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CHAPTER 1 cot \

1.1  GENERAL Lo - \\\ )
. ‘ ~_ . % . .

\ In.the last decade numerous domestic and

N -

o military satellite  systems have mushroomed around the

world. The eVolut}Bﬁ/bf the satellite and earth station -

in theai\ft decade has been nothlngxless than phenomenal

_INTRODUCTION : K \ , T

'and provides on the mest cost effectlve means to cope ¢

w1th sparse population, hostile terrain and long-dlstanées.

s .

;o L L : .
N Thus thetsatellite communication has become as much a
-4 ' R o

part of our daily life as- world-wide sports, news and te-

lecommunications.

-

’

\ .
e . -~

' A communication saf%llite is an intermed- -

T e o K £ S O e . T e e e e e

‘

} iate operétor between transmitting and receiving earth

statidéns.” It receives messages from transmittng stations '

» - 1

-
in any of the multiple access modes.at its one end, and
sends them through the other end in tKke same mode to the

destined stations. J ]

\

\

The choice for implementing one of the modes N

of multiple access in satelllte has been the £focus of re- -
. . 4_____;-—-—'"""——‘—-_
search durlng the last two decades. In splte of several

»

Yy . N <

Tk by b iy B

i
|
-
:i




2}

fIt has several advantages over FDMA. It is possible to

by using TDMA. \ T ‘ -

drawbacks in frequency division multiple access (FﬁMX);iit

has heen employed by all the satellites'ﬁg far except N
A \ .

Earlybird (Intelsat 1). Some sﬁortcomings of FDMA were 1

. »

obvious from the beginning and some were_obéerved during
the operation of the satellites. The observed demerits
were due to the growth of traffic.for bommupication via

B

satelliteés and several other reasons.

i

-

\ BN

Another® obvious and available mode of
* 3

R

N r, R .
multiple access is the transmission of messages in the

Yy ! ©

time domain i.e. time division'multiple access (TDMA).‘ o

W e G ¥ e e i

eliminate intermodulation between two carriers to nil

.« Y -7

1 -

Another modified véTsio; of TDMA is.time ’
divis{g; multiple/switched spacecraft/§pace division mul- IR
tiplé access (TDM/SS/SDMA), where on board E@it%hing was |\

suggested. Switching in the satellite enables each earth
stetidn to transmit its bursts ip sequence on one -frequen=-
] i .

cy and to receive its bumrst in sequence on another fre-'

quency.; The sefjugnce bﬁrsts_arriving‘at'and departing
" .. s . ' 4
from the satellite must be rearranged by a-switching mat-

[RERTT RIS SIT e

.. e . iy . .
rix in the satellite. On reception all time frames are
' . : . 2 N
translated to a common intermediate frequency (I.F.) and
N o ° - o
fed to the input of the switching matrix, which has been

» -~

previously programmed. o S .

. b 4 ~
- . j \ .




. N "

This treport, be51des the survey of the modes
" of multiple-acctss techniques like FDMA, SPADE, DAMA TDMA

. . TDM/SS/SDMA, present;-comprehensive and il}ustratlve sum-
mary on state of the art of operatlon and function of each
equlpment located at thé transmlt/receﬁve earth station,
together with some evident trends that both the systems

Ny,

. (i.e. TQ&% and TDM/SS/SDMA) look- allke except some mlnor

‘changes in the cround stations, and maJor changes 1n the 3
spacecraft. The report examines Xérlous factors that sig-

. - ! . A . . . Lo, : ;
«  nificantly influence the operation of the equipment of TDMA -

& ~ .
and TDM/SS/SDMA. Such "examinations are done on burst length;
buffer memory; -PSK modem; and siot acquisition unit. R
o . . P s
- o ¢ )
e - j It is shown that the fgtdamental acquisition .

‘'problem in TDMA and TDM/SS/SDMA is 51mllar and it can be

‘related to the behav19r of the phase lock 1oop (PLL) . | o

-~

P LI

A decade of research on synchronisations and
.~ .
~initial acquisition methods are classified Yﬁto two groups:

open loop- method and closed 1oop method An example of syn-
)

y chronlsatlon and 1n1t1a1 acqulsltlon met od has been describ- . ﬁ «;
. ed by implementing in a.commgn TDMA.an TDM/SS./SDMA . It is

. /

noticed that in TDMA the Hetectlon of unlque words (UW$) éare

- very 1mportant in order to achleve synchronlsatlon and

resynchronlsatlonqon y e

- 4 N N oy

2 e s S et Lo A e e A

1
§
b
3
i
j
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.
s

7
-

. In order to achieve synchronmisation bet-

ween the transmitted bursts and the sequence of the pre-

programmed switching

ture of "Superframe"

\

- < . C-M§
sequence in TDM/SS/SDMA a new struc-

N : y
is introduced:- "Superframe" .con-

sists of a sync burst and cgnventional TDMA bursts.

Three simple steps in acquiring synchronisation’ and ini-"

tial acquisition in TDM/SS/SDMA are desc;ibed in this

report.

v

»" 4 Ay L w.
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1.

SCOPE OF THE REPORT

In this report, the author conducts:éa ‘
survey 6f the various multiple access techpiques and to -
provide an all encompassing\bverview of the complete
pfdcéss of satellite communication. It was decided ‘by N

the author after considerable search to provide the over-

view sinTe most treatise and write-ups generally cover

"one specific topic of satellite communicatio#. In this

v '
report, the author attempts to cover significant aspects

of the modes of multiple access techniques, earth sta-
tion, the satellite and their interrelationship. These

are_desg;ibed as follow:

Chapter 1 of this report is a brief over-
\ “«
view of a decade of research and development in the satel-

v

lite\communication.

:Cﬁéptef 2 contains the description and ap-

plication of different modes of ‘multiple access techniques

and compares FDMA‘with TDMA.

Chapter 3 describes the.subsystems of a

\ N

satellite operating in time domain i.e. TDM satellite.

Brief description on frame format, selection of frame

length, satellite motion, effect of rain on propagation

-

path and path loss calculation technique are identified.

-

'{xe{ Ay

e i

—t -

5t s ot

¥ R
T




T A B ot b

124

] i
- . . ¢ T -
. Significant .equipment - at the transmit/vreceive earth sta-

- ronisation of TDMA and TDM/SS/SDMA are explained in .

Y ' ’
) ' 5
3 ' . nq’.
v " 3

L] (€

tions such as PCM coder, buffer memory, scrambler[desczgm—

bler, PSK modem, time slot acquisition unit; along with

Y t

consideration required for the selection of the’'size of

"
' % o

microwave switching matrix for the spacecraft of TDM/SS/

SDMA satellite are contained in this chapter, o

»

1 0

!

. Open loop and close loop method for synch- °°

chapter 4 of this report.

N,

" o

3 R o . . . o ¢,
. . R O -
The conclusion has been made in <¢hapter 5 -

e}

/L;.‘ .

°
-

where it has .been stressed that the future generation wiIl:

8

PLASTIKACRLIR A+ ge e kel

use TDMA and TDM/SS/SDMA Satellitqs. o

i

.G,

1
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N . ‘CHAPTER 2 . ' ._

[ a

° e MULTIPLE ACCESS TECHNIQUE ‘ R -

ALY

PR

2.1- | GENERAL Co T :
. K Through multiple access technique (MAT),

o -

a satellite is able to receive one ?r multiple signals

- - .

° 0'[“ from one or multiple earth stations and transmit them o "
"6'. S f accordingly. This operation of shared use of the trans-
. Q - ) .
° C. ponder of a satellite by different earth stations loca-’

'

§

i

. L. . , . i
- ted within the communication range [1] of a satellite !
is called multiple access‘tecﬁniqug. :

i

H

\
0}

: N x :
/ " Multiple access technique has ‘been devel- . o
oped onl&Jrecently and is widely used in the %atellite . ;

———————— communication.. Two problems arise in implementing this

technique in the satellite communication [1]:

3

i
i
i
" a. There may be a number of earth stations within the ' 1,
. communication range of the satellite and it may be .~ %

.. possible that each earth station may differ from
3 . .
thé 'other in its performance and also in the num- |

o

ber of channel requirements. -
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o T

R TWT, due to the overlapping of a signal spectrum

/ - on some portion of -adjacent signal spectrum, the

o

3
?f

j b. Each earth station has its own carrier and when
1 ear

. . XA .
multiple carriers from multﬂﬁle earth stations

{ " are accessed together, the problem of intermodu-
. / :
; lation (IM) arises due to the nodilinearity of

the satellite's transponder. A satellifébs ~y

bt +

transponder mairnly consists of\t%avelliné Qaye
. tube (TWT) which is used for the amplification
S\ . :

A 'of the signals. The input-output characteris- :

? «

s W e 2 St

tics of the TWT, shown in Figure 2.1,.is non-
linear [2] . In order to achieve maximuﬁ effici- ;
ency of a satellite, the .TWT should be operated

/ . -

‘ rnear saturated region. Unfortunately, when many \ j

PP

» carriers are amplified simultaneously. through a

!
»

-

T T R e Ay T et i AL et e B

problem of IM arises. Th@psha&éd area sMggl_EL/////

Figure 2.2 represents the IM. 'In order to reduce
i R / .
the effect of IM, the "back-off'" is required. o

That is, the TWT should be operated below the
saturated region. Consequently the 'back-off" .
causes degradation in the Utilizatidn of the satel-

lite capacity.. i : .

-
Fl
v
o st e et B A UL b ot b
.

- +The above two problems related to the MAT are too

acute and more care is needed for using MAT: in the

@

satellite communication. ‘ .

.
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- : . , :

- , . ‘ . B '

o , - § . y .. &
i 3 T ) The application of MAT in a satellite system can

T . i s s s Ty s . ' N .
Do - . be classified into two forms from the standpoint +.
y ‘ - of (i) freqiency utilization, and -(ii) cimeuit
utilization. I

t . ¢ N » © ‘ " 1

A

1

C - . The frequency in the ng can be utilized in two S
A - 1 . - ; 0 i - )
. 7 wéys (i) in frequency domain called frequency R b

’

P ‘ ' . /odiyision mgltiple access and@(ii)sin time domain . LY.

, o R calleddtime division multiple access. . S
. . I R ""' \ N ;¥

. v . . X,
3 N » , . . 3 4
' AN v “

.l“\ * . . L) M
'\\ ngilarly, the circuits in-the MAT can also be

L]

-_—

. £ . . ’ . .
+ utilized in two ways (i)' on immediate demaﬁg’

[ev—

v

1
.. 1 . . )
. - ¢

: L callqd demand-assignment multiple-access and (ii)
" permanently éssigan between two or more stations

P :, o ' called pre-assignéd multiple access technique.

-
.

g " !
1 . =

. \ 2 .t
>
B .

These subclaéées of the MAT .are called the modes

: : A . X e . :
of multiple accéss technique and each of them is
F ' ‘ described hereinafter.

.

. .
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' 3]
B>
.- B>
\.  60-108 KHz . 5 .
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7> _— ‘ .
- 2> -
B>
: [D R ' .
> s
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OGO() N
&;gure 2.3: Frequency Arrangement of Frequency D1V151on e
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A
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. FREQUENCY DIVISION MULTIPLE ACCESS .
. - ! N

»

b )
‘Many telephone chanels.gfch having bandwidth

of 4 KHz are'multipléxed ih‘frequency domain and this tech-
nique oflﬁgltiple§ing is. called freﬁyency div{sion multi-

plexing (FDM) teléé%ony., The actual multiplexing probess,

. shown in Figure 2.3, is descnibed"herewith:: n } é

AS
v

I S
a. In this concept 12 telephone channels are fre-.

-

quency converted to compose,a "basic group" in .

,-’/ - the f}equency.range (4KHz X 12) = 60KHz to 108KHz

° The'vhriation/in the range depends upon the guard

3 a

" .~ +band beXween the two adjacent chanpels.
- J

. \. ' . 2 , Y i B

-

-t - ]

. - ~ I ’ 4 ‘ ) -
b. The five '"basic gﬂQup§" arétagain frequen&y con-
. . . S A
verted to compose a "basic super‘group" in the
A ~j N

' frequency rangé from 312 to 552 KHz)
EN ‘ © >

* 2 c \ -
.” The variation in the range depends upon the guard

band .bretween the two adjacent channels. °

L o \\ . . : . f\
‘[7:»\ ’ oo . .

c.  , Frequency-conversion of this 'basic super grouﬁb

. N cou&d'beArealized to muftiplex-fpfther'many tele-

-

0 " phone channels. '

*(

-‘ . «The frequency rarge assigned from FDM is lower

: : v .
: "' than that_of the requirement for the sate;I{Ee
. - - »

communication. Hence this technique s not used

L4 ]

-+ . 1in the sateirite system. c

. Y

C et

N e e W e b el aphmeaaO S e St 2
a

P
-

»

LATE R ofY




o°

b~

.Eﬂmmvm 931TT[238S SS90V 9TuIITMy{ UOLSTAI( Ldusnpdlyi B UL uniyoadg

3

R

\

4

v

”

g oan3ra

!

k1

o
=
ti
=




' ‘ ’ Another sysfem of FDM@&S called frequency divisios\\

multiplexing - ffequency multiple (FDM-FM), where

! R " 7 M P\\

| : the radio-carrier is frequency modulated by the
FDM signal. This sy&tem has wide applicatiqp in

e communicatién sateliite system. The MAT can be

| realized by the FDM-FM-FDMA, general;y referred

to as FDMA. -\

e e o Iw oae o+~ modw

. Ty ’ ‘

FDMA, is a common and conventional technique, used
in the satellite system and this mode of MAT 1is
being ﬁsed in almost all the satellites which are

3 . /
4 presently in service.

FDMA is analogous to frequency division-multiplex

in which each user is assigned a unique frequency
- band. In FDMA, each transmlttlng or rece1vang
- earth station hag its own frequency bandwidth.

o

The idea'%f FDMA 1is pictorially illustrated in

Figure 2.4, where the’ varlous blotks A, B, C, setc.
signify the different userE and there is a guard,
band between two consecutive channels in order to

- ? . 1

reduce overlapping of the adjacent channels.

} , Tpere are many ways to realize FDMA system in the

satellite communications. For instance there are,
. K +

-~ say .,'n' earth stations and each "earth station

*

o

bl

¢ g e APt

r




a
N ~

il

{wpuld transmit (n-1) carriers: to the rest of the
(n-1) stations, then the  transpondér of the satel-

lite have to amplify n(n-1) carriers, resulting

.
a

in the problem of the IM for both the power am-
plifiers (i.e.}TWTs) of the earth stations and
the transponders of the satellite. This realiza-

tion of FDMA can be called multi-destination car-

- -
a

rier system.

-

1Y

The effect of IM on' the FDMA muiti-destination

L . .
carrier system can be reduced by minor modifica-

-+
v

tion .in the slgna} processing. That is, one
carrier accuid ates’ail the telephonévchannels/”

to be transmitted from one eérth station to the
satellite ‘and at the feceiving stations, after
all'carréers are recei§ed and demodulated, only . .
.the channels which aré destined for it are picked
up. Cbhsequently, the problem of IM for each’

earth statipn‘s,transmitter, is solved as one -,
station, transmits only one carrier. f¢hus the

IM in the satellite's franspondgr is lessened since
the number of carriers to be amplified by it would g
be only n. Howeves, the problem with this method.
is. that a carrier accommodating many channels \
would require more poger. So a small. level cgrrief
is more affected by IM: \S;::e; the number of chan-

ne®™ per carrier must be 1Iwited.

16 -
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<+

The:pechnique has been utilized in one of the
- transponder of the INTELSAT IV.

i

» -Anotﬁer way of realizing FDMA teLhnique in the
f ' ‘
‘communication. satellite 1is called single; channel

v

\per,cgrrier (SCPC), thre one channel is aséignéd
-€§ only one carrier. Thisl technique was developed
"by‘théACOMSAT Corporation for low density routes
(g e. low\gen51ty traffic). The modified version
~of SCPC is.called single channel per carrier PCM

. multiple access demand assignment equlphent (SPADE)

7

‘and is described next.

. -
* £

[
N
»
-
[

-

- i - " ‘ i -
2.2.1 ‘%ENGLE CHANNEL PER CARRIER PCM- MULTIPLE ACCESS

> DEMAND ASSIGNMENT EQUIPMENT ~ °

- b . )

: ?hé'iethnique of transmission of signals
th;ough SPADE i; similar to that of the FDMA where
“egch ear@ier"is'aﬁsigngdln$ne OT one OT mﬁny signals
depeﬁaing upon-the traffic demand;  That is, it is
%perated in Yarlable mode and it is economical for

v those garth -stations where the c1rcu1t requlrements

areumlnlmal. Y

/
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The frequency allocations for the res- 4
S . ' T
pective carriers in the SPADE system is shown in N

Figure 2.5.. Ea@hg%hghﬁel in SPADE is a single 1 i
channel pulse code modulatedmphase.ghift*keyed‘h‘

(PCM-PSK) carrier. The voice channels are divided <
into the higher and the lower channel groups, with

_pilot frequency at the centre. A matched pair

s

(1-1' as shown in/the Figure 2.5) of higher and

b arhat s,

lower channels constitute one telephone channel.
3

This is done because SPADE has two way traffic.

. e WD e T

The frequency division in SPADE and relat-

ed mathematical formulations are given below;
The bit rate of a voice channel

£ 64 kbits ~--~-- (2-1)

The channel bandwidth, using 4¢PSK as
modulatton, according to Nyquist

¢

& 32KHz - - - - (2-2)

. . , *} i
Since, practically ‘it i§ not possible to ’ g
recoupe the signal at Nyquist rate without distor-

tion, the channel bandwidth for transmission purpo-

~ses would be 20% more than the Nyquisg bandﬁidth?

19
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~ . ‘
¥ Thus’ total channel bandwidth required to

transmit 64K bits data

= 3ZKHz+ 0. 2X32KHz

- 38KHz-- - - (2 - 3) -

’

: - o . The guard band required between two

| - channels

-

p ) 2 7KHz - - - - (2 - 4)

- N
' Thus the distance, between two carriers

of two adjacent channels, in frequency domain as
shown in Figure 2.5

2

=45KHz - - - - (2 - 5)

’

The bandwidth of a transponder of
INTELSAT IV is, |

g
,

-

=36 MHz -~ - - - (Z - 6)

N | .
| |

)
The number of chgnnel Qith the bandwidth

of 36 MHz can occupy '




6

36 X 10
45 X 10

i

800 channels - - - - (2 - 7)

The humber of- pair channels

—" \ .
— =400 - - - - (2-8)

Z One pair channel is used b&ﬂthe reféerence
E) ' sl :

“ station for synchronization of the>system, the re-

maining number of channels are 399. Thus the sepa-
ration between the carriers of each pair is equal

A
to 187045 MHz.

The SPADE system uses a common sighal-
ling channel (CSC) En order to send and receive

the telephone exchange signals. That is, CSC-is

‘used by all thé earth stations in time domaih.

The 2¢PSK moduiation is usqd for CSC.

The SPADE has the following features

. . )
from the standpoint of operation: d

p . -

a. It enables the interconnection between the

R tad
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1 ¥ /

stations having different signalling systems

, . ..
- . of domestic -network.

v

»
|
| A 4
\
\
|

. b. Every channel in the SPADE system is independ-

‘ent, hence, a malfunction in any of the stations -

does not affect the entire system.

c. 'Increase or decrease in the number of circuits ‘

~ N -

can easilf be made.

hid ~ N

*

d. The overflow calls from the system like FM-FDMA

Y

\, - can éasily be accomodated in the SPADE system:

-

R e o

[ U U

s
v
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TIME DIVISION MULTIPLE ACCESS

) One of the modes of the MAT is time divi-
sion multiple access (TDMA) where many'analog input sig-
nals are.pulse .codéd by the pulse code rr{odulator (PQM)
aﬁii tﬁen multiplexed in time domain. Since PCM is gener-

ally used in-the satellite communication, so other tech-

.

nique will not. be discussed. The pulse coded bits are

' again upconverted“ to radio frequency (RF) with the help

i

of the phase shift keying (PSK) for transrﬁission to the
. {

satellite: The complete operation on the analog input

signal is referred as PCM-PSK-TDMA. Different aspects

. of PCM and PSK are discussed in Chapter 3.

In TDMA, all the stations generate .the

same carrier frequency and the transmitting time slot

‘for the Tespective stations are »allotéd. That is, the

digitized burst c'arriérs ‘are intermiﬁtently_t_ransmitted
'py the-respective stations and are arrangecf in time
domain. The time slot assignment of TDMA system is
shown in'Eigure 2.6, w};ere ‘A, B, C, etc.., represent dif-
ferent bursts coming out of different earth stations.

T

TDMA* system increases the number of chan-

- . ,. .
nels compared to FDMA because there is no chance or zero

~

probability of intérmodulation's occurence [2].

L}

24
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Extensive résearch has beem done on TDMA

in order to iﬁcrqa}e‘the number of channels in" the satel-

» - .
lite. One of the results has been quite suécessful and
i
it is discussed next. » kY .
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2.4 TIME DIVISION MULTIPLE/SWITCHED SPACECRAFT/SPACE/

DIVISION MULTIPLE ACEGSS ~

In futhre, as traffic requirements increase,

‘

- it will become -necgssary to introduce new high capacity

satellites employing the~frequency ‘re-use [Z] features
- . : . . -
 ~through implemqntatiqfioﬁwsp%t-beam zones as shown 1in i 'ﬁ

‘ 1 A ) 1
. Figure 2.7. In* this & rangement, called time division - !

\ s
‘multiple/switched spacegraft/space division multiple
‘9 - , . .

© Ao

in onet beam might communicate with the other station 4n
~ M . . ‘ .

access which is an outgrowth of TDMA, each earth station -

C

H !
H

another beam. The beams are gyclically intérconnectdd

¢ in a rapid sequence by a satellite borne distribution’

-

~ centre called spacecraft switching (SS), whieh is éqn; vt

© trolled by an thoard timing device of high stéifiity. -

The highest acheivable cgpacity and great‘f*ibility . i
m Al - L] o
J . B
« ’ 3s providgd by using time division multiple access, thus

-~

RN T
7 i [ LT
2.4.1 REALIZATION OF TDM4SS/SDMA —

‘R " - . R . - i .-
- '. . ) . . ) ' g
. Lo @3 The analysis of a TDM/SS/SDMA becomes . §

’ . ! A\ ' > oL ¢

unweildy without a clear overview of the model. f

.

e " There are”fﬁ;gedmeans of realizing a TDM/SS/SDMA »~

JSystem, given.below [3]-

producing the TDM/SS/SDMA 3comb'§nation. . K

\

’U.f"
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4

a. Source oriented system

- AY

Source oriented system of TDM/SS/SDMA fnodel

,-
P
e A S 3
,
[ 4 "ty n e

is.presented in Figure 2.8 where each tridns-

mitting station has only one carrier. When

- . .

. ' : the br;nsmitted_bursfs from different trans-- x
mitting earth stations arrive at the satel--
lite, the switching matrix arranges{ them o
according to their destinatidns .and sends

. N

- them to the respective Jground stations.

‘4
f
\

)
{

b: Destinatibn oriented sy

- *

.- N Destinatién\oriented system of TDM/SS/SDMA’

’//)q model is shown in Figure 2.9 where each trans-

em . : ) X

we. %

mitting station has more than one carrier-and

PRV

they send data burst at diﬁferent'carriers.q
When the transmitted bursts from®different
earth stations arrive at the satellite, the -
switchiﬁg matrix'arranges them according to
‘ | their destiﬁations and sends them to the res- -
pective ground stations. Each ground receiv-

‘ e |
ing station can receive at only one frgquencyl
This is just the opposite of the model a.

. i |

| c. Satellite switched system

&

< ‘ This model is less complicated copared to
’ R ' o . ¢

et
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prﬁn§m1£s>it§ bprsts in sequenceson oné fre-
quency and the receivihg station receéivess
its bursts in seqdegce‘cn one frequency. “
This model simpiifies both the transmission

and reception side of the earth. station.

'The model. is shown in figure 2 - 10a, -b.

7

[ S 4 . A
The sequence of the burg@s arriving at ané/

; 2
. departing from the $atellite must be re-ar-

4

ranged by a switching matrix loceted in the

satellite. ' d

‘
-

Different aspects of the satellit! switched 1

system are discussed in- Chapter 3 and 4.
! —
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h
, 2.5 ° DEMAND ASSIGNMENT MULTIPLE ACCESS
e o COMSAT corporation has developed a demand |
o assignment multiple-access (DAMA) system which can be
N ’ © used with SCPC and SPADE. The purpose of the DAMA is to
. ~ facilitate a géeater network operatlng eff1c1ency for ‘
P switched messages (v01ce or data) over jdow dens ty trunf. &*
: w
.« ’ It accomplishes. this goal by fac1litat1ng the opexation
RN : 'of entire résources.of the multiple accebss network as a
| single trunk and by incrementally allocaging messages
: for the use on a pré—call basis to meet the actual ser-
| vice demand. | e ,
. . o "
. The DAMA may be raaLized by (i) centrally
“ contfolfad or (ii) locally controlled techniques. The b
choice of the control techniques depend upon the\foilowing;
a. Mean call holding time -
; b. Post dial}ng Aelg?( . - Lot
f v : c. Relative cost to {mplemeﬁt
é . . .
2 ,
E ~ -The choice between the two control tech-
7 niques can be decided as foilqws: - . “
\E A
% “’ ; ' a. Mean call holding time ) =4
| . Mean call‘yblding time is the average sum of
. "W , the th%%e times i.e. (i) the operatlng time

(ii) the ringing t1me and (111) the conversation

[ OO Y S

o Mbeanm an o B admn o

POSY




time or paidrtime. Thus for a given grade of
the éervice in any ebmmunication network, a
change in the mean call holdlng time within
H;t network may 1ncrease or allow a degrease
An the total amount of channel equlpment Te-
/ qu1red. Thus, it is 1mportant to minimize

/

mean call holding time. ‘ S e

N

For the centrally controlled DAMA system, it . ~
will be 'seen that the mean call holding time

is lesser ]}] than that 6f 16cally controlled

Rt L bathd

. ! -
L.

technique.
’ \ s B [

If a TDMA chennel is used, the operéting time
N

~contr1buted by the DAMA network \for a centrally

S ey g e s amm o Yo se

\ " . controlled call is given by [4]

’
>
i

- P+ 1-5U(P¥+ t+q) . . .(2.9)

. Where 'g
"‘ ., .. .. ) ‘3
¢ ‘ ¢ ~ A., = Average operating time for a centj/r 3
N ) ‘ —~. 1
A rally controlled TDMA network usihg g
b ' ' ' ; ) :
a TDMA CsC. ’ i,
. L 0'
A ' ] L4 i‘
- \. -

(g]
f

Processing time%fequired by a cent-




e g

1 e R SRR TG, BT P, o

i

‘minals for selective control.

-
» ~

ral‘cbntr§11ed*facility.

+ U = <Average number of éignal unit per

. call.
T s

- /
- >

Burst time’per terminal.

o
"

K = ‘Maximum number of terminals per

network. - e ‘

t = Tran§mission delay-via'tﬁe satel-

lite link (£&270ms). o

0

s

. d ; Averagé queing delay of a signél

\‘ «

unit,.

From the above equation 2.9, it is apparent

that -all the‘signalling'unit pirameters are

‘multiplied by 1.5 because almost one and half

«

of the information must be .first transmitted

¢

[4] "to the central controlled facilities for

.

processing and then returned to the DAMA ter-

Y

In case of locally controlled DAMA, only the
: €«
signalling informafion must be communicated

e e e e 5 v
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-

to the outgoing terminals, so the operating

time contributed by the DAMA common signal-

¥

ling channel is given by

- Ay =Py 4 U (b +t+q) . . .. (2.10)
N T. '
Where
Alt = Average operating time for a local-

ly controlled DAMA metwork using a

Y

TDMA signalling channel. ) -

@

- trolled facility.

From equation,(%.lO) it is clear that the
average operating time for a locally control-

led DAMA network using a TDMA signalling chan-

nel is less compared to that of the centrally

controlled DAMA network.

The DAMA system is used in variable mé&e i.e.
on demand, so ;t *s important to know that
,what wbuld be the traffic demand and accord-
'ingiy how maﬁy channel wégld,be required to

meet the traffic growth at} certain time pé-

-

riod. This can be understood as follows:

-

- -

»

37
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P. = Processing time for a locally con- |,
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The traffic density of any trunk is a

. _— function of the call arrival rate and °
. : - the mean of the holding time and is

given below;

®
h

busy hour traffic density, Erlang’

N = average number of call$ offered during
busy hours . .

) h = mean call holding time in seconds

\ . .

To calculate the amount of channel equipment

required per trunk to serve a given traffic

-

density miy be found from thé Erlang Table

(4. ‘

an increase in the mean call holding time is

given by

A= Bh (a) g . Coeoe . (2-12)

.

Where -

h » increase in mean call holding time

i) N

.38

. The increased in Erlang Load for a trunk having- '

Ty




time. | , . %r _,)’

\

. 1 . r . " a g q-..
Aa = increase in traffic density, An Erlangs. ;

4

o R o

' ) ‘ | o

, ( . , .
A - . ‘ \
.

v ‘ so the new traffic density is given by |

)

a . o=allr) . oL L (2-13)

. | t s

3

-
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-~

b.. Post-dialing delay y

"Post-dialing délay is equal to the sum of the .

A el s

operating time and ringing time. If lany of

the, parameters in the equation (2-10,\—111 be-

R et T o L

come sufficiently large, then the posﬁ-dialing

delay may become more than 60 seconds\[4}. ;

\ -
This indicates the design alone is not\poor .
y . -

but it is unacceptable to the customer.\

. | \
c. Relative implementation cost ° \

. ) \
. The relative cost to implement a system is very

difficult to determine because it involves the

lifetime of the system, the operational cpst,

. Co the management cost and the processing time of

e T Nt bt e s s
8
- .

N L ’ +_ the signal. Besides that there are.many other ~ ° .

A

.+ factors to be determined in the implement tion 7

of DAMA network.




.

a

© 2.6 CQMPARISON BETWEEN FDMA AND TDMA MODES
\ k ) T To br1ng out the merlts and demerits of
the two aystems (FDMA and TDMA), the various character-

. » LN
7. istics of %oth the §ystems are described and compared. g
\ ¢ L - : : ' R
a.. Modulated signal
The nature of modulated signals in FDMA mode are
.analog while in the case of TDMA they are

¢

. .d1g1ta1 N

¢

b. Channel capaéity

[y PR

Almost a%} the satellites use- travelling way§ . !
- ' tubes (TWT) as the final amplifier which are r

’ A operatec neariy at their saturation point for o

— ¢

e B At Br T Whe e s

maximum.efficiency. This causes intermodulation

-
[N S

due to the.non-linear amplification\of- the TWT.

rd

‘ & In FDMA the TWT is operated below its saturation
‘4. ‘ , .
output power level to keep the M’ produced by '

simultaneous 'ampllflcatlon of multiple carriers /

within the permissiblé values. The larger the
‘ - ) , \
- number of gcarriers the greater the 'back-off"

. : ; required. This results in the decrease of total

gﬁ%nnel capacity of a satellite.

L

In case of TDMA, the carrier, that- passes thrgggh

u » . 4
.




_— B ' theetransponder, is limited to one at a time.
; ) ' ’ N ¥

Lo ' " Se in this system, the TWT can be opef%;ed nearly
. . Y g ~

o T ‘at its sagurated output level without producing

PP v much intermpdulation.

» -

- P . L a ' - .
S c. Speech interpolation \
! ' . ,

7 Spgech interpolation (SI) is a technique used to
: : N ; ,

, increase the number of usable channels in the
- » link. In FDMA systeﬁ, this technique jis almost

. @

" ) #;ﬂ«\\ \ ‘ngpossihle'to implement because it is done in ...
‘ \f,timé‘dom in, where as FDMA operates jin fre-

N -} f

"ty 'V’, < .. quency domain. In TDMA, it®is ﬁossible to imp-",

lement it by merely changfng the time position

’ Fee 7 , .
o s *: of channels gnd of voice detection. This tech-
/' ‘ ©© nique in TDMA' is called digital‘spééch interpo-
) C e "'.latlon\gDSI). , :
/.j“ 1. N
y L d.. Synchggnlzgtipn
« : ’

: . In FDMA ’ode, the carrier frequency transmitted
L F & . eq M4

-

E » coherently and accurately controlleds

' L\ ] X L4 . NS
$ RN ) . . L » ‘ X

-

. Temain in the assignegﬁtime'slot and should not
S .

. ’ b . : ' : oL . .
. . " - spill over the adjacent slot to avoid asynchroni-
B o A e . : , : .
: - . zation of ﬁpe system.
. , ;o , o } , .
. . ‘(f‘ ' ' ey 7 . -
Y 'K [ . ' .
R \ ) 41 : ‘
R )t ' ~ ' \ ° \t : 'm
4 ‘ ..
N . - . Y e N ' ! \\

LA o - -;\..—.W._w - U ettt anc et vtb e [T W
e A , ' t
} ]

Y

<o R 3 o , Lo,
* from the respective earth station, must be defected

For TDMA systém, tfansmitted digital bits must', ’

R R Al i e s WY et




e.\\Implementatiod cost
’ FDMA, the well developed technique, is used inm"

' ‘ the present satellite systems. Yet TDMA, a new 1

e s 2L

‘ technique, is not realized by the INTELSAT. An

attempt to switch from FDMA to TDMA system, re-

i A

quires a complete change in the system. This
- . v ey

will be expensive. The merits of TDMA over FDMA -

\ ’
L mode show that future generation of the satellites

will use TDMA mode and‘possibly,the more powerful

’
L]

S or kM o T v Widsw o2
—~ . *

oy method of TDM/SS/SDMA.
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CHAPTER 3

_ T N
L ‘ DESCRIPTION OF TDM SATELLITE SUBSYSTEM ) \

- .
@ o o B

U,

3.1 GENEZU!L K , . . | "

[ ]
Time division multiple afcess (TDMA)

ML % 3

or the time &ivision multiple/switched spacecraft/

K

R e RO T

L W o space division multiple access (TDM‘SS/SDMA) when
operating in time division mode (TDM)®*constitute a . - n

TDM satellite system. . ’

NA

o
- : This shapter contains a general and

' functional description of each equipment of tHR sub-
’ B A% ~~ hd

. systems which comprise a TDM satellite systemﬂ "Addi- .o

tionally a brief survey of the major equipmént and T -

- : \
the operational parameters affecting the quality

transmission are presented. - : ..

\

)
13

¢ | It should be nQted that due to interna-
| tional acceptance of INTELSAT IV ‘which utilizes a TDM

transpdnder; this application of the TDM concepts

‘it
s e - a2

I
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Whereas different workérs 51, (61, 7]

have proposed various models of TDM satellite configu-

-

PP . . . . »
rations for fyture applications; in. general, the. copmon

TDM satellites consisf of four subsystems (shown in fi-

N

~

L4

gure 3-1), given below.

subsystem. - .o/

! .[,_

Signal processing subsystem
Radio link (i.e. the space between the ground

station and the spacecraft) subsystem.
» o _

LY

Transmitting and receiving earth station

-

Spacecraft subsystem.

h e e e e

A T s ot o e ARG o e
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3.2 'SIGNAL PROCESSING SUBSYSTEM
\

\ ' The signal processing subsystem comprises

th processing of message data into digital format, and

then these digital bits are assembled into bursts which
aré subsequently grouped'into frame. Each burst contains

the preamble and the traffic, and a frame comprise seve-

rall bursts.

The bu?st aqd the frame format are &is-

BURST FORMAT

The burst fofmat, shown in Figure 3-2a,
comprises of the following elements:
a. The traffic in a burst is the digitized méé—
sage. The number of bits in a traffic pér—

tion of a burst depends on the system and

its bit rate.

Each traffic portion of a burst is heédedfby

a short preamble of sever{;\segment§. These

segments have different lenghts and different

e Stprst Pk s KPR RS et €

functions. The segments of the preamble as

' useé‘in INTELSAT IV, are discussed next.

N




AN

(1) The first 60 bits of the preamble, of a

bufst, are called capriér‘and bit ‘iming .

récovery,*and are used' for corredt detec-

tion of the’received iﬂf&rméti n at the

,receiving earth station. Wheén thesé bits
' /

; are received, the demodulE r in the recei-

A

ving station, detects these bits and compares
with the bits which a e,supsted to be there. ’

. This comparison shows thﬁ/@ha%e difference,
bétween the received by{s and the transmitted

bitSe

. i . '
(2) In a TDM satellite system, the burst of di£>\\\\

ferent syations must be consecutively inter-

_leaved/in a frame without overlap, and sepa—l

rately distinguishable during receptionm. »

Sp~cific groups of bits with selected code

patterns are contained in each burst for this
~ purpose. The code pattern§ are referred to

as unique word (UW) pétterhs. In the INTELSAT .

IV, UWs are subdivided in order to achieve the

following two.different functions: .

(i) 20 bits (10 symbols) éré used as a time refe-
rence for the transmission of each burst so

that it does not overlap on the adjacent burst

e I O . T - R RN TE B T IELY. =

LA st ret i dt N
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>
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\ ‘ ' and each burst in the frame can be detected

B

at the rece1v1ng end $f the satelllte system

These unique words are usedufor the burst

{ ' ! N : T » 3 ‘ N ) ' ‘ a‘
, synchronization. & oo EY
P ' RN '
. r‘
. Y 2

-
AT T Thak e £ P

r(ii)'é bits (4 symbols)-are used-t idenfify the ]

or1g1n of the recelved burst a d they are

- royr eaie .

-

o

called station 1dent1f1cat10h code (SIC)

’

-
L]

. Y 1) . "
/// . (iii) Tg.some TDM satellite system, a sequence of

‘ Y -
N A KT s b b, 5, T g

[

symbols {E;g-'telephcny signélling_voice,

orderwire) are used to provide service cir-

cuits and various house keepfgg sﬁgﬁalling :'

-

,fuﬁctions. , .

‘' - ' ) "‘. A %,

v : ' - :

3.2. Q/FRAME FORMAT - RS

o, . N - A frame in a common TDM satellite comprises
L

of a sequence of bursts. These burs'ts are inter-

ety

. leaved by a duration, gglled guard time, to avoid

overlapping between two consecutive bursts. The.
guard time is variable and depends upon transmis-

f ' T L
sion rate. The greater the guard time, the better

iy
\

\

the transmission quality but lesser the communica-

e e R

tion system efficiency. The shorter the' guard time

-

, the higher the bit error rate in the transmission
) ' ' '
: of data. °




w
)]

The transmission rate is aqcidgd_on the . ]

frame length. The TDM satellite systém uses a '

(= 1 ) there-
— 8 KHz -

fore, each’frame can be sampled at the sampling

minimqmﬂframe length of 125 usec

" - frequency rate of-8KHz. 'NH:QMD satellite sys-

tem either utilizes the minimum frame length or -

ohmin

o s
.

a multiple of 125usec. The selection between A

the minimum frame length or a multiple of it can

Sy, 4

be demonstrated by the example of tHe INTELSAT IV

system, given below.

In the INTELSAT IV system:
. Bit rate © =60 Mbits
| »

' , Preamble length including

PN SVRDPY

N guard‘iime (12 bits) in . .
h 4 each burst called tKﬁ |
g S overhead =100 bits

Assuming there are 20 access in the ;

S | INTELSAT IV System, then .the total number

of bits in the bvverhead-'b'=2,000 bits i
For the, transmission rate of 60 Mbits, ‘the 5

number of bits in a 125 usec frame are -

(o

. : : ho oot _ l25usec 1 . L

g 125 I U . o ' «
| 6

. : 60 X- 10
) =7,530 bits




. The ratio 'R' between the overhead bits 'b;'

+ ‘ -

and the number of bits in the 125usec frame

fblés' is given by |

Rygs = o *
= b125 - L
< 2000
© 7,530 o
=-0.2656 ...... (3 i)
That is, for each frame of 125usec, the
numpef of~ovefhead bits constitute approx-

Jimatelf 27% of the total frame lengtb. This
-
-~ can be reduced if the frame length is inc-
reased to 750usec and it -is shown below.

The number of bits in 7S0usec frame, for
. LY . :
. 60 Mbits transmission rate is given by

VoS . 750
- o (..,.}_..)
' —~ sox10°
baeq = 45,180 bits
.. R . 2000 , ..
The ratio 2750 ' - m , o
= 0.04426 ........ (3.2)
t ' R
.'l R
Jd
i »‘k i




ponctn o el T

. The computed in equation (3.1) and equation (3.2)

‘and

-The TDMA satellite system utilizes the frame for- ¢ \

show that thg ratio between the overhead bits
the frame length is ciecfreased by ‘increasing

the frame length. Thus, the frame efficiency

can be increased by increasing the frame length. -

The frame efficiency is defined as the ratio of
. . N

gl e el

the‘.pot'entially usable portion to the total frame

lengf:h’.’ In its general form, it is given by ., ) ‘

frame efficiency

fea bt ; , F

L 4

- : F

: 7 = F-n(G+P)-S N

.

Where F = franme length ;l
. G = g.uard.time . : Z

‘P = preamble length ‘ . ;

* s = sync. burst lengath . ;

! n = number of accesses - )

‘Clearly,\ frame efficiency is higher if the guatd

time' and/or the preamble can be made short.

¢
» N

mat,' shown in figure 3-2a. For TDM)SS/SDMA, each

|
|

Fo i . -

frame,; shown in figure 3-2b, is headed by a lusec

3
N . 8 ’ 9 N
(for the minimum length i.e. }ZSusec) or 6usec )
& . ’ ’ . }
| §




o
o

~ (for the six multiple of the minimum frame

hs 1y

\; length i.e. 6 X l25usec) burst, cgl&éd'"éync
Burst" and is discussed in Chapter- 4. —

[
. .

750 uéeq

PREAMBLE TRAFFIC

-

L A
>, ""Sync BURST" -~ .

i

3

FIGURE 3-2b  TDM/SS/SDMA Frame Format

é

.




3.3 RADIO LINK SUBSYSTEM

r ' , , When a frame containing d1g1tlzed infor-

. . 4 [N

(R W g mation is transmitted frgm the earth sxationrthrpugh

space to the satellite, it may not be coherently detec-

L ted By the receiving station due to the satellite mo- i

)
- , N ¢ .

"tion in relation to the-earth station, the attenuation

H
£
g ‘ . due to rain and/or power loss in the path. These pro-

N

¢ . ;

E : blems of satellite motion and propagation are analysed
| .

| and the path loss calculatlon technlque is identified

s/

kS

/ oo "in the follow1ng paragraphs T (” o

N _

3.3.1 SATELLITE MOTION ' . D )

TV W R

The most 51gn1f1cant effect of the motion

(relatlve‘to the earth) occurs during the rising

and settlng of the 1ow altitude satelllte In

L A

o

- . . order to provide the nearly continuous link for

"commercial communications, not one but an orbit-

- ) ! ~ !
. }ng‘fléet of satellites system is required., The
. ground station portion of this satellite 7§stem ' .3

is also complicated by the&ﬁbtion, large tracking

an;}hnas with high performances over yirtaally

.’ ™ N
an entire hemisphere are required, which are far

» s ' . . i
g moTe expensive than antennas with fixed reflectors. ]
¥

o S L ’ o ¢l
LX) 4 / v
v

-]

R " Another factor which effects both signal

. \ - amplitude and “frequency is, the Doppler-effect’

~



fo

L t ,

" T Thus a/ﬂg;\gggit was chosen which is called S

synchrenous orbit [8]. .

\;//1 3 3.2 PATH LOSS CALCULATION TECHVIQUE . ’ . {
e ' ' ?
. ' ‘ The most slgnlfleant parameter in the
< . - . i ~ Lo /\ .

. design of a TDM satgellite system is the carrier R\

0

N

‘to noise (C/N) ratio. The dhr%ierzto noise ratio,

} - . L ' ¢
. npdse level due to different sources. J
' i , - .

o { diﬁends upoh the level of the radio '‘waves and the

h

’ . * Radiowaves fpr satellite’ communications
T T e pass"th;oughx%he.earth‘s atmosphere and ‘the jonon-
( . ) N\ ’ sphéne Generally a low frequency wave fades gue
' ::‘ . ‘.? ° to’1onosphér1§/?ﬁsorpt10n ind the one below the

- critical frequency is reflected at the ionosphere
Q & » . .

\ Lo v i . [9] .‘ . ‘ %; 3 ) ' Y
u . \.~ “'ﬁ . - ' : ' . '
. : .. . ‘ A
.o ’b : ' ¢ The International Radio Consulative
T . L. , - ‘ . ‘ .
Lt \ ' vCommittee (CCIR) recommends that' the frequency

f range of 1 to 10 GHz *is the most practical for

\

' . : ‘'satellite communications and radio signals of
T . B - 1 .

this range can be dealt with under free-space

. € b ' > . . »
* b v ‘
N . [N . .

N
N

.
AN . ! N ' ? ' . i L

- - . % propagation conditions. The receiving power !
. . Pp' of the satelllte ‘or the ground station umder

- , L3

free- space propagatlon is given byt




R
- N
- : P
" h Gy -
Gp .
‘ i . \. ' + ‘ f
- At

Under free-sp

o oy, due to

system, can b

- Receiving power of the satel-
litelo} th‘ ground station in db.
’ : v

= Tfapsmittin%@power )
: &

=\\Transmitting antgnna gain

¥

Receiving antenna gain

-

Prongation distance .

wavelength . o 3j

: | o

ace propagation, the noise power
various soeuxces, at the receiving

N
e calculated as’ follows:

[}
1]
P
<
—
o
oQ
[
o
~
]
w
-}
~
[o
==}
=
4
~
(¥]
}
U
~—

i

L3 id

- Noise power at the receiving

system

Boltzman constant (1.38 X 19723

joule/Kelvin)

Equivalent noise temperature (K°)

X Freqaencyfﬂhndwidth (Hz)

—_—
f . ) “ \/—" -

\

B

4
b

P,
-

el

P B i et s e e et

O
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T

- .
. .

" . From equation (3-3) and "—4), the carrier‘

1 : fq noise [ (C/N) ratio can be calculated as
' follows: ™
) . . - p
| R .
. s x \ - Pp
. TN . v . C/N ,‘_‘ —pN—
PG Gy (4 _f
¥ = I Zna -.-.(3"6)'
F o “ »
B - v KTSB
5\ - 0( .
., .
" N Another method for calculating the carrier to
noise ratio is given below and shown. in the
At ?
. N 0, "
figure 3-3. 2
’ A/
3
‘o o , PS °.z Pgt + th - Lgs-r G“(dBW)\ co o (3-7)
. &» "
( Between 5atellite to-ground station, the power
o o ' \ ' .o .
N © . dvailable,
v 7 v
i ’ .
\\ ]
. ' ’ - . - * _
‘ . Pg 3 gst'+ GSt Lsg'+ G.g (gbw)~....(3 8?
-» . 4
. , Where \
U
L ‘ P_. = Power available’at the satellite
_receiver .
Pg = Power available at tﬁe“ground"receiFer‘
ngt = Ground transmitter power
o Pst = Satellite transmitter power
‘ ! G,y = Gain of the ground transmitting '
\ g ! ' ‘ .
\ . aerial \\s .

| N 58




- T nd T W T

[N

Gain of satellite .transmitter aerjaj

' ¢
Lgs = * Transmission loss’bett®een ground sta-
tien and the satellite
Lsg = Transmission loss between satellite

’

<
and the ground station

G = Gain of satellite ;eceiver

G, = Gain of the ground receiver aeriak

~

-

'The gain/loss parameters are expressed in decibels’

\

(dB) and powers in decibels relative to 1'watt

" (dBW). : S

s

v k)

Associated equatioen for carrier to noise

ratio is: ’ ) -
C/N = P, =By ... (3-9)
Where Pn - Noise power as given in equation

-

(3-4)
= 10Log,, KTg B (dBW) as given in’
. equat'ion (3-5)
and transmigﬁioﬂ loss in either direction is

»

given by 1L1=20 log, 4 4Md

A 1
Equations presented in (3-6) and (3-9) pro-
vide an imertanthoolbto measure C/N ratio-

which significantly determines the fade mar-

] T
gin for the propagation path.

- \ "‘\:( é’

O Teaes i,
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i
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o e i,
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3.3.3 ATTENUATION DUE TO RAIN - .

»

Satellite communication systems utilising 3
4 and 6 GHz common carrier bands are now fairiy
commonplace. Suitable care must be taken to

\ ' reserve the quality of the earth station anten-

nas and selection of sites to avoid interference
- with terrestrial systems sharing the same fre-
quency bands. However, to overcome this satu-

ration, the use of higher frequency bands was

R o X I o e AU it} T e At o, 3 ST

- . ’(ykoposed and new common carrier bands, mofe than’
2

GHz wide were subsequently allocated at 19
) , 3

and 20 GHz. Unfortunately, it was determined

that rain becomes a much more serious factor at
»

' . . these higher frequencies than 4 GHz [ld].

t 0

’ The noise level increases significantly

. . when it is raining in the vicinity of the rec?iv— .
. . ' /
ing station. This increase stems primarily from [*
two sources: ''black body" radiation from water 1

drops in the sky; additionally emission and reflec- -
, » | N
tion from water layers that formed on the randomes

used to protect the earth-station antennas.

3

PR N

The attenuation effect due to fog, snow,

.

trosposphere and, ionophere are small compared to

AN

‘.
~
- »
E 9
5 /
i i i.i ‘u m‘ ‘!'Mh—w
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[

rain. Rain effect§ have been calculated; using
the annual statistics fer Waéhingtonf D.C. on
‘ the basis of assumed deterministic near worst-
| case link parameters being considered for the
" Intelsat IV satallite and‘4 phase PSK-TDMA ter-
: . miﬁal. Figure 3-4 shows the commulative bit-
error rate (BER) occurence for links that are
P . affected by rain,

.

Due to the above problem, considerable

improvement in the transmission system can be ;

. ' J‘ . . \\J * -
obtained by switching between two earth stations

~

separdted by a distance [11] . This arrangement
calIgd’hpath diversity', 'requires a broadband !

. terrestrial link between the two earth stations }

f / . and appropriate switching circuitry. Theidiver- {

| sity improvement clearly increases as the sepa-

Arynny

. ration between antennas are increased. . :

2 )
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3.4

and modulation.

e
.

P

TRANSMITTEVG AND RECEIVING EARTH STATION SUBSYSTEM
Examlnlng domestic and defence satel-
lites, it is concluded that .the basic equipment at

the ground stations are the same in configuration [12].

-

A : !

The transmit side of the ground station
performs the info:>§{ion processing,which is appropriate

for the transmission to the satellite. This includes
time division multiplexing of the transmit bursts, pream-'
ble generation, the appiication of digital energy disper-

sal sequence to the data portion of the burst, the pre-

Comae | e e Mo e ate et . e

modulator conversion to a d1fferent1a1 encoding format

!

¥

\ The receive side performs the inverse

J U S

operations on the received signal. ‘

The independent functional, ﬁ}inciples ' §
and the specific criterié‘of each\equipﬁent and explicit . i
performance limits to the subsysteﬁ (shown in Figure 3.5)
Compatibility. These equipments are described priefly

in the following paragréphs.

A , ‘
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PAY B

3.4.1.

N

~each such sample by generating-a unique and

PCM CODEC . . .

r\' The PCM codec is des;gned to meet ‘the
interface between the‘analoé ingyt signal é&f

.. . . N
the digital data requirement of zhe TQM satel-
lite syé&em.“ ﬁ PCM commhﬁicatiog system is re-
ﬁgesented in.gfgure 3.6. The anglog signal
mb(t) is sampled. These samples are quantized
and applied to an encoder which responds to
L
identifiable binéry pulse (or bina;y level) patF
tern.. At the receive side of the earth staéion,
these digitally encoded‘sfgnals ane*?equapFizqd
to determine whetﬁer‘é positive or a neggtive
pulse was recei&ed. The requantizer transmits

its decision, in the form of a cqnstitutéd or

regenerated .pulse train to the decoder. The de-

N

& . . -
coder performs the inverse operation of the en-

coder. The decoder output is the sequence of

. -

quantized multilevel sample pulses. The final
¢ 7

output signal m'(t) is identical with the inpuﬁt

signal m (t) except for quantization noise and

" the occassional error in the binary level.

. 4 Rt pa bt e e PR LR

o A




- { s *
* i ’ i, “The general specificanions'of this ‘equipment used
. “fn INTELSAT IV include:
; . . .
‘ ‘ v - Modulation .......... pulse code +
" Sampling ..... ?...,.2' - 8,000 samples per second
- o . 7 chanﬁelv .
. Clock™ frequency .. ..., 1.54h MHz )
iy . No. of bits/sample .. 7 bits for Voice, plus
' ‘ ° 1 bit for signalling
//<. ; No. of bits for o o
| \ ' 125 udec frame a..... =8 X 24+1 = 193 bits
s‘ o U .
* © 3.4, BUFFER MEMORY _ . - ) ﬂ

-

The basis function of a buffer memoryﬁis

to convertithe continuous data from-the PCM encoder

% 3

Y

. Ry inéo a burst form and to ggvert the TDM bursts into

“ +- @ continuous stream. %he buffer m;mory perf&rming

k. ‘ o the continuous to burst conversion i? called the

- ‘ '4 compression memory and it is located at the trans-
. - . ﬁittiné side of the earth sgatioﬂ.; The buffer .

N ‘ " memary, performing the butsts to continuous con-"

. g R : >
version is called the 'expansion memory, located
* 4

. . ~ © ’
” at the receiving side of the earth station. .The

expangion memory conflgunptlon is 51m11ar'to that

A . ..0f .4 cOppression memory.
- R \ ¥ .
AN

(SR e et st A e
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The important feature of buffer memory’

ot is the storage cépacity of the inpuf!hata. The

‘o

storage c{pac%}y is decided upon the transmission
\\ 6 ~ rate of the system. If the transmission rate is

high, the storage capac1ty should’ be‘less and vice
C o 4 &
versa.. This is explalned through the example,v

<

given beloy: - !

In case of INTELSAT IV, the.bit fate ‘is 60
:\ v . o ' il } '
: Mbit/sec e

3
* Each bit duratlon for 60 Mbit transm1551on is

L]

, , "=z 16 nsecr..:...:.. ‘(3 10)
| B The humber of'bitsfin 750 usec frame

4 '\;{_) " ' = 455180 bits...... BEERNC St
~ o If the bit rate of-the \:oder is 2.048 Mbits,

L ) 3 “then each bt duraflon for 2.048 Mbit "is l
) ~ (3-12)

‘ The number of bfits in.750 usec frame when thg

.. ' bit rate is™2.048 Mbit o :

v .. 21536 bits ...... . (3-13)
. pSinge thé bdffef memory is connected fafter the
“ coder, itsvgiorage capagit; is based upon the

. ( ’ bit ‘rate of the coder. . \
-~ \/p ) o The ratio between equatlons (3\12) and (3- 10)
| o h E is given by = 30.5 ... (3.14)

TKe multiplication between equation (3-14) and
14

* 0 (3-13) will yigl? 45,180 bits. ' s
. ] .

ny
w

'*51"?"& .




. ~

. o Thus, the étofage capacity of a buffer

; :a ; ' ' memory is almost eqhdﬂ to 1536 b)fénfo; 2.048

' - Mblt i.e. the rate of the eqkoder\ From above .

eTiths

”

resﬁlt the storage capacgty is glven by: .

! *\ ’ ,“ 'f‘ }“ ' S
LA RTINS R G  E « 1

c T T ~ o ; Frame ;eggﬁt_* bit rate of the encoder (3-15)

N

s U NI

fod *

. %+ [z -750 usec « 2.08 Mbit/sec
/ = 1536 bits.
. . ~‘ . .. /“1“ . ' : . | .

‘pTﬁk above result is the same as one pre-

"/!
sty S o

4

.

LIRSy W

. c, iéntedgip éq?ation (5:13?. ‘ W

y
(S PN
-

»

!

. . >

g . 3.4.3 %ULTIPLEXER/DEMULTIPLEXER o ; . é ‘¢
) N ‘ ; / t A The purp?se of a synchronous multiplex;r o

. ; . *¥is to assemble the varlous "elements of burst toge-d
. - ] ’/ l\ther 1 to one or more tlmé*contlguotg frame‘ The a -

. £ ' ¢/ .-
- Id

ogtput of the buffer memory is multlplexed byG

* . multlplexlng comblner-whlch produces a code train . -
; N ¢ w? - o
! ./f{'.' ~ . Agf bqrsts. It also causes the preamble unit the - - ‘/
., N 4
. . cqntrol signal gﬁlt and ‘each of the terresteTJal

i e o ora

N ' 7 -interfact units in t!:Q to read out the tontents ;

-

° R . '\ of thelfpbuffers to tH@ modulator. | .

St et oo

L] 4 N
o LA R

. R N ! .
- , " B .
. LV .
E ‘ . v - . -
e ') . -‘ + - ' - 0] |
»

e e T ’ The demultipl%xer unit, located at thé ¥

e
A

. récgiving side of the ea¥$h.stgtion, performs ‘the -

¢ ., L ' t- . “:‘»0_1 1 -




s

equivalent receiving‘function’opposit% to that
L]

ef the mu}tiplexer. This involves the selection
L of the~fraff1c portion of the received burst and

channeling it to the/appropriate inte;face module
" for fhe destined sfation. N

P ’
The »feasibility of asynchronous time

\division multiplexers has also been studied'in'the

TDM sate]‘ne system[lS] Synchronization problem

arises due to the appllqatlom of asynchronous t1me

division multiplexer,’ this make9~it less réliable

,

. > [ 4 Q

* for the TDM satgllite system application. '
. - - .o : y
2 O , - ¥

o . ©

.
LS "

3.4.4 SCRAMBLER AND DESCRAMBLER [14]

N .
‘ + In’a TDM system the used PCM cHennels,

er slot§dassbc;ated with idle equipment; iend to
.generatéd fixed bit Pattern$ whieh, wheh repeated
at tﬂe frame rate, generaée specinal components’
whlch mhyﬂaxgeed the maximun power flux den51ty

s — (
_allowance :(i.e, 35 per Radio Regulatlon Geneva

i . The energy spectrum assoc1ated w1th

normal TDM bit streams can be made more uniform

Aﬁzil Q972, X 7,. Section VIII, Para 470 P).

a

N

by, comb}nlng w1t@ the data bit stTeam another

X

.
Kb ek, At o Ao, Tt Wt Kbl 3 S 1R




-ty

T s W

bit stream which has pseudo-random prbpertles. .

ThlS energy dispersal bit stream can be generated
. a ] ‘ -
- by means of a feedback shift register. I e

L

' E , ‘s » * 1
. The scramh&er\and,descrambler are loca- ﬂ -
. [

ted at the transmitting'and;fecéiving earth station

!
-

respectlvely

' ‘7\‘

-

e - - i
B
1 P

1 v .The multiplexer output is fed to the -
. \ - . ‘

Ve . scramblér‘which dispersés the spectral energy of

. : R '
L x ~ the bit stream. This is because, the discrete e o

v

frequencies appear in the transmitted signal’as’ S

airesult of repetitive sequence of the data. o
. ‘ - o T ’ ) o
v The scrambling, therefore, produces a nearly white '

~
PLS

| . noise frequency spectrum at the output of the PSK ' i

. , modu“ator (Sect1on 3.4, 6}, thus keeping the rg&;a-

s . ted Sﬁﬁflllte energy. per 4KHz (v01ce cﬁannel) of 'ﬁ:

bapdwidth low to avoid interférence with the ter- :

’ 0

-restrial microwave systems, operating in the Z%ame

-8

‘

s frequency band. . / : o ""L‘
' A scrambler ig defiﬁed as*a(digital v

»
machlne Wthh accepts a data sequence- w1th known - &

statlsilc an produces a channel seguence whose \"%

-~ : C e . .
statistics dpproach those of white® Gaussian noise.

.
. i A
. : £
- B . w
v
. v . W ' N
- ” . .
N . B
o .
‘
v
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The descrambler is defined as a unit
. ‘ )

which accepts the scrambled output and produces

h‘ - . . - . o~ v
; the initial input sequence of the scrambler.

c

{

P

The digital filter utilizing feedback

%aths, shown in figute 3-7a is the general confi-
-guration of a basic scrambler. It consists of
AN

three -elements, unit delays, summers and multi-

'
n

It\;aﬁ operate on any modular field of

equence as long as summers and multipliers
[t}

ate on the same modufar fleld The most com-

Cu

mon ‘case is,, When the data sequence 1s blnary

LS

(0,1)othen summatlgns and‘multlpllcatlons are ta-

ken modulo-2 while the unit delays are formed from
a Shift'gegieter. Fer instant (refer to the‘fig?re “

D . v

3-7a) if ' -.
' Ly . , '
= Data sequence input to the scrambler

R
~
1

Z
then by, = Line output from the scrambler or,

~ =R
!

2 OK-3®p s, (3-16) -

.
RS S BN I3
« "

¢ . -
“'t" - * . "W L

o e . . ‘!. " . ) R
L One ¢ rthe'characterlstlcs 6f a scrambler

1s that if there is ‘no 1nput to the scrambler, then

the scrambler acts ag a- sequence generator whose

o 1

output’becomes per1od c because th future states

of the’reglsters ate completely determined by the

\ﬁresent state of the register. The possible number
u%." . . . \“ 4‘ - o

C it
p




f

< of states are finite i.e. ZM\when M equals the
’ " 1 number -of stagesfs The longest possible period
from the generator is equal to (ZM—I)'bitsh

’

N
The basic desgrambler, shown in figure
, 1

(3-7b), utilizes feed forward paths in contrast

‘to the basic scrambler and the Corresponding out-

. put of the descrambler is\giveh by:
“ ' \ ~
by

- : )

Data input to'‘the scrambler.

~ ’

. sequénce at a unique state within the overall ener-

. ‘ : . gy dispersal sequen available. The descrambler

must be reset so that tl}le inTtial. contents in
:b) ) ) ~den
j‘ - i . feedback shi
| “ ‘

register are correct for
o being Téceive

ence the descrambling of the

b ">~ dual data channel can begin. The ﬂasic descrambler
\ . ‘ \
\ .

. ‘ N,
is identica} to the scrambler;'thé modulo-2 addition
' L of the energy, dispersal bit §iream to the dual chan-
, nel output of the differential decoder will yield

.
the original unscrambled sequence. . '

»
-

One of_the'fnput\characteristiés of the
( descrambler js that it is a self-synchronizjng unit

| , Y

T el

‘ & Each station sta;ts‘its scrambling ° %
. ) '




3.

4.

5.

i

since the effect of the channeljerrbr (insertion .

or dglectioﬁ of a bit) lasts only as long‘a§ the

j
total delay of the shift rggist%} ie. 2

N

M—i.

/
/

PREAMBLE GENERATOA/AND DIFFERENTIAL CODEC

The ﬁbM data burst preamble is a symbol

*

sequencé preceding the data transmission symbol

fgquence of the burst. The preamble sequence

format is shown in ?igure 3.2.a. The preamble bits

?

like station identification, unique word sequence,
etc. do not vary from frame to frame for a parti-’

Cularoterminal.

The control signalling, telegraphy
4 N

and voice orderwire sequence do vary f;bm frame to
frame. The control signailing sequence pfovides

a signélling channel to control and monitor.TDM\ i
network opgrations. This channel also performs

the following functions:

- !
] 3

a.. Reference station control and sync. burst

handover sigﬁallipg. , ¢

- . N
- ~
© A .

Steady-state burst position feédback
[ N 4'\.4’ ’
, o

¢. Voice and telegraphy ordervire signalling.
Generally one voige channel is provided ﬁér

TDM terminal for orderwire service. On'the

i1
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receive earth station, phe fuﬁbtion of a pream-
ble detector is to defect the ‘various uniquel
- | words being received and to demdltiplex the
N ‘ remMaind€r of the Aecbived preamble i.e. iden- ‘
tification signalling, orderwire segments, eté. 73

- T

and distribute these segments to the appropriate

equipment. Differential encoding is used to
‘ . resolve carrier phase and ch;nnel ambiguity
i i | 'gfte? dem?dulation at the receiver. A func- [
tional block diagram of the unit is shown in
\ v figure 3:8.‘ To avoid confusioh: the Aual\in-
. put c¢hannels to the encoder logic have been

labelled P and Q; the output channels to the

modulator are labelled P and‘ﬁ.

*

)

., All input data chanrels to the modulator are
- ~ differentially encoded in accordance with.the 4

et ' Boolean expression.

+ .

- ' —

I ' —

Pn = Pn P ﬁ t P -1 PnQ '*qn 1 n Qn'*qn 1 n Q }
¥ R (3-18)

‘ — —

o p - “n-1 Pa Qn,,,'l"Pn-l Pan+an-1 P Qb 40P @
' L | o Ce (3-19)

)

. where the subscrlpt n applies to‘xhe present

W oS e : value of the’ partlcular symbol slot and # 1

1 \

2




o r—— - A - gt e 8 . B e

s
":;, Ll d

refers to the previous value of ihat«particular
. ' . symbol .slot. %

. . ‘ . 1Y

' The differential decoder which is part of the

-7 modem receives two differentially encoded data

channels, as well as the symbol timing, from . |

- the demodulatgr. Because of the carrier phase

e

and channel ambiguity in the demodulator, the
¢ ( i bit streams which were transmitted as .channels
. p and - q may be received, respectively, as P

— - — [, = ..
and Q, P and Q, Q and P, or Q and P. %ﬁmn

, passing any of these combinations through a

diffsrential decoder, the original P and Q

channels of the transmission are recovered at
the deboder'og;gpts.
V2

3.4.6 PSK MODULATOR-DEMODULATOR \
; In general phase shift keying (PSK) and-
b' o ‘ frequency shift keying (FSK) awodem have been consi-

%iied for the TDM atellite system. It is seen

- that for equal probability of error for FSK and

PéK, the siénal energy in thﬁ case of P§K is 0.6
0 times as large as that of FSK. Theréfore a2 dB
ginc;ease in the transmitted signal power is rgquired
for FSK to provide.eqﬁal probability, of error when

) \
- cémpared to Péﬁ. The significance of 2 dB is ex-

¥ *
be -
‘ 0 v
% 4 . *
’ ' , X ¥
. . ’
.

-

e

A

- { e gon g = % st s S s
itaworts o, D ‘:, . *
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tremely costly in satelllte communication,

- ) e

Additibnally, comparing binary phase

sh1ft keying (BPSK) and quantenary phase shift keylng

(QPSK), it has been found that QPSK can transmit

twice the bit rate tfian that of BPSK within a cons-
"tant bandwidth' (or for the samg bandwidthj. '

‘

\
1
N
oY o Wik

-

Therefore the 4 phase PSK as shown in -

B et s R R

- flgure 3.9a, f 9b has been con51dered for the TDMA /
{ + satellite system and performs the foiigglng

S kg v o AR At il oA b 245

functions: g
{ a. The modulator accepts: two parailel data streanms
‘{\‘ in bursts at the symbol rate of 60 Mbit/sec ¢
Nt - (fof INTELSAT IV), symbol timing, as well as

T

a carrier ON/OFF signal in synchronism with

. , the data; and provides a bﬁrgﬁaof modulated

| carﬁgbr at an inkermediate frequency to be up
" converted by the tran§mitxsubsystem to some -

higher frequency.

! ' w ) f
-bv The demodulator receives TDM bursts in the IF
.Mandwidth. Jt recovers a coherent reference
4

carrier and symbol timing for each burst. ‘It

~

o ‘,. . has an output of two parallel data channels

80
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14

i : The moduiated carrier enters at fre-.
ouency f. (refer to figure 3-12). The modulation
is removed by frequency-mditdplication of 4, resul-
ting in a desired discrete component at 4f . Thls’
component is translated us1ng a frequency 4f from

AFC voltage- controlled osc111ator (VCO) The

’ resultlng component at 4(f - £ ) is f11tered by

t

a suitable bandpass fllter whose de51gn parameters

are/based on the acqulsltlon requlrements of the

system and the signal-to-noise ratio of the wecov- ",

ered carrier requlred to meet _the.bit erqor rate \

- performance specification. The filter 15 followed
'by<dn amplifier/hard limiter circuit; &reguency.

’pdivisdon'by 4 (a two-stage recircd&g}ion shift .

register is'recommended because four output phase:

are available if single side band mixer is needed
t

and translatlon by frequency f}\to produce the’ \

¥

de51red coherent carrier at frequency fc. A varia-

'

hle phase shifter compensates for phase shifts

"Ny

-

"introduced in the signal path so that demodulatlon cot

can be optimized and the desired carrier frequency

$

fC is produced. Because frequency division is
necessary; the frequency at which the recovered

carrier is filtered 4(f - i), should be restficted

'1,‘.1

*to a value no_ hlgher ,than the operating capablllty

of the components used in division. lefETEnt\K\\\
, N L . \ ,". . ) . -~

v

o

¢ :_gvﬂM ‘: Q.\
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§ . i X - . e ’ , . } - ) g ] V‘;
i models of QPSK carrier regenerator circuits for ‘ -

v - TDM satelllte have been ;dentlfleﬁ bgt 51gn1f1cant

. ° : b !
‘ — progress does not dev1ate from what has been des-

.

v .cribed [1,5] v .

. T . ‘ -:' The PSK modem filter+are designed to '

NN .
. . . . " . :

achieve an optimum pulse response while minimizing

WA O ~ et = 11
[SEM

- . the~inte£-symbq1»interference at the sampling point. °f‘ B

The PSK modem has to achieve three ad?itiqﬁel tasks: .
: o . Lo }
. ; N : S
- ".a. Prevent IF.- modulated spectrum foldover. - .

. ) . i \ ~.'

b. Reject‘baseband‘components in~IF spéctfum.'

. . ¢ - c.  Minimize interference to adjacent -channel.

£

Difﬁerent modems have been identified for - .

)

N ”\‘TDM-sateilitc syseem but ‘QPSK has' provided betterv\' '

- . . Y performance 'in the presence of_phase noise [157;

- i ~ . ’ f," ) . ‘: 3
' , Q : . ., 5 . f ) !

- ! However, 'the function of 4 .PSK modem,, as

discussed“@béve; is important for thé TDM satellite
> o systenm. E&tensive research is alsd' being done on o
. . . offset QPSK and m1n1mum phase’ shlft keylng (MSK) "

J

for future use 1n the satellite communlcatlon ; -

™
. Systems. ’ L.
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'3/4.7 -BURST SYNCHRONIZER AND TIME SLOT ACQUISITION

UNIT (TSAU) j ) A
The burst synchronlzer and TSAU performs

l

two distinct funptlons. Time slot acquls1tion

LS
>

and normal or steady state synchronization.
\ . .

3

In partlcular burst synchronlzer -isL
-requlred to control the time of burst transmission
such that burst overlap does ndt occur and maihtain
the burst typically within the guard time duration

presented for normal operation. This unit also
% .

maiﬁtains‘tpe phase of the burst relative to the
. ) - - [ A

~ reference phase. . . s
! Ia

The TSAU place3>a burst in the TDM frame. 1

The entering burst must not fkterfere with other.
' A

bursts in’ the TDM frame ,and must also be able to

4 .

be,positioned in the frame within the accuracy ; -

a

reqeiraments.

1

m “ . -
Any discrepancy between the receive burst
‘ 9

e -

‘and the reference burst is measured every 1/3
seconds which is equivalent to ‘twice the time

I taken by the signal to travel between the ground o

| station and the spacecraft.\-Thié discrepancy is

!+ measured by.PLL. A brief description of phasé lock
‘. - | \
/ ’ ' , .‘ ° N i ﬁ. > <

91

-
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Figure 3-13: Phase Lock-Loop Block Diaéram.
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’

loop and the initial’ acquisition behaviour which
is similar to the performance of the TSAU ', is

| ‘presented in the following subpara;graphs. /
‘a. "Phase lock loop (PLL) . B '

Mar_xy.comm;nications and control systems = .

requires the acquisitidn and tpacking of the

carrier frequency. . . o .

/
’

s ‘Several methods have been d/évelooed to solve

this acute problem by usiné; PLL. One‘of_ ‘the
. methods is to ‘sweep the gecill'ator frec_uency
of the PLL' (witl—u a narryolw loop .bandwidth)'
across the. frequency .band of- interest until
the signal is acquired [_17].. The PLL, shown \
in figure (3-13), consists"'of (i) phase : —
,detetctor (-'3‘_':'.) lowpass filyer) (LPF) and (1ii)

i a voltage controlled ,oscillator (VCO). . .

The phase detectfor compares the phase of a
. Pperiodi signal with the phase of the ~

vco. The phase detector's output is a measure

of the phase difference between the tw§ signals.

The phase dlfference is then flltered by the
\f i‘loop filter and applied to t:he vco. The
r . frequency of the VCO changes in the dlrectlon

.. that reduces the phase difference bhetween the

e




-
‘ 1

.ii}put signal and the lécal osciflator wayeform. .
,IJhen‘the loop is locked, the control x}oltage is
3 /

such that the frequency of the VCo is- exactly

q ~equa1 to the average frequency of the lnput "

signal. 'I'his mea?e cycle of input “is é@ct-

ly equal to. one cyfle of output: waveform Thls

W\

function is expressed by t:he follow1ng -equations;

Let. the input signal to J;he comparator of .PLL, is
given by ‘

V() = Vg Sin (0 (048) . (32200

7~ and the VCO waveform be

Vo(t) = Vo Cos (Wi(t)+60) ..... (3-21) |
Equations (3-20) a;id (3-21). show that the input
signal vi(f) and the VCO waveform are 90° apart
when ei = 60

The comparator which receives the signals presented

in (3-20) and (3-16) multiplies them. " The output

Vd of the comparator is given by: . ‘ .

Vg = Vi(0) » V() Vv, Sin W, (£)+6,)
' ‘Cos (W; (£)+8)
Ko v_ V, ' Sin (2W (£)+8,+6) Sin (8,;-8)

LS
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..4 S . . The signallrepresented in (3-22) is fed to the LPF

o ‘; \\; ;f: whlch fr&ters out thé term (ZW (t)+C3+E9) becagse
' the frequency component of the above . term is®ut
S

~

e ’ - i
o Yo " of band " Equation (3- 23) represents the output
. N - ’ -
: . ofnthe LPF fed to the VCO whlch is operating
y vt .
Y / . " at ‘a’'set frequency walled free running frequenc_v . S

1

- C v 'fo'.‘ 1f, the. 1nput frequency 'f is sufficiently

Y “ \;. close to f fhen the two 31gnals arﬁ allgnegﬂgr .
L Iocked together The process of locking, called-®
initial acquisition behaviour qf the PLL and the

time taken by the PLL £o lock these‘two,51gpa}s

o :

.

~x . . s . . . .
,.is called initial acquisition_time, which is discus-

RN . , T - ' - : i
v o sed next. - : - - I N _

’\‘ e L os - ) . . |
. Y . v . s ) .
S t ‘ s . N ).
L4 . -

N T bf Acqﬁisition time of the PLL %

»

The process of 1n1tra1 acquisition of the PLL is.
. i 2 . 4 + e
o o - 1llustrated through flgure 3-14a. ? "4

- N ’ ) <.
. A ¢ PR » 3 y
- g . - N
- . .
- . . " -

» + T - 4

Snpe

When a transmlttlng earth station attempt to

oL AR ¢y s et "R

, L ckglre initial acqu1s1t10n w1th the spacecraft oo
. —_— {

. ' . C “the .earth station transmits a small burst Al " w

: . )
tov - " : \frequenoy f1 -and it contains Ql number of digital
TN i $¥ts ' The length of burst Al in time domaln is L
— ) Sappose ‘that this burst A, arrives at the satel-"

| / : 11te (spacecraft) and does, not get 1ock with the '

VCO's frequencx\f;. Then all the bits b1 of,the,‘\.
L S . L . c ) . ‘ ] )




-
e T e

_the second.trial, the ground station Qransmits ,
[} . ' '

~the two frequéncy (fz-fo) is-lesser than that of - )

,i.e. i = 1,2,3.) is narrowing or gradually decreas-
L \

<

burst A1 are found ﬁo be in error at the® receiving

.

station. The probabilgty of receiving the correct
Q

bits is significantly low and the BER is:yvery

high and let us assume that it is e;. 'During

another bur§tnA2 at frequency f2 and it contains

A}
bé'number of bits. The léngth of the burst A, in N
n - .
time domain is ty- Assuming that'th%/burst A2 P

arrivés 'at the satellite; the two freguency f2

«

‘% - LS

and\fc_could,not lock on to each pther. This

~ IR

can be explained as follow: the difference between

(fl-fo). However, it has been found that the o

difference between the input frequency (i.e. fi

. , ) o ) .
ing as the burst time (i.e. tl,tz,tS)'is being
number of bits bz'afenpekbsﬁfficient to be locked,.
and bits received at the receiving earth station ‘
are found to be -error. But th¥ time it may be \
4

possible that the BER e, is lesser than that of él.

~

¢

Similarly, if the:earth.station continues relaying:
N . B .

the burst Ay, A, , A SO A tively at
e 'urs i‘ 30 Ay s 1 R respec 1Ye v a\ &
3rd 4th,g§;.;.nth trial at the frequency f3, §4,

97 -~ ' S

T e Vs S SR RS re § 7 e o e e S st
B

increased. In other words it can be said that the Y‘l:

Pparpcaresere e Cpr SRR T e

4
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v

(fﬁ-fo) which is apprbximateiy eﬂgivalent to zer
. Y \\'

The Fo;respondlng burst time t3, té’ FS;""tn (

o

v ) " ' =\ J N
- for the bursts A3 up ‘to An are in such a waQ?that

t3<t4<t5'<...<tﬁ. During each trial the BER

obtained for the above bursts at the ground stations

are eg, e, €g..... e . On the analysis of the

1

data, it 'is noticed that as the difference frequency

»ﬁ.
between the input frequency and free running fre-

-

quency i.e. £ input

fp is decreaéing; the BER is

also decreasing. In other words it can be said -
that as the burst timing is increasing, the BER

is decreasing. This result is ploted in the figure

e

3-14b. This proqess\iliugtrates the behaviour of

the PLL which is equivalent to the initial acquisi-

>

tiog, behaviour of the satellite system.

.

%
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SPACECRAFT SUBSYSTEM

) ‘A common -TDM satellite system spacecraft

1

consists of several significant assemblies; a transnonder,

_amtennas, power supply, telemetyy and cormand units. o
‘ ,

.

The transponder in the spacecraft is -

»’

associated with the antenﬁatwhich receives the up-link
frequency carriers from the-earth stations, amplifies

" and converts them to down- Ilnk carrler and then retrans-
mits back to the gréund stations [18]. Cenerally, thg

dual conversion system which performs the amplification

in the IF'stages is used. The ampllfled signal is

.further ampllfled by a h*gh power IyT and transmltted T

b

- back to ground statlons . .

t

Prime spacecraft power is provided by a . .

sol@r panel during noneclipse periods and the spacecraft
PR L? ‘\'

batteries'during eclipse.

s
u v

3.5.1 TELEMETRY AND COMMAND , - : o Y

a. Telemetry .
* . ! . ' . ' '

- Two ihdependéht‘te}gmetry channels are included.

Transducers, redundant digital encoders, and

\[ : a crogg-strap ' switch are provided. Diagnostic

data, réceiveg frbm?transducers and other data

. * sources, are fed to the encoders before phase

E . .
L 2 S M + i !




DISTRIBUTION SUBSYSTEM
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modulaEing the beacon oscillét&:s via fhe
! cross-strap switch. Tﬁpee seiectabié mddeg
B A \ "of data processing are used in each encodef;
S - . 'PCM, an& two real-time FM modes.[lg]: The

Dyt "PCM mode is used for all élti;udeL thermal

power and status information including
command verification. The two M real-time

modes are used for attltude pulﬁés or altl-
N v
tude-related signals. -, .

»

-

b. Command. ‘ L ' '

1

Two command receivers and two digital decoders

h aré. cross-strapped for redundancy. Command
tfanémission'cqnsists of a microwave éarrier
N ’ , \ x
oL modulated.By a sequence of tone bursts at
\ . three discrete frecuencies. The decoders prol

vide command ohtput lines.  'The command format

\ . . . -

con31sts of an introduction portlon which

1

lears and resets the decoder registers and

loglc, an address portlon which prov1des the
necessary digital encodlng, and the comand

itself consists of eight bits.

4

. L - . Ty

3.5.2 DESCRIPTION OF TDM/SS/SDMA SPACECRAFT [20]

\

- :  .The distribution subsystem of TDM/SS/SDMA

.+ -system, shown ip-Figure 3-15 consists of a micro~
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A ’

]

wave switching'matrix (%§M) and a distribution
contfol unit;(DCU). Theser two elementn‘while
’ opeE?ting together perform tne programméd_switch-
‘ : | ing opefations necessary to interconnect ‘the com-
munlcatlons beams acceSSLng the TDM/SS/SDMA -

satellite system cr
- TeooA
The space-borne. diskribution subsystem.

D \

is introduced into the conventional transoonder

w

~equ1pment prior to the outnut Dower amollFlers

In system operation, the n-uplink beams and n

down-link beams are interconnected in a program-

mable frame by the MSM under the control of the

DCU. Re-xrouting of,circuité in a satellite can

be acheived thfough the.appropriate TDM burst

of the circuit to be switched to the transponder

associated with the earth &tation to be served. ° ?

X_m__wfvﬁﬂi ] - 3.5.3 DESIGN OF MICROWAVE SWITCHING MATRIX\»

In TDM/SS/SDMA'satellite system, any of
the up coming beam groups can be conneétgd to anyl
of the downgéing beam groufslby means of a dynamic,
high/ speed satellite switck which can be nrogram—

*

\ : med to distribute the burst among all the beams
B ° B . - ! . N\ - 'y
in @ desired periodic pattern”in a common fregquency

-

s band (say 40 MHz which is the bandwidth of the
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L 4

“ , per requirement, . p , T

.. operates in time demain. f'\_

8 . ' -
transponder. for Intelsat IV). ‘For 4 X 4 matrix -«

of beam groyp interconnections, a 4 fold fiequencx

reuse could be established [20] 4~ The switching

* matrix, shown -in figure 3-16 and determined b&

the number of transponders required for the TDM/ _.°

SS/SDMA system, are made of PIN diode and ®perated

neérly at 10 nano séconds. The speed of the switch

* significantly is determined from the transmission

rate of the system. These switches can operate

&

either at baseband, IF“o; RF (Radio .frequency), as

s

1
.
Ve

. .
/ . .
7

The bit raté is mainly determines the num-
, , ‘ A
ber of thé transpondars. It has been found that
N
there exist a linear relation between the trans-

ponder's bandwidth and the.number of PCM channels.

The linear relationships, shown in figure

3-17, is obtained due to the fact that TDM/SS/SDMA"

-

%




\\\\; CHAPTER ‘4

by ' , SYNCHRONIZATION TEéHNIQUE FOR THE TDM

1

ST ' : " SATELLITE SYSTEM . S

s , o

LR, N A’/—-I -

W;ﬁ?“the dcceptance of TDMA and TDM/SS/SDMA

as the most feaSLSi'J%ultlple access technlaues for multi-
- " ~
K channel satellite communications; lncreasing attengion is

-

.directed to the special problems encountered with synchron-
v

' ization aspects affecting satellite communication systems.

" . “» ) - ) b
l‘ az ’ - .
In a sasellfze commuﬁication system it is .

. L]
redquired that, 6 the commutation at the transmitting e9d and

the decommutation at the recejving end must be in step,

this requirement is commonly referred to as ﬁynchronization.?

o * N ~
t ’
o

e T . C A brief survey on different methods of

synchronization shows that two broad classes have been

/. divised which are called open loop éynchronizatipn and

¥

F C closed loop synchronizatign t211; Other workers have
. ] , .
also identified synchronization in comparison with packet

- switching ‘[22]; however this comparison falls in the

g : ., - category of open loop synchronization.

»




I

v This ehapter contains a brief description

by open loop method §nd_close loop method of the sYnchrop-

. -t * . L, P ,[ﬁ‘
ization procedures for TDM satellites. ¢ .

~ .
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o~ : ‘ . / .
- ANALYSIS QF THE OPEN LOOP METHOD FOR TDM SATELLITE

“
In open loop mode of synghronization for
&DM satdllite, a burst is tréh;q}tted from an earth station
with a preassigned time delay relativeeto the burst which

-

is already synchronizéd by the closed loop method,

\ ’ ! /
//A Th:eé'aspects of open loop analysis are

presented in the following paragraphs:

!

4 . s

' Let us” consider that there are A, B and C

. - .
three ranging stations [23] -and D is. the station under

@

open-logp ‘control (yxefer tosfigure 4-1).; .
. . . '\ o ‘ . \

’
~

The range of khe satellite %fom a-p%;tlcular
earth statlon A for example, is given by the following
\ :

%xpress.lcn' .
- o )
o 2 2
P2 Xy =X )% (¥, - ¥ )Y 4 (2

'
A d -

wﬁere, P .= satellite range from A

[

&gf\Y ; - satellite coordinates

° ~

X ’ Y ' Za = coordinates for earth station A

-

. Two further ‘equations can be defined for
| S ' \ £
N \
S5tations B and C'respectively so that the unknowns' X ¢ Y

and Z_ can be calculated. ~ Having defined the sagellite's

- o N -
'coordinates, the satBllite range from-statidg\D can be
- . L .

¥

- P o Ampate a0 L o
o .

JRrovv,




[ S L T

St AR S

* calculated -from an equation similar to (4-1).

b R A N L

where Py =gSatellite range from D .

°

g Yd' Zd = coordinates for earth station D

"
.

h\\\ v Equation (4-2) is an exact solution. for

thé\parameter Pd’ $»ut it involves the solution of three

simultaneous second-order equations. The complication of

. -

- sqlving three such‘equaéions ean be redyced by describing
the position of ghe satellite in terms qf small diépiace—
ments from a nominal ?osition. JIn this manner the satel-
lite's coordinates can be éeduced from three iinear'

. . ¢ §
simultaneous equations having made the assumption that °

second order térms in the.small displacements cén be
‘ ignored. However, it demonstrateés that this assumption
\ c;n lead to intolerable errors for a satellite with
station-keeping limips of the Intelsat IV-A and V sgrieé

of satellites. ' .

. Q
(/ ) The solution adopted for the open-loop

experiment is to use a linearised solution for the co-

Q

ordinates of the satellite but with a 'nominal' satellite
position which is refreshed so that in essence it folléwg

the drift of the satellitg. ‘This displacement of the P
actual satellite position from the 'nominal' is always

smail enough for the linear épproximation‘to be applied

with confidence.
. . " v

T

111




. calculation.

-

~

This approach presents the simplicity of
the 1inearised solution and &}Ves almost the same accurac;\\
as the exact solution. However, the coefficients of the

- ™\

dinearised solution have to be evaluated anew for each _—

¥
- .

Ip the form of the quasi-linear'solution,
the differences bétweeﬁ nominal and\acgual delay to-the -
satellite and back inysymbol pefiods'for stations A, B
and b are denbted by ZXA, A B and Ac respecfi?ely and

are given by the following equations: .

Aa - Koy Ax + KayAY + Kk Az - (4-9)

Ap =g Ax+ Kpy OY + K, A2 === (4-1) ’

Ac - Koy DX+ K OY + K Az = (4-5) ‘
whefgllellY,llz =‘differences betweén actual and nominal

satellite positioq. ' '

.

ax constan{s depending on, among other

- parameters, earth station location and

] : :
nominal satellite position, \
?" . '~4
Typically, P . ;
X = 2f (X5 = Xa) ) :
ax cp )
a .
where £ = symbol frequency; C = velocity of light
Xs,Xa= ﬁominal satellite and earth station cogrdinates

. !
Pa =g rangefof earth station A from satellite

~ - il

S R EAETE S R

L.
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:,'M'.c‘ - N / ‘ ' - ’:
I3 . ‘ .‘ )
. Equations (4-1), (4-2) and (4-3) can be rearranged.to give: L
) ‘ ' ) . . N f '
A;;X _~A__y_' = A__z. - 1 - . '\- 5 ® . . . - . - ( 4 -6 ) ' .-
N v IR Ny a1 “
D1 D2 ‘ D3 D0 & B . Co, !
where DO’ Dl' D, and D, are third-order determinaﬁts given \by: ?
L] . ‘\- A
- -
N\ K K R 7
. ax ‘ay az ‘. ¥
Do - ® ‘.1;‘, Kbx p I'(byg sz N Y . g B
'ch Kcy qu i
e ) = — M
. e — "" - —
™ A - -
. 2 Kay Faz .
\ 3 A . 4 .
Dy = B Kby Kbz ’
450 Kcy ,Kcz . :
N . . - :
— - \ M
2 kK- Aa K ] ‘
. ) ax az . ‘
- } . ‘Dz Kbx ,A B sz K> ' . :
K Ac K ' “
cx cz ‘
» *
— N 3
- B J ] . :
K K Aa : :
ax ay , ﬂ( 3
1
Dy = Kox  Foy AB 4 E
K Ac . i
| ex cx ] -

B i

£ Y

The solution.forlﬁx,ZXY, and AZ ‘can be

'appl;ed'to the
* -_fol}oWing equation: . . , o ' ;
. Rg" J—‘Exs‘— xg)? + (g - YD+ (2 - 192 {Z(XS-xd).n«
Ax_gmd" 2(r -Y ) +AY [A Y42 (2,8 +42 Az] : (4=7)
- 113 s
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Equatioﬁ (4-7). is exact 'and holds for all

S

v N . ¥ :l>

values of AX, Ay, Az and Xg,» Y, and Z_. The solutipn of !
RN . . \ 1) . . ] ' M

equati®ns (4-3), (4-4) and (4-5), however, depend on the

-difference Between actual and, nominal satellite positioh.

For this reason at the end of each cyclé of the calculation

f;he nominal satellite position is refreshed according to

the following: o ©
Xg = Xg +AX ’ P
Y, = YS.+AY ..... . (4-8) ' ,’
7 = 72 +A\z ¥

s

S
- o 2 ‘_ 2 e 82
> _ ) . - \ N

_ Similarly, this calculation is repeated
B4

for stations B and D. 1In addition, coefficients K, through

Kcz are recalculated with the new satellite rangeé and co-

r

ordinate values. 4
\

«

To obtain a sufficiently acgurate nominal
satellite position to start range determination for station’
D, an arbitary 'satellite position will be defined in line

Sy,

with the incoming range dataa,AB andc.
. &

) - The minimum nﬁmber of four open-~loop-par-
ticipants in an open—looﬁ acquisition and synchronization
experiment. Station D could derive a number AD, the

difference between actual and neminal range in symbol

114 - S
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equation: .~

.

AD = Kyx

L3

where coefficients K

& v

‘

WX + K, AY +K
dy.

3

dz

through K:

dx dz

s consistant with coefficients K.« through K,

¢

periods, using a linearized approximation by the following

.
b '

.Az eees (4-10)

i

s
are deined in a manner

g

i

z°

Equation (4-6) and (4-10) can be combined

}

AN
. D "D D e '
. IA_“D" Kax: 21 + Kay, "2 % Kqp 73 ce.. (4-11)
‘ " .o Dy Dy Dy ¢
Ve ‘ , ‘ |
. a S Equation (4-11) can be rearranged to
yield: ‘ | -
2 . = ) i ) ’
Np -2 . Aa+P A +P% Ac
‘i = ~n ~ e o a0 (4"’12)
rD D D
N 0 0 0

P RPP TENON I LY RN S SRR s e

e et = -



&

AN

ax

bx

Y

.

If station D were made coincident with

In other words, the solution of the

.The ‘accuracy to which the satellite can

<

The latitutde and longitude of earth

dx

»

open loop network, then D

Equation (

¥

taken at stations B and C.
\

4.=D

the difference into account.

0

=\

, and D

*

5=

D

6

stations must constitute the open loop network.

of earth station A through D can ba\?etermineé.
, ~
~

0

station A to reduce the complexity of the experimental

4-12) reduces to Ali AV

i

range for station D (or«A) is independent of measurgments
To obtain meaningful results

. from the open loop experiment, four physically seperated

o be determined from measurements made at station A, B, and
C, and the'subsequent calculation of satellite range from

station D, depends on the abcuracy to which the coordinate

>

station antennas are documented to the neFrest second of

arc so that their Cartesian coordinates can be determined

ted

fromnfﬁe parameters of the international spheréid. There- '

r fore the coordinate of the antenna must be modified to take

1.

—~

I




'The way this moéification is tfépsformed

N ' ¥,

is as follows: station b provides the output of its
range counter to A which also receives the range numbers
from stations B and é, as well as its own.for portions of
the daily movement of the satellite. All these numbers
"are time indexed and recorded.‘ The satellite position
- is determined by the quasi-linear solution and{the'exact‘
solutidn of satellite range of station D is determined.
Initial values of earth station coordinate; are those of.
the respective antenna. Thus, the differences between
measured range and célculafed»fange for station D cén.be
\ observed for _the day.- Thg coordinate of station B,'C
and D can now be refined in accordance with the distance
- ‘ of the TDM terminals from the antehna and the m;;n square
.error between measured and calculated error observed. A
'selection of coorginates for stations B, C and D can be
evaluated and the set which gives the least mean square
: ' error can be chosen. ' The selection must be strictly'

b ‘

*limited and chosen judiciously, otherwise the scope of

.

the problem becomes unmanageable.
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4.3

CLOSE LOOP METHOD

'

o ~In closed loop method of synchronization

forgTDM satellite system, the burst coming from an' earth
station is synﬁhronized on recgpfion at the same earth
station. ‘That means an earth statMon, operating in TDM
mode, using close loop mode of syhchronization, transmits

/’

unique word for initial~acquisition and a reference burst

1 «
"

to the satellite and loops back to the same ea&th station.

However, an earth station, operating in TDM/SS/SDMA,
transmits a'éynchroniza?ion burquto t?e saﬁéllite and’
the synchroniéation window of the synchronization burst
is looped back to the same earth station. Therefore,
initial acqﬁisition and synchronization procedure'for
' ,

TDMA and TDM/Sg/SDMA by using unique word and reference
burst plus sglf locking method and window method are -

described here respectively. ) ;

-

\4.3.1 SYNCHRONIZATION PROCEDURE FOR TDMA [24]

Unique words, which are a unique set of -

. symbols in the preamble servihg to establish a

L known position in the burst, establishes appro-

ximate tragiFission timing. Therefore, a station
|
transmits only the preamble, which is monitored

by its receiver. )

118 .
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F f/synchronization, a single ground
staﬁi utilizing reference burst plus self
"0 locking™n Lh?d\transmi;s a reference bqrsts
: which passés thrbugh the transponder of the

satellite and{they are received by all other

\groﬁnd stations. Relative to this time base,.
the ground stations establishes the time slot
for its trapémission to the satellite. An.

- - elaborate description of initial acquisitioﬂ

and synchronization method by using unique

J -

words and reference burst plus self locking
is presented as follows: . R
The TDMA sysfem clocks are free-running
and have an accuracy in the order of 1 part in.
109. With a péﬁfectly géosynchronous satellite,
the tFansmitted burst position could, drift
. : | r;latgve to tbe'reference burst at the rate of
one symbol du;ation evgry 15 secondg. This
bursts error can be overcome by each station
itsel¥ -by comparing tﬁeAtiming of its own unique
word (UW) withlthe referenceﬁunique word (RUW).
‘If the two unique words (i.e. UW and RUW) are
.not coincidént, the time difference will be
measured and used to advance or retard the

. timing pulse. The timing pulse determines the

bo- start of the transmit burst at the rate of one

. 119




~ symbol per frame for the appropriate number of B IS

" a TDMA network using many ground stations, it is

‘'one satellite, controlled by a single reference

frames. This is called synchronization of trans- -
mitted and received bursts. Once the correct
timing between~the transmit and receive has been

established, normal twansmission can begin. ' .

“The synchronization method described aboveA
relies on reception by each earth station of its
own transmitted burst after retraﬁsmission by the
satellite. Such'satellites use global beam.
Howévef,'thg above method cannot be used in

4
satellites which are using spot beam.

The above method og'synchronization is

easy to implement. Since, it can be épplied to

- e %

proposed that the common frame timing shall be

—

used for\?ll the‘fDMA signals passing through

1

station. A reference burst would be tfansmitted

through one global beam transponder and all other

AT i ek E

earth stations would use this burst to acquire

system burst timing. This can be achieved with

! -

the help of a PSK demodulator. The PSK demodu-

R

lator is designed to receive. the preamble and

o

acquire the phase of the carrier during the first
part of the preamble and to maintain it throughout

the burst, with sufficient accﬁracy to give’'a very

«. 120
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oy
,the clock' phase and retain it throughout the

> ey

v

. low error rate at the operating C/N ratio.

b

Similarxly, ,‘the demodulator will rapidly acquire
- »

burst. Consequently, correct detection of in-

coming bits should be taking place before the

\ .
start of. unighe word. The ciifferences between _

" the phases of the received burst and the refer-

ence burst may take little time to be reduced
. N

to zero and this is called acquisition time.
‘ /

[ -
After overcoming the phase difference
a*xd‘unique word detection, the remainder of the

preamble is routed to the station identification

- unit which informs the demultiplexer of the

origin of the burst.

~

which extracts the order wire,

The control signal unit,

(i.e. service
LS

channel) from the circuit routes them to the .

order wire unit. A station which looses synch-

-

ronization during its operation must inform an-.

other statiori about a synchronization loss by
‘ 1 3

transmitting an alarm signal. Two different

- alarm signals are used, one indicating the loss

* &

of UW and the other indicating the loss RUW,\\

then these alarm signals can lbe used to deter-

mine a failure in the system.’ SN
4/ A
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b

~Usuall§ a. so-called rapid re-entry

procedure is desired, in which the station

. SYSTEM T

starts' transmitting its UW directly without

w

any need of ‘initial acquisition. '

» Y

SYNCHRONIZATION PROCEDURE FOR™ TDM/SS/SDMA

- ' 2

' .
* 4

A ground station‘®operating in TDM/SS/
SDMA mode achieves synchronization vhen the sync
burst of the super frame looped back to it by a

switch connéction interval i.e. "Sync. Window".

- The use of the synch window only to.synchronize

each earth station to the autonomous:satelliﬁe
d%étribution centre eliminates the concept of a
reference station. The satellite becomes a
reference station for all users. Synchroniza-
tion using wirdow methéd,is separated in;o three

distinct phases. These are called the coarse .

- search mode, the fine search mode apd the.

&

tracking mode. Each of the modes are described

in detail.

é. . éo;rse search mode
}% start up,a ground station aoes not
havé synchronization. This means that
the timing relationship beffeen tﬁév

AN
122
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w

ground. station time base and the

A o3 . . °

-+ occurence of sync.ewindow satellite

is not known at the ground station.

Therefore, the first operation which

]

: y 2 to be perform%é must be to “obtain an

& estimate of the time at which a sync.

-

burst should be transmitted in order

-

to reach the satellite at the.correct

[4]

time. Passage through the sync. window
and its.return to the ground station is

dependent on the assumption of the initial

°

estimate. Two possiBle methods described
‘#d . here, which can be implemented with the ‘

- PSK signals, are first the sync burst

technique and, second, the coded search

v T it KA N o o % mi N

y
1
!
!
;
1
§

\ ' - signal techniqué. L

' ) CL (L) Course search mode using PSK

[N

Sync. bursts:

< ‘ Any station in the system' achieves .

" i

e s

. o : synchronization by transmitting a
train of sync. bursts having a

unique frequency identified with :

- that station.

. 123 | o
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There- are three possibilities:

(i) The sync. burst arrives at the

satellite when a sync. window
S o -

occurs. - ’ c

N o
! R

+ (1i) The sync. Dburst arrives at the
y

satellite‘afg;r the occurrence

of sync. window. -~ *\\\

~

(iii) The sync. Burst arrives at the

, satellite/ﬁia\way during 'the

- occurrgnce of the sync. window.

ﬂq\the first case, the sync. burst is
modulated by the window as shown in

. figure 4.2 and returned to the ground

i
:
~§
{
}
i
:
i
i
i

station one round trip ;ime'deiay after
transmission (270 ms). The probability

of occurrenee’as::;is case is 0.024 i.e

(sync_window length,,)
frame length , ,
- .
B ¢
' If the other two cases eccur, then

. - .
the ground station increments a clock-by.

a'smalf gount equal to approximatéﬁy'the

sync. window duration 6/ﬂéec.- -

s
-
e

TR .




4

for 750 us frame.or 1 ns for 125 us frame)
and repeats the procedure until the entire
frame length wh;cﬁfggquired to vary over
the entire frame length. This requires.
approximately 40 sec.

N

Amestimate of the bandwidth required

¢

for the PSK burst for the two different ///

sync. window durations of 1 us and 6 &s

can be obtained by considering the bit-
rates®. For the former, the requirement

is } Mh/s while for tﬁz latfer the value

is 0.35 Mb/s. There is a possibility of,
in£:rference due to sync. bursts falling
in data windows during the search.: .On

tﬁe average, the interfefence du atibn‘ §
is 4 N* Tp whefe N is the ﬁumbers of
pulses in each transmitte? train, and Tw(ﬂ~‘ .
i the frame of the satellite Wwitched

sequence.

\ t.
l .

" (2) Coarseé search mode usiqg coded search signals

\

.

" Coarse se synchronization can

be achieved in only one round trip time
[+ )

of approximately 270 ms [}5]. Synchron-
isation is independent of the ra&io of
frame length to window durz{ion. TheﬂM

use of a PSK codéd search slgnal provides

¥
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\ .

a sufficiently good estimate of the

-

relationship between the sync. window -

and the ground station time base so °

-

that a PSK sync. burst could be transg '

\ T}ttéd. The timing relationship can
_ '

be found by considering the following

three parameters:

i)

[ 3 q
ii).

¥4 iii)

Typically, Tp fé in the order of 135,

S
TF.—-T

ms, T

F
oscillator on board the satelljpe and has

: 5 N L .‘
The transmission time delay
T, between the Earth)station

and the satellite.
N

.

The time difference Tq between

the arrival of the leading edge -

. of a transmitted signal from an

earth station'ét the satellite

, -

and the occurence of the first.

b

subsequent synchronization

window.

The frame TF

\swiéch sequence.
-~

of the satellite

~may fall anywhere between Zero and

¢

is determined by a highly stable

a frefdency that is assumed to be known

4

at the earth station.

T
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{1

s / _ .
The coded search signal, illustrated

in ' figure 4-3a consists of #wo parts, the

first being carrier of duration Te 2>TF

"and the second a coded Synchronization

.sentence structure of duration TF that is

§

used to provide an‘estimate.of_TS.

Synchronization window modulates the
carrier portion to produce pulses frg;
the carriers tﬁ%t are used by ;he earth
station receiver for the puYpose of

- P
carrier lock. '

Let us assume that, at g;e éarth
station, there is a high-stability oscil-
lator driving a counter, a degoder having
a reset feature, and an interpulse sﬁacing

of the output pulses is T When the

F
{
leading edge of the coded synchronization

sentencé is transmitted, the counter is

reset, Now, tﬁe_lead%ng edge of the coded

synchronization sentence, is transmitted,
at time Tl reaches, the  satellite at time

T, + T,, and, at a later time T., the

1, °a s’
synchronization window modulates the

. coded synchronization sentence portion of

-

the~sigﬁal, producing a pwlse. At the
K 4 ! .

time T2 = Tl + ZTA + TS,Athls pulse.,. -

reaches the earth station, s

1

AR ok e




e e -

- . ~
where the time difference between ,

Ql and T, is given by

T .= Tz - Tl = ZTA - TS LI S (4"-13)

or Ty =} (Tp = Tg) eevennnenn., (4-14)

S

L
[i

° N

‘An bther waygto'determine Tg is by
conside;ing the céded synchrorfiization .
.  sentence, also shown in figure 4-3b,
which uses two different frequencies fl
and f2 and a set of coded words. The A _
frequency f2 is ﬁsed.soleix to provide a
marker to indicaté the beginning of each
coded word, éo that a §imple décoding : -
procedure would be,éossibléﬁ Qgch coded
word has a struétﬁre, illustratéd in ™
figure 4-3c that comprises several bits ‘
at tge beginning (to provi@e bit timing),
‘a coded humbe; and a périty—cheqk bit and
" the end. Caréiers lock tq fl is obtained
from’ the éulséé'ﬁf theqcarrier, as pre-
/ viously mentioned. The coded numbers
(in biﬁary form) would ruﬁ in-consecuti§e

opder from zero to some integer K that is

/ :
\the smallest integer satisfying: ‘ -

=

2 °F
W

K el it (4-159°

\V4
%
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»

where T, is the synchronization-window

1ength;

[ 4

o

Having determined K from this
relation, the duration Ty that defines
thé lenqth of one codé word plus one
burst of'frequency £, as }hownjiﬂ . i

figure 4-3c can be next determinel by

using

T - F . ‘e es e (4"'16)

!

, 5
The synchrpnization window p;dﬁuces

a pulse length Tw of the coded synchron-

ization sentence (figure 4-3d) and returns;

!
3

the signal to the earth stgtion. Since
the frequency f2 marks theibeginning of
a coded word,‘it it possible for éhe
earth é}aéiééwgpfidentify, the portion of
the synéhroniéation sentence modulated by
decoding word immediately fallowingﬁthe f?
fréquency burst. The received signai

”’

would always contain at least one full

since ipe co és and the f2 burst

wodld have a time period. Hence, TS and.TA
* S

cauld be c¢alculated by using’eqﬁ%%ion (4-14)

.
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Finally, it is possible to determine

the time at which a train of earth station's

synchronization bursts should be trans-

mitted. This predicted time can be

related to the transmission time T, given Ey:

T =Ty +Tg +PI; P=1,2, 3 ... (4-17)

1
- different P, are just the times at which

But the valqes of T - T. + PTF for

pulses are appearing out of the decoder

fed by the earth station oscillator and

-

counter. Thus, if the counter is fed to

" one side of a compara%or, afd. T

is loaded
, S 4

into the other side of the comparator,

the required predicted time T will occur

on equality in the comparator. This

output pulse can be used to reset the
co:ntgr,"and pulse from the decoder will
P -

ce mark the times at which synchron-

ization bursts should be transmitted. .
. J

Therefore, coarse search synchronizat'ijpw

is achieved in one round-trip time of-

approximately 270 ms independent of

‘the time frame lefigth }26].

. ;
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Method ] ' Sync Acquisition Time Bit Rate
5
PSK Sync burst .
1 48 Sync Window 270 ms to 30'5 2 Mb/s
6 us Sync Window 270 ms to 40 s 0.33 Mb/s
o
Coded Search‘Signals /
1 us Sync Window . . 270 ws 2 Mb/s
6 A8 Sync Window ) 270 s - 0.33 ﬁb/s
- %
: -
Table 4-1 Comparison of'fSK Sync bufgt method a

search signal method.

Ao

o

nd coded
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An estimate of bandwidth required
for the coded synch. sentence can be
obtained by considering the bit rates -

;/ ! assuming 1 u§ and 6 us synch. window.

[ro—

The coded sync. sentence uses a bit
‘rate of 2 Mbit/s for the forme .and 0.33
Mbits for the latter. The amount of
interference caused by -a coded search
signal falling imto data windows can be
determinea by considering thc length of

the signal. "Since only one transmission

is required for synchronization, the
total interference time for a céded
search signal is just its duratjion.

4

The 'sync burst method and the

coded search signal method can now be
compared, as shown in Table 4.1. From
the standpoint of fast acquisition,

narrow bandwidth and short interference

o \"M time, the coded search signal using PSK

\ sync sentence appears, to be supperior .

to the other techniques.

|
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b. Fine search mode using the

¥
F.oae Pty

N
"PSK sync. burst

N : : Fine search synchronization can be
initiated once the coarse search mpde is
. completed. The objective in this case -
is to reduce the initial timing error 3
due to the inaccuracies in the coarse

search mode. In this ﬁode, burst trains T

L

of sync. bursts are transmitted and after !

one way trip time, the train reaches the 3

satellite. Next, the signals are modu-

N -

| lated by the sync windoﬁ, as shown in
figure 4-2 and transmitted back to the
ground station. By comparing the modu-

lation and the built-in tiﬁing reference

© i

of the sync burst, it is.possible to

’ " measure a timing error and adjust the

T A ear e Db ol N o

o groung station time base. Further

trains of sync bursts can then be trans-

omriad st e el v s

mitted at intervals of one round trip //”\\\\,

time with the adjustment performed after

each train is received. Hence, a feed-

back control loop results. Two different

" techniques for providing fine searc¢h N "

described here are the fine search

N

\
|
system with digital control and the a ' 71
1
!

- fine search system with analog control.




Hoﬁnocaﬁwmﬁﬁuadoﬁﬁm.unsonc\:.#on.smwm
s i

© NOI&LH¥0d

.. (®)
TATIISOL ,

~.} ) - . - - » .
NMOT-INNOD [= , -~ YAQIAIQ
TTHY WAV ¥4004d

. - . -,
| ¥0TOIIAQ INAWTHOD +

<
-

,\ |
, i TNNOD . N

A

‘NID °DHXS
« Ny
YILLINSN 8

YIATIDOTY

A00TID TTIaV Ig
’ - A

(2)




BY

a

(1) Fine search using diéital control

PSK sync brusts, transmitted by the
ground station a;e mbdulated at the
satellite:and arrive back at the g{ound
.station after one round trip time. ’fhe
.sync,bursts are detected coherently

¢ . producing a video wave form consisting
of a positive portion and a negative
portion, aslshown in figure 4-4a. Figure’
4:4p‘shews the digitai tontrol system.

0 Each portion of the video burst is used’

to gate clock pulses into a counter. The

count-up and the

oL

positive portion would
*® ' .

” [ s a -
negative portion would count-down.

. The remainder is, then,\\é measure
of the\kiQing error;"By‘advanciné or
retarding the ground statior time base

b& a number of clock pulses ééua} to half ';
the error, the time base -error can be-
reduced. Precision is restricted to the

basig resolution"¥%hich is a clock pulse

period of approximately 30 ms and ac-

‘ f

k) curacy is limited mainly by satellite

> motion. IR

..u.aﬁ..?-«
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(2) Fine search mode using analog control

J

a

\ ' The analog fine searxch system is not
. - as festric£ed severely be ,accuracy problems
. ‘ o - " as in the digital case. The essential
| features of the system’a;e as follows:
The sync. bursts,htransmitted by the
ground état%on, are modﬁlated'at the sate%:
- ; ‘ lite and arrive back at the‘grouﬁd station
& i 'iafter one round trip ‘time. The sync. -

' ) bursts are detected coherently producing

it . . the video waveform shown in figure q 4a,
o ) as in the.digiﬂal case. _However, error

P . voltage is pineuced by integrating the
. ) b N

) pulses, as shown in figure 4.5a. Zero .

e

. ) timing'errof\gives Zero integraéed voltage

) . ., and positive and negative timing errors

R TP CAPIRPRIRE LR S

)
3

- !
o \ " give positive and negative integrated

. / . voltage, respectively. The .intégrated
: . . ¢
‘ rq: " error voltage is used to adjust ‘the

vt b e

’3\/ } frequency of a voltage-controlled oscil- . "
> . — \

lator (VCO) over a short period®and in
reffect producié! a phase shift. After
‘. ’ - L n the shift, another train is transmitted - ¥
. a , \ 1 . \\and the same procedure is repeated. It i

~ , \
: .- . ' is possible to show that thi$ scries of . §
* 1

|

steps leades to progressively smaller - 5'7‘
&9
timing error, as in figures 4.5b and the
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c. Tracking mode using the PSK Sync Burst

»

‘.

. ’ , )

. + ‘ *
. [ ]

"limit is dependent on t‘:\?umbér of

pulses integrated and th gignal-to—

noise ratio. * Thus the measurement of

Y

the time error can be improved simply

by integrating more pulses.
13 ) .' \.”
Three possible cases arise using

.this loop. If the loop’donstant is
small, ovemdamping occurs. If the loop'
~tonstant is large, underdampihg results. "

v

Critical damping is also possihle.

Assuming a high stability oscillator-on-
board the satellite and high stability
VCO at the ground station, the main

- 4

source of*error is due to the satellite

[
4
ki
»
¥
H

motion and elimination of\this error is

B " ‘ ~
considered next.

A
-

)

’
-

r ey e L

Errors due to satellite motion can

v

be reduced by using a tracking network,in

L)

conjunction with the analog-fine search

-

: R
control as shown in figure 4.67 Ssince
the veco has two adjustable parameters,
fnamely, the phase and the frequegcy).

It is possible to use the latter to

reduce the timing error due to satellite
141

} -
‘ -

- .

- >
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.
-
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motion. At all‘times, the tracking
neg;ork applies a small correction
voltage Fo‘the VCO. This corrécéiye
yolfgge causes the fregquency of the
VCO to be different from the center

.
frequéncy'whenevet there is satellite

motion. Thus, provided the accelera- - ;

tion is small, the sync window of a

L

switching satellite can be accurately
tracked by a ground station. It is

estimated that the timing errof can

-

be reduced to several nanoseconds

[P

even for a satellite movipg at constant:

‘velocity.
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CHAPTER 5

CONCLUSTION

i - t

5.1  GENERAL A

\]
R
4

An overview of the multiple access techniques, used in
satellite communicqsion, has been presented. 1In different
nmodes of multiple access techniques like FDMA, SPADE, DAMA,

~

TDMA and TDM/SS/SDMA, the following are to be'noted:"

a. SPADE is suitable for light taffic.

b., 'Fﬁggn annot be operated in full capacity bgcause of
inteégodulation between two channels which is due to
the non-linéar}£y of TWT. /

. 2 - u/ , ‘
c. DAMA: is suitable for light traffic. Locally controlled
' »  DAMA offers bgtter.results oéér centrally controllir/‘

pRMA.f P

d. . TDMA offers efficient utilisation of satellite p?wer
and bandwidth. Also\there is no intermodulation since

one carrier is transmitted at a time to Twa

e. TDM/SS/SDMA has essentially the same principle as that’

of TDMA and it offers more capacity than TDMA due to
¥

the introduction of microwave switching on-board.

. s
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Comparison‘between FDMA and TDMA shows that TDMA is
attractive but expensive to implement in the satellite

communication.

Chapter 3 describes the subsystems of the satellite

communicationtsystems and the following significgnt points

have been noted: \

,

The lesser the guard time between the” two consecutive
burst, the better the efficiency. The frame length of
750 msec found to be more efficient than 125 Msec.

The effect of satellite motion is analysed.

The techniqueﬁto calculate the path loss is i@éntified.
v

The rain causes severe attenuation on the‘propagation

path. Site diversity is suggested to avoid fading due

to rain. | |

1

The transmit and receive earth station have same con-

, figuration but opposite fungtion. The assemblies on

earth stations were\described as follows:

(1) The PCM‘!echnique is identified.

li

12) The buffer memory function is discugsed and the

method to calculate the storage capacity is des-

cribed and it depends on the frame length. ' -

ot s e T ¢ o s I
4




B i~ TR

T ek

s
(3) The function of multiplexes/demultiplexes are
important to,divert the préper burst into proper

©

channel. ' -

» (4) 'Scramblers and descramblers can be used to avoid
intérference between the satellite sy%tems and
thetterresterial microwave'sy%tems operating in
the same frequency band. . |

7

(5) The process of synchronization and acquisition
"looks similar to the acquisition behayiour of
phase LOWk Loop. Hence PLL is used in measuring

the discrepancy iq the phaseé of the reference

burst and the burst containing data.

S N

£. The size of switching matrix on board depends upon the

~

traffic density. : . ™~ »

Finélly, in chapter 4, the fdllowing points are
described: .
a. Synéhronization and initial acquisition are grouped in

two i.e. (i) open ioop method and (ii) close léop method.

°
LI

-

"b.. _Open loop method is based upon theJapproximatijn of the

satellite range..: -
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‘Synchronizations can be maintained among ny ground

.the fine search mode and the ﬁracking'mode.

In TDMA system, the burst of each participating station

mustm&ontain station identificétioq’code and time

references which help in acquiring re-synchronization *

without the need for initial acquisition. ° - N

N
("

Bl ey,

& | J

stations by impleﬁénting)a common frame tifmipg.

-

I , ’ . [ 9
The technique déscribed for synchronization, in TDM/SS/-

SDMA, between the ground stations to a switching satel-

, . ,
lite, uses threeqsteps called the coarse. search mode, R

Tt VAY VIR VT £ )

pea e

e a
3

It is shown that coarse search “synchronization could be-

achieved using two different methods and’ that in parti-

i

. . 4
cdlar 7he/coded search dignal using frame sync. sentence
4 ..
Ve

offers advantages in faster acquisition time and less

>

interference.

In the fine search mode, an anlaog technique is described «
and a brief description of the loop behavior is presented.
A ' L

-’

Finally a technique for providing a tracking mode is

e NS AL RN 3 A iR AT w0 WV

described using analoq}control which accounts for satel-

lite motion;




1{;/n@y be concluded that' TDMA technology is well

developed due to many-advances made by numerous researchers

throughout the world. At present, TDMA development is at a

plateau, waiting for oggrational experience. Then TDMA N
systems of various designs tailored to specific requirements
are‘EXbected to prosper in domestic, international, and
 special purpose applications. '
A

The results and ideas presented in the study of TDM/
SS/SDMA have not yet been fully complemented and laboratory
measurements as well as practical test will be required to

confirm its feasibility for operational satellite systems.

Pl

ol

This report has attempted to give a conceptual grasp
of the syste’and tc indicate areas where further research
is necessary. It is hoped that the TDM/SS/SDMA system will

‘ ks
be the most promising technique for future spot beam satel-

R T WX W I P

lite communication. ’
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