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-~ PREFACE

This report const1tutes the systems Tevel des1gn of a computer
s1mu1at1on designed to a1d the Department of Commun1cat1ons in assess1ng
the effects of RF interference associated w1th the operation of a A
mobile~-satellite communications system. ;[Elimyggg_1s the first phase

: t_of a two phase program to implement the simulation and was perforhed g
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‘for the Department of Commun1cat1ons
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1.0 INTRODUCTION -

1.1 General Description of the Simulation

 The’ computer s1mu1at1on descr1bed in this report can be ‘
used to aid systems planners and analysts to assess the extent ofand the effects
of RF interference associated with the operat1on of a mobile- sate111te : '
commun1cat10ns,systemA The s1mu]at1on w1]] be capab1e of

o assessing the Tevels of.RF 1ntehfehehce tntohdtheh ekistihg
or proposed commun1cat1ons systems caused by the operat1on
© of a mobile-satellite system o E o
© assessing the effects of RF 1nterference on the operation of o
“a mobile-satellite system caused by other communications .
systems and by transmitters in the mob11e~sate111te system
o providing results that will be useful " in the coordination of o
" a mobile-satellite system with other existing or proposed ‘
-Canadian and 1nternat1on communications systems

‘ To use the s1mu1at1on to assess the efFects of 1nterference
assoc1ated w1th “the operat1on of a mob11e sate111te system, the fo1]ow1ng '
steps are. fo11owed

0 data describing the transm1tters in the mob11e sate111te system -

is presented to the simulation. The simulation then stores
-this information, for 1ater use, in a spec1a11y formatted
~"database"i, : ‘ :

¢ data describing any “0uts1de“ (extra system) 1nterferors is
collected and presented to the s1mu1at1on The sqmu1at1on then“":
stores this information in the database L ' 4

o communications Tinks between stations in the. m6b11e saté]iite'
system are defined by the user. The simulation then ca]cu]ates
“the effect of the catalogued 1nterferors on the quality of
voice or data signals transm1tted over these 11nks, and generates
ereports describing the results of the ca]cu]at1ons
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o a number of sites at arb1tray 1ocat1ons are spec1f1ed by the b

user. The simulation then ca1cu1ates the interference rece1ved

at the sites due to transm1tters 1n the database

Data describing the transmitters and rece{vers must be
organ1zed in a hierarchical fashion. The simu1ation design and operation'
have been based on this hierarchical structure Basita11y,vtransm1tters

~are grouped into two types of systems The first is the collection of _
receiving and transmitting sites in the deS1gnated mob11e sate111te system,ﬂ'
and is called the ISI system. ATl Noutside" transmitters are. grouped

into collections called ESI'systems Any site within a system can have »
an arbitrary number of antenna beams associated with it, and each beam can
transmit or receive an arbitrary number of carr1ers - This h1erarchy of

'SYSTEM, SITE »'BEAM, and CARRIER is discussed in. more detail in the rema1n1ng
.‘chapters of ‘this report. S o : . ,

“The ca1cu1at1ons descr1bed above have been denoted "LINK"

“and "SITE" ca1cu]at1ons and are controlled by the simulation user through a

"command Tanguage" consisting of keywords and numeric parameters. In =

addition to these calculations, all operations of the simulation are ;
- controlied by the command Tanguage. This "1anguageﬁ_isvuseddtqi

- o insert data describing reeetvers and transmittersninto“tbe. o
~ database ‘ | ‘ ‘ | .;.'
0 update and d1sp1ay this data and perform other database o
maintenance operat1ons " , o
o request SITE or LINK ca]cu]at1ons o ]
o specify the control parameters and 1nSLrUCL10nS requ1red by
* these routines . _ : ) ' _
0 select systems of interferors. for ana]ys1s in SITE and LINK,n~-
“calculations B ' i |

. o select reports and plots describing the resu]ts of. calcu]at1ons "

“ o override simulation- provided defaults when 1nsert1ng data )
into the database or performing calculations.
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The control language is a major feature of'thé simulation. _Thfoughout

- the report, it is described in "Tanguage charts", ‘Section 1.3 describes -

the meaning and usage of these charts.

oy
(L T
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1.2 Major Factors Considered by the Simulation:

This section lists the major features and mode]s of the s1mu1at1on
Detailed descr1pt1ons of these const1tute the rematnder of th1s report

o the simulation can‘considerareceivers and transmitters iocatedt.i- o
at sites on or near the earth's surface (earth stations, air-".
craft, and non aeronautical -mobile stations, called sh1ps in

“this report) or on satellites (geosynchronous or ‘non- geosynchronous-‘3
orb1ta1) ' - : S 4

o the simulation can consider carr1ers operat1ng from 200 MHz to
20 GHz. - : v ' \ L

o the effects of atmospheric“propagation phenomena'on:interferenceﬁ7 L
‘levels and communication link performance is ‘considered, These
includéc tropospheric absorption,’ 1onospher1c sc1nt111at1on,

' Faraday rotation, mu1t1path 1nterference, and antenna therma]
_noise effects.. ' R .

© antenna principal and cross- po1ar1zat1on response patterns

- .are cons1dered’ A number of ana]yt1ca1 and genera1 modeTs are.
included. ' P e _

- @ multi-hop communi cations Tinks (up to a maximum of four hops):t-
can be considered. Hops between any two sites can be ana]ysed
including inter- sate111te hops .

o & communications Tink can include IF-type repeaters and -

- remodulation (or baseband-type repeaters). For IF-repeaters,
non-Tinear amplifier power transfer characteristics can be
modelled (je: biased, soft and hard Timiting amplifiers). For
all amp11f1ers, 1ntermodu1at1on d1stort1on is also considered,

o the s1mu1at1on can analyse the performance of s1ng1e channel .

. analog voice and d1g1ta1 data basebands, and their assoc1ated .

| baseband processors-(preemphasts/deemphasis,'companding,?de1tae :
modulation coding and decoding, forward error correct1on encod1ng
and decoding), and FM (for analog VOICE), PSK and FSK (forv_
digital data), modu1ators and demodu]ators ' |
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@ the simulation also cons1ders the effects of band- 11m1t1ng;_}
- filters used in receivers and transm1tters

o for ESI 1nterferors, the simulation can consider FM/VOICE N
FM/TV PSK, and FSK signals. “‘Models. are a]so .included for  ' ’

Gauss1an and white band- 11m1ted noise-like 1nterferors and
for carriers with arbitrary RF spectra. S

e the simulation can repeat SITE or LINK ca]cu]at1ons wh11e
vany1ng selected parameters over a spec1f1ed range
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1.3 Language Chart Usage

In order to give the user the capab111ty of spec1fy1ng and
contro111ng the operat1ons of “the simulation, a spec1a1 purpose 1anguage has
 been designed. The elements of this language are: '

_ keyWords (maximum of 8 symbo1s).e
"o numbers ' | A
o quoted strings (used to prov1de text mater1a1 such as names or -
comments, -and beg1n and end W1th quote marks) o
G spec1a1 symbo]s '

- 51“919 quote mark ('), used to start and end'quotedistringé o

- asterisk (*), used to request a simulation default .

-+ - semi-colon (3), used to end certain collections of 1anguage'»'e’
e]ements and to 1n1t1ate the process1ng assoc1ated w1th them '

B separators (bTanL ), used to separate the othen‘1anguage e]ementsa

The correct ways of putt1ng 1anguaqe e]ements together to form._ .
'commands are descr1bed by means of1anouage charts. A 1anguage chart is - '
composed. of a number of boxes.joined by lines.. The user constructs a command .

by beginning at the starting point of the diagram and following the Tines from
box to box, adding the ifidicated 1ancuage element to the sequence form1ng the

command, in the order that it is encountered

Command opt1ons, and opt1ona1 data ttems ‘that need not a]wajs
be pTOVTded, correspond to decision points on. the language charts. The user

selects from the ava11ab1e options at that po1nt by fo]]ow1ng the correspond1ng
“Tine on the chart. '

The symbols appearing in the language chatts'wi11 now be



> .‘;, _I-. = 7 .& ._ B

| Y? . - a starting point of the language chart
_-g$ , - an ending point of the-languége.chart .

" - ah "off-vage connector”.

: - a reference to a different 1anguage chart
" (indicated inside the box) ‘
- 0 begin at the start1ng po1nt of this new 1anguage -
~chart - ‘ c e g
o when finished with this other chart, cont1nue out
of this box and proceed as usua] ‘

- marks a point that is taken to be 1mmed1ate1y connected
. to certain other po1nts in the d1agram, though no: 11ne 1s
' _‘used to join them B

[;:] - 3,'~:-.an ‘on- page connector start1ng oo1nt

| ;;{:::> .~ an "on-page connector“ end1ng po1nt ‘
~ - go to the "on-page connector" starting po1nt w1th the
same 1nterna1 letter, and then proceed as usua]

- contains~a language element which is etthert” _
-0 a keyword, written exactly as it must appear

0 a déscription of a numer1c value expected
.0 a special symbol
o a description of text material expected
- where app]1cab1e, un1ts for va]ues will be 1nd1cated ,

;n?nmi | . - junction point : o e
-}'rﬁ. al o . -
o ‘~-indicates a p01nt where the user has a cho1ce as to wh1ch o

Tine to follow

avestio] - N_ . - collection point
oR : . .
'.%x'*a.\lc\ \‘ . . A R N . .
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) a}‘,(sl{‘:o‘n .
demwdt V - another type of collection point

- o curvature of the point of connect1on 1nd1cates the .
direction of travel on the common Tine . )

e - a default value [
' - - this notation is used to label a path which permits the
user‘to skip a particu1ah language item. It means. that
the default value in the square brackets will be used by
- the program in the place of the omitted item. :
- the symbol 'd' denotes a default whose value. w111 be:*
determined durjng implementation of the s1mu]at1on

(Ns-_) o~ a branch label . e
o 1 ~ used to label the paths proceed1ng away from a. Junct1on
'po1nt : ”‘ S
0 a Junct1on point whose outgo1ng paths are 1abe11ed
is a case of a conditional choice the user must
" make. He must choose the path whose 1abe1 descr1bes'
the s1tuat1on at hand. C

Occasionally, allanguage chakf will .begin with one or_twoi

~keywords that appear on another language chart just before an "off-page |
‘connector" reference. This is done simply to assist in joining together -

different- Tanguage charts.: The Tanguage elements that are repeated 0n‘the

 two charts are not to be repeated in the command be1ng formed only one

occurrence of the language e]ements is perm1tted in the command.




2.0 PROGRAM ORGANIZATION

2.1 Introductfon :

_  This simulation will be developed in a “"top-down" fashion whefeby S
‘the higher-Tevel routines are developed and tested first, and then, once

operational, they can serve as a natural test framework into which lower-

" level routines can be incorporated for .development and testing. This - o
: h1erarch1ca] structure ass1sts 1n the des1gn and ana]ySTS phases of program
- deve]opment ' ‘ ‘

The “top—down” dés1gn phi]ospphy also éncouraQeé modu]érity of

~design. Program modules are relatively independent, each having only one

or two specific tasks to perform. In this way, the;simu]ation'can be
modified to add or replace various models and functions without unreasonable.
amounts ‘of effort. ’ '

The following sections discuss in more detai1 thé hierarchica1'\'

structure of the simulation, the higher-level executive programs wh1ch
. contro1 the operation of the simulation (accord1ng to user.commands),
_Tand the data flow between various components of the simulation.



2.2 Hierarchical Design

" The maJor functional components of the s1mu1at1on are d1sp1ayed

in F1gure 2.2/1, which 111ustrates the h1erarch1ca1 structure of the program o

Individual subroutines are not indicated, and neither are utility-type
subprograms. Aside from these differences, and those changes 1mposed by .
differing requ1rements, this structure of th1s simulation bears considerable. o
resemblance to that of OFUS, as 111ustrated‘1n Section 1.2 of Reference 2.2/1..

" References

'2.2/1:  SED 0710-44-SW-103, Issue 3; "Orbit Frequency Utilization

Simulation - Vo]ume.Z ~ Program Description", Febrnary128;~1977._f :
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2.3 High Level Executive Control Program (SCP) -
Purpose

To'read and interpret user Commands specifying operations the _'
simulation is to perform, and to invoke the appropr1ate subproqrams that

'1mp1ement the operations requested

Method

This control pfogram will fuhetion'ih a mannher similar to the

' correspond1ng program in OFUS, as descr1bed in Sect1on 2.2 of Reference
.23/1 '

"Figure 2.3/1 is a flowchart illustrating the;structuke of the -
simulation control program SCP, while the 1ahguage chart in Figure 2.3/2 _
indicates- the form of the command language structure available to the gser(i,»

Inputs -~ P A SR

‘o ‘none

»ﬂoutguts‘

6 - none -

‘{f;.



-' F'ig_uke 2‘.3/1A - Flowchart of SCP
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2.4 Data Flow

: The data processed by this'simu1ation can be_c]asSﬁfied as B
follows: | - o ‘ ‘
' - 1nput data which can be of several kinds: _
- o for the database, descr1b1ng transm1tters and rece1vers'
that will be used in Tink and site ca]cu1at1ons, A 0
‘o for the patrern file, descr1b1ng gain response patterns for :'
~various antennas in the database, ' : '

\

o for simulation control, command1ng various program operat1ons,
spec1fy1ng parameters for various calculations, contro111ng
the form of the reports associated with ca]cu]at1ons, etc 5

- process1ng data, obta1ned from the" fo]]ow1ng sources
o the database; '

o the pattern file; : : , , .

o a spectrum and filter f11e prOV1ded by the- user conta1n1ng
data 1n a pre-defined format that descr1bes spectrum and
filter character1st1cs, . . R o

) 1nterna1 memory ,. used for the common b]ocks, parameter 11sts, ‘
and 1oca1 variable storage requ1red for data commun1cat10ns ‘
between various subprograms, o

- output data, of the fo11ow1ng k1nds A
- 6 reports and plots descr1b1ng the resu]ts of s1te and 11nk
calculations;. N ' :

o plots of antenna gain response;

o status and error messages.

~ FORTRAN Togical I/0 unit numbers are associated with certain of
these data co]]ections in order to permit the user to make uSe_of various

physical devices such as card readers, printers, termjna1§,'and disc files
" to be attached to the various datasets. Theseé assignments are given in
‘Table 2.4/1. - o
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TABLE 2.4/1 DEVICE ASSIGNMENTS AND CHARACTERISTICS'

~ Unit No.

o ol W

20
21t
30

Some of the re]at1onsh1ps between the data associated w1th these .;e].
devices and the various program segments that use this data are shown in o
the data flow diagram in Figure 2.4/1. _

" intended to indicate the d1rect1on of data- transm1ss1on, not subrout1ne )

ca11s/returns.

Type of Detaset

eSequentiaf
“sequential

. sequential

 sequential .
. FORTRAN d1rect access _

"FORTRAN direct access
FORTRAN direct access -

“Contents

insertion data for the pattern fi]e'a

insertion data for the database
‘user. commands ; parameters, etc.
- all simulation output
" the database - o
the pattern f11e i‘_.
the spectrum and f11ter f11e B

In this d1agram the arrows are

PRI
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3.0 SITE, LINK, and INTERFERENCE ROUTINES
’ .

- 3.1 General

_ In this chapter, the. routines reau1red to perform “SITE“ .
and "LINK" ca]cu]at1ons are described. " For each rout1ne, ‘the user-

' ',spec1f1ed inputs and program generated_reports are described, together .

with the "Tooping" control routines required to repeat either'SITE or
LINK ca]cu]at1ons wh11e 1terat1ve1y chang1ng selected parameters As both .

of these ca]cu]at1on superv1sor routines make use of the same RF 1nterferencex;'~"

calculation routine, this rout1ne, INTERF and its assoc1ated 1ower 1eve1
rout1nes are a]so d1scussed 1n this chapter



3.2 "STTE" CaTcUTattons '

3.2.1 General

In a SITE caTcuTat1on, the RF 1nterference at a rece1V1ng _
s1te, across some specified bandwidth, is calculated. " If no antenna is

' <~spec1f1ed for the site, the simulation caTcuTates the flux density and

assoc1ated interference spectrum at the s1te If an antenna is spec1f1ed
the received power is also determined.. The s1muTat1on user will specify -
the antenna by giving the program the record number in the database of the

" RX beam record descr1b1ng the antenna (see Chapter 5) If no antenna s

present the site can be spec1f1ed in two ways, ie: . . :
o the user specifies the record number in the database of the ' _
" site record containing the receiver site Tooat1on_parameters;»“
'V'or . ~ g ;
) the user spec1f1es the type of s1te and Tocat1on parameters.'
directly. : ' '

" The interference at the recejving site is caTcuTated us1ng the foTTOW1ng

criteria to select 1nterfer1ng transmitters from those stored in the database:
.0 f1rst the user specifies coTTect1ons of 1nterfer1ng transm1tters,'

ie: systems, uszng ‘the’ keyword 1nstruct1ons d1scussed 1n
Section 3.2.2.

o within the seTected systems, only those sites v1s1b1e to the
receiver are considered further = o

o only those TX carriers or1g1nat1ng at the VTSTb]E sites whose
RF bandwidth 1ies w1th1n some portion of the user- spec1f1ed

"simulation bandwidth" are then conswdered in the 1nterference
caTcuTat1ons '

The s1muTat1on bandwidth can’ range from T kHz to 2MHz, f
and can be centered on any frequency from- 201 MHz to 19 999 GHz

The 1mp1ementat1on of the SITE caTcuTat1on s d1scussed
in the remainder of this sect1on ‘
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'3.2.2 Site Calculations Initiator (SCINIT)

Purpose

./. ’

- This routine is used to readtand*interpret_the user o

‘ commands and parameters specifying simu]ationHCOntro1 information for stte

‘calculations; this would inc]ude‘frequency,-bandwidth,_10cation déta, :

~ report selection, interference selection, etc. -

.Method

. Tables are constructed to store the user- spec1f1ed o
information (including those items def1nab]e by defau]t).- Data 1in these
tables are then made available to SITE, the subroutine which sequences . -

' the "SITE" calculations for the specified receiving site. The.cap&bility
to repeat a SITE calculation while iteratively. changing key parameters fs' '

implemented by mak1ng regular updates of the 1nformat1on stored in these
tables, or to information stored in the database

_ F1gure 3. 2/1 is a f]owchart 111ustrat1ng the operat1on
of SCINIT. A language chart in Figure 3.2/2 describes the 1anguage format'
available to the user to specify and control the SITE calculations. It

‘ a]so 111ustrates the selection of 1nterfer1ng systems - and report se]ect1on.

Inputs
o input device unit no. and charabteristic‘parameters
Qutputs

e | none
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Figure‘3.2/2A Language Chaft-of Sité COntfo] Parameteké 3
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3.2.3 Loop Controlier (SITELC)

Purpose

This routine is used to read loop contro1 1nstruct1ons used

to mod1fy the site control tables and information stored in the’ database,\-:
thus. perm1tt1ng repeated site ca]cuTat1ons to be performed wh11e vary1ng

se]ected parameters over a range of va]ues
- Meth’od ~

Sterting and terminating va]ues are.readffor'certaih of
the user-specifiable site‘definition parameters and for those fields in " .

“database records the user has chosen for incremental variation " These va]ues,:
~along with the number of times the 1oop is to execute are used to construct
-~ Toop control talbes. When the site control tables are to be modi fied For

iterated site calculation, reentry into th1s routine perm1ts the des1red

. mod1f1cat1ons to be made.

F1gure 3. 2/3 is a f]owchart 1nd1cat1ng the structure of

.~,<subrout1ne SITELC . The language chart in F1gure 3. 2/4 111ustrates the form

the site 1oop control instructions take

Inputs V

0. 1nput device unit no. and character1st1c parameters o
0 site. control tables '

Qutputs

) sitedcontrOTItab1es

CI
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Figure 3.2/3  Flowchart of SITELC

o ‘ ErTER ’

N

read aaxt

" nstroction

AT
ok
BELEHT

vRed
WIDTH

PASTADLE -

E.uvb;&,ocap _ -
——{ EX1T )

read jaittal
valve, Linal

COUNT

valve 3
store fu lcop
Cou‘i"m‘ sables.

t- 2o loo

detubase
reeprdd
AL

tlevotion
COORY

redd  €ield
{ue, Tuitialvalve,
Linal valowes
shave in tod

control Swbles
ovdered by peco
wo. anst “theen by

Liatd mo.

for site conlvel
pavamsters:
Lorra e ramants
andt waodify
stte cowtesl takles

ifor doatebase
vezondls s

Save owiciaal
Y] T‘e <o ntire l

telales

Lorm increutants, Lo .f RPT .
LH&&:’F\) V‘t&’.egy,ﬂs) i i K t ;

O X 9?:96—'“»3.

S @VI&\ (.t\@,_\
velves tw

| dtaboge Ciclds

W@ be h\o&-‘%f-‘u&

restope

- .
o waal
31 Ce eopiioel

tah tes

pegfope
owrgtnal

vealuasg

dotebhase ‘?{Q,\Q [




3.9

Figure 3.2/4 Language Chart of Site Ca]¢u1at1'onﬁ‘
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using the 1nstrUCt1ons contained 1n the SITE controI tabIes spec1f1ed by

- noted that the only propagat1on phenomena considered on paths between the
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3.2.4 'SITE Calculation SeqdehcinqﬁRoutine (SITE)

Purpose -

This routine is used.to caIcuIate ‘the cumuIat1ve RF
1nterference spectrum-ahd its total flux or power at a receiving s1te,

the user.
: Descriptioni

‘A flowchart illustrating the implementation of the'SITE'
calculation is given by Figure 3.2/5. Basically, this routine determines

- the Iocat1on vector and antenna parameters of the receiving site and caIIs o
.'a Tower level subroutine’ (INTERF described in Sect1on 3.4) which actuaIIy
‘ does the interference caIcuIat1ons for the site. The routine SITE also .
.generates a "SITE DEFINITION" report that descr1bes the RX site Iocat1on and:h

antenna (if present) parameters used in the caIcuIat1on ‘Tt should be .-
rece1ver and th° interfering transmitters is tropospher1c absorpt1on

‘This routtne aIso checks the validity of- the user—specierd
control data (ie"recprd type, etc) and terminates the current SITE

caIcuIat1on 1f an error cond1t1on is detected

Inputs'

0 site control table, containing receiving site location = -

-~ and antenna parameters, simulation frequency;‘

resolution,and bandwidth, 1nterference selection and '

report control instructions.

Outputs

o . error flag indicating whether or. hot'an‘error -
condition occurred wh1Ie attempt1ng the SITE
caIcuIat1on | " ‘
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Figure 3.2/5 Flowchart of Site
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3.3 ”LINK"’CaTbulations

3.3.1 General

In a LINK calculation, the performance of a commun1cat1ons |
“Tink operated in the presence of RF 1nterference, is determ1ned ~The .
comiunications LINK can consist of a max1mum of -four hops, each starting
at a transm1tter and ending at a receiver. For s1mu1at|on purposes, it is
usefu1 -to define the following type of transmitters and receivers:
o baseband transm1tter—-cons1st1ng of .a modulator, assoc1ated RF:
" filters, and a high power amplifier .(HPA), and may be the first

transmitter on a- ‘LINK or the transmitter port1on of a remodu]at1on '

'repeater (also called a baseband repeater) ‘
o‘IF—type transmitter - consisting of a high power amp11f1er and
associated f11ter, and is used as the transm1tter port1on of an
. IF-type repeater. ' ‘ :
.0 baseband receiver - cons1st1ng of a Tow noise amp11f1er (LNA)

. associated RF filters and a{demoduTator,‘and may be the final
‘receiver on a link or the receiving section of a remodu]ation_

. repeater. . ' i' . ' _
o IF-type rece1ver - cons1st1ng of an LNA and assoc1ated f11ter,
~and is used as the receiving section of an IF- type repeater

-~ Each hop of.a link is defined by the user by spec1f1cat1on of the record

numbers of the transmitter and recejver carrier'records in the database,
as is done in OFUS. (Note, only ISI transmitters can be used in a LINK

_ ca]cu1ation)' Each hop can also have propagation phenomena assoc1ated
‘with it. The simulation will include the following phenomena:

o tropospheric absorption (considered on a11 paths 1nc]ud1ng
. those to 1nterferors) :
0 mu]t1path interference (cons1dered only on sate111te to a1rcraft
or satellite~to~-ship paths 1nvo1v1ng the wanted carrier in a
Tink calculation) | SR o .
o ionospheric scintillation (user- seTected, cons1dered on trans~
ionospheric paths involving the wanted carr1er)~ s
. o Faraday rotation (user selected, considered on trans1onospher1c
o paths 1nvo]v1ng any 11near1y po1ar1zed carr1er)



~using the routine INTERF, descr1bed in Sect1on 3 4.
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* The antenna and Tocation parameters assoc1ated w1th the ,':‘“

sites used in the Tink are not specified by the user when def1n1ng a Tink -

~since this data can be obta1ned from the database by the LINK rout1ne from

the information stored in the carrier records defining the Tink. It is
and receivers used in LINK and interference ca1cu1at1ons

The operation of thetLINK calculation is 111nstrated in

" Figure 3.3/1. -Basically, the routine calculates the degration of the n"f'
wanted carrier along the Tink and produces reports descr1b1ng the thermal _
noise, RF interference, intermodulation d1stort1on, and multipath - 1nterference

at each receiver in the Tink. Whenever a baseband receiver is encountered,

"~ the resu1t1ng signal-to-noise ratio or bit error probab111ty (depending ‘
" on whether analog voice or digital data is being cons1dered)a1s calcu1ated;ef-‘
- This routine is diseussed.in more detai1 in Section 3.3.4. '

~ The RF 1nterference corrupt1ng the s1gna1 is determ1ned )

The spec1f1cat1on of the LINK. def1n1t1on and contro1

>.1nstruct1ons and interference and report selection, is described in Section o
3.3.2. As in SITE ca1cu]at1ons, it is possible to repeat a LINK ca1cu1at1on ‘

a number of times while iteratively changing certain key parameters - The
implementation of this "1oop1ng'capab111ty‘1s.d1scussed in Section 3.3.3.

$3.3.2 Link Calculation Initiator (LCINIT)

Purpose

This rout1ne is used to read and interpret user commands

and parameters spec1fy1ng s1mu1at1on control information for 11nk ca1cu1at1ons.
" This information can include day, t1me, sunspot data, minimum acceptab]e
signal quality levels, report se]ect1on, 1nterference se1ect1on, transm1tters,
rece1Vers, and nropaqat1on effects for. the hops on' a Tink," etc

- assumed that the database contains information -on all of the transm1tters -l R
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- .Figui"e 3.3/1 Summary of .I_.INK Ca1cu1a£10r§ :
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Method

The rout1ne w111 generate Tink conuro1 tab1es s1m11ar to .
those of SCINIT, w1th obvious exceptions being made for the different: types

. of commands availabte. Because of this s1m11ar1ty, a flowchart is om1tted

The 1anguage chart in F1gure 3. 3/2 111ustrates the form of the command
language ava11ab1e ‘

Inputs
o input device unit no. and characteristitdparameters':'”:
. Outputs -

©@ . none

3.3.3 "Loop Controller (LINKLC)
. Purpose
Th1s rout1ne is used to read ]oop contro] 1nstruct1ons
used to modify the 11nk control tables and data in the database, thus = 5
peym1tt1ng repedted Tink calculations to be performed wh11e vary1ng se1ected

parameters over a range oF values.

Method

This rout1ne w111 be 1mp1emented 1n ‘the: same. way as the ‘
site Tooping contro11er, SITELC. The 1anguage chart in Figure 3.3/3

illustrates the form of 1anguage ava11ab1e for spec1f1cat1on of 1oop1ng for -

Tink calcutations.
Inguts'

o} | 1nput device un1t no. and character1st1c parameters
-0 11nk control tab1es -
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F1gure 3 3/2 Language Chart of LINK Ca1cu1at10n-
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-Qutputs

@ link control. tables , S ':ff«t |

3.3.4  LINK Calculation Sequencing Routine (LINK):

- 3.3.4.1 Subroutine LINK

- Purpose " -

This rout1ne is used -to ca1cu1ate the s1gna] -to- no1se

»ratio or bit error probability descr1b1ng the qua11ty of a commun1cat1ons 11nk» L
- operated - 1n the presence of RF 1nterference '

Descrigtion

Th1s routine will be one of the Targest subrout1nes 1n
the s1mu1at1on due to the complex and lengthy nature of the LINK ca1cu1at1on

A f]owchart 111ustrat1ng its 1mp1ementat10n 1s shown in. F1gure 3.3/4.

Certa1n segments of the ca1cu1at10n w111 be 1mp1emented -
as subrout1nes called by LINK. These include: .

© BBTX - a routine to model the baéeband-transmitterf‘.
o IFRX - a routine to model the IF-receiver L -
"0 BBRX - a routine to model the demodu1at1on and s1gna1 process1ng )

‘ ‘ sections of a -baseband repeater or a baseband receiver
o PATHLS-~ a routine to determine the path loss factor for a hop
' (ie: the ratio of received-to- transm1tted power)

_'These rout1nes are d1scussed in Sect1ons 3. 3 4.2 to 3.3. 4 5.

The LINK routine also uses the fo11ow1ng rout1nes, descr1bed

~in other sections of this report

‘0 INTERF - calculates the RF 1nterference accepted by the
rece1v1ng antennae on the T1nk ‘
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LINK F]owchart (contmued) -
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" © MLTINT ~"caIcuIates the muItipath interference'on a hop S
o ANTEMP - calculates the noise temperature of each of the

- receiving antenna in the Tink.
In addition, many of the geometr1c, antenna, propagat1on ampI1f1er, and
f11ter models are used in a LINK caIcuIatlon S

Nh1Ie perform1ng 1ts caIcuIat1ons, ‘the LINK rout1ne W1II do
vaI1d1ty test1ng on aII of the: user~spec1f1ed data to ensure, that erroneous
calculations are not continued. The routine will also term1nate the’

'caIcuIat1on if any of the following are detected during a caIcuIat1on

o RX and TX sites def1n1ng a hop or used in antenna po1nt1ng
are not visible N - : o
o attempting a LINK caIcuIat1on w1th two sites at. the same. -
o location : ' : o
'o attempting to term1nate a link at an IF-type. repeater
o file read errors occurring while attempt1ng to read from the
database, the pattern file, or the spectrum and filter file
o RX and TX data inconsistent (ie: PSK modulator, M demoduIator, etc)
o attempting to use an ESI carrier as a "wanted carr1er ‘1n
a LINK calculation ' o
IA o attempting to use an IF ~-repeater whose TX and RX record numbers
differ ' o
o bit error rate at demoduIator output greater than the threshoId
value for an FEC decoder ;
o signal-to-noise ratio at demodulator output faIIs beIow the
threshold value for a compander
0 bit error probability greater than user—spec1f1ed max1mum _
o signal-to-noise. rat1o at demoduIator output Iess than user~ .
‘specified minimum ' )
o carrier-to- noise ratio at LNA 1nput lower than user- spec1|1ed
minimum , ’ ) ,
‘o carrier power Iess than bias point at 1nput to b1ased I1m1t1ng HPA
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-+ The LINK routine also generates a number of reports during ca]cu1ationsw

A "LINK DEFINITION" report-is always produced and describes the TX and RX. .
carriers making up the Tink. ‘A "LINK SUMMARY" report is a]so produced
describing the final signal qua11ty of the Tink. ' In addition to these
reports optional reports and plots that can. be se1ected by the user will

. be available. These include:

o HOP DEFINITION: report, g1V1ng geometr1c, antenna, and carrier
- parameters of the transmitter and receiver usedijn a hop _
~ o MULTIPATH report, giving geometric, antenna, reflection co=
feff1c1ents, and other key parameters whenever mu1t1path
“interference calculations are performed. . :
o HOP SUMMARY report, giving RF thermal noise, d1stort1on, -
" interference, and carrier parameters at the rece1v1ng
~antenna at the end of a hop. Spectrum p]ots w11J be available -
as an option in this report. T w
:o LNA report, giving these same parameters at’ the output of the _'h
- LNA. Spectrum plots will be ava11ab1e as an opt1on in this
report. ‘ S
0 DEMODULATOR report giving demodu1at1on and’ baseband s1gna]
' process1ng parameters and the s1gna1 qua]1ty at the output
‘of a baseband rece1ver - '

The 1nterference reports produced by INTERF w111 a]so appear, 1f se1ec:ted‘"n_ff.k"‘:’"'n'w

. by the user, on each hop of the Tink.
Inputs
o . LINK control table containingwhop definitions,
“propagation phenomena control 1nstruct1ons, report

selection 1nstruct1ons, 1nterference se]ect1on
1nstruct1ons, etc.,

Qutputs e

6 error flag 1nd1cat1ng whether or not an error cond1t1on '
- was detected dur1ng ca1cu1at1ons ' ‘
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: 3.3.4.2 Baseband Transmitter Model for ISI.CarrterSALBBTX)E-:u'“

The baseband transm1tter model used in LINK and ISI 1nter-';1‘
ference ca]cu]at1ons is- i1lustrated in Figure 3. 3/5 for both ana]og voice
and digital data basebands. This model is implemented as a routine (BBTX)
(see Figure 3. 3/5) that determines the RF spectrum of the carrier at the
input to the high power amp11f1er The spectrum is normalized such that "
the tota] power is unity. ' ‘ o

Inputs

o - type of baseband (VOICE or data) |

o = baseband processing control f]ags and . parameters

0 type of modulator-and assoc1ated parameters : )
e 'jspectrum shap1ng f11ter f]ag and assoc1ated parameters -

Outputs

© _ normalized carr1er power spectrum « :
o flag’ indicating whether or’ not file read error occured -
0 f]ag 1nd1cat1ng whether or not carrier power 1s zero .

'3.3.4.3 IF-Type Receiver Model (IFRX)

The IF-type receiver model used-as the'front*end ampTifier-
section of IF-type repeaters and baseband receivers is illustrated in.
Figure 3.3/7. This model is ﬁmp]emented as a routine (IFRX), as 111ustrated
in Figure 3.3/8.- This routine is used to determ1ne the RF spectra and power
level of the wanted carrier, RF 1nterference thermal.noise, and 1nter— -
moduTat1on distortion at the output of the receiver. '
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F1gure 3 3/6 F1owchart of BBTX
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Figure 3.3/8. l.dewchartA_of IFRX*_.
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Inputs -
e filter parameters
© LNA noise temperature
o  LNA distortion parameters”
o  RF spectra of carr1er, 1nterference, d1stort1on, and

thermal no1se at RX antenna term1na1s .
OutputstA

© RF spectra at recejver output

e f1ag 1nd1cat1ng whether or not f11e read error occured'hf7~~ h

£ 3.3.4.4 Baseband Receiver Modei B3Ry fn~

The demodu1at1on and - baseband process1ng sect1ons of a

baseband receiver, as modelled in the s1mu1at1on, are: illustrated in F1gure. o

3.3/9. This model is- 1mp1emented as a routwne (BBRX) 11]ustrated in F1gure‘ |
3. 3/10 “This routine is used to calculate the signal- ~to-noise ratio of
voice: basebands and the b1t error probab111ty of d1g1ta1 basebands at the

receiver output

Inputs

type of baseband signa1»(ana109‘0r digitaT)
type of demodulator . | I
demodulator parameters -

baseband $ignal processing parameters IR o
RF carrier, interference, therma], and 1nterm0du1at1on
d1stort1on spectra at demodulator 1nput ,4:.- |

@ © 0 o
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Figure 3.3/8. Flowchart of BBRX
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. Qutputs o

. bit error probabi1ity>for digﬁta1"signa1s
- @ signal-to-noise ratio for VOICE basebands .
s flag indicating whether or not FEC decoder is be]ow :
threshold

o flag 1nd1cat1ng whether or not compander is be]ow
threshold ' ‘ '

3.3.4.4 Path Loss Model (PATHLS) -

_ Ca]cu]ation of PathiLoss-for a LINK Cannfer_{f‘

N

. - The path Joss for the “wanted" carrier in a LINK ca]cu]at1on L
fdepends on a variety of antenna, propagat1on, and geometr1c parameters. The

path loss, deéfined as the ratio of rece1ved to- transm1tted carr1er power is
g1ven by (Reference 3. 3/1) ' '

X A‘f‘"\ [é; Mp'”‘ @N;MC ey
_ (?§%% y ) A"‘_«‘fa;a;{'
where: | A o
‘ GR - pr1nc1pa1 polar1zat1on ga1n of RX antenna in the d1rect1on
~ of the TX s1te ' :

A~ - wavelength- _

.AT -  nominal tropospher1c absorpt1on loss factor |

AP - propagation-1oss factor due to~scint111ation\or'other

- phenomena (excluding Faraday rotation) -
P - ~principal po]ar1zat1on gain of the transm1tt1ng antenna in
. the d1rect1on of the receiver C

GTC -  Cross po]ar1zat1on gain of the transm1tt1ng antenna 1n theAf .
d1rect1on of the RX antenna

*MP. - pr1nc1pa1 po]ar1zat1on m1smatch factor -
~ Mc - cross polarization m1smatch factor »_'
B n.v~—‘ separation distance between the RX:and TX SitES«.




3.3

Models for all of the parameters used in fhﬁs equation are deeeribed in
Chapter 4. The sequenc1ng of geometr1c and model rout1nes requ1red to
ca]cu]ate the path loss on a hop is 111ustrated 1n F1gure 3. 3/11

Another parameter used 1in the s1mu1at1on ca1cu1at10ns is
the ratio of the rece1ved power~-to-the ratio of the power that wou1d be -
received if the user had not se1ected a propagat1on phenomenon. Th1s |
rat1o denoted APPROP’ is g1von by '

op Al ,
Paop R @._-«dz) & %,@i@) émf@}

This expression depends on both the optional propagation attenuatTOn, AP;'V
and the dependence of the po]ar1zat1on m1smatch factors on the Faraday
rotation ang1e (if non- zero) ‘

ThTS rat1o APPROP’ is used to determ1ne the 1nput backofF i.'

of LNA s.and HPA s used in the link, and is required since the simulation .

‘ will cons1der non-1inear amp11f1ers, and amp11f1ers with automat1c ga1n ‘
» contro1 (AGC). ‘ ‘

L e e
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' Figuré 3.3/11 (continued) '
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" Figure 3.3/11 (continued)
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- 3.4 Interference Ca]cuTatiohs

3.4.1 éenera1'_

The\1m0]ementat1on of the RF 1nterference ca1cu1at1on " .
requ1red in SITE and LINK calculations is discussed in this sect1on - The

| _ interference ca1cu1at1on is performed by a hierarchical set of subrout1nes

whose purpose is to calculate the cumu1at1ve 1nterference power spectrum

~across the simulation bandwidth. ‘This hierarchy is illustrated in Figure - =
-3.4/1. The h1erarch1ca1 structure s 1mposed by the database design and
?~data organ1zat1on '

_ As 1nd1cated in Sect1ons 3.2 and 3 3 the fo]]oW1ng typesff o
of 1nterferers can be selected in 1nterference ca]cu]at1ons "
o all transmitters in database -

| all 1ISI transmitters in database , _
one part1cu1ar system of ESI transm1tters .

all ESI transmitters in database 5 ‘ S

one particular system of ESI transm1tters ‘and a]] ISI transm1ttersf1'

.no transmitters o - :” o ~p"

o o o o @

342 Main Interference Se}ectfon"Routine (INTERF)
Purgose_
This routine. is-used to ea]cu]ate the cumulative RF .

interference at a receiving site due to 1nterferors in. those systems
selected by the user.

: Descrigtioh

The implementation of this_routtne_is illustrated in
Figure 3.4/2. This routine sequences calls to a routine (SYSINT) that

“calculates the received interference from a sing]e system. It also

produces a user- se]ectabﬂe CUMULATIVE INTERFERENCE REPORT descr1b1ng the :"

- total interference power and spectrum across the s1mu1at1on bandW1dth



INTERF |

NSHSINTT .

S27 /N7

BrMINT

N ESs X SSITX

R I S ‘.'/%/5)9/4,4’6/%}/_' OF _//vrfﬁffﬁﬁz\;{a:._.ﬁp;_//r/‘_/vg\g .



Figure 3.4/2 Flowchart of INTERF:
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Csea

Inputs:

o interference selection instructions -
© report control instructions
@ receiver site and beam parameters
-0 simulation bandwidth parameters
 Outputs

0 cumu]at1ve interference spectrum across the s1mu1at1on o

bandw1dth at a rece1v1ng s1te

- 3.4;3 System Interference Routine (SYSINTL:J

Purgosév

Th1s routine is used to calculate the 1nterference spectrum‘

across the s1mu1at1on bandwidth at. a rece1v1ng s1te due to a]] potent1a1

1nterferors in a spec1f1ed system.

‘Description

" The implementation of thfs.routine’is i1lustrated in
Figure 3.4/3. This routine sequences calls to a routine (SITINT) that .

‘calculates the received interference from a single site within the system

It also produces ‘a user- se]ectab]e SYSTEM TNTERFERENCE REPORT describing
the total 1nterference power and spectrum across: the s1mu1at1on bandW1dth

at the rece1v1ng site.

inputs -

o system record number in database

0 _report control “instructions ,
"o receiver site and antenna parameters,‘
o simulation bandwidth parameters
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. Figure 3.4/3 Flowchart of SYSINT
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o Outguts:

o interference spectrum at the receiving site due to
interferors at all of thé_sites within the system

3.4.4 Site Interference Routine (SITINT)
Purpose

This routine is used to ca]cu]ate the 1nterference at a

"”rece1v1ng site due to all’ potent1a1 1nterfer1ng carrierss: or1g1nat1ng From

a spec1f1ed transmitting s1te
-Description'
The imp1emehtation of this routine is-T11ustrated in- :

Figure'3 4/4. Th1s rout1ne calculates the 1ocat1on of the tvansm1tt1ng S
site, and the rece1v1ng antenna gain in 1ts direction, “and sequences calls

* to a routine (BMINT) that determines the 1nterference due. to carriers on a -
" single antenna at the site (Note, multibeam satellites may have an arb1trary
“number of beams). It also produces a user-se1ectab1e SITE INTERFERENCE REPORT

descr1b1ng the total. interference power and spectrum from the TX swte across
the swmu]atvon bandW1dth at the rece1v1ng s1te ’

Inputs
'site record number in database = ;
receiving site and antenna parameters~"

report control instructions
_s1mu1at1on bandwidth instructions -

e & e ©

" OQutputs .

o interference spectfum at receiving"sité due to all of: |
the. 1nterfer1ng carriers or1g1nat1ng at the spec1f1ed
transm1tt1ng s1te ‘



Figure 3.4/4 Flowchart of SITINT |
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3.4.5 Beam Interference Routine (BMINT)
'Purpose

This routine is used to ea1cu1ate the 1nterference at a-’

~ receiving site due torall potent1a1 1nterfer1ng carriers or1g1nat1ng from -
‘a’ spec1f1ed antenna at a TX site. ' ' '

‘DescrigtiOn

The 1mp1ementat1on of th1s rout1ne s 111ustrated in’
Figure 3.4/5. This routine calculates the TX antenna ga1n in the d1rect1on -

-0of the receiV1ng site and sequences calls to routines (ESITX and ISITX)

that calculate the power spectrum of single carriers at the.transmittfngl '
antenna terminals. This routine also produces a user-selectable BEAM
INTERFERENCE REPORT describing the total 1nterference power and spectrum

“at the receiving site due to a11 of the 1nterfer1ng carr1ers on the spec1f1ed_'

TX beam

Inputs

TX beam record number
- TX site parameters |
- TX site and antenna parameters A
‘ propagat1on phenomena control 1nstruct10ns '
report control instructions _
 simulation bandwidth parameters

@ © o 0 @ o

: “Outguts"

o interference spectrum at the.receiving site due to all

of the interfering carriers on the specified TX beam




| '- 3_—j463' 
Figure 3.4/5 Flowchart of BMINT
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3.4.6 ESI Interfering Carrier Model (ESITX) ~

Purpose -

This routine is used to calculate the RF spectrum and_power -

~Tevel .of a specified ESI carrier at its transmittinghantenna;termina1s.;

Description .

The model used for ESI transmitters is shown'tn'Figure

3.4/6. ‘The fo11ow1ng spectrum models will be used in ESI 1nterference

ca1cu1at1ons , o . ‘ o S

) s1ng1e channe] FM voice -,3‘ . (FMVOIC) S
0.b1nary or M-ary PSK - . o ~(PSKSPC)‘5
o binary FSK (or FFSK) - -~ (FSKSPC) \
o FWTV | T (emy) ‘
0 Gauss1an shaped, band~11m1ted noise’ (GAUSS)
o Band-1limited. white hoise . .(NHITE)

) arb1trary spectra o " (GENSPC)

in Figure 3.4/7.

These mode1s are d1scussed in Chapter 4.

The 1Mp1ementation of:the‘ESI transmitter model is il]hstratedhf}:
The Youtine also generates a user-selectable ESI CARRIER

INTERFERENCE that describes the spectrum and power of the spec1f1ed ESI
at its TX antenna ‘terminals. : : -

InputS'

© TX carrier records number. in databases‘_‘°i

o simulation bandwidth parameters -

'@ report control instructions:

Outputs

o spectrum of - spec1f1ed ESI carrier, (1f in the s1mu1at1on ’j.f"
‘bandwidth), at the X antenna term1na1s ' |
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'3.4.7 ISI Interfering Carrier Mode1j(ISITXl';'
Purposev

This routine is used to ca1cu1ate the RF: spectrum and

.power 1eve1 of a spec1f1ed ISI carrier at 1ts transm1tt1nq antenna term1na]s.v

Description

" The baseband transm1tter mode1 1s used LO determ1ne the |

- carrier spectrum and power ]eve]s at the outputs of both IF- type repeaters |

‘and baseband-transmitters used as interferors.. The implementation of the’

routine (ISITX) is shown in Figure 3.4/8. The routine a]so generates a
user- se]ectab]e NS CARRIER INTERFERENCE report ‘ ‘

| Inputs
o TX carrier record number
0 simulation bandwidth parameters
o - report control instructions
Outputs
) spectrum of spec1f|ed ISI carr1er at the TX antenna ‘

termvna]s

3.4.8 Reports Generated in Interference Calculations _

The interference ca1cu]at10nfroutines‘descrtped 1n;thts .

~ section generate a.number of tab]es-and line printer p1ots of -the computed

interference. = All of these reports are user- SE]ECLEd and are h1erarch1ca1

- in nature due to the way in which interference calculations are sequenced.

The selection of these reports and p1ots is done v1a keywords when specifying

the control parameters for SITE or LINK ca1cu1at1ons, as descr1bed in Sect1on

3. 2 and 3.3.
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Figure 3.4/8 Fl‘owchart of ISITX__
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The order in wh1ch the reports anpear is. 111ustrated 1n

'Figure 3.4/9: As indicated in the f1gure, p1ots of the RF 1nterference

spectrum due to individual carr1ers, beams, sites, and: systems, in addition -
to the cumulative 1nteraerence due to all of the se]ected 1nterferors can
be obtained. ‘ ' ' s

‘ Summary, or an opt1ona1 deta11ed 1nterference report, can

‘ be obta1ned for each of the carrier, beam and site, 1eve1s of the report..

spectrum and power parameters, and a count of the number of - 1nterfer1ng

‘carriers contributing to the 1nterference at each level. If the report for -
~a given 1eve1 is "turned off" by the user, the reports at a]] 1ower 1eve1s l_.
~are automatically suppressed. o : o

) These reports will describe the geometr1c and antenna parameters, frequenc1es, -
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4.0 NODEL "ROUTINES

4.1 General

In this chapter, all of the model routines used in the>s1mu1at10h?!""
are discussed. In many cases, these models are the same, or very similar .
to those:' used in OFUS. For those models, only brief descriptions are given, -

. as the details can be found in the OFUS documentation. SeVera]‘hew models .-
- have been developed for this simulation to model a variety of phenomena;. '

equ1pment, and effects, unique to mobile-satellite: commun1cat1ons systems
These models.are described in more detail.. In all cases hOWever, all of

- the inputs and outputs hequfred by'the mode] rout1hes have been_1dent1f1ed,

Before describing the models to be used 1n the s1mu1at1on the
fo1IOW1ng po1nts should be noted: ‘
- the Tevel of approximation, when requ1red has been made
consistent throughout “the s1mu]at1on, . _
- defaults can be app11ed to many of the parameters used to
characterize equ1pment, as indicated in the INSERTION
- LANGUAGE CHARTS presented in Chapter 5, :
~ the flowcharts presented in this Chapter are part of the model
descr1pt1ons and indicate Tlow- of- control, model opt1ons, *
sequencing of calculations, and selection of mode]s ‘(Note,
doub1e horizontal bars used in the flowcharts indicate use of -
~ the subroutine whose name appears in brackets)




4.2 Geometric.Mode]s

4.2.1 General

, _ ~In this section, the model rout1nes requ1red to ca]cu]ate a -
var1ety of geometric parameters are presented. Much of the basis for ‘these

_mode]s comes from Reference 4.2/1. Among the geometr1c mode1s requ1red are

1ocat1on and site v1s1b111ty a1gor1thms for earth. SbatTOHS, ships and
a1rcraft ; antenna boresight and reference vector algorithms; po1ar1zer
and m1smatch ang]e geometry for linearly polarized antennae; and spec1a11zed

geometr1c algorithms for multipath, antenna noise, and 1onospher1c propagat1on
- model calculations. : .

- 4.2.2 Site Location and Visibility Geometry (STGEOM)
Purpose

_ _ This routine calculates the site-to-site vector between a
receiving site and transm1tt1ng s1te, and ‘determines if the sites are

- visible to each other

Description

- The types of sites to be considered are:
0. earth stations '
o aircraft
o ships
® spacecraft

The 1ocat1on vector oF a’ rece1V1ng site is computed by h1gher '
1eve1 rout1nes and passed to this rout1ne '




“and

: - STGEOM calls subroutine LOC (descr1bed in the next sect1on), .

»to comoute the Jocation vector of a transm1tt1ng s1te

' The site-to-site vector and the zenith ahgle{ X, of the site-
to-site vector is calculated using the geometr1c1equations_descfibed»in '
Reference 4.2/1'(equation-2.2.3, and 2.2.8). '

A visibility a1gor1thm has been developed wh1ch is app11cab1e
to all types of s1tes The V1s1b111ty geometry,1s sketched in Figure 4,2/1.

For site A with an antenna 1ocated a d1stance hA above sea 1eve1“ '

"*s1te B is visible to A provided that XSS<XC’ where X; 1s found by
-?C:; = W4 S s N (R A
Sl : ’ L o

SR A
6~ R ( fic vk, )

(4;2;2)\

For hA<10 km, the fo]10w1ng sma]1 ang]e approx1mat1on is used

to determine o:

Re _ Come &

fe +ha o * e sy
L

® can be written as:

3 e o (a2.a)
&8 é?&%bn 3 /Qﬁﬂzﬁaéin@» - S
| P&
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Add1t1ona] parameters ca]cu1ated by - th1s rout1ne are (see _

o sect1on 2.2, reference 4.2.1):

o the az1muth and elevation of the site-to- s1te vector at both
the receiver and transmitter s1tes

0 the great circle separation distance on the earth S surface e

between the receiving and transmitting sites.

A flowchart of this routine js_givenfin Figure 4.2/2;f

Inéuts
0
0.
0

0
0
o .

'y

~ Outputs

o)

-
0

0

flag 1nd1cat1ng type of transm1tter s1te
height of transm1tter antenna above sea 1eve1
the location vector of the recenver‘51te

longitude of transmitter site

latitude of transmitter site
lTongitude of receiver site
latitude of receiver site = =

“the site-to-site vector pointing from the

" receiver to the transmitter sitée

‘site separation distance ‘
~azimuth and elevation of §§_c0mputed at both

the receiver and transmitter sites -
the great circle separation d1stance between the
receiver and transm1tter s1tes ’

“flag indicating if the two s1tes are visible to

each other.
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Site Location Subroutine (Loc)

| Purgeee
This routine computes the.1ocetibn.veetor of any efteg

| Description
The 1oca£ion.vectorvef any éite 15 given byi
s LR PO

Loc = Coe
‘ CL@LG?

-where 6 is the s1te co~ 1at1tude, 3 is 1ong1tude measured east of Greenw1ch

and R is the distance of the site antenna from the earth's center.
.'F0nAeanthstationé;snipS and'aincnaft; R is giVen_by:

R = RE +h R

- (4.2.6)

where RE is the earth radius (6366 km) and h is the antenna heighfvébove_
sea 1eve1 : : S - : S

For spacecrdft, R is given byf

R=Rpe @)

where RSAT is the sbeceCraft distance from the earth's centen.'

A flowchart of this routine is given in Figure 4.2/3. . °

‘;(4.275)_»'
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Figure 4.2/3  Flowchart of LOC - -
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Inputs
site 1atitude

. site longitude o
radius of spacecraft orbit .

the antenna height above Sea.level_
flag indicating type of site

o ® 0 0 ©

. Qutputs®

0 the Tlocation vector of the site S
Y the dIStance of the s1te from the earth S center :

4.2.3 Antenna Pointing;Geometnx;(APGEOM)

Purpose -

"‘Th1s rout1ne calcu]ates the bores1ght Vector and reference

vector at a site. A

- Description

“ A detailed description of th1s rout1ne is g1ven in sect1on 2 3
“of reFerence 4 2/1. A" flowchart is illustrated in Figure 4.2/4.

 Inputs

f1ag indicating type .of site
latitude of site

- longitude of site

- orbital radius for spacecraft s1tes

- height of antenna above sea 1eve1 (earth stat1ons, a:rcraft
ships) '

e o e o ©

o .. the location vector of the siteﬁ




- Figure 4.2/4 F]owchart'of APGEOM"
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flag indicating type oF beam symmetry
- isotropic AT
- single var1ab]e symmetric
- elliptical |
- contour
- polar

“latitude of bofesight target’

Tongitude of boresight target o

distance of boresight target from earth's center
latitude of reference target location | '

longitude of reference target 1ocat1on .i. o

distance of reference taraet 10cat1on from earth s center
bores1ght azimuth =~ S
boresight elevation - = . |

reference target azimuth

reference target elevation -

- pointer to a satellite site if target 1ocat1on 1s{~

spec1f1ed as a part1cu1ar sate111te
unit number of database -

.Outguts

boresight'vector components in frame 2

reference vector components in frame 2 =~

error flag indicating pointer data is not vaTidA' )
v1s1b111ty flag 1nd1cat1ng whether or not target 1s
visible to the site

boresight azimuth

boresight elevation




P

4;2.4_ Antenna Gain Geometry (ANGEOM)

Puréose

_ Th1s routine ca]cu]ates the off-axis ang]e and rotat1on angle -
of the site-to-site vector re]at1ve to. the antenna bores1ght and the .
reference plane (see sketch below).

»

Description

) This routine is described in detail in section 2.3 of refenencé

4.2/1. The flowchart for this reutine is sketched in Figure 4.2/5.

Inputs

 bores1ght vector -

antenna symmetry f1ag
reference direction vector
‘site-to-site vector '

e o o o

Outéuts'

o " the off-axis angle
0 the rotation angle
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Antenna Polarizer Geometry Routine (ANPOL)

Purpose

Th1s routine ca]culates the po]ar1zer vector of a transm1tt1ng
or rece1v1ng antenna ’

“Description

" A detailed description of the analytics used in this routine

is given in

section 2.3 of reference 4.2/1.

A flowchart of this routing~1s;given in FigUre_4.2/6ft

2

~ Inputs

GO'GOG‘Q

o o © e

© "~ flag 1nd1cat1ng type of s1te A

o flag indicating type of po]ar1zer or1entat1on data
| specified (see next two items) ’

e ~ polarizer rotation'angTe about(the boresight ,
‘a satellite beam record number with which the earth station,
ship or aircraft polarizer vector is a]igned.' ' '

Cunit number of database | ' : .
flag 1nd1cat1ng type of po]ar1zat1on (V H, L R) :
site longitude -

- site latitude

orbital radius for spacecraft sites

D

" height of antenna above sea level for earth stat1ons,_
aircraft, and sh1ps S
the location vector of the site
antenna boresight vector
antenna boresight azimuth |
antenna boresight elevation




_Figure 4-._2/6. '
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~ Outputs
o _ the polarizer vector R _ o
o) flag indicating whether or not error occured using
pointer data o o B
e flag indicating whether or not target site is visible’

4.2.6 Linear Polarization Mismatch Angle Geometry (LPMA)

Purpose

o This routine ca1cu1ates the po1ar1zer7m1smatch ang]e for 11near]y:
po]ar1zed RX and TX antennae ‘

Description

A deta11ed descr1pt1on of this rout1ne is q1ven in sect1on 2.3
of reference 4.2/1 (equations 2.3.38, 2.3.39, 2.3.40).

- InéUfs
transmitting antenna polarizer vector

N . W
receiving antenna polarizer vector
site-to~site vector '

e o @ O

Faraday rotation angle

Outputs

o the polarizer mismatch angle
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4.2.7 Location of Sun Geometry (SUNLOC) "

Purpose

' -This routine calculates the azimuth ang e1evatien nf the sun,
- for use by the antenna noise temperature and the 1onospher1c propagation
mode1s ‘ '

~ Description:

/

"~ A simple model to determ1ne the approx1mate 1ocat1on (to
w1th1n a few degrees) is recommended. It is assumed that the sun crosses

' the Greenwich meridian at 12:00 'GMT. In actual fact, the time of meridian

crossing deviates by approximately T16 minutes during the course of the

year. It is also assumed that the sun declination varies sinusoidally

over the course of the year with an amp]itude of 23.50 and a period of”

365 days. At day 80 (spring'equinox) the sun declination is assumed to

be zero. The sun 1ocat10n geometry is shown in F1gure 4 2/7

.The 1ocation vectbr is given by:

S nmesd ?‘!f
£ N o
@S sow e S s (2T - TT)

(4.2.8) |

where t is time of day (hours GMT) and the sun dec1ination, §, is given
by: | - C

S= st@ (97"0.- Ql‘?&(o?ﬂ’))

(4 2. 9)

where D is the day of the year; -




. ot : . - - - L B N 3 O
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7

LG R2/7 SUN LOCATION = GCEOMETRY -
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- site~to-site vecotr are expressed in frame 3:

4 - 19

Since the distance'to the sun is Targe re]at1ve to the earth

“radius, the normalized sun vegtor in frame 2 (parallel to frame 1) 3,

is given by:
SS = LOCSUN : o | L - (4.2.10)

To determine the solar zen1th angTe the components of the

i . N

. R23882 R (X 53)

1)

- where Rys is given by equation (2.2.5) of referehee 4.2/1.

 The solar zen1th ang]e, XSUN; 1s g1ven by -

Xswv jf— s ( 555‘3’3) (42 12)

| Ssi

Inguts
0 latitude of site

e longitude "of site
0 tifie of day (GMT)

0 day of year

" Qutputs
0 normalized solar location vector
o the solar zenith angle - ‘

0 solar declination =
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4.2.8 §§hericé1 Layer Geometr: {LAYER)

Purpose
This routine is used to calculate a numbér of ééometwic".
parameters required in ionospheric propagation model calculations, related

to the 1ntersect1on of a spher1ca1 1onospher1c 1ayer by the propagat1on
path ’ o S ‘

 Method

This routine is a dlrect 1mp1ementat1on of the geometr1c mode]

' descr1bed in Sect1on 2 2.6 of Reference 4, 2/1

- Inputs
) line of site vector po1nt1ng from earch stat1on or
T aircraft to a satellite '
o - Tatitude, Tongitude, rad1us of the earth stat1on
o . he1ght of 1ayer )
Outghts ‘ 7 '
o 1at1tude, 1onq1tude of . 1ntersect1on po1nt of 11ne oF s1te

and spherical Tayer .
distance from earth station to Tayer along line of site
distance from layer to satellite along line of site
bzeﬁith>ang1e of Tine ofisite'at earth station
incidence angle of‘the Tine of site at the Tayer

c 0 © ©
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4.2.9 Specular Ppinz Geometry (SPGEOM)

Purpose ,_". ‘ - <
* This routine is used to calculate a variety of geometric
parameters associated with multipath interference for any two sites.
Description.

“Several geometric models are required when ca]cu]atiﬁg the
effects of multipath interference when mobile transmitters and receivers
are involved in a communications 1ink. These geometric‘parameters_are
depehdent only on the Tocations of the two sites involved. The situation

. Is sketched in Figure 4.2/8. Among the parameters that must be calculated
- in th1s routine are: ' ' - » : :

vector pointing from the TX site to the specu1ar p01nt SST
vector pointing from the RX site to the specular point, 5
the distance from.the TX site to the specu]ar'point d
-the distance from the RX site to the specular po1nt d
lthe reflection angle at the specular point, QS

o e o ©o o

_-These parameters are ingicated in the figure. The specu]ar boint, S, is

the point of refiection on the eakth's surface of .the specular multipath
component. IfAhT is the height of the transmitter above the earth's surface,
hR is the height of the receiver above the earth's surface, and assuming a

‘smooth spherica] earth of radius'RE, then the following re1atiqnships hold:

//I.R% a’f) ﬁ)ﬁ ""’u/ﬁ - “3 ﬁ)‘ Q/si ,@mC‘”mf»@s) (42 13)‘_

(AT +ﬁr) ﬁf +~cz'7- Qﬁ’rdf ,c@.a,.(fio r@s) (4 2.14)
| d.z‘ 0/7" a dﬁ’ - d—rd rt:aa(ma"g@s) 4.2.15) .

R .
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These equatwns can be rearranqed to y1e1d , S
r Loelle
Agfis
4&{_“ = ﬂ~ 2 @5 e 5 ( g; C@& CE’:S} (4 2. 16)

o1 = ﬁg[.-@e; &3 f«-g(m?.':‘:ﬁf - Coo st} . ‘(4‘-_2_-17)

. 5 | \ e R Y
=y m‘/, o a(& dr® ""'ﬂ{h j _4 o (4.2.18) |
Ldrdg B

_ These equations can be solved for dT’ dR’ and GS usihg an
1terat1ve technique. First a value of QS is estimated and equations 4.2. 16
and 4.2.17 are used to obtain values for d and dy. These values are then

' , used to improve the estimate of QS and the procedure repeated until atll

values converge. This procedure will converge<if a starting vaTue of GS
1s obtamed using the following values of d and dT

dﬁ;mnfm!. :‘-[( ﬁf '*&'/"W) T f)& Qhﬂ ﬁ& Cﬁ”(‘?{)]
d‘T’» Iivmaé. [( ﬂé’? ’i*/{r) + ﬂﬁ: - Qh‘l‘ ﬁ# Co:("")]

(4 2. 19)
(4 2.20)
where of is the angle between the location vectors ‘to the two,s-ites.

The vectore §§R and §§T can be determmed once the 1ocat1on ‘

" vector of the specular pomt LOCS, is obtamed, ie:

. -y .mb- »»‘w:” R . ‘- ‘ y
B L R CE X )

= —A'.,_,.A i - . : ‘ - '
83y = LOCS=,~ LOC. S o (4.2.22)

where LOCR and LOCT are the location vectors_ of the receiver and the transmitter._
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The vector LOCS is given by:

Locg = RS T (42.23)

_- ‘ . Vo ie s TP
- where™s is a unit vector. From Figure 4.2/8 it is seen that:

§ * ‘Zz:z:ﬂ : _._-_... C@&

1/"&7’8‘3’ | o . : R

5. Locy = c;/u@.CQ{-*{s) I (4.2.25)
£ ecz) - |

_,]/5"" o | _-;(4.'2‘.24)'

These equations, together w1th the cond1t1on that Tul 1 can

»be used to obta1n the .components of s

let -

}]

b
i
{
~
&
t
=
-

(4.2.26)

B:“L’m Z)jdﬁ ﬁ’ ({f?@w/fm) o
R fietha) L ez

:5, f% :,‘%g,ﬁCkﬁg‘ 2?' 0{7‘ fﬂﬁ' (ff?f= - /KTi).Jf 1_: (4.2.28)

2 ( /?E “f~ /Z'r')

Letting

=),
i
_
Q
8
b--)

- (4.2.29)

L

£
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then substituting into equations 4;2.24 and 4.2.25iy1e1ds:
Sx M + 3y (} Sz le= B R
d o = . (4.2.30)
\ Sérz:x" + Sy t}{ + D lz= ﬁ o
2 , 2 -
5;:&""7 5{;2."' S"& - i

These equations ‘can then be so]Ved for Sx, SSY ) Sz

The final geometr1c parameter requ1red in mu]t1path ca]cu]at1onse”
is the "power divergence factor", D . This factor may be interpreted
geometr1ca1]y as the ratio of the cross section S formed at the receiver

) by a narrow beam originating at the transmitter and ref]ected from the
smooth earth to “the cross section S' that. would be obtained if the spherical
~.earth were replaced by a plane (see F1gure 4 2/9). From Reference 4.2/2,

the” d1vergence factor is given by:. . . .
[ ﬁf’(o(ra- n)] R 6" e 6"5 : (4.2.31) »,
Cm.. -«‘-'///m)/ﬁ& r/flvu Gé Ko((s(f?@ »/r*ll )C{“&}‘(.“}* O{T\ﬁﬁ.w‘/j’m>5ﬁ' xﬁ]

For 957 greater than ?1200, D

A flowchart illustrating the 1mp1ementat1on of these models in subrout1ne
SPGEOM 1is given in F1gure 4. 2/10 '
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Figure 4.2/10  Flowchart of SPGEOM
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Inputs

0 type of TX site
o type of RX site

;] Tocation parameters of TX site: height,'1at;‘}ong, .:f |
~ radius, and T6¢ A
0 lTacation parameters of RX s1te height, lat, 1ong,
radius, -and’ Toc o " '
0 length of the s1te to site vector connect1ng the RX and
O TX. sites, d ’ )
e  zenith ang]es and cr1t1ca1 zen1th anq]e of SS at RX and TX
V -Qutputs
s s : : : .
0o SSR, SSTS fg> dR’ dT, D (descr1bed in this sect1on)

0 “flag indicating whether or not mu1t1nath can occur
between sites

4.2.10 Geomagnetic Field Geometry (MAGFLD)
Purpose
_ Th1s rout1ne is used to ca]cu]ate the earth's magnet1c field

vector and geomagnetic coordinates for any geograph1c 1ocat1on on or above
the earth's surface

Descrigtion o

The mode]s described in Sect10n 2.5 of Reference 4. 2/1 are used

_d1rect1y in th1s routine.
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Inputs

@ . geographic 1at1tude,'1ongitude'of site

6 height of site above the earth's surface

Outputs

o - geomagnetic latitude and longitude of sfte' -
o  magnetic field vector at site



1
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4.3 Antenna Models

'4;3.l' Genera1

‘In- this sect1on mode1s are presented that are used in all of R

_ the antenna gain calculations performed by the s1mu]at1on These mode]s

are used to calculate the pr1nc1pa] and cross po]ar1zat1on gain of the
antenna, .and the po]ar1zat1on mismatch factors used in LINK and SITE

_calculations. The antenna mode1s to-be. 1nc1uded 1n the s1mu1at1on for

sate111te beams_are: :
- e GCIR pr1nc1pa1 po]ar1zat1on ga1n mode]l \
e single variable genera] antenna pattern mode] (pr1nc1pa1
" and cross po]ar1zat1ons) R - '
e OFUS antenna depolarization ratio model. )
0 contour gain. pattern model - . .="{t'.§‘f,,f
" o general polar pattern model. '

The first three models are used for symmetr1c and e111pt1ca1 antenna beams d‘lh o

while the 1ast.two are used for sate1]1te beams w1th‘arb1trary ga1n patterns._“

For earth stat1ons, aircraft, and sh1ps, the same mode]s are )3"'

| ":used with the exception of the contour pattern model, and the add1t1on
~ of an isotropic antenna model. In all cases. /except isotropic) the OFUS -
. depolarization ratio mode] is used as the default mode]1 when an actua1 cross'f- '
‘po1ar1zat1on pattern is not spec1f1ed by the user.

' 4.3.2 Antenna Gain Model (ANTEN)

- Purpose

~ This rout1ne calculates the antenna pr1nc1pa1 and cross po1ar1zat1on o

ga1ns and the depo]ar1zat1on rat1o for the d1fferent types of antenna ga1n
mode1s 1nc1uded in. the s1mu]at1on ' '




4 - 32

Description

This‘routine is primarily an executive type routine. which

The ma1n contro] 1og1c of subroutine ANTEN is shown in Figure

" Inputs
K “flag indicating type of site}~
o flag indicating type of beam symmetry
- isotropic - ‘
- symmetric (circular)
- elliptical |
- contour
~ polar projection. A _
) flag indicating type of antenna: mode] for symmetr1c or L
- ‘e111pt1ca1 patterns ' ’
= CCIR ;
o - s1ng1e var1ab1e
0. the on-axis gain : _ .
o major axis beamwidth (for elliptical beams on1y) e
o minor axis beamwidth (for elliptical beams orily)
0 pattern file characteristic parameters
o pointer to principal polarization pattern
0 pointer to cross polarization pattern
"o main beam depolarization ratio -~
0 side lobe depo]arization:ratio.
) back Tobe depolarization ratio .
o the off axis angle - -
;] the rotation ang]e'~

~ controls the calling sequence to the other routines described Tater in th1s
sect1on
. 4.3/1.




- Figure 4.3/1
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" Flowchart of ANTEN
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Qutputs

depo1ar1zat1on ratio

the principal polarization gain in d1rect1on, (8, 9)
the cross polarization gain in d1rect1on, (6, p)
-error flag indicating if pattern file data is incorrect

3

o e o ©

4,3.2.1 CCIR Principal Polarization Gain Model (CCIRA)

Purpose

This rout1ne calculates the pr1nc1pa] po]ar1zat1on ga1n for a

| g1ven off-axis . ang]e, for the CCIR mode]

Description

A detailed descr1pt1on of this mode1 is g1ven 1n sect1on 3. 2
of reference 4. 3/1

Inputs

the off ax1s angle

the on-axis ga1n

the diameter-to-wavelength ratio computed in ANTEN
flag 1nd1cat1ng type of antenna s1te

C o S O

- satellite
- non-satellite

Qutputs

o) the pr1nc1pa1 po]ar1zat1on ga1n in d1rect1on def1ned by the
off axis angle
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' 4.3.2.2 single Variable Gain Model (SVGAIN)
~Purpose

This rout1ne ca1cu1ates the pr1nc1pa] po1ar1zat1on ga1n for a._'
g1ven off~axis ang1e by accessing data in the antenna pattern f11e

- Description

.~ The details of this routine are described in réference"4.3/1;.

Inputs
o principal po]ar1zat1on on axis ga1n
] off axis angle . - L
S0 record number of the pattern in the pattern f1]e -
0 the 3dB beamwidth half-angle o
’ [} pattern file characteristic parameters = -
6 flag indicating type of antenna site .

~ satellite

- non- satellite o _
0 the diameter-to-wavelength ratio =
Qutputs

- the principal polarization gain in direction 8
o error return code

4;3.2.3 Contour Gain Model (CNGAIN)

K Purpose -

'This routine calculates the principal polarization gain for given K

off-axis and rotation angles by accessing data in the antenna pattern file.
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Description
i The details of this routinezare‘descrjbed in Reference 4.3/1.
Inputs

the principal poTarization on-axis gain
the off—axis angle a

the rotat1on angle : ‘ _
record number of .the antenna pattern in the pattern f11e_4

* . the 3dB beamw1dth ha]f—ang]e

pattern file characteristic parameters
diameter-to-wavelength ratio

flag indicating type of antenna’ s1te
| - satellite '

o ® 0 © @ © © ©

- non-satellite.

__~ Qutputs .
o the principal polarization gain’fn direction 8,
0. error return code- o A
©  gain interpolated along first radial enclosing 6, Gl
) gain_ interpolated a]ong second radial enclosing 8, G2

4.3.2.4° Genéra1'Po]ar‘Pattérn Model (GPGAIN)

Purpose

This rout1ne ca]cu]ates the pr1nc1pa] po1ar1zat1on ga1n for
g1ven off—ax1s ‘and rotat10n angles by access1ng data smored in the antenna
- pattern f11e ' '




. : L . . - . E X B ..
’ : : . . . . . ., )

4.3

.. .Description -

Th1s rout1ne is almost identical. to the contour gaTn model, ,
in that 1t 1nterpo1ates between- stored values of the antenna gain to determ1ne"
the principal polarization gain.. Unlike the contour model, many fewer: '

. radial patterns are required to describe the antenna pattern,-and these
:radia1 patterns need not be given'at‘équal interva1s AB. A description-of
-the user 1nput data and pattern storage in the f11e is g1ven in the next
~ chapter. ‘

Inputs
@  same as for contour pattern described in section 4.3,2.3.
Outputs -

-6 same as for contour pattern described in section 4.3.2.3.

4.3.2.5 Single Variable Cross Po1arization Gain Mddé] (SVYDPOL)
Purpose

This routine calculates the’ depo1ar1zat1on rat1o and- the cross
po]ar1zat1on gain for a g1ven off—ax1s angle by access1ng data stored in the

© antenna pattern file.

Description

The details of.this routine are described in"reference.4,3/1.

Inputs
©  principal polarization on-axis gain
° off-axis angle
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3dB beamwidth “half- ang]e

record number of the pattern in the pattern f11e
pattern file characteristic parameters- _
principal po]ar1zat1on gain at off-axis angle @

~ mainbeam, sidelobe, and back]obe'depo1arization'ratios.

Outputs

error return code

- depolarization ratio

cross polarization gain

4.3.2.6 Contour Cross Polarization Gain Model (CNDPOL)

Purpose

" This routine ca]cu1ates the- depo]ar1zat1on rat1o and the Cross
po]arlzat1on gain for a given off~ax1s angle and rotation ang1e bv access1ng

data in the antenna pattern f11g

Description

. The-details of this routine are described in reference 4.3/1:

Inputs

© © o © e ©

o O

principal pd1arization onjaxisvgaﬁn
* off-axis angle -

rotation angle

~3dB beanwidth half-angle -

pattern file characteristic parameters o . i

principal po1arization gain at first.radial enclosing 8 » G1 _
principal polarization ga1n at second radial. enc1os1ng e, G2:_-
record number of pattern in _antenna pattern f1]e _ |
ma1nbeam, s1de]obe, and backlobe dépola?1zat1on rat1os




the depo1ar1zat1on ratio of an antenna.
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Qutputs

® - error return code .
. 0 depolarization ratio o T
- © . cross polarization gain

4.3.2.7 General Polar Pattern Depolarization Model (GPDPOL)
. Purpose

~_This routine ca]culates the depolarization ratio and cross

no]ar1zat1on ga1n for a“given off-axis and rotation ang]e by accessing data 4A
~in the pattern file. ' '

{ Descrigtion :

Th1s routine calculates the Cross po]ar1zat1on antenna ga1n
using the same interpolation algorithm as CNDPOL. The insertion and storage
of user-input data used in this routine are discussed in Chapter 5.

Tnputs -

® same as for contour pattern described in section 4.3.2.6
Outputs

S same as for contour pattern described in section 4.3.2.6.

4.3.2.8 Depolarization Model Routine (DEPOL)

Purpose

This routine is the default depo]ar1zat1on model wh1ch determ1nes

A




4. 40
Description
This routine.is described in Referente:4.3/1.

Inputs

0 the principal polarization on-axis gain

0 the off-axis angle | -

0 the depolarization ratio of the mainbeam |

o ~the depolarization ratio of the near sidelobes
e

the depolarization ratio of the backlobes..
Outputs

@ . depolarization ratio -

4.3.2.9 Ppolarizer Mismatch Factor Routine (POLMIS)
Purpose |

This rout1ne computes the pr1nc1pa1 and Cross po]ar1zat1on ,
m1smatch factors between rece1v1no and transm1tt1ng antennae.

| Description :

This routine uses the geometric algorithms and equations for

the mismatch factors described in Chapters 2nand:3 of Reference 4.3/1. -

Inputs

) po]ar1zer vector of transm1tt1ng antenna (for Tinearly | o

- polarized beams) ” SEUU I

o polarizer vector of the rece1V1ng antenna (for Tinearly .
| polarized beams) o h
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Faraday rotation‘ang1e’

6]
o site-to-site vector .
0 receiving antenna depo1ar1zat1on rat1o Co
0 . polarization of transm1tt1ng antenna- (V H R or L)
0 polarization of the receiving antenna,(v, H, Ror L) -
Qutputs -
e principal polarization mismatch factor

0. cross polarization mismatch factor
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4.4 -Propagation Models

4.4.1 Genera1

Three propagation’ phenomena are 1nc1uded in the d1scuss1ons in .
th1s sect1on, namely: : , ‘

‘'@ tropospheric absorption

o ionospheric scintillation. :

e Faraday Rotation

" Models for all of these phenomena are d1scussed in detail 1n Reference 4, 4/1.'»

These models can be used almost d1rect1y in the s1mu1at1on

' Of the three phenomena tropospher1c absorpt1on is always

cons1dered along any path. The absorption due to the troposphere is

assumed to be a non-fluctuating, or nominal, loss. The-other_two phenomena e

~are not and hence are user-selectable. Of these, only Faraday rotation is -
“applied to both interferors and link oarrieks..

4.4.2 Tropospherfc Absorption Model (TROP)

Purpose : .
' " This routine is used to ca]cu]ate the tropospher1c absorpt1on
a]ong the line-of-site connect1ng two s1tes '

Descr1pt1on .
The main a]gor1thms used in ca]cu]at1ng the absorpt1on are

~described in Section 4.2 of Reference 4.4/1. The implementation of the
routine is illustrated in Figure 4.4/1.

~ Inputs S

| o flag indicating type of TX site

o flag indicating type of RX site

0 e1evat1on'ang1e of path

o great circle site separat1on d1stance

, e frequency '
Outputs = _

‘ -0 nominal attenuation due to troposphere{‘
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Figure 4.4/1  Flowchart of TROP
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Purpose
This routine calculates the scintillation loss experienced by

's1gna]s transmitted v1a trans10nospher1c paths

D1scr1pt1on
The model used for this propagat1on phenomenon is d1scussed in

detail in Section 4.6 of Reference 4.4/1. - This model s only envoked for

~the wanted carrier in a LINK calculation. A simplified flowchart of the

4 - 45
4.4.3 Tonospheric Scintillation Model (ISCINT) S
ionospheric scintillation routine (ISCINT) is illustrated in Figure 4.4/2 \
 Inputs |
type of RX site
type of TX site
site-to-site vector
location parameters of TX site (LOC lat, long, rad)
lecation parameters of RX site (LOC lat, long, rad)

type of scintillation mode] f]aq lgggttigam

© & ® @ 0 e

Greenw1ch mean t1me
day of year
sunspot number

e © o o

fraction of time signal power is exceeded

_Outputs
o attenuation due to scintillation

]
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Figure 4.4/2 * Flowchart of ISCINT -
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o, 4.4 Faraday, Rotat1on Mode (FARROT)‘

Purgose

This routine calculates the rotation'angTe of the electric

field vector of a linearly po]ar1zed s1gna1 crossing the 1onosphere

Descy1gt1on . : : ‘
This mode] is discussed in deta11 in Section 4.7 of Reference

Inputs.

; Qutputs

e ©o o ® 0o © © © ©

- 4.4/7, A simplified f]owchart of the model is illustrated in F1gure 4,473,

type of TX site.

type of RX ‘site

site-to-site vector

TX Tocation parameters (lat, 1ong, rad LOC)'
RX location parameters (lat, long, rad LOC)
sunspot number ' | |
Gréenwich mean time (GMT)

day of year '

frequency -

total Faraday rotation angle.
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Figure 4.4/3  Flowchart of FARROT
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'.4.5 Multipath Interference Model

4.5.1 General

In this sect1on, a model is 'described that can be used to

.caTcu]ate the average diffuse and specular multipath 1nterference power

on paths between aircraft or ships and satellites. This model is only
envoked in LINK calculations, and depends on'a variety of geometric,
antenna, propagation, .and other models described elsewhere in-this chapter.

'4.5.2 Multipath Interference Path Loss Calculations

The s1tuat1on under ana1y51s is 111ustrated in F1gure 4, 5/1

- The ratio of total received multipath power (d1ffuse plus specu]ar) to-

transmitter power is called the path loss and denoted LM' This. ratio can
be estimated for paths between mobile sites and satellites (or between -
two mobile sites) as follows:

Define the following parameters:

) GT principal polarization gain of TX antenna in direction of
SR specular point . : :
0 dT' distance from the TX site to the specuTar point .
o dp ‘ . d1stance from the RX site to the specular point
2} AT - . . tropospheric attenuation along the path (approx1mated by the
one-way tropospheric path loss from the specular po1nt to the
satellite) . - S .
oA operating waveTength ‘ SR S
oD ~_geometric power divergence factor (see Section 4.2.9)
'k)@o - total multipath reflection coefficient for a flat, smooth

~earth. (Note: this coefficient depends on the poTar1zat1on
~ of the transm1tted signal)
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The flux at the receiver, com1nq from the d1rect1on of the :
specu]ar po1nt is- g1ven by: ' - '

Fn = ﬁ*G:Tﬁ'i—Dﬁ : (4.5.1)
| ‘4#77‘ (dwe@’a)a' | T

where PT is the transm1tter power.

. The power actually accepted by the rece1v1ng antenna depends on 1ts gain
- in the direction of the specular point, the wavelength, and on the polarization

of the reflected signal.. For a circu]ak1y polarized wave, the sense of

~ polarization is changed upon reflection if the specular incidence angle,

0> is gredter than the "Brewster" ang]e for-the reflecting surface.
(References 4.5/1, 4.5/2, 4.5/3). As surface roughness and other factors

 influence the polarization state of the reflected signal (Reference 4.5/4),

a s1mp1e model is now proposed for use in the s1mu1at1on

An effect1ve receiving antenna ga1n, GR’ can be defined that .
takes into account the po]ar1zat1on of the transmitted s1gna1, ‘and whether
or not the sense of polarization of the reflected signal has been reversed.
Values for GR are 11sted in Tab?e 4.5/1 for various RX and TX antenna

*po]ar1zat1ons In terms of GR’ the path 1oss for the multipath power is
.Ag1ven by

4,; __ G~ C;n'ﬁ)'r D]f /\"A
[*‘/i?’(dr -+, ﬁ)jq

(4.‘5.2)

~ The reflection coeff1c1ent,§%,denends on the po]ar1zat1on of

,the transmitted signal, and on the complex d1e1ectr1c constant of the

reflecting surface. - In terms of i v a”dthh’ the amplitudes of the ref1ect1on
coefficients for vert1ca11y and horizontally po1ar1zed s1gnals ﬁg is .

. :i given by (Reference 4.5/4):
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TABLE 4.5/1 -

‘Effective RX Antenna Gain For

Mu]tipath Interference Ca]cU]ationS

TX

Effective ,Ai

< | RX |
* Polarization - . Polarization RX Gain, Gp .
Vertical Vertical - Gy
' Horizontal" 6. .
Circular .5 Gp"
Horizontal Vertical 6
’ Horizontal Gp o
. Circular .5 GP:
' Right Hand Tinear .5 Gb |
Circular ‘right circular Gy
(no reversal) . left circular ~ G
_ Right Hand Tinear 56,
__Circular L right circular : GC
_ (sense reversal) . Teft circular Gp
Left Hand Tinear 5_Gp
Circular right circular
(no reversal) left circular
Left Hand Tinear | .5 6
Circular right circular Gp
' (sense;réversa1) - left circular ~GC'
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The term for circular potarization is a maximum since the.
product f’ (Dh does not include the phase ang1es of the reflection - -
coefficients or those of the antennae. ‘ '

4.5.3 Fresnel Reflection Coefficients (y, @)

The coefficients(, and Eh for a p]ane surface are dependent
on a number of factors including: ‘ ' o
o incidence anglé at the specu]ar po1nt (0g)
o operating frequency , ki '
] perm1tt1v1ty of the ref]ect1ng surface, &
0 conduct1v1ty of the reflecting surface, @{ ,

- From. Reference 4.5/3, the coefficients ¢, and Ch can be obta1ned from the'
Fresnel reF]ect1on coefficients expressed as:

.. ,(‘_,Sv N | .,-. ] __'/7/7]*,5;-” 3,_\
fetts (6-imes- [(HET o
' ‘ - o N , . - ey
( C.. , f_&._g,ff*)/a«xw Q‘s f*\/ (5.“4-4%@7~ Ceo By
ﬁe“éh% o es-ﬁc€--":-"ll§‘>*c“’* s (a5
/s = S

/a»‘vu@-s«éf(.émg‘_’_ﬁw‘“) Cors NG

where 6y and &j are the phase angles of the ref]ection coefficfents‘and |
@ris the angular frequency. - (Note: € ande® are in cgs units). Typical
values for € and & "are given in Table 4.5/2. 3
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. TABLE 4.5/2

Typical Values For & and & (cgs units)

csand C2-5 0 L 220
Dry Land - o 5=10 o f . - 20-40
Moist Soil . 10-30 - | 20 - 6000

“ Fresh Water .80 © 20 -100
‘Sea Nater 6080 | 10000 - 60000

\

N\

- * conductivity d.ecre‘as'es very. rapidly from- UHF to zZl_GHz'\.f =
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‘ Equat1on 4. 5 4 can be rearranqed to y1e1d

..1)ﬁl = ijé\/ + CgV _ ‘
' \/’7)\{ -t C\f » l

év = Za‘m ("..“,...u '?L&m B\f. )

C\/ : C\/

{

Av“

e et s s

i

i1
£
I
3
{
@
172}
~%

Mnmwmwm

BN

| ’whefe fuyy 1S the frequencyvin MHz.

Elracw@s | m(%% (“/"v)) a<,,f' )

(4.5.6) -

h/wv\, @"" - M\‘(/é;" (ﬁ"/&‘)) O’L
A‘(:Tvr .: | (;. v Q :Zgzv1 '(Fffay)

'.D F/’,oxﬁn €§'¢ %u,(L&vL, (/'/jiﬁwqa C.f{;fOL:i)"gkl ‘.3
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Equatfon 4.5.5 can be rearranged to yield: - =

.  -5& 7@5‘1 (Ww> “"’7/’“"“* (“‘*‘*‘"" ) s
| @,fg. m@&w O»s - rf:*'m( ff “"{ffi 3) d

BA ~=': @Lm ( ,fam, (;{/@,,)) O{

- Ca w,, _' @e.?»k.(f?g‘ /'c:‘.gr" ( {;m (/"w”/fx.,) /}C{

a

~where a, k, and d are defined in equation 4.5.6. -These coeffiéiehts and : :
phase ang1es are i11UStrated‘1n Figure 4ﬂ5/2'for severa}\fef]ectﬁng surfaces;_x,‘

| The Brewster ang1e which ‘is usua11y’used to determ1ne whether |

 or not the sense of po]ar1zat1on of a c1rcu1ar]y polarized wave reverses

can only be eva1uated when the conduct1v1ty 1s zero. For non-zero .

e conductivities, the sense reversal is only an approx1mat1on . For s1mu1at1on -

purposes, 1t will be assumed that the sense of polarization changes

- whenever SV’ the phase angle of. the vert1ca1 po]ar1zat1on ref]ect1on
choeff1c1ent is greater than 90 degrees
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© 4.5.4 Diffuse and Specu]ar Components. -

The d1ffuse and specu]ar Components of the rece1ved mu1t1path
power can be estimated as follows (Reference 4.5/1, 4.5/5). If ah is
the rms surface roughness, then the path Toss for the specu]ar compdnent

is given by:
45{3 4@! IR o . (4 5.8)

The sum of the diffuse and specu]ar pOWers is approx1mate1y constant for

~all expected surface roughnesses (Reference 4.5.4) so:

B .../éTQE““!‘-%@.sY |
An,ef-“.z.m(:~ iy )(459

' Typ1ca1 values for the rms surface roughness range from 0 (ca]m sea) to

approx1mate]y 3 to 4 meters for very rough seas.- Over land, va1ues on the

order of one meter are appropriate.

!

' 4.5.5 Dgph]er Spread

- The performance of rany data modems used in mobile communications:

" systems is dependent on the Doppler spread of the multipath signa1_(Reference 5
4.5/1, 4.5/2, and Section 4.8). This Doppler spread, Bpgp» can be estimated
o from the velocity of the mobile station relative to the sate1]1te v, (or
- non-mobile term1na1) from (References 4.5/2 and 4 5/3)

B - ;'ﬁm W&»f-m@é S (4.5.10)
bop = e

where ©¢ is the rims surface slope. This narameter is related to the ratio

~of the rms surface height fluctuations-to-the spatial correlation ]ength

of surface height fTuctuations In the case of a sea: surface, typical

‘values ofdlrange from 0.1 for a wind speed of 10 knots to 0.12 at 20 knots
| (Reference 4, 5/5) ' ‘
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4.5.6 Implementation of the Multipath ModeT.(MLTINT) ‘f .

- Purpose

This routine is used to calculate the diffuse and specular f'

" path 1osses>(LSP, d1ff> and -the Dopp]er spread on paths 1nvo1v1ng sh1ps
" or aircraft and sate111tes S : :

- Description

" The implementation of the mu1t1path'1nterferente mode]'discnssed ”

- in Sections 4.5.1 to 4.5.5 is illustrated in Figure 4.5/3. The routine makes'e}*-'
" use of subroutine SPGEOM (see section 4.2) to calculate the geometric

parameters required in the ca]cu]at1ons as well as other geometry and -

' antenna ga1n subroutines to determine the gains of the RX and TX. antennae
" in.the direction of the specular point. The reflection coeff1c1ent mode1

and the effect1ve RX -antenna gain model are 1mp1emented as separate sub- -
rout1nes : o

- Inputs

"o type of TX site

.0 type of RX site :
@ transm1tter Tocation and antenna parameters
6 receiver location:and antenna parameters
e frequency .
0 mu1t1path report instructions
- Outputs

o Doppler spread _ .

0 path loss for d1ffuse mu1t1path Ld1ff
) ) path loss for specu1ar mu]t1path LSpec : »
o flag 1nd1cat1ng whether or not mu1t1path is invo]ved.
ARerrts.e | ‘ o |

© prints detailed multipath interference reportt“'-'




Figure 4.5/3  Flowchart of MLTINT
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4.5.7 Reflection Coefficient Routine (REFLEC)

" Purpose

- This rout1ne is- used" to ca]cu]ate the reflect1on coeff1c1ent,

: 6’0’ for use in mu1t1path 1nterference calcu]at1ons.

. Description .

The coeff1c1ent is ca]cu]ated us1ng equat1ons 4 3.5, 4 5.6, and‘

- 4.5.7. The 1mp1ementat1on is 111ustrated 1n F1gure 4. 5/4

 'IhQuts“

) transm1tter po1ar1zat1on

‘6 fincidence angle at specu]ar po1nt es
o frequency, T ,

o permittivity of surface, £

o conductivity of surface, &

Qutputs

g reflection coeff1c1ent PO

0. f1aq “indicating. whether or not c1rcu1ar1y po]ar1zed s1gna1
will change sense of po]ah1zat1on upon_ref1ect1on_”
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4.5.8 Effective RX Antenna Gain Calculation (ERGAIN) .

Pnrgose

~This routine s used to ca]cu1ate the effect1ve ga1n of a

: rece1v1ng antenna for use in mu1t1path 1nterference ca1cu1at1ons

Description

The effective gain is calculated from the va]ues~given in

. Inputs

o TX antenna polarization type .
- e RX antenna polarization type

) pr1nc1pa1 polarization gain of RX antenna 1n dlrect10n of
‘ the specu1ar point, GP T

.6 cross po1ar1zat1on gain of the RX antenna 1n the d1rect1on of .
the specular point '

o flag indicating whether or not po1ar1zat1on sense has reversed
on ref1ect10n for c1rcu1ar1y po1ar1zed signals

-_Outguts'

o effective RX antenna gain
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‘ 4.6 Baseband SignaT Processing Models .

This section describes the mode1s‘required‘to simulate the basebénd
s1gna1 process1ng used in 11nk ca?cuTat1ons,tfor the fo11ow1ng types of

">s1gna1s

o random b1nary d1g1ta1 data
o analog voice signals

| The types of baseband signal- process1ng 1nc1uded in the s1mu1at1on are
e Delta modulation coding and decod1ng of analog voice signals .
o Forward Error Correction (FEC) coding and decod1ng of d1g1ta1 s1gna1s
‘ Compand1ng of ana]og voice signals ,
e Pre -emphasis and De emphas1s of ana1og voice- s1gna1s

- 4.6. 1 De1ta Modu1at1on Cod1nq and Decod1nq of Ana]oq Vo1ce S1qna1s

4, 6 1 1 Genera1

The Delta modu1at1on encoder is character1zed as a device w1th

' an output bit rate, Ry, that is input by the user and stored in the IST. e _
{ransmitter carrier record. It is assumed that the d1g1ta1 s1gna1 has the o
'lsame character1st1cs as a binary data baseband

The Delta modu]at1on decoder 1s s1mu1ated as a separate

; subrout1ne (subrout1ne DLTDEC)

4.6.1.2 De]ta Modu]at1on Decod1nq SubPOUtTHE (DLTDEC)

."urgose Th1s routine ca]cu]ates the s1gna1 qua11ty (expressed o

as a test tone s1gna1 ~-to-noise ratio) at the output of a De1ta modu]at1on '

. decoder.

" Description: ~ The De]ta moduTat1on decoder 1is mode11ed as a

: dev1ce which outputs an analog voice s1gna1 with the same power and band-
- width as the signal 1nput to the decoder. iDegradat1on in the resu]tant“

analog voice 1is. due to several sources: _ :
‘0 quantization noise of the coder-decoder system ‘h \ o o

o bit errors resu]t1ng from demodulation of the RF carr1er . -
contaminated by RF 1nterference thermal no1se, and d1stort1on ,fd

6 baseband noise accompanying the vo1ce s1gna1 that was 1nput to
the De]ta modu]at1on encoder. ' ’

It»is‘assumed'that the coder-decoder system'has'been desighed ST

SO thdt signal degradation due to slope overload effects is neg]igib1e.__:v




: represents a lower bound for (59

:givenpby:
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B The signal-to-noise ratio due to quanttiation, (S/N)Tglis_affunction;ofe

. the type of Delta modulation used (1inear or adaptive, for example) and

depends on design details (number of integrators used. or integratoh time -

~constants, for example) (Reference 4.6/1, 4.6/2). As modelTing. SuCh""

details is beyond the scope of this work, a s1mp]e method of handling these \

~effects is recommended. As the quant1zat1on noise is 1ndependent of

degradat1ons introduced by the commun1cat1ons channe], a constant va]ue, '
1nput by the user, W111 be used. ‘ '

' The s1gna] to no1se ratio due to channe] b1t errors, ! (S/N)B, for 11nears?‘
Delta modu]at1on is g1ven by (Reference 4, 6/3 4, 6/4)

(s_) a 5 o I -;.7_(4,.6‘;1)
N/ PE S ‘i:. R o f;e

» where PE is. the b1t errovr probab1]1ty at the 1nput to the decoder and

' K is a proport1ona11ty constant dependent of des1gn parameters of the decoder

For adapt1ve De]ta modulation systems,_1t is assumed that equat1on (4 6. 1)
g

'Again, to allow the user to characterize the'decoder,fwfthout'know1edge

- of decoder des1gn details, the user inputs the bit error probab111ty, P1, »
* which causes a 3dB drop in signal-to-noise ratio relative to the quant1zat1on S

signal-to-noise ratio (see Figure 4.6/1). At P1

"uhere K can now be computed and used to eva1uate the s1qna1 to n01se rat1o’

dué to channe1 bit errors from equat1on (4 6 1)

"'The total signal to noise ratio“due to quantizatton'and‘bit errors is




CSOMAL TO NOISE pATIO —m L

a6

INPLT JBIT ERROR ... PROBASIES TV i

6. 4 6‘// CHARACTERIZATION  OF DEL7A 10D puLaTION
' S/GNAL - 70 NO/SE a@‘?T/O Dc’/f TO C’#/AA//\//EZ o
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" The total signal to no1se ratio at the output of the De]ta modu]at1on1'
~ decoder 1s given by ‘ ‘ . . S T
| (N) /N 7N o - (4.6.4) :

Yot +<S
S\

where s derived from the signal to noise ratio at the input to the
(),
S B ‘ o ' _ R ol

Delta modu]at1on encoder
A general flowchart for this subroutine is shown 1in Figure.4.6/2.i‘

~Inputs

) (§> - the quant1zat1on unwe1ghted test tone s1gna1 ~-to-noise rat1oi~..
T  The default value of‘(S) is chosen as 55 dB (computed from
N!T wee S
_ _ reference 4, 6/] for a typical: case)
© PT - the bit error probab111ty (at the input to the decoder)
I which causes a 3dB drop in the output s1gna1 ‘to noise rat1o
- The default value is chosen as 0. 5x10 from reference 4.6/1.

° Pﬁ |- the bit error PVObab111ty at the 1nput to ‘the De1ta modu]at1onﬁf'
A decoder ‘ : o o L SRR
0 (§) - the s1gna1 to no1se rat1o at the 1nput to the De]ta modulat1on A
AN encoder. ; o T
Outputs - | |
-0 (§> - the éigna]ftolnoise ratio at the output of the Delta modulation
N ToT ' e

decoder due to quantization noise, bit errors in the channel
~and the initial signal to no1se ratio at the 1nput to the f
- _encoder (from preV1ous hops)
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" Figure 4.6/2  Flowchart of DLTDEC - A'
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l 4.6.2 Forward Error Correcfion (FEC) Codihgggnd Decoding of Digiﬁal SiqnaTs""h
4.6.2.1 General . |
o The FEC encoder is character1zed as a. dev1ce w1th an output b1t
~ rate, Ry given by: o ' '
;Ro.= Ei oo (4.6.5)
R Ty S - ' S y
where, R is the 1nput bit rate and ris the code rate.
r is g1ven by ‘ ‘

vk . .e' o (466) o

, where k is the number of 1nformat1on bits and nis the number of redundent
 bits in a g1ven constra1nt Tength . (convo1ut1ona1 codes) or block Tength = .= .
(b1ock codes) N S f‘~ff._i:ll' o t"’firgﬂ

_J"' The code rate, r, is stored in. the ISI transm1tter carrier record o
and used to mod1fy the bit rate accord1ng to equat1on 4,6.5. '

- The FEC decoder is mode11ed as a separate subrout1ne (subrout1ne FECDEC)
Two models -are available for the decoder bit error probability input/- -
output transfer function. The first model, which is valid when channel b1t
\ “errors are independent of each other,:1s an ana1yt1ca1 mode1 used to est1mate
- the performance of a variety of standard coding schemes . The second model , o
. is a parametr1c mode T ‘which a110ws the user to spec1fy the 1nput/output decoder
| transfer characteristic. ' '

. 4.6.2.2 FEC Decod1ng Subroutine (FECDEC)

: Purpose This’ rout1ne ca1cu1ates ‘the bit error probab111ty '
~and the bit rate at the output of a FEC decoder. ' ' R P

Descr1gt1on The b1nary FEC decoder is mode11ed as a dev1ce .
: wh1ch outputs a bit. stream at rate R > with b1t error probab111ty P ;~.‘,"»

R0 is g1ven by

- L Re =Ry S o (4 6. 7) | B |
where r is the code rate def1ned by equat1on (4 6. 6) and R; is the b1t rate '-; L

into the FEC decoder '

.o T . : o . ‘ o ’ t I N N




- - - - 3- ' . | : - -
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Ana]yt1ca1 Modei

In. add1t1on to r, the "ana1yt1ca1" FEC decoder 1s character1zed
by the fo11ow1ng parameters (Reference 4.6/6) : ’ '
' o N - the total number of 1nformat1on and redundent b1ts 1n:¢;‘

a coded sequence Tength. This is referred to as the
constraint 1ength (convo]ut1ona1 codes) or b]ock
length (block codes). e ST
‘oe - the error correction capability of'theecodegthhis}is

- the number of bit errors in a given constraint Tength -

. or block Tength that can be corrected by the decoder.

The error: correct1on capab111ty 1s frequent]y wr1tten 1n terms._;
_.of the code minimum: d1stance by ' - '

OY‘F

e=d1  3dodd V"(4.6.9) .

‘where d is the minimum number of b1ts that W111 be d1fferent between any two

coded words

. If 1t is assumed that channe1 b1t errors are 1ndependent the .
_ re1at1onsh1p between the bit error probab111ty, P > at the output of the FEC
“decoder and the bit error probability, P R at the 1nput of the decoder 1s. .

given by (from Reference 4. 6/6)

- Py £d /Y P, a2 7 deven (4.6.10)
- 2N | d j . ST S
: 2‘9" ‘ V ‘
d+l
{d+l

Py s Esdw s)(d”) N >p T jdodd (4.6.11)

where 5 1s re1ated to the number of code words of minimum d1stance d and

s genera]]y not eas11y obta1nab1e

‘ ,
However, it is po1nted out in Reference 4 6/6 that sett1ng 6 1 in

o
{
equation (4.6.11) only slightly weakens the accuracy. Thus equation - f,



For s1mu1at1on purposes, str1ct equa11ty is used in the above expresswons to

Ca-72
(4.6.11) becomes: ; ' i _,d -,” : ?' - P f:' - iP_:”-.i {'HPI'fi*/.: TF:P‘l:A
P < dfN -, SR ' .
To.” N(ZH& P 7 o 5 d:odd | » _— (4)6112) \
5 _ ) , A , o _

est1mate an upper bound: on P

Equat1on (4 6.12) s p]otted in F1gure 4, 6/3 a1ong w1th measured data’

: for the SPADE CODEC emp10y1ng convo1ut1ona1 error correct1on (Reference 4 6/5).df;“"'

In der1V1ng equat1ons (4 6 10) and (4 6 11) 1t is assumed that

NP, <<1 ~ Thus, these equations break down at large. Py. 1In the s1mu1at1on,A
a thresho1d value for P is spec1f1ed above which the channe1 s dec1ared

unusab1e and the 11nk computat1on term1nates - o0 f*ﬂ

-Parametric ModeT -

To a11ow the user to spec1fy P as a function of P d1rect1y when measured,;’.”.:j

decoder characteristics are ava11ab1e, the parametric mode1 can be used.
The decoder output bit error probab111ty is approx1mated as:

o ept S o |
Pg = KPY . | T (4 6. 13)

: where K is a proport10na11ty constant and 2 is some power of P - This -
“equation can be written as: ‘

Figure 4 6/4 is a sketch showing how curves der1ved from equat1on (4.6. 14):_w,fe;

for: f1xed Ky varwab1e %5 and for f1xed 2 var1ab1e K, would appear.

‘Given a.decbden~tnansfer curve of some type simi1ar to the'one’shown in

Figure 4.6/4, the user specifiers (Pé, P')Z; (P P )2 for two separated po1nts.f:_
on the curve. From this data, equation (4.6. 14) can be so]ved s1mu1tane0us1y e

for K and 2 and used to ca]cu1ate P for any value of the 1nput error

'probab111ty

A thresho1d value for P is-also spec1f1ed for thws mode1, abOVe which -

“Athe channe1 1s decTared unusab]e

'A genera1 fioWChart‘for‘this sudeutine'is shbwniineEiQuPe'4;6/5¥1
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-0 r - the code rate used to compute the output bit rate.’ The default -
| ~value is chosed as 3/4 (from Reference 4.6/5 for the SPADE CODEC)
0 - flag selecting bit error probability transfer curve:
o user specified curve
0 simulation model

' o‘Pi the bit error probability at the "input to the FEC decoder
0 R, - the bit rate at the input to the FEC decoder
o N - thé constraint length or block 1ength of the code.  The default

value is chosen as 20 (Reference 4. 6/5)
© e - the error correction capability of the code (defau1ts to 2)
~ (Reference 4.6/5)
) Pf'— the threshold bit error probab111ty at an 1nput to the decoder,
above which the channel is dec]ared unusab]e (defau1t va1ue is
107 )

0 (Pé, P%)l; (Pé, P1.)2 - the parameters representing the input-output

- bit error probability transfer characteristic defined by two

~ separated points on the transfer curve. P0 is. the error

probability after correction; P, is. the error probability
before correction

Output
o Ro - the bit rate at the output of the FEC decoder
e Pp - the b1t error probab111ty at the. output of the FEC decoder

o - f1ag 1nd1cat1ng whether or not decoder be1ow threshold

: 4 6.3 Compand1ng of Ana1oq Voice S1gna1s

The effect1veness of compress1ng the ana]og message power range
at the transm1tter and complementary expansion at the receiver (referred to
as compand1ng), is frequently measured in terms of an 1mprovement factor or

~noise reduction factor. The noise reduct1on factor is a function of the

compressor characteristics and average speech power (Reference 4.6/7)

- As mode]]ing such details is beyond the scope of this work, the companding

improvement factor is specified directly in the ISI receiver carrier record
A default value of 18.8dB reported in Reference 4.6/8 w111 be used . This
improvement is on]y applied to the signal-to-noise ratio if the SNR at the

compander input is greater than the threshon level for the dev1ce
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The use of companding wi11'a1tér the voice signal into the FM'~'»"

~modulator, and thereby'quify the shapé of the transmitted spectrum. This -

effect is modelled in an approximate fashion by asSuming that the compressor. |
alters the peak-to-average power ratio of the baseband voice signal,* Ag> into
the modulator. A default value of 8dB will be used (Reference 4 6/9) for

no companding a defau1t of 12dB is used.

4.6;4 Pre—émphasis and De~emphasis MddeTs

For simulation purposes, pre- emphas1s is mode11ed by a power '
transfer character1st1c,i o : ‘ '

6p(f) = af s Bttt (4.6.15) -
_ 0 s elsewhere C . PR

_ thatfreshapes>the baseband voice spectrum at the input to the FM'modu1ator.;_.fl 

The combined effect of pre-emphasis and de-emphasis is modelled by an .-

~ improvement factor that is applied to the signal-to-noise ratio.at the
‘receiver. A default value for this 1mprovement factor of 6dB will: be used
- unless overridden by the user. ' '
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4,7 RF Spectrunm Models

4.7.1 General

‘In this section, models are presented for the fq11bwing RE
spectra: ' ‘

0 FM single channel voice (with and without pre- emphas1s and compand1ng)

e binary continuous phase FSK (1nc]ud1ng FFSK)
© binary and M-ary PSK '

o FM/TV |

0 Gaussian . noise spectrum

o band limited white noise spectrum

] genera] RF spectrum‘mode]

" These spectra are calculated across a predef1ned s1mu1at1on :
bandw1dth" specified by a lower frequency,-FL, and an - upper. frequency FM
The spectra are normalized such that their total power is 1 watt. Any-

portlon of this may be contalned within the simulation bandw1dth as 111ustrated

"in Figure 4 7/1

4.7.2 FM Single Channel Voice (FMVOIC)

Purpose , ", | ) o
This routine is used to calculate the normalized RF spectrum
" across “the simulation bandw1dth of an FM carrier modu]ated by a voice

~ signal.

Description : :

The RF. spectrum at the output of an FM modu]ator is dependent
on the statistics of the moduiatxng signal, its bandwidth, and the -
modulation index. For vms modulation indices, 8, greater than un1ty, the
spectrum is approximately Gaussian in shape and will be mode11ed by the

high-index FM spectrum model described in Section 6.2.-.of"Reference 4.7/1.

For rms modulation indices less than 1, the spectrum is much more complex.
For simulation purposes, the voice signal will be modelled as. a band of -
noise with a power spectrum, Ne (f), given by (Reference 4.7/2): -

: . B _ : L
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T<fy, .
2 <f<500Hz

e

}"'&w
24 Y
o

w

, 500Hz<f<1500Hz

_?Jno

we'(f)= (4.7.1)

&
e

» 1500Hz<f<2500Hz

_h

N

where ;s 8o, and ay are constants,‘f2 is the 1ower baseband frequency,

and f . is the highest baseband frequency. When preemphasis is used, th1s

j'baseband spectrum is mu1t1p11ed by the power transfer character1st1c,

G (f), where .
0 , f<f
o > - _
= 4Abf° . , f zf<f : ‘ ' ' : 4.7.2
6p( ) ( )
(o, Bf

and b is a constant

The RF spectrum at the output of the modulator can then be determined using
the Fast Fourier Transform algorithm described in Section 6.2. 2 of Reference
4.7/1. A flowchart of the FM vo1ce spectrum mode1 is 111ustrated in

- Inputs .

e Tower baseband frequency, f2

o upper baseband frequency, fm
"0 rms modulation index, B8

o peak~to- average baseband power ratio, A

o flag 1nd1cat1ng whether or not pre emphas1s is used

0 carrier frequency, fc

) 1pwer simulation frequency bound FL

0 upper simulation frequency bound FM

"o number of steps across simulation bandwidth, N
o frequency step size across simulation bandwidth, Af
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Figure 4.7/2  Flowchart of FMVOIC
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Outguts : S
0 norma11zed RF spectrum across the simulation bandW1dth w(f ),1 1 DN

473 Binary FSK Model (FSKSPC)

Purpose

This routine is used to ca]cU]ate'the norma1ized power spectrum

across the simulation bandwidth, at the output of a binary. continuous phase _
FSK modu]ator

Descr19t1on ' .
The spectrum model is based on that described in Reference 4, 7/3

The frequency modulating basebandk1s assumed to be a random sequence of
~binary pu]ses; each of duration T (-1/Bit Rate). The FSK modulator is
character1zed by the deviation ratio, D, def1ned as:

poar R

"~ where Rb is the bit rate and Af is the difference between the two‘bossibie

values of the instantaneous frequency. Fast Frequency Shift Keying (FFSK)
is Just binary FSK with a deviation ratio D= 0.5. ' B

From Reference 4.7/3, the normalized RF spectrum is given by:

(ﬁg_ D 12 (coswD - c051rX)_2 B ., |cosmh|xl
Ry w(DZ—xz) (1-2cost1cosnX + cosZtD) o

| . [p-x[>.01
‘ 1 (D s1an)_ L _ > {CQSwD|<1;
w(f).= Ry (1 2cosTD COSWX + cos WD) Cpx|s.01
LS (X+D) + %8(X-D) S L |
+ 2 D 2 (1-cosmDcosnX) . . .|coswD|=1
Llemal 0 bk
4 (kD) + 2 L(X-D) +D_ S |eosmol=1
| wo o DX |
~ where X = 2(f-Fa) R . T (4.7, 4) .
- R . , S _ - : _
. . b _ _ N (4.7.5)
and f is -the carrier frequency. ' S ' o
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- For deviation ratfos'equa1 to 1, 2, 3, ..., one-half of the
carrier power is COntained in two spectral lines, one on each side of the

-_ carrier frequency, while the other half of the power is contained in the

continuous portion of the spectrum. For other deviation ratios, no spectral
Tines are present. ‘ ' '

Inputs - _
0 bit rate into modulator, Ry
-0 deviation ratioy D
: e»carr1er frequency, fg
o lower simulation frequency bound, FL

_ezupper simulation frequency bound, -FM

e number of steps across the s1mu]at1on bandw1dth N
) frequency step size, AT '

Outputs o | . -
o normalized RF spectrum across simu]atibn~bandwidth, N(fi)’ i=l, 0N

4.7.4 PSK Spectrum Mode] (PSKSPC)

Purpose . A : . a
This routine is used to calculate the normalized RF power -

‘ Spectrum across the simulation bandw1dth due to binary or M- ary CPSK or DPSK
' modu]ated by a random bit sequence.

Descr19t1on ‘
The PSK spectrum model for rectangu1ar input p]use shapes,

descr1bed in Sect10n 6.4.2 of Reference 4 7/1 will be used.

Inauts _
o bit rate, Rb‘"

o number of phases, M -
o carrier frequency, fC
) ]ower s1mu]at1on frequency bound, FL

6 upper s1mu]at1on frequency bound FM

e number of steps across simulation bandw1dth N )
o frequency step size, Af s '
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Outputs - - _ A _
o normalized RF spectrum across simulation bandwidth,'w(fi), i=1,N,

4,7.5 FM Television Spectrum Model (FMTV)

Purpose . . .
This routine is used to ca1cu1ate the normalized RF spectrum

~of an FM/TV signal across the s1mu1at1on bandw1dth

Descr1pt1on \ :
The FM/TV model descr1bed in Sect1on 6. 3 of Reference 4, 7/1 w111

' be used to model . the spectrum. - The model has been simplified however by
assum1ng ‘that the peak-to-peak frequency deviation of the dispersal wave--

form (if any), is included in the peak to- peak frequency dev1at1on of the
video s1gna1 '

: Inputs » _ : B
o peak-to-peak frequency deviation, fpp_.
0 upper baseband"frequency,.fm :
o\carrier frequency, fCﬂ |
af]pwer'simu1atdon frequency bound FL‘

. 0 upper simu]ation frequency. bound Fip

o number of steps across s1mu1at1on bandw1dth N
o frequency step size, Af ' '

Outputs . ,
o normalized RF spectrum across s1mu1at1on bandw1dth w(f ), i= 1, .+l

4.7.6 Gaussian Noise Spectrum Model (GAUSS)

o Purpose
‘ This routwne ca1cu1ates the RF spectrum across the simulation’

bandwwdth, of a hoise-like s1gna1 whose power spectrum is Gauss1an 1n shape



4 - 86

Description . : : o
If'B3dB is the 3-dB bandW1dth of the RF spectrum (see sketch),«~‘

then the norma11zed spectra1 dens1ty is- g1ven by

NP = 0.93084 - amse (2] @ae
o Baw  \Bam) | o

‘Where f is the carrier frequency

Inputs
6 3~ dB bandwidth, B

3dB
carrier frequency,.f

@

Tower s1mu1at1on frequency bound, FL

o

0 upper s1mu1at1on frequency bound, FM

o

number of steps across simulation bandwidth, N

o

frequency step size, Af

-Qutputs

o normalized RF spectrum across simulation bandwidth,:w(fi);_i=1,.;.,Nf

4.7.7 Bandlimited White Noise Model (WHITE)

: Pufgoée . A _ , ‘

~ This routine calculates the RF spectrum across the simulation
bandw1dth, of a carrier whose spectrum can be approx1mated by a band of white
noise. '




- general spectrum routjné_is illustrated in Figure 4.7/3‘wh11e.the_]ayout of
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Description ' . o | . _

If the noise-like spectrum is limited to a band of width, W,
centered about the carrier frequency,_fc, the:norma1ized spectrum is given
by: ' ' : = S a
(o, pef S | -
= c'"2 : , . o
W(F) = . (4.7.7)

: . —]; If__-f‘ |<_w_ . . B . .‘ .
W2 cl 2

Inputs . |
RF spectrum bandwidth, W
carrier frequency, f

o ©

[
Tower simulation frequency, FL

<

o upper simulation frequency, Fy

le ]

number of steps across simulation bandwidth, N

[

frequency step size, Af

Outputs . A _
e normalized RF spectrum across the simuTation‘bandwidth, W(FS)s =1, N0

4.7.8 _Genefa1 Spectrum Model (GENSPC)
Purpose , o . ;
This routine calculates the RF'speCtrUm across the simulation
bandwidth for arbitrary spectra stored on a disk file. ’
* Description ' : S L
© This routine first reads a specified record from the general
spectrum file and normalizes the spectrum to 1 watt. It is assumed that
this spectrum is centered about the carrier frequency fc,‘and has a:bandwidth
W. The portion Tying in the simulation bandwidth is then determined using
the subroutine REFORM described in Réference‘4.7/4. A flowchart of the

the spectrum file is discussed in Chapter 5.
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Figure 4.7/3 ° Flowchart of GENSPC
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Inputs

e o 0 e @

©
(6]

Outputs

Tower simulation frequency bound, F

4289

RF bandwidth of carrier, W
record number of spectrum in the spectrum file

“Togical unit number of spectrum file

carrier . frequency, f.

L

M
number of steps across simulation bandwidth, N
frequency step size, Af

upper simulation frequency bound, F

o normalized RF spectrum across simulation bandwidth, w(fi),‘i=1;...;N
o error flag indicating whether or not correct data was read from the file
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4.8 -DEMODULATOR MODELS

4.8.1 General

In th1s sectwon, mode]s are presented for FSK, PSK, and FM

demodu]ators operating in an environment of thermal noise, 1ntermodu]at1on :

d1stort1on, 1nterference, and mu]t1path interference (both specular and
diffuse). The main purpose of these models is to establish the qua11ty oF

~the signal transmitted over the preceed1ng non- 1dea1 commun1cat1ons

channe1

For digital signals, the bit error probability is used to.
measure receiver performance, while the unwe1ghted test-tone s1gna1 to-
noise rat1o is. used for FM demodulators.

4.8.2 Diqita] Demodulator Mode]s"

The FSK and PSK demodulator models are based on the resu1ts of
References 4.8/1, 4. 8/2,.4.8/3, and 4.8/4, in which analyses are presented .

~ that- can be used to estimate the bit error probability of DPSK and non-

coherent FSK demodulators operating in the presence of mu1tipath.interference...
Although these que1s were intended for ideal receivers in the absence of
RF interference and intermodulation distortion noise, an empirical model

‘will be presented here in which these effects are also considered.; This

model is based on-the use of an effective carrier-to-noise ratio which

contains contributions from thermal noise, RF interference, and:inter—
modu]atidn_distortioh noise from non-linear amp]ifiers;_as We1]=as a contribution
to model the effects of non-1ideal recejver performanCefin’the absence Qf:a11
other'degradatfons. This last term is required so that unrealistically

. Tow bit error probabilities will not be calculated under conditions of

very high carrier-to-noise ratios.

T
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“The basic d1g1ta1 demodu]ator model (routine DIGDMD), on wh1ch
the FSK and PSK models are based will now be presented.. The basic model
is a function of three ratios, defined as: R

SNR - signal-to-noise rat1o _
SDR - carrier power-to- average diffuse mu1t1path power ratio
SSR - carrier power-to-specular mu1t1path power rat1o

These ratios will be determined in terms of actual carrier power, receiver

implementation margins, etc., for FSK and PSk receivers in later sections.
From Reference 4.8/3, it has been shown that the bit error probab1]1ty of
the basic d1g1ta] demodulator, Pg, can be obta1ned from:

R dJswR)Gs) | | o
LT 2/(ewR) (53) ep) (:'s,»v?.; --—-§N§ o
/2* fy SN swg | (4.8.2)

SR 4 o | (2 MR |

where Io(x) is the zeroeth order modified - Bessel function of the first

' kjnd. This equation is based on the assumption ‘that the multipath fading

rate is much.less than the transmitted bit rate. (ie: nonselective fad1ng)
The assumtion is also made that the relative mu]t1path delay and the de]ay

'"_spread are small compared to the bit duration. As the delay spread on

aeronautical links is less than 5/&3(Reference 4.8/5), this last assumption -

~will be valid for bit rates s 100 kHz. The relative multipath delay is
- approximately (Reference 4.8/6): " - S "

e Zhoge o, (83

where h is the aircraft height and ¢ is the'speed-of.1ight; (For'ships; thisyv

- delay is negligible). For an aircraft at 70000 ft. at the subsatellite

point, the delay is approximately 14044 sec (Reference 4.8/6). Thus in th1s
1nstance the re1at1ve delay is greater than the bit period for bit rates
greater than Y7 kHz. For lower ajrcraft heights and elevation angles

typical of those expected for mid to high latitude 1dcations, highér bit

rates can be used before the assumption that the relative multipath delay
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‘is'le'ss than the bit period is inva]id In any' case, other models for

receiver performance have not been found that can consider 1arge multipath

de]ays

The model presented in equation 4.8.2 has been extended in
Reference 4.8/4 to remove the assumption of slow fadfng. Assuming the
nonflat fading can be characterized by the Doppler spread, BDOP’ of the
fading process, it is possible to substitute for"the SNR and SDR, an -

-equivalent signal-to-noise ratio, (SNR)eq and equivalent signa1—to«d1‘ffuse..
~ratio (SDR)eq - These equivalent ratios depend on the Doppler spread, the -

bit pemod T, and on the carrier-to- no1se and carrier-to- d1ffuse rat'los,
ie: ' ‘

(S/-‘f )@Dg’» /W?) ot 577;0 /(Q,f’) : . ('4.‘8.4) |

(s, = R ?'jf;fé:r-i-* e
where » A. : | | : |
a = Zgﬁop{/// o (4. 8:6)  |
L7 )e J.[ M/Wﬂnmﬁ) -',,;Q] |

: pid "'d‘ﬁ)‘?. |
(ﬂ(. ) [ i.&(_..___?:) a?ﬁ?. .2 e;r/“’g Q?j . Sin ét?*
Q

| f.«é?aT . |
- *( T)B[ﬁz"f" "?——-—E—“ a/j/casa/:" Sf&:ﬂr)

- i"‘“ f' e CM“QQT)(SH a0 -}- cos R:{T)J ) k

—al
(’ez 7’? Py /‘M(;@Ja/w s¢ucx7j“' = "%—?/4 8.8)




by calculating (SNR)eq and (SDR)  using equations 4.8.4 and 4.8.5 and

- substituting these values into equation 4.8.2 in place of SNR and SDR
. The results of this model have been verified (Reference 4.8/4) against

‘those obtained fram the AERQOSAT channe1 simulator, as shown in Figure 4.8/1

A flowchart illustrating the sequence of ca]cu1at1ons is shown 1n F1gure
4, 8/2

4 - 94
The bit error probab111ty can be obta1ned'Fron1$NR SDR SSR, BDOP’ and T~ o
Inputs

|

0 SNR, SDR, SSR
© Doppler spread
0 bit rate - : B l

Qutputs

0 -bit error probability

4.8.3 FSK Demodulator Model (FSKDMD)

Purpose

Th1s routine is used to ca]cu1ate the bit error probab1]1ty of.
a b1nahy, cont1nuous phase, noncoherent FSK or FFSK receiver.

Description

As in section 9.5 of Reference 4.8/7, the non-ideal FSK:

.demodu]ator will be characterized by an "implementation margin", m, and

a "limiting error probability", Pg. The 1mp]ementat1on marg1n measures
the Aincrease 1in carrier power required for the non- -ideal receiver to obta1n
the same bit error probability as an 1dea1 receiver, when the receiver -
operates in a white noise environment, (see Figure 4.8/3). The noise
ca1cu1ated'by the simulation must be increased by this factor m to allow for

" non-ideal receiver performance. At very low noise powers, ie, very high

carrier-to-noise ratios, the performance of most receivers is Timited by
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" Figure 4.8/1 Resu1ts of Bas1c D1g1ta] Demodu]ator

for DPSK Receiver
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Figure 4.8/2  Flowchart of DIGDMD
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cof the receiver approaches a Timiting value, Pys as the input carrier power

where €/N is the carrier-to=noise power ratio 1nto the receiver. Based

'g1ven by:
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intersymbol-interference and other factors so that the bit error probability

is increased. Fo simulation purposes, this limiting error rate is modelled
as being due to an additional noise term that is proportional to the input.
carrier power. "In a white noise environment, the bit error probability at
the output of an 1dea] nonchoherent FSK receiver-is g1ven by (Reference

4. 8/8)

ﬂ.,:c//u
= L e

%r)

e (4.8.9)

on the assumptions just ment1oned the 11m1t1ng error probab111ty, Po, 1s

P c(,-‘:oo [L avrr( J[A/%%C])] (a8, 10)

where Cio«1s a constant to be determined. Rearrang1nq‘th1s express1on
yields

|
2(&&?

a, = - . R

The signal-to-noise ratio, SNR, reou1red as an 1nput for the
bas1c d1g1ta1 demodulator discussed in Section 8.8.2 is then g1ven by: .

JSA//? - o (4 8.12)

QW\( ‘> 4 Xo

where:
Pc .~ is the carrier power into the FSK demodulator

Pt is the thermal noise power

Py 1s the RF interference noise power e .
Pp s the intermodulation distortion noise .power

m is the FSK receiver 1mp1ementat1on margin
6l is given by equation 4.8.11 and ensures that a 11m1t1ng

error probability of Py results whenever the carrier power
is much areater than the unwanted noise power




where Pd £F is the average d1ffuse mu1t1path power and P
multipath power. o
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The other inputs to the basic demodulator are:
. . ‘ w3
sPR = Wor / -
— ﬁ" . . .
SSQ_ e (s?ea/?c_

(4.8.13) ;

spec 15 the speculaf

A flowchart 111ustrat1ng the 1mp1ementat1on of. the FSK demodu1at1on

model s shown in F1gure 4. 8/4

Inputs

average carrier power

thermal noise power

intermodutation d1stort1on noise power

RF interference noise power

ratio of diffuse-to-carrier power

ratio of specular-to-carrier power
receiver implementation margin

Timiting error probability of the receiver
Doppler spread

bit rate

® 9 0 @ © ® © © 0 ©

- Qutput

6] bit error probability



Figufe‘4.8/4
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4.8.4 PSK Demodulator Routine (PSKDMD)
Purpose

This routine is used to ca]cu]ate the bit error probab111ty
for non ideal binary and M-ary CPSK and DPSK receivers operating .in a 4
thermal noise, RF- 1nterference, 1ntermodu1at1on d1stort1on, and mu1t1path_
fad1ng env1ronment '

Description

. ) The PSK rece1ver models that W111 be cons1dered in th1s
simulation are: _ : '
"o binary DPSK
0 M-ary DPSK
o binary CPSK
. © M-ary CPSK
A11 of these models are based on an equ1va1ent b1nary DPSK mode1, since the
basic digital demodulat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>