control their significant spectral regions.
The k1/k2 and 01/02 relations are needed to determin? the four parameters from
the rms frequency deviation (DRMS = k1c1 + k2°2)’ since the latter is the
only parameter that can be logically derived from the peak frequency

deviation.

In summary, the SCPC/FM spectrum is modeled by a simple formula under
wideband FM conditions provided the baseband modulation statistics are
formulated. The case of music modulation can be assumed to have gaussian
statistics and the spectrum takes the gaussian form of Equation 5-2. The case
of voice modulation can be assumed to have exponential statistics and the
spectrum takes the form of Equation 5-7, where A = 2 is used when not

specified.

-2 |£/q]

S(f) = — e , where ¢ = (1/)) DPK (5-7)
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APPENDIX A

RTC ALGORITHMS FOR CSSB/AM TELEPHONY

CSSB/AM TELEPHONY PERFORMANCE FORMULATION

The CSSB/AM receiver extracts the uniform multichannel baseband spectrum
from the desired input signal .via 1linear frequency translation. An
interfering signal spectrum contained within the receiver input passband is
also linearly translated along with the desired input spectrum and produces an
output interferer component added to the desired output baseband. The
relative levels and spectral characteristics of the desired and interferer

spectra are preserved through the demodulation process.

The desired output power (Pd) in a slot measurement bandwidth is the
product of the uniform baseband spectral density (C/Bb) times the measurement
bandwidth (Bp), where By, = fy - f| is the baseband bandwidth and By = 3.1 kHz
is wusually employed. The interferer output power (Pi) is obtained by
integrating the interferer output spectrum I-Ki(f) over the measurement
bandwidth.

The desired-to—-interferer output power ratio (Pd/Pi) is called the noise
power ratio (NPR), due to the uniform power distribution assumed in the
multichannel baseband spectrum. The NPR performance varies over the different
baseband channels when the interferer spectrum Ki(f) is not uniform. The
worst channel being affected corresponds to the location of the peak of the

interference spectrum Ki(f) within the desired baseband.

The effective interference spectrum Ki(f) can differ from the
interference emission spectrum Si(f), due to the frequency offset and spectral
truncation conditions. The two possible situations are shown in Figure A-1:
the peak of S;(f) can occur either inside or outside the spectral overlap
region. The peak value of K;(f) equals that of S;(f) for the inside
condition, but must be evaluated from the spectral characteristic as a

function of the frequency offset for the outside condition.

A 0-dBmO test-tone modulation is conventionally used as a measurement

standard, instead of the multichannel baseband modulation. The output power
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ratio becomes a desired-tone versus interference-noise ratio (TNR), and the
performance measure employed is the output interference power in picowatts
(pWop).

The generalized NPR, TNR, and pWOp formulations are shown in TABLE A-1,
along with the C/I threshold and mafgin corresponding to a 600 pWOp outpﬁt
performance requirement [CCIR Recommendation 466-3, 1982] The bandwidth ratio
(BWR) accounts for the distinction between the baseband bandwidth (Bb) and the
measurement bandwidth (Bp). The noise loading ratio (NLR) accounts for the
distinetion between the muitichannel speech level (P-dBmO) and the test-tone
reference level (0-dBmO). The noise weighting factor (NWF) accounts for the

psophometric noise weighting effect (2.5 dB).

The NLR term includes the speech level (Tg) and companding gain (G)
effects. The use of companding in CSSB/AM signals has been noted to produce a
change in speech level from Ts to TS + Xs in dB, as well as to introduce a
subjective noise improvement of A dB, which results in a net companding gain
of G = A - X5 in dB. The values of A = 16 dB, along with Xg = 4 dB for Ty =
-15 dB and Xs = 7 dB for Ts = -21 dB, have been cited for design purposes
[Jonnalagadda, 1982]. There are no CCIR guidelines available on this matter,
so that A = 16 dB is used if not specified, along with the CCIR guidelines for
speech level assignment in FDM/FM telephony [CCIR Report 708-1, 1982].

COMPACT AND DETAILED ALGORITHM COMPUTATIONS

The general formulation of TABLE A-1 is to be used for all interferer
types, with each type distinguished by its distinct interference spectrum
Ki(f) being used in the P; and NPR evaluation. The basic computation steps

performed by a dedicated RTC algorithm are:
1. generation of the interferer input spectrum Ki(f) for given
modulation specifications

2. evaluation of the NPR performance for the worst channel affected,

which requires evaluating the K;(f) spectrum if B; >> B,, or
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TABLE A-1

CCSB/AM TELEPHONY PERFORMANCE FORMULATION

By = (fg - fy) (baseband bandwidth)
Pq = (C/By) - (Bp) (desired output power)
Py = (1) - f K, (f) df (interferer output power)
B
m

= (I) - (KiBm) if B; > B

(NPR)gg = 10 log (Pg/P;) = (C/I)gqp - 10 log [(By/By) -f K, (£)ar]
. _ 5

m

(TNR)gp = (NPR)4g + (BWR)4g - (NLR)4p

= (NPR)4g + 10 log (B,/Bp) - (P)4p

[90-(TNR) .. - (NWF),.1/10 [87.5 - (TNR)..]
pWop = 10 dB dB - 10 dB”  (picowatts)

600
(C/I)dB(margin) = 10 log —EWBB— = 10 log 600 - [87.5 - (TNR)dB]

(C/I)4B (threshold) = (C/1)gp - (C/I)dB(margin)

Notes: 3.1 kHz is assumed
=Tg * U log No ~ A is assumed as follows unless specified otherwise
-15.0 and U = 10 if N, 2 240 without companding (A = 0)

Bm

P

Ts c
Tg=-11.2 and U

Ts

Ts

I

10 if N, 2 240 with companding (A = 16)
= =-1.0 and U

c
4 if 12 £ N, < 240 without companding (A = 0)

= +2.8 and U 4 if 12 £ N, < 240 with companding (A = 16)
600 pWOp performance threshold assumed
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integrating the K;(f) spectrum otherwise, as well as identification

of the worst channel affected

3. evaluation of the pWOp performance and C/I threshold maﬁgin from the

worst NPR value using simple conversion formulas.

The distinction between the compact versus detailed algorithm versions is
based on how simple it is to genérate and integrate the K;(f) spectrum, as
well as to identify the worst channel affected. The compact versions are
characterized by simple formulas or subroutines for the spectrum generation
and/or integration, plus simple procedures for the worst channel
identification. The detailed versions can involve elaborate spectral
generation and/or integration routines, plus recycled sampling of all channels

for the worst channel identification.

Case of CSSB/AM Telephony Interferer: Compact and Detailed Algorithm

A CSSB/AM multichannel telephony interferer satisfies the wideband
condition Bj >> Bp. Also, the interference spectrum is uniform with
Ki(f) = 1/B;y, so that all desired channels within the spectral overlap region
are equally affected. The NPR formula reduces to the simple form

NPR = (C/I) . (Bj/By) for any and all channels being interfered with.

Case of FDM/FM Telephony Interferer: Compact Algorithm

An FDM/FM multichannel telephony interferer satisfies the wideband
condition B; >> B, but the interference spectrum is not uniform and the NPR
values vary over the channels being interfered with. The FDM/FM emission
spectrum Si(f) uses the gaussian formula given in Equation 5-2 for the compact

algorithm.

The effective interference spectrum Ki(f) is obtained according to the

expressions in Figure A-1. If the gaussian peak 1is inside the spectral




overlap region, then Ki = 1/(/27 ¢) is used in the NPR formula of TABLE A-1
for the worst channel affected. If the gaussian peak is outside the spectrél
overlap region, this value is reduced by the gaussian characteristic as

indicated in Figure A-1.

Case of FDM/FM Telephony Interferer: Detailed Algorithm

The wideband interferer condition B; » Bm is still applicable, but now a
simple formula is not available for the interference spectrum. The FMSPC
Program shown in Figure 5-3 (Section 5) is employed to generate the FDM/FM
emission spectrum S;(f). The effective interference spectrum K;(f) is
obtained by appropriately shifting and truncating S;(f), and the result must
be examined to select its peak value within the spectral overlap region. This
peak value is wused for K; in TABLE A-1 to represent the worst channel
affected.

The processing involved in this detailed algorithm is summarized in
Figure A-2. The two alternatives 1illustrated are essentially similar in
processing complexity. One approach examines the Ki(f) spectrum samples to
select the maximum value and performs one NPR computation representing the
worst channel. The