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. sonal and diurnal change in rain attenuation pattern s observed In this frequency -

T

Muzibul Hayat Khan, Ph.D..
- Concordla Unlversity, 1986

ABSTRACT

4

ADAPTIVE FORWARD ERROR CONTROL
CODING FOR {ﬁgn SATELLITE

.

Adapuv'e fade margln Is required to counter the severe but virylhi'raln
\ ;

attenuatlon in Ks-band Satellite communlcations. In order to determine a sult- "

able ralri counter-measure, the effectiveness of Adaptive Forward Error Control

L]
\

Coding (AFEC) scheme is studied. . .

At first, raln attenuation characteristics in Ka-bands Is Investigated. A sea-

& -

band. Due to the variable atfenuation, dedicated resource rain counter-measiire '

TR

schemes are shown to be less efliclent and not cost-effective compared to ad-aptlve ‘

resource sharihg schemes.

Implementatlon aspects of adaptlve resource §harlng‘ schemes are studleﬂ hn‘d . .

AFBC zes&ux;ce sharlng Is found to be best sulted as a raln countermeasure -

scheme. Two AFEC Schemes uslng convoluuonal codes and c&ncatenated codes

are proposed and t,helr performance aqalyzed. “The schemes can ‘provide a pro-.:

gressively adaptive fade margin of 10.1 and 104 dB respectively ln'éxcea;s of sys}-‘-

.

tems fixed fade margin. : e a

.

To Improve the efliclent use of shared resources of the system an AFEC .

scheme using double coding Is Introduced and Its performance analyzed. In thfs

444~ - e
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. —t v 7

~.:scheme a slnzle codec Is used repeat.edly.,@s a result hardware ccst reduces and

"ﬁa uullut.lon Inerénses. v ls shown that convolutlonal and Gotay double codlng -

schemes can provide an adaptive fade margin of 10.8 dB and 8.1 dB rwpecuvely.

, [ . . M
Although concatenated codes hnvg slightly better performance than double codes,

hardware implementation dnd decoding. complexity .of ).he'lattex‘- Is significantly
. ! ) ' 2 . com
less. ) ‘ .

B ) . ' . \

"For eflective operation of ‘double codes Interieaving /delnterleaving 1s

' i'equlr'ed. Analyslé of s'ultal'ﬂe tnterleav}ng/delm.erleaﬂnz is given. The results

L ahow that, Block Interleavlns Is advantazeous for double coding uslnz blocK codes.

Implemenmlon complexny of & concept.ual AFEC resource sh&rlnz scheme \1

A uslnz Golay double coding ls analyzed In light of time rramy eipanslon, nnk con-
~djtlon’ monnormg. slgnalllnz . " éte. It Is-concluded that the scheme can -be‘

.. " adapted to the present DA-TDMA system technology. -
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R The problem or rel;able communlcatlon over long dlstance has round an

emclent soluplon vla sat.ellltés. As 0he demand ror satellite: communlcatlon

\ B

chreases and technology develops, thé number of sateilnes ln orbn a.lso"tncreases.

M

To serVe these ever lncreaslng demands convent.lonal C—band‘ satellne systems

o

S are jolned by hlgh rrequency Ku—bands" systems. A NA§A sponsored study in ‘,

« \,\, -

1980 [1 1} showed that rapldly lncreaslng demands for us. domestic satelllte

4 e

communtcadons servlces would probably saturat.e the: orbit .space end frequency

L s ' - oy
8- - ,1 ORI

Nore 4

th t,he develop)nem or Lechnology ln recent years there has been tremen-

*;.l\“ .\EI ~

dous lmprovement. In tpe capahlmy of transponders m handle more throughput.

The capaclty or' a typlcal (36 MHz) transponder. has zrown rrom a rew hundred
", <.| ' ’.
clrcults 1n the ea,rly 1970 S t,o 1000 or morertoday thln the next. decade, lndl-

s vldual bransponder capaclnl& of up to 3000 clrcults are expec‘ted t,o be ln opera—

‘ f

t,lon Lhmugnadvanced modulat.lon a,nd source codlng tecbnlques.

~ ,‘ LS

The esr/lnxated rapaclty llmn of domestlc se.tellne uslng C- and Ku-band \

frequencles has also lncreased rrom the earllér esumate or 430 transponders to =

\‘«\ ot

- e

‘rwlll bé saturated ln the early“wm S. In facL. glven current, orb]t spaclng con-
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about 1200 transponders It. may be seen rrom Flg 1r1 that t.he C- and Ku—bands -
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' modabe the l'ndgased'tramc capacity. - - -

-

¢,

stralnts 4° between C-band satellites and 3’ between Ku-band satelllnes). the; K

'orblt. space for exlstlnz and planned C-band domestlc Satelllt.e ls already

y)mrabed Closer spacing qurrem,ly under conslderatlon by ‘the CCIR (down to -

2° ‘at C-band) potemlally oﬂers addmonal orbjt capaclby but lt ls not. expecbed
that this would delay t.he saturatlon by more than a rew years

For this reason, the communlcatlon salelllte technolagy promm ls focused )

on the Ka—bands“‘ ivhlch ls t.he next nlgher rrequency band abqve t.he C-. and

Ku-bands allocated ror ﬂxed domest.lc satelllte seerce The prlmary ﬁmrac&lbn of

R

thls band Is the 2.5 GHz bandwldth svallable for communlcatlon purposes, whlch

is five times that of elther the C- or Ku-bands. This larzexbanclwldt,h cg.n a_ccom~ ‘

i

B A dlstlnct advantage or the hlgh rrequencles lles in thelr abllity to generate

mumple, spdt beams wltn small size antennss. For spot beams whlch/serve spa—’
tlally separated creglons. the same rrequency can. be used wlt.hout causlng any
lnterrerence. Thls. In. conJunctIon with the size reductlon of all. RF" s;;tems on
t,he spacecran permltted by t.he hlgher frequencles. allows the construction of

very hlgh capaclty satelllt,es that, requlre only modest, welght and size Increases

' when compared 10- current, s&tellltes As a result the potential cost per circult

‘may be conslderably IQWer than that of current, systems

v

; ‘ ‘One of the maJor problem ln communlcatlng at these rrequencles Is the high

“lével'or ‘at,t,enliatlon encountered. Mea.sured data obtalned ﬁom the south—east

pomon of t.he Unlt,ed States lndlcates that raln attenuatlon exceeds 40 dB at t,he
~

30 GHz upllnk frequency and 20 dB at, the 20 GHz downllnl( rrequency more than

0 1% or the t,lme (1.1]. Hence. 2 high rade.margln Is requlred to meet the stan-

dard a.vallablmy requlremeﬁ‘t of 99.99% - ', ' ' Yl

eutl77—2l2GHzDown/275-alGHzUp L T
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Keeping the high fade margin means lower satellite power for the comr’puril—f

caton link and as a.consequence, a lower signal-to-noise ratio (SNR) for the same ;

ise power. ‘H’ence; -the avalléble power will support fewer channels. Mdreovév,‘
no .

the raln attenuation encountered Is not uniformly distributed. They have sea-

e ’

sonal and dlurnal varations which show that severe rain fade Is an irregular but .

unavoldable phenomenon. This Is because severe raln attenuation is assoclated -

with heavy downpours and thunderstorms [1.#]. Duﬂng a thunderstorm, raln

.attenuation 1s much hlghgr than 1ts average value. These attenudtion levéis are

too large to be overcome by power control alone. . . '

/
-

The conventional method which 1s generally used-to achieve relléblq com- | K

munications In the face of such high levels of raln attenuation Is called site diver-

sity, two antennas at two different sites supporting one ground Statlon, The sites

o ¢

are connected by a terrestrial link. This Is based on the fact that since raln cgfls"

are {lmlited In extent to several mlles, the probability that both terminals of an

1 S

earth station simultaneously experlence large raln attenuation Is Jow. This can

be diminished by Increasing the distance between the terminals.

»

, W1ith the Introduction of Ka-band satellite communlcation systems, It wll.l be

7 ‘

possible to offer various types of services such as customer premises services, pub-
lic broadcasting services, Individual communication system through satelllte, etc.

But site diversity cannot be Implemented for such cases because the cost of such

»

an arrangement will be prohibitive. Even for higher traflic links, malntaining site

diversity 1s not an easy task because dbf the cost and complexity related 1n con-

‘

necting two statlons by radlo-relay link or cable link.

>

Furtkermore, conventional techniques of rain attenuation counter-measure -

uslng dedicated resources of large fixed llnk margin ¢ phe alternative 6r_yaldely

applied site diversity are fully used only during occaslongl heavy. ralnstorms (l.e..

K

— Sy
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~ 01% or the ume)Yl The rest oélhe ume they do not ut.mze thelr tull potemlal

To achleve a cost eﬂectLv? sol\mon, It ls necessary to use adaptlve measum

"

_These measures wm help to overcoxqe raln attepuation at t.he tlmq’ of Its

occurrence. They wlll also change adaptively with the Intensity of attenuation. ..

To enhance the’ ef{ectl;fenessl o} the above scheme a reserved pool of raln

w

“counter-rheasure resources can-.be created -and shared among the users when

Deeded.’ R ' i

) " Coae ‘ . o

-Usually the earth statlons of a satellite system are-sltuated far 'ahﬁri from -

_ each other, Heiice, at any instant of time, only a2 few earth stations will exbeﬂ»

s

’

ence raln attenhatlon and tequlre use of the 'resource pool. This mlnlmlzes t,he

slze of the requlred resource pool Reductlon ln resourqe poo! stze \ncreases the ...

. o .. N .
overall eﬁ‘ectlve usable capacny of the. syst,em. -, L

1,1 Thesis outline T , LT, S 7"

L s \
' . . -t - ’

The alm of this thesls Is to sarvey and compare the effecmveness of dedlcited

s
, B

raln counter—measure schemes and adaptlve resource sharlnﬁ\raln cpunter-

/

measbxre schemes for Ka-band s.at.elllt,e systems and lnvest.lgate. the perrormance

and reaslblmy or 1 sulmble scheme. ' ’ o Lo,

The thesls 1s presem.ed n the following order:- Ll o

+ In chapter two characterlsncs of ra\n attenuauon are 1nvest\gated Dlﬁerem.

)

raln at.tenuatlon predlcuon models are IMustrated 1 7) relat,e t,he eﬂect.s or several‘

iy

" can be determined. . . - A e

~

psramet.ers e €. rate*bf ralnrall operatlng rrequency or t,he communlcauon Ink,

\

slant. path. elevat,lon angle, et,c.. on the raln anenuatlon experlenced by any par- .

b!culgr earth statlon. Using these models, the link fade margins for earth statlons -

* 4

' P te'h -
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Conventlonal dedicated resources raln cwunter—measures are a.lso studled 1n

this chapter. o N

¢

fn chapter three dlﬁereni adaptive resou\rce 'sharlng iechnlques are studled
and thelr performances compared Eﬂectlve usable capacity of these schemes and .

the!r reaslbmt.les in TDMA environment are also st.udled

Q

T 1s shown In thils chapper that a scheme uslng Adapt,lve Forward Error
Control Coding (AFEC) assoclatéd with information rate reductlon t:echx;lques
has satlsracmry performance and less implementation complexlty This scheme Is
chosen ror rurl.her studles.

\

In ¢hapter four the general concept of an AFEC resource sharlng scheme 1s

studled. The result Of the study suggests some raln counter-measure schemes

¢ e

wi:ere switching 1s doné-from a low galn code to a high galn code In order to

" achleve varlable fade margin. Selection criterla fgr \candldat,e codes and possible

‘cholces of codes for varlous AFEC schemes are also dlscussed here.
i B .

However, the gboveschemes require two dlifferent set of codecs, one glves low
. Ed
galn and the other (when used alone or In cases used joliftiy-with the other one)

" glves high galn. But, due-to Infrequent occurrences of large rain attenuation, the

schemes utilize thelr full resources only occaslonally. In order to make efliclent

utlllzatlbn of the resources, an AFEC scheme uslng' double coding s Introduced-

In thls chapter." For double'coding applications a sipgle codec Is used ‘repeatedly
for added galn. - L/\ ‘

In. chapter five double coding gain, interleaving requlrements andg candldate

double codes: are studled. A conceptual Implementation of an AFEC resource

" sharing scheme using Golay double coding for high speed applications 15 dis- b

cussed. ’

~
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1.2 Research cont{ibut)ions N oo .
The madar conmbutlon of t.h)s research Is a study of the ram atpenuat.lon
. problem and effective count.er-measure ror Ka-band sat,elme syscems. ln Investl-

' N
. 5 zat.lnz t.he eflectiveness of varlaus counCer-measure ‘schemes thelr performance Is

+

compared with j‘easlblllw and lmplementatlon aspccbs considered. . e ’ - ,

oo e ‘o . V ‘ . oo /.

- . ' , ' . PR . S0 '
S Some specific contributions are summarized below : -°~ .- ... ¢ B N
- o ) { RN o ”o" .),/‘, . N L
A ‘ L ‘ \ 1.
R \'
. % .
. ;
*
. v perrormance, eﬂect,lveness and reaslblmy ror \hlgh capaclty TDMA B ‘
; I e B \ PR >: o /'l“/ 7 ,‘ K " N G . ',:\ ' ‘v’,ﬁl" :I'
Ceie apﬂlcat‘lons. S N U B A ‘\’b' ",
N [ “‘,!.' Lo - . \\‘ o ~ ‘r’_“' R ,,.' ‘ o sl ',.H“".‘\’ L ‘,“\ /, '
£ lnvesugatlon ‘6t ‘an AF N\‘!esource sharlng conéeptk and study of RN
* . ' . “ r ]
3 . . | ., x“ \) B N
N ! . the code selectlon cr)terla and candldate codes for t.he scheme S
B ‘ “, . “"1\: e - \ e P : \ ",‘:V“’ . “_')_-J_ - B
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s . . . As's, logical 'conﬁlnua',tldn. lntrqductlon of' another class of AFEC ‘
L schemes usmg double codlng. These schem‘es are shown oo have ’ '
S slgnmcant.ly lowen hardWare" complexny and decodlng computatlons, T
, l‘and ln‘creasged cbdqc ut,lllzgtign,j Lo O Lo '. S
X Invesngatlon"or doub}e code performance, ,comput,atlon complexlt.y -
s and lntérieavlng requltements. Co T e
N .vConceptual lmplementmon or an AFEC Golay double cod!nz resoutce -
1_}, . sharlng scheme for hlgh ppeed appncamons. N T \.(‘_,‘ RN
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. , CHAPTER TWO . -,
CHARACTERISTICS OF RAIN ATTENUATION

b £ erd '

4,»?” . ’ N
'

oy

1
'

The majdi--ecncern 1n digital satelllte communlcations 1s the bit error rate .

(BER) degradation due to the presence of hydrometeors, particularly rain, In the
B XK\

propagation path. The effect of raln can be summarized as follows:

- a) . Raln at{fenuates the transmitted signal on’the‘ ~q£rth?§paAcg (‘upllnksﬂ
and space-earth (downlli:k) paths - \ .
. | d o
b) ~f}f’»aln lncr;aases the apparent sky temperature (l.e. re;glved nolse) for .
\ the recelver of thé d'owlnllnl.c earth statlon’ S |
c) .Rai;l also causes be.am depotarization. which then leads to Increased

. levels of co-channel interference In systems employlng orthogonal .

‘ ¢
polarlzation. . .

The combined effect of these three racw(s represents an equivalent fade (l.e.

[y

’ E . * ” ‘
reduction In the eflectlve -N_b) and, as a result Increases \t.hefBER at the recelver.’

[ )
K 3 ' [N

-
7

©  The objectlve of rellable communication Is to malntaln the BER below a. certaln
‘threshold, otherwjse' outage will oceur (l.e. the Nnk Is consldéred unavallable).

For-example, according t.o‘CCIR‘)fecc‘)mm‘endatlon, the BER. should be < 10‘f“ -

v . ' : A':
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~ can glve conservative estkmates of theyattenuatien. ~

. used model Is described here. ‘ L

11 .

t

and < 107 for voice and data communicalfons respectively.

‘Meteorological data collected through the years using actual propagation

experiments, sun trackers, and radar reflectivity measurements Indlcate that

ked

attenuation due to raln in a satellite link depends on [2.1):

o 9
a). Rate of ralnfall at the earth station “ ,
: o, . ' B
b) Operating radlo frequency of the communication link Eh
s o
¢) . Slant path and elevation angle - X v
[~]

’l'{el evaluation of ralr attenuatlon for sa&elllte'llnk system design requires 8
detalled knowledge of the attenuatlon stat.lstlcs -for each ground termlna} locatlon

at the speclfic rrequency of interest. Dlrect long—term measurements of path

attenuation for alL potential ground terminal locanlons in an operatlonal satelme .

\
network are not feasible. Over the past several years extenslve efforts have been

k)

undertaken to develop reliable technlques for the prechuon or path raln amenua—

s

tlon for a given locatlon and frequency [2.2, 2.3{2.4, 2_.5;2.6]. e -

-~ ’ . ! v

Using the prediction models, the effect of ratn attenuation on different earth
statlons Is evaluated and ‘valuable information regarding the determination’df an *
adequate raln counter-measure which would provide necesséry ll\nk ‘a.\"i!labmiy 1s

derlved. Though raln attenuation varles from year.to year, the prediction hiodels

o

a

Q . ‘
Although at present time riot a single pfediction method has been accepted

e

. 1 R -
for world wide application by the World tommunity, one of the most commonly
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B - " 2.1 'Rain attenuation prediction models ]
Crane Global Attenuation Model [2.3]
£l » . . / ) ‘ .
. : A predlctlon model for raln at,tenuatlon. recently developed by Crane. pro-
vides a completely selr contalned procedure whlch is applicable on a. global basls.
- ]
o _The global model 1s based upon the u&or gebphysical data to determlne the sur-
‘ 3 e faee peint, raln rate, polnt-to-point variations fn raln.rate, and the helght depen-
; é dence of attenuation glven the surface polnt rate or the percentage of the year
e - “ . f . .
§ ‘the at,t.enuat,lon value Is exceeded. - e - : y
f» i \ “ Surrace pomtr mln rate da.ta from t,he US.A and global sources was used 6
x \ K produce ten raln mt.e ellmate reglons for t.he earth's Iand and water surface areas

‘ 'Flg. 2 1 shows the resulnlnz zlobal map er Lhe elght baslc climate’ reglons, includ-
. .. o / . )
o Ing the ocea‘n areas , o

Lo The Crane model relates the surrace polnt raln rate R, to a path averaged

~e

o T, raln ,ra't.e R. -through an eﬂecthe pat,h average ract.or. determined emplﬂcany

Vv

from terrestrlal measurements of raln rate at path lengths up to 22 5 km. The

¢ 4 * K

T ¢ | rgeyltlng; relrattqnsmp,was. niodeled bya power.«l;a,w_ expresslon

' "y £ e, .
W . 1, *
T - Iy " N .
N T, - o
o N ) RI+EO) K ’
D R=1@R} [mm//hr] , , @.1)
w Lt Y . C : 4
LY o 0T . e 0§ . 1
% * 2 ‘s ~ s - ¥ : e ) .
i Where w S re e .
i i e rey
‘s - h \ 4 AM ' * . v
N . - 4 -.z ~\ : [N :,
. e - ~n . P ) L ¢ - ; ' RS ” i
ST s YD~ horlzont,al path4ength M
6 kL . . “ r P‘ “ " . N . ‘

TR '1 (D) 5 (D) are determlneg Trom 8 best fit analysls or thé terrestrlal path data.
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The nnnual attenuxtlon dlstrlbutlon 1s, generat.ed rrom Eq. (2 2) as roIIOWS°

a). . belect the raLn»raLe dlsu‘lbuuon foir Lhe de:hed lucd.ubu from Llie raliv-cll-

mat,e rezlon maps (Flg. 2. 1) and. Table 2. 1 C "y
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'I‘he global mode] has yet to be' extensively valldated by dlrect measurements

trom reglons or the world such 8s Europg or Asla. However as lllustrated in [2 3]

v
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‘Table 2.2 Values for coefficlents a and b. "(LP,, for raln rate < 30 mm/h,

LPy for raln rate.> 30 mm/h) (from [2.16)).

FREQ, s . - b o
(6Hz) | P, | tp, T
10 117 x 1072 | 114 x 1072 | 1.178 1089 |\
ar |10 x107? [ 152 x 02| 1ann | 1167
M2 |ise w02 | 1eex 102 | 1ae2 | 1180
157|320 x1072 | 3.47 x 1072 | 1.142 JEEICRDU (N
| 20 6.6 x 1072 | 7.09 x 102 | 1:119 1.083° .
2% 0.105 0.132 1.094 1629
3 | 0.162° 0.226 1.061 d.9’ls4',‘5~"; I
% 0.232 - | o0.35 | 1.022 0.907 .
40 0.313 0.467 0.981 0.864 |
507" | 0.489 0.669 0.907 . | o0.815.
60 | o.68 | 0.79 0.850 0.794 ~ | -
70 0.801 'o.gsd’ 0.809 o788 _|" |
80 0.924 o.o13, |r0.778& | o780 | .
90 1.02 0.945 0.756 o
wo | 1.8 | oo | o7az. . | o7ra | -
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2T . » / }‘; ‘



e

‘ ~
3
o
R
Ot
{
i
‘
S
N
o
7
I
.
2
1
'
\
e
’
-
i
{
t
H
{
i
h ~
t
s
f
R
»
-
v
v, e
.
.

tion, whlch mean;s Increment AA, of attenuation, A, in declbels Is approxlmately

“n

linearly propdrtional to A. . 8 ' '
AA = h'A ' , . . +(2.5)
- . " - : .
] where . )

&

e o PR = g .

:, R ., . ’,< . ' e . r 19 ‘ . i . ' N - .
R N o ’ o R S R .
SR X ] éssment of link fade margm R

::.";_J‘. , -’ o ,' ,' ’ C e )'? ‘ . ! o . . .,ll I“" :,_' ‘,»,.‘ . » ‘ - :l. v _} » N . L ’ ’» ),\ ‘:,
"\"" ‘_( AR Lo o - . ‘e ' oot Tt oo R '_ . Y
C el The requlred fade marzln for 3 certaln llnk can be determ!ned rrom t;he o
TR knowledze of attenuatlon whlch me cOrrespondlng earth st,atlon experlences. As - o
T ‘(' Ve e .
o illustrat.ed In det.all/\ ln {2.2] wlt,h ‘the help or sueh mode] I is pomlble to.find the .
o
- % )
) g}‘ bropablllty t.haL attenuatlon A exceeds a margln M Thls ls expressed In the rol- .
u‘:;“ E AN . : .
C o "
'4“,, [ ' “‘: Vo \.' ! ':
. ‘ l(2.‘1) G
" ! “ Co- \’l 2L
M - " iyl ’
N
. s - K ~ '1 ) e ; . .. 3 N . ’,} . ‘ . N ;
An median valueof A = ' - .- Tt IR s
| . ' 1 BN « -0 < ot
) o ] o ! /,I ”\, Lo ' Co -0 . Low ~
N Sy st&ndard devlation of In A - e ’ ) T L
TP probability that link 1s affected by rain . C . v
. - N 4 , e " N - ’
" The abobve equation shaws that raln attenuatlon has a log normal distribu- h
H

ol
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A a proportional parame‘ter. It Is a tlme Varylng random varlable.

¥

. -
vt . : * ! 13

°

- E)’(perlmentaildata also‘Indicates [2.2) that the dlst,rltgut.lon of fade duran'on,

s .

T T \ ’ 7
.7, of raln attenuation exceeding a given threshold Is approxlm7$ely logpormal

| ) and that the average fade duration of Any satelllte llnk depends on the fadeNqpar-

] - . , 7
Lo gln‘_and operating frequency. The average outage decreases as the fade margln ls'

“incressed. Knowledge of the ‘tade duration distributlon plays an important role

’

in designing sultable fade counter-measures.

In Table 2.3 [2.7] comparative data of the average of required fade mgrgin to,

achlgva varying wallabmty is lllustrated for satellite links operating at different

. B " slant angles and frequencles. It Is found that for a ﬁxed slant anglé, 'the fade
' ¢ v \ . .

" margln Tequirement Increases qulte ' rapldly .as_ the operating frequency Is

.y

A

“

Ve Mkl e e e S o an

- increased. N ) »
In general, é.t.tenu‘atlon level and radlo f‘requehcy could be accurately related

Y
’ N 3 ‘
- . . « -

. b‘y 3 , : R , ’ ) .
) T . - . N
-y A’ r RE , “ s . .
- A ‘ = [ r—- ] ) (2'6)/
- “ fo . . o ! [
{ ‘ . v s 3
N , where - , ) . )
' e ' Vo T -
d ' Al Fl ¢
f , ¢ N ! s, s
. . .~ - - e~ .- ¥
A ' attenuation at frequency f . oY ' §
. , . ot ' L3 IV
- Ay, attenuation at frequency f,
4 i .41
. ' 3 Al . -
. It 1s assumed ‘that A; and A, have the same probabllity of occurrence for a
T given path length. ) f ’
Lo S : L s
. -, 1 ‘ - ;
Ve . .
. N -
“u
i " r N N
Ll /.
B -
' ! N & R ,
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Conslderlng t.he eﬂect,s or lncreased ralq ;menuauon ‘and hlgher operat.lng

nolse mmperat,ure encountered at hlgher rrequencles. a Ka-band system would N

typlcally requlre 10 dB more or excess power than an equlvalent Ku-band system

\

to achleve even a low syst.em avallablllty of 99, 5%

-

L«' In Flgs 2. 3 and 2.4 (derlved from Table 2.3)a t.yplcal satellite llnk avallabil- '

A

Iy vs. llnk mprgln ls lllust,rated for upllnk (30 GHz) and downunk (20 GI—Iz) ln
‘Ka-bands. The rade margin required for a llnk avaIIablllt,y of 99.5% 1s 20.dB for

downllnk whlle for upnnk the requlred margln exceeds 30 dB

Experlmental data shows that raln att.enu&t.lon st.austlcs have year to year '
»
varlanons. They also have seasonal and dl-urnal varlatlons. which indicate that

ot 1

o ; ; severe raln atnenuatlons are an lrregular but una.voldable phenomenon, _as mus-

- .
,

“"trited In Figs. 2.5 and 2.8 (2.3, 2.8). o L

»

Ry . L \
\:‘n - B . 4

o Fig. 2 5 IMlustrates that the magnitude of r'aln attenuatlon varles through

t,hefhou"s of the day and deep fades (or peak rades) are colncldent. with the peak

£

" t,elephone hours of the, day Statlst.lcs show that aboun 35 percent of rain outages

- will occur durlng telephone busy hours and t.he outage,will interrupt all traflic on

'

'an satellite }lnk at that time. Raln lnduced outages on satellite links have a

hlgher servlce lmpact than multlpath-radlng-lnduced outages on., terrest.rlal (4/8

-

. GHz) radlo relay llnks even If the Lwo systems are englneered for equal total

outage\ ume.ﬁ' This Is because multipath’ fad\ng (\ccurs"m'ostly during the early
v . 3 ! ) ¢ '

morning hours of low telephorne activity [2.1]. . \

{ . t

From Flg. 2.6 1t Is seen that the magnitude of raln’ attenuation "varles .

A - ' )
through the months. of the year. ’I:hls results from Lhe ract that severe 'raln
att.enuatlon is assoclated with heavy downpours and thundelstorms During a
thunderstorm ra\n attenuaﬂon is much higher than its average v_alue while at

Yy

other tiies he value 1s much lower.

=)
)
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, 2.3 Conventional;r"ain attenuation counter-measures

)

\ oo f} f . . .
1 - Y " 7

To dane. most commerclal sat,elm,e communlcablon syst,ems have employed
s ‘ t.he 0/4 G%z bands where the BER degradablons assoclated wlth ralnfall tend to

be moderate (for Instance, slgnal attenuat,lon ls typ!cally beIow 3-4 dB for 99. 90%

a

of the time) [2.1). These satelme systems have also ‘been nolse tat.her than

. lnterference imited. As a resun, the bechnlque& employed to counteract the

‘effects of raln have been rather slmple. Slnce the degradatlons were moderate.

'

these simple ("brute rorce ) technlques have proved to.be cost eﬂectlve. The _rain

L

counter-measure t,echnlques zenerzmy used are of two typeS'

\‘ oA N - .o . '
a) Link Ma‘rgln L T o L

. . B P ' .
P . - . N

Ad .
’

The most- <frequently encountered approaclids slmply t.o add s rafn nlargln
v " " 10 the uplink and downunk wer budgets (the amount of marzln dependlng on.

the transponder back-oﬂ') This can be doné” elther. by lncreaslng sate]llte and

-

earth stat.lon afitenna galns larger antennas wlth more dlfncult po!nn!ng prob-

v
. 5 A »

. lems), reduclng syst,em nolse tex%i;atures (more expenslve or cooled LNAs), or
h

- increasing t.ra.nsmlt,t,er power. WheYe ant.ehna galns aﬁ¢ LNA t,emperat,ure,s are

" s e -

llmlted by other nechnlcal (or economlc) factors, llnk margln en‘ectlvely means

~ . At £ " i

. Pl - ' '

.

power margln, .~ '~ 2 i : e U T
. . .t L o ol - ¥ - . - < . K
" > However, In Ka-bands the attenuatlon levels are sometimes too large to be’
‘ YL ¥ L ‘." BN ot O
-, Overcome by power marglns e g Lt ‘. - 4 '
s i ‘ . . o K o . ;':- ;.’_’_ n .7 PO ‘e
o, . . , "
) ' ] . ’ ‘ ,(. L. :’ , - ’ ) >y ) ® . . : FN
b) Site diversity . : il L S
" » ‘»’ . LTt N . ) . “,:-‘ '
e e — = = ' :" , N . ‘ - "\ -"\] ., ) N
T The ‘conventional method generally used to achleve rellable communications
© - = e
N S . ': >, — , ‘
t ,“v R 1 s . . . '
b * [ 1 - Ad > N ot
. ) * 4 - o ~. !
.‘_4' ® ‘:‘
- ¢ . Y .. . " - .
(1 ’; " ¢ - -

Ny
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"_ . In the race of such high levels or ram att.enuatlon !s called s\te—leerslt}ngn t.wo*‘*’“

Y

B .
b}
N N - . . . SR R
! h Lol - !
¢ v
! . ' L o
t 1% co \
8 f .
' . .
1 v “ n \ * \
% - . , . R .
- 4 “ . e
"p ‘ ' :
N , i 8 -
. - ) 4 ‘ -~ \
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, T

dm‘erent sltes supportlng one ground statlon, The slr,es a}e connected by f terres‘

. N oo R s
trial link. o Lo et -
9 - .- . 3; . R '. 'l_ [

. This ls baSed on the fact that as- the rdln cells are Hmlted ln extent to’_-

ot .
t - ~

several mnes, t,he probablmy rhat. bot.h t.ermlnals ot an eanh sbatlon slmult,ane-

\ , i Ty '\,’ '

' o~
: . N v . L s
- . . 4 '

betWeen the termlnals [2.6]., e Sy T f

I i '
, ‘ .\_' N . » ’h

N N

expressed with: the ald o: a useful cgncept ealled d!versny gam\ Dlverslt,y gam"" S

glves the pertormance at nwo ground snes relatlve ta a slngle s!te. The ground:
site wlth the IeaSL attenuauon ls aTways chosen. Hodge [240 2.11] deveibped an

emplrlcal model for dWersn,y galnr o S BRI “;f‘»'

v

- d " siteséparation [km] . IR A

. Lo~ ‘f R N 0t = ' - i.' v n )
“A . ' single site aitériuation [dB) ‘i . - . A
-* [} M B \ 0 . '

§ .
i -

a-.;Afs.s(r/-e'°?M) (@B) ‘ T

A , N * -

~

b =0.46(1-¢02A) [km) U " o o ;'/'.

[ H ‘
4

o However. it has been noticed [2. 12] that under certaln clrcumstnnces Eq.

(2.7) may glve unacceptable results, e.g., If avallabliity requlremem.s are greater

A

ously experlence large rain attenuauon can be reduced by mc‘reasl.ng t»he dlsbance T

, f o
e

The advamage whlch w)o ground smt.lons ailow over a srngle slte can be«' A
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thﬁ 0. 999 and slng]e slte att.enuzplon 1s large. 1t 1 unrea.sonable to expect raln .
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A&cord!ng to the Christopher model [2. 12] thé diversity galn has been Incor-

porat,ed lnm the requ!red ‘fade margln JAg (glven a fixed probablllty of outage p).

'rms 1s given by' ’ '\ . \\ T

: nf<)

8 1| .
'1 ;I-—p?-: ;.1-—p2 '

- f '
where ' ' '
~ . -V 13 ; ~ .
g variance of log A . , . . S
P . - correlation co-efficlent of rain attenuation on two éit?s .
: ' . - -« .
it
Lo Ay VAl |
C = | ———ljexp|—~ +
1-—ab LA ﬂ\/l-ﬂ? '
1-p? ‘ , -
Ae = Ay+Bing L ' . ) E
& fraction of time for which notleeable raln fall occurs .~ . .
Ay fade margln [¢B] in any single site ‘
N g i

In Fig. 2.7 [2.13] 2 model relatlon between the rain auto-correlation function

qt ts sﬁown that at a.fﬂst,\azxie of 8 km the auto-

correlation co-efficlent equals 0.2, which corresponds to the optimum separation

-

Ny
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dlétance for this pattlicular case.
4
An estimate of rellabliity avajlable with site diversity can be maqe using the

model of Goldhlirsch [2.14]. As shown 1n Flg. 2.8 diversity galn 1§ rel‘ated to sin-
! 4 ' .

gle site attenuation and site separat,lon.' For exgmple.' a palr of sites 10 km .apart
Y

wiil have a dlversity galnof 8 dB relative to a single site suffering 16'dB attenua- .

v

tlon.

WIith the Introduction of Ku and Ka-band satellite communication systems
it \vlll be pdssible to offei varlc;us types of services such as customer prgmls\es ser-
vice ' (CPS), public broadcasting services, Individual comm%gl‘gatlon system
through satellite, etc.° But: slte diversity cannot be lmplemented. for such cas§
because the cost of such an arrangement will be proybmve. Even for tmllxk.co.m-
munlcations, ma‘lntalnlﬂé site _cilverslt,y Is not an eas;\r t.ask-because‘or the cost
llr;k or cable link [11]. " Moreover, due to seasonal and dl-urnal variations of rain
at,t.enuat!on'. the permanently dedicated resources of lafge fixed lnk margin or the-

slternative of widely applied s)te dlverslty,aré fully used only dﬁrlng occasional

feavy rafn storms ( or equlvalently.' the system 1s 'sev‘erelyl oxerdeslgned for

]

upwards of 99.9% of the time) [2.1]. .
. ) | . '1 . '/

and complexity related to connecting two slte diversified st_atlons by radlo-relay

?

'
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. CHAPTER THREE e’ .

% . -

s ADAPTIVE RESOURCE SHARING'

. CONCEPT

o

3.1 Inl;rodnction

*From earller discusslons It Is seen that, satellite Ilnks In Ku- and Ka-bands

,ale aflected by severe raln attenuation which have seasonal and dl-urnal varla-

tlons Hence malntaining hlgh lInk avallablllty requires a large fade margin’ but-v'7

e

on‘ly for a small fractlon or the overall tlme period. For example. in a typlcal
earth statlon s fade margin of 11 dB ls required to maintain a downllnk avallabll-

Ity of 00%. To Increase the avallability by another 0.9% ( t0 99.00% ) the mar-

gin ‘required Is 20 dB. Wheress, to Increase the avallabliity by another '0.09% (

to 99.99% ), which s the standard for satellite lnks, ‘the required fade fnargln-

exceeds 30. dB [3.1) Asa consequence conventional bechnlques of rain attcnua- '
‘tion munter—measure using dedicated resources of large fixed llnk margln or t,he .
alternative of widely applled site diversity are fully used only durlng occaslonald

heavy ralnstorms. Hence, the measures are underutlllzed and not cost-eﬂectlve. : )

as a large portion of the system power Is always kept on reserve, even when not

**

+, required. ' ;
‘ -

i

To achieve a cost effective solution, It Is necessafy to look for adaptive raif - .~
P23 -

attepuation countér—measur'e;. As the word adaptlve means, these measures will-

\
~

help to overcome raln att.enu"s,tlon at the time of its occurrence. Moreover, they

g

will change adaptlvely wltll the Intensity of attenuation. In times of no raln

t ‘ .

S




o these measures will not be used and thus nll the resources can be utilized _riilly/lk(,

o . ’
. . - . . - R B . 1

lnrormatlon transmisston. © - . N 2

- -
. N

N ' ', Usually, the types of adapt,lve measures to be used depends on the multlple, N

- access scheme of the system. Muitiple. access Is known as thescheme for sharlng

RN . - -

. 'a satefite’ t,ransponder among users.q It. may be deﬂned as the-t.echnlque by whlch

. -
= - : .

@ . 8 number of earth® stat.lons rorm conrmunlcatlon lnks* through Qne ormore sdtel-

.

L _lite RF channels In this chapter different adaptlve 1‘9801"'09 Sh ng concep g Jl

- be dlscussed and the probablllty or rain Out.age ror resource sharlng systems will

i
.
- ' - . -1

be analyzed. - - - P o

P . 3 - . o , , ,.\( - .
- 2 . - B

' “There are t,hree baslc muTt,lple access schemes as lllust,rated i Fl’g 3 1. o

- -~ ) - - . v, L ‘ + ' /7

‘ e ty ., . R . ”~

v . \ . - ¥’ ¥ Frequency Dlvlslon Multlble Access (FDMA) In t,hls schen‘:gach' e
L |' o . uplink RF carrler occuples a deﬂned l‘requency slot ln the satelllee
- NP ltranspond_er. fg, - . I f g ‘ C i N .

: .
P ! . C Vo

© b)) Tlme Dlvlslon Mult,lple Access (TDMA) - In ‘thls scheme each

Y . L upllnk carrler operates only durlnz speclﬂc lee slot,s t.o a.ccess ehe
c Lo sat.elllt,e t,ransponder, e e -
I L s . h < ‘ s . ’ . ‘
. \\ . ."'\‘ K ~ . B :’ ' 'L ,' N \‘ . ) X ‘, /. . '
T e) - Code Dllelon Multlple Access (CDMA) Here each upllnk occl‘iples
*. TEA ‘ A the same rrequency band at the same time, bul, uses dlﬂ‘erent, codes.
- Y .A ' ! ) b 7 ' / L ~ ' - " ‘3
o ./ A detalled discusslon of varlous multiple access schemes ‘Is glven in (3.2]. It can
* 5 : j , ' N - - . N
' - . . .- 2 /\‘f. ) B
. ' ! o & R , / . " ;"\\ - < A ’ -
- . ' . i} . . bN v ¢
. .7 - ' - - Ty ) _"' v . /’ ' . -
—'/ e * . ~ ’ « - 4‘( ] o LA - &
. N . , L 1 N M

. T .o
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"

non-overlapplng t.lma slots which are occupled hy accesslng signals ( known-as ™

' be sald t.hat ror large system. slgnlﬁcantly hlgher capacltlesw@re achleved uslng

TDMA rather than CDMA or FBﬁIA As lllustratedﬁln Flg 8.2, TDMA has

dennlte advantages over FDMA and CDMA when the number of usels Increases.

!

The other advantages of TDMA sysuf.mg ?.re:

v -

t
”

» a) " They can easlly be configured, willch means changes In the burst'
. . { b . ..
plan, adding new stations or dropping some statlons, etc., can be
. Do ‘ ‘ i &
done 1n real time.
‘b) - . They can be programimed for large changes In the capa&lty asslgn-

ment ‘according to the requirements or demand.

_ N v -
- . f [ . ; »
- . ; M - '
s - . N ’ B '
. P
‘.

- These ch’aractér'lstlcs‘are very lmpdrt?rg, for the efliclent ytilization of satel-

e capaclty In’ a mulzl-user envlronment 1

[
- /

In Flg. 33 a TDMA tlme rrame is lllustrated The frame ls divided Into .

,,m

[}

tramc 'burst )ffrom dlﬂerent earth statlons. The rrame in this case beglns with a

rererence burst -RB,. RBg ls s second rererence burst ror redundancy. RB, and

RB2 are used as rrame markers _The locations of t,ramc burst are referencéd to

i \ U

the tlme or occurrence of RB, or. R32 Each statlons t,ramc Is synchron!zed 50

t,hat at the t,lme of arrlva] at the satelllt.e lt.s tramc burst Is conﬂned within the

' v i -

speclﬂed timeslot. P 2

L 5 . f N
' 4 ~ ~ . c T
A . 1 N ’ N N
\ >

: ln Fig. 3.4 a typlcal TDMA satelllt,e t,ranSponder 1s mustrated. Here the

recelved upllnk bm’sts are amplified “by a. low nolse ampllﬂer ( LNA ) down con-

verted to downllnk rrequency. amplmed by t,he hlgh power TWTA a.nd

, Wt v
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LNA : LOW NOISE- AMPLIFIER
"TWTA : TRAVELLING. WAVE TUBE
" AMPLIFIER

0

LOCAL .
. | .OSCILLATOR

£

Fig. 3.4  Block diagram of dn active satellite transponder’ "
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retransmitted to earth stations. At any one. lnstant of time there.ls only one car-

rie/r present In TWTA. Hence, the TWTA nonlinearitles are of no major concern
and It can be operated In saturation mode ( without input backoff ). For thls rea-
‘'son, TDM{; can provide a higher capaclity than multi-carrler FDMA and CDMA

schemes.
WS L §

-

In Ka-bands'2.5 GHz bandwldths are allocated for communlcatlon purpo&ses,

" which Is ﬂve times that of elt.her t,he Cor Ku—bands Hence high capaclt.y satel-

Hte systems wlll -be establlshed In these bands. For such .hlgh capaclty lnks, °

| Py,
'{DMA Is most sult,ably applied.

| L Q ' ; ,
Most TDMA satellite transponders dré currentl'y uséd only‘ as active

repeaters wlthout on\board signal processlng For digltal satellltes having on-

board slgnal processlng capabliity, the upllnk RF burst Is first demodulated to

baseband slzqgls. regenerated, then remodulated and transmitted to earth sta-
tlons. This Improves the ’system BER performance and isolates upll'nl'c rr'r>m
Aownllnk. The baseband processor slmpll@les t}le task of on-board traflic routing,
F:EC switching, ete., and -provldes a flexible and emclt;nt, réconﬁguramon of down-
link reéources. It also- offers’ flexIbllity to the Implementation of resource sharing

schemes. . ’ .

It 1s belleved.that for future TDMA satellite transponders, pn-boérd signal
processing capabliity will be a comnion feature. In Fig. 3.5 a block dlagram of

such a regenerative satelllte repeater having an on-board procéssor is lllustrated.

In the followlng, some adapi]ve raln counter-measures sulitable for TDMA
applicatlons will be discussed. Note that for tlie;e cases, the sateliite tran-

sponders are assumed to be actlve repeaters.

8
N
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- . v 3.3 Adaptive Up-li\nk power control ) ‘ ‘

~

7 ’
' -

e '
, Raln fades on the Uplink can be eﬂectlvely compensat.ed by adaptively
< lncreaslng t.he transmit power of the earth .statlon [3.3]. The Jpower control con- -
cepts can be categorized as follows : ) . L .
o ;" ’ ' . e, . ’
i’ - 1) Constant satellite' power ( CSP ) sharing.
- ¥ PR T . .
, o < ~.2) [ ' Adapuve satellite power ( ASP ) sharing.
:: /./// * . R .
T : : A brief descriptlon of each Is glven below:
. T " \ . ‘g .
. Constant satellite power\shuing (CSP) €
- ) - . . . ke -
- B j ., '\.
} . c With this technique, the transmitter power of each earth station 1s adjusted
b - %O maintaln constant carrier-to-noise rat.lo at the satellite output.‘
i ' Assume 8 hypot,het.lcal sat.elll!.e communication scenarlo lllust.rated in Fig.
- 3.6 where earth station #1 is llnked to earth st,atlons #3, #4, and #5 via satel-

- o ’ lite. In ‘case or raln attenuatlon ln earth: statlon #1 lts uplink and downllnk

Js degraded The downllnk CNR bo the earth. statlons #3, #4, and #5 are

wD -
' ]

Under CSP control eartthtation #1 wlll Inctease the uplink transmit power
o reﬂ'ore the necessary CNR for those downlinks. Moreoyer, the downlink CNR '

degradation to earth statlon #1 will not be‘changed.

' N . a
. .
«‘ 4 . *

» v oL _ , .

"

e
¢
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47 | ’
Adaptive satellite povvver sharing ( ASP )

A

. . ’
Under ASP control, the transmitter power at each Individual earth statlon iIs

. "adJusted continuously such that the fade margin shroughout the network is max-

imized. Compared to CSP, the preseni control also a/austs the downlink to earth

" station #1 ( in Flg. 3.8 ) through uplink power adjustments of earth'stations #3,

-#4, and #5. Thus, any change. In environmental condition at a terminal triggers

many simultaneous changes In trafismit power throughout the earth stations of

the network. Hence, ASP requires a complex monlborlng‘and control mechanism.

%

An understanding of the operation of the above two contvrol concepts may be
obtalned by examining a hypotheticgl CNR matrix ( see table 3.1 and 3.2 ) where

- .
one earth statlon has suffered an attenuatlon due to raln.

3

Table 3.2 1llustrates the effect of rain at earth statlon #1 which causes CNR
degradation of 3.3 dB. It Is evident that CNR for downlink at the affected earth
statlon_( l.e, the fArst column ) and the CNR for, downlink to earth statlons #3,

#4, and #5 have suffered @NR degradation of = 3.3 dB (l.e, the first row ) as

i3

a result. !

-

N ta
a8 '

sltuation reveals the following. . .,

«
Y

4

1) . ‘CSP would restore the CNR of the uplink from the affected Earth

\ statlon.  As ‘a consequence, the CNR values of the first row will

4

‘return to thelr prevlous values, ‘but the CNR yalues of the first

column wlll remaln same. ‘ ,
1

;

2) . ASP control Wwould adjust all the uplink powers such that the

. " affected downlinks ~w‘lll be restored to thelr previous values.

. . g - - ! '
Examining the, effect of the above mentioned two ‘control schemes In this

~/

'S
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»

= 7 Table 3.1 Link margin rf{: 1o fade situation’ .

.- | TRANSMITTING " SIGNAL-TO-NOISE RATIO FOR
EARTH STATION ,  RECEIVING EARTH STATIONS
. N 2 .3 4 5
i 1 6.0 | 7.8 | 7.4
3 6.8 t;.s 8.1
ER 6.6 | 7.5 “6.8 | 6.4
) 4 7.5 8.4 6.1 7.4
- 5 70| 7.9 5.6 | 1.2
., “\ ‘ J
i~ “‘ % o
Taiale 3.2 Link margin durlng attenuation of N 3.3 dB at earth station No. 1
“ “ .
= A
TRANSMITTING SIGNAL-TO-NOISE RATIO FOR
° | EARTH STATIONS , chsmgc EARTH gmwns
<1 2.8 4.6 4.1
2 l 7.2 | 8.9 8.5
5 iz | 17 71 | 67
] 4.2 8.6 6.4 1.6
5 3.7. B.2 5.9 7.6




. B N L. L L ‘ . )
- oo However, In thre process some ‘downlinks will ‘have a higher CNR '
o than before. . A R ‘ .o - o

With the advent of regenerative satellite repeaters the ‘u/bllnlgf and .downiink

1

R 4 S will be Isolated from each ot:he;. As a result raln counter-mesasure have to be’’ N

s

applied 1o both Inks Independently. .- ‘ SR )

' ‘ . ) . . - o L . i
For uplinks, power comrol methods dlscussed so rar could be sunably used
“ AN

* . Usually high power ampllﬂers can be set up In eanh sumons w obtaln excess i N
. vt / .

power as welght-and power supply .wlll not ‘be a prdblem. ‘ R
. . ’ .

© N N o

Unlike earth statlons, the sateliltes are usually power llinft.‘ed. Because Of - '

-

e
\

welght and slze constralnts for. satellne based TWTAS and solar pane[s, very llt— A

L P

, ) tle excess power Is ava.llable As a consequence downnqk power cont.rol as. a ra!n ,‘ g D

R ~ N

- counter-measure 1s not feasible. Also, upllnk power. cont,rol may not be attractive’ .V
for some very limited gtoups of satelllte users. e g. users havlng moblle st,atlons I‘ ) 0
; or earth sta!.lgns at remote ( Inaccessible ) slt.es, as )n mahy cases these eart.h st,;a-’
tions are eower llmited. Hence. n 15 neéessary to find adaptlve raln counter- . L
measures alternat,lve to power cont,rol to overcome the CNR degradatlon These - \-\
measures make use of varlous tlme and frequency resources 1o lmprove thg, ‘| 4

effective fade me.rgln for both uplink and downlink. These measures are:
[ - ' i . ! ‘ o

o a) Adaptﬁre forward error correcting coding.
r . B N . y
b) Adaptlve rate reduction. . o \ i
. ) ( c) Adaptive utflization of lower frequency band back-up.
) ’ ) , A - . . B . i
Some of these measures ¢an also be combined together to form eflectlve . i




» '\ - )
’ . ot s . .
VA . . 50.
a7 v s ) ) L

1 ’ - VEC “ .

; hybﬂa qchemes. ‘In the followling, briéf descriptions.of the measure?slare glven. °

| . 4 ) . . s ‘ N ) . ’0
. = :4 - - " . B ) - . e b .\ - ""‘ !
g N X Adapti\\re forward error correcting coding (AFEC) .- - ¥ .
S N . B ’, : . ‘ no . - . . T
o o= Forward error correctlon (FEC) techniques have been used m communlca- e
g ) - tlon systems t.o reduce the probablmy of error under low SNR :; ,.(', DN o R
- ln codlng. the greater the number of redundant.symbols, the hlgher the efror o

- , corpect.lng or detecting capablmy of the code. But, redundam bns 1ncrea,Se r,he )

transm!sslon bandwldth‘ Ina bandwld )1 llmlted system, the use or F‘EC causes a

. ; Y ‘ ' ‘ A [ i[—.
o . reducuon In th the sat,ellne capacity whenever coding Is used. °~ . : I

In order to maln@ln A constant system capaciiy with or without FEC, the .

o - ! 4

PR following two schemes are used : :
3 - ' Y Ll \
. "1.) In-band adaptive coding: FEC-is applied at the voice circult level ‘and to

p accomodate the extra bandwidih required for such cddlng._the volce encod-'

.

o ’ ' . +Ing rate Is lowered [3.4,3.5]. In this method quantization nolse Is traded off

with blt error degradation at the Individual clrcult level. '

. " 2) FEC using _Re_served Capacity: In this scheme an extra capaclty Is
- . ) . . & -
. reserved to allow bandwldth expansion by FEC.

p o ; :

' - s

\ N N 1

In-band adaptive codlng usually requires the use of high rate codes, hence,
o . 3 *

vh

n . ~ o .
the galn obtalned Is. not sufficlent to counter raln attenuation In Ka-bands.

’

Y \Mth the latter scheme, am’: rate cdde can be used to obtaln high gain prov!ded' A b
t.he Reserved Capaclty Is avall/ab{g In the rollowlng. the effective usable capaclty . ; R w

A . .
FAU o
« B I TN
N [y

s, for. the latter scheme is derlved. C i T o P

+
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pool Is N. It n & system usling AFEC a pool of capacity requlred tor K channels

18 reserved for coded symbols, then the total number, of usable channels wiil be g

L4 o’ ,e
reduced to:. ro -, ‘ - .
\ N . ! . w N
) : i ’ A . ; 1.,
I:'»[ * .
‘ (3.1)
Al P
r-:- - the code rate _ A - ' .

K number of channels that can be created out of-the reserved pool and used \i

. ' 'by the unattenuated.channels.” - ‘ W

R . N R .
- . . N - < . -
. . .

In the ca.se of., codlng the unattenuated channels change places with the’

channels whlch requlre codIng ( see Flg 3 7 and 3.8 ) In Flg 3.7 the TDMA

frame rormat hav)ng reserved slots for. AFEC and swncmng of coded ‘traflic to

reserved slots ls.!llustrated ln Flg 38 13 conceptual block dlagram of a
\ ! ‘ ~
t,ransmmer sectlou wlm AFECswltchlng Is shown. oo .
. w\\ . ‘/ .

[ . oo

Let F be the rractlon or the tonal nnmber ol' channels whléh requlre codlng

‘ slmultar)eously to meet the propagatlon rellablllw, The pool lee. expressed in

numberofcmmnels e e

o

.
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. performance. “The analysls of .vhe'system performance'for a glven K Is glven In
appendlx 3A - R R R S
The relat,lve eﬁect.lve usablq capaclty Is derlved as: .
e K KR T PP /
UL L gy
o .\ ‘ ' a 7 .
. N N — —— ‘{[FN; L. -0 '
" Na : . . . (3.3)
. ', N . ‘ ] N \ . s 7
ey .
: ) [N [ » - . .

.
.
i

ot
!
~

coREI-T ‘ : (3-9)

' ’ F(‘Li" 1) T ¢

, _ re. , ( r ‘
E , ] 1 ~
P o 14F(=-1) - : ’ :

, - N . R r‘_» » . .

" * Coding-gain can be ~échleved at the cost of code rate reduction. However,

as lllustrated in Fig. 3.0 the ‘Increase in coding galn Is not. linearly propomonal 10

t.he contlnuous decrease in the code rate. By decreaslng the code rate the system

/ N ' il
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3.5 Adaptive rate reduction : n
. * - ’

!
S

1}
channel experlencing raln attenuation by reducing the transmission bit rate ‘of

il

that.channel. as lllustrated In Flg. 3.10 [3.1]). With the réducn!o’n of transmission

bit rate the signal bandwldth reduces, signal power remalning constam. If the

filter bandwldnb can also be reduced In accordance wnh the transmrsslon blt, rate

reduct,lon. t.he s!gnal-t.o-notse ra,uo lmproves The gain Is proport.lonal to the:

4
ratio or the st.andard transmlsslon blt rate to the reduced t,ransmlsélon blt rates.

v

‘ 'I‘o make the change possll?e a: reserved ponlon of the frame ls set. aside to |

accomodabe Lh!s reduced—rate burst. \ ' ooy Lo

i
t

By reasoning In’xw/w/’,a—y\s}ngllar to {1}, the relative effectlve usable ¢apacity 1s
’ - : '

given by: s T

1

-C e
‘ ARR - 1+F(RD"'15 .

where

Y

Ry ratlo of the standard transmisslon bit rate to the reduced transmisslon bit

rate which Is equivalent to the time frame e&a’nslon.

The galn versus capacity depicted In Flg. 3.11 shows that capacity falls

rapldly when the galn due to rate lrgductlén exceeds 10 dB [3.1].

’

In a TDMA gystém, 1t 1s possible to Increase the effective fade margin In a

3.5)

v
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© 3.8 Adiptive utjlizati&n of lov\grer fréquency band back-up

. 7 3
g v,

The raln attenuation In C and Ku-bands Is lower than that in, Ka-bands by

L ©

more than 10 dB for high rain rates. Hence, transmlsislon In' Ka-bands requires a

[

larger fade margin tl_{an In lower frequency bands for the samé avallability.

o

In order t.q malqtaln, the low fade margin and high avaliablilty, durlng severe -

raln at.tenu;mon'; the affected traffic In the Ka-band car be transmitted in a lower

rrequency band. - As soon as the raln attenuatlon lmproves, trafflc can be reln-
4

stalled in their original slots as shownln Fig. 3.12 [3.1).

4 . 'At.\mme *a’ the atteniation experlenced at statlon 1 becomes greater than -

the aval‘lﬁb‘le Ka-band raln margin. Statlon 1 then switches to C or Kp-band.

while all other spé&lons operate at 30/20 GHz. In this example, the raln becomes

- 8o heavy at pél;n’ 'b* that the C-band or Ku-band link Is out. This condltion

?rarely occurs, and Its frequency s the same as ror C-band or Ku-band satelllte:

communlcatlons. At time ‘¢’ the low rrequency llnk Is restored. At time d'.
attenuation at siatlon 2 switches from high frequency band, etc. -Thus, the

scheme adaptively switches from a high frequency band to a low frequency band

~

during fades and back to the original frequency band when the rain attenuation

1

s not severe.

Thus using the lower frequency band allocation, or a portion Lhereor as a
backup for hlgh capacity Ka—bands, allows a satellte capaclty several times
hlkher than that of the _low frequency bahd with a nearly equal propazatlon rella-

:

billty. - ~ y - " '

\a
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3.7 'Allocation of Reserved Pool in TDMA Frame

¥

t
\

In ;t TDMA envll:onment both AFEC and ARR schemes require 8 reserve
pool of a;idmonal s’lons in each TDMA time frame, which Is only a small fraction
. ‘ of the 'total \t.\'me frame, to be shared by g.ll earth statlons. This Is known as

resource‘sharlng reserved pool: 'There are two t.ybi’cal resource sharing reserved.

pool TDMA frame formats °

.1) ~ Common Burst Resource Pool (CBR): In thls format (see Flg. 3.13 a) a
'small pool of reserved slots In the TDMA frame.1s made avallable on a

burst basls, to be used with those sub-buréts which require protection.

2) Common Frame Resource Pool (CFR): In this format (see Fig. 3.13 b) the
reserved pool ls shown as belng time slots at the end of the frame. These
slots are made avallable Lo protect some ﬁxed number of channels wmch

experlence simultaneous occurrences of fade.

_A‘ )
» ¥ .
There exlst two varlations In the use of CFR [3.8).
" a) Bursts to degraded users are expanded and succeeding user bursts delayed '
4 (see Fig. 3.14) 2o

4

b) All bursts are confined to thelr slots. Only the expanded portlon of the
burst to the degraded user Is allocated in the reserved pool as a separate

burst (see Fig. 3.15) .

The nrst. varlatlon requires no additlonal overhead (for burst preamble) but

requires rescheduling of the frame }mplylnz a chang’e in the mmng slgnal The

(]
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Fig. ,3.13a. TDMA frame format with reserved time slots ai tlhie end of each

burst (from [3.6)).
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Fig. 3.13b TDMA frame format with reserved ttme slots at the end of each

>

frame (‘r}om (3.0]).
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‘sécén’d \v'z'u"ratlon mlnlixil‘zes the. lmpaci, bﬁ’ﬂother users, since frame rescheduling Is

[ l

not requlred. However. overhead ls 1ncreaSed due to the addmonal zuard time

and burst preamble requlred As a resun TDMA throughput ls reduced due to”

lncreased overhead N "; .

o~

An alternab!ve TDMA formac m!xes the reat,ures of CBR and CFR. In thls .

format. 8 smaller pool or time slots ls reserved at the end of each frame (see Flg

1

3 16) ln thls manner, t.hezstat.lon experlencing upllnk degradatlon will transmrt
lt.s burst, In the reserved slot (at the end of frame) as well as the original slot.
Other statlons. with traflic desuned for the degraded statlon wlll use the reserved

/

" slot ‘et‘the .end ‘of 1ts burst as well as the orlginal sub-burst: This sche‘me com-
‘- l')\lﬁes‘ the advantages of the varlous format.s. discussed above and minimizes thelr
3 dlsadventﬁages.

B In the Iast scheme, reserved slots at the end of each burst.are allod%ted such

- f that t,he burst can be protected rrom low fades. For high fades, the reserved slots
; at the end of the rrame are also used for t.ransmlsslon purposes. As a result, less
overhead Is requlred However, tbe dlsadvanmge of thls scheme Is that reserved
slots at -the end of each burst can only -be used for that parmcular burst and are

not,/avallable to o_ther bursts. Thls leads to lnemclem use of resources.

R S99
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3.8 .Discussion and evaluation . - '} . N

,." . . f

From F!g 3.9 n Is round Lhat ‘the galn achleved ror 8 rate 1/2 code Js 5 dB.

"By rurther reductlon of the. code tate to say 1/4 the lncreased galn achleved 15

'I

‘oniy ~g X dB ‘Decreaslng the ,code rate results tn bandwldth expanslon and

lncreases Lhe regerved pooi slze Thls reduces the effective usable capaclt.y

In rate reductlon techniques the ga\n ls proportlonal to the rate. reductlon
For examplé g mt.e reduct,lon of about 4 times can provide a galn of 5 dB [3 1}.
£ . For a higher. raLe redu,ctlon a blgger reserve pool Is necessan. reduclng Lhe

effective usable capacity. oy v A Do -
[} N 4 - 7, . - RS , N .
, Through adaptive FEC or rate reductlon 1t Is possible to compensate for rain

attenuation of via.rylng degrees. But. as the ra'de deptﬁ‘ mcreases. the ‘eﬂ‘ecmve ‘

: ‘ usable capaci_cy decresases, Hence. adaptive FEC or rate reduct)on techn)ques ‘are
useful for relatlve low fades (e.g. In the range of 6 dB): .. S v, v

On the other hand, low frequency band back-up gives ‘a better :protecuon ’

agalnst deep fades. But for smaller fades whlch are more rrequenn. sw]tchlng t,o

‘ue

low rrequency band 15 unnecessary. - However, transmnder swn.chlng ls very

diffieult to reallze as 1t Involves a change In the whole RF section. woe e

All the adaptlve techniques described above are not competing, but rather
.. - complement to each other. A comblnption of these iechnlques can result In a
' ‘ better performance. For example the comblned coding and rate reduction scheme

cL b . ‘ proposed in [3.7] can glve an effective usable capaclty exceeding 85 percent /of
that possible If 1t n‘t{ver ralns. The scheme proposes use of rate 1/2 cqnvolutlonal
..codes with a large chanhel signalling alphabet to permit a high rate of Informa-

. tlon transfer during clear-alr conditlons. When the fade depths exceed the bullt-

In ra.dev margin, the signalling alphabet Is reduced and enough time slots are bor-

Nl
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68 . -
" rowed from a resource sharing reserved pool to malintaln the data rate at the
faded site. Thus, depending on the dep’th of. fade exceeding !ink margin, coding
N and rate reductlon as well as rate reduction alone 1s used. The performance of

this coding and rate reduction scheme was found to be much superior to the

scheme using coding alone.

Another comblned scheme or adaptive codlng (rate 1/2), burst rate reduction
and varlable rate modulatlon (QPSK—BPSK) proposed 1n [3.8] has a high effective-
usqble capatity with _kless complexity. The scheme proposes an adapuve coding

+  gtrategy consisting of a rate 1/2 hard-decislon decoded block ér co;volinlon code
providing an equivalent § dB carrler-to-noise ratio galn (2 dB from the code plus
3‘ &Bﬂ due to holding burst rate constant with burst length doubled ) and a
,QPSK/BPSK switch capabllity (giving a further 3 dB carrler-to-nolse ratlo gaip
and bﬁurst«length .doupllng). The total equlvalent coding g,aln for this s;cheme
when boih parts are- stmultaneously applled 1s at least 8 dB. However, the
fmplementatloh of a QPSK/BPSK switch to the TDMA system warrants further

Investigation. ’ o

The third scheme, which 1s a slightly dlﬂ'er_ent verslon of coding and varlable

rate reductlon, has been proposed In [3.9] for NASA's Advanced Communlcation

¥

Technology Satellite (ACTS) Systems. This scheme proposes a rate 1/2 cohlng

and burst rate reduction to obtaln 10 dB of galn; 4 dB l'g to be achleved by cod-

0

ing and the remainltfg 6 dB by rate reductlon (quadrupling the coded bug'st

lengcih). - ¢ .
It ls also posslble to expect b;x,cér results by combining rrequency band

back-up and adaptive FEC or frequency band back-up and adaptlve rate reduc—

tion. The two following hybrid schemes :

1)  Combining burst rate reductlon, coding and lower frequency band back-up

4

CLY



69 ' _ : )

. .. 2) Combining variable rate modulat',ion‘and coding, k&rst rate reductioh.a
. - ! \
© - lower frequency band back-up - ‘ \,\ .
. PR : S\ '

. . were described and thelr performance compared In [3.10). It has been shown that

o

‘ ‘the 'utlllzed‘ capaclty of scheme 1 ( for an outage of 0.05 pgrcent and fade margin

.of 2.5 dB ), exceeds 99 percent of the eﬂ‘eéuvé u“satﬂe capacity possible if It never
. ) )

ralns. For scheme 2 simllar performance Is achlevable at a fade margin of 1.5 dB.

L , F;or higher outage objectives the loss of effective ufilized capacity is higher for
»

/
e scheme 2.

-

A comparative performance study of thesgschemes and those given In [3.7

-and [3.8] 1s also done {n [3.10]. Scheme 1 W4 found to have a higher effective

~

‘usable capéclpy than the scheme given In [3.7]. ) .
: . . ~

.+ . Compared with the scheme In [3.8), scheme: 2 requires 68 dB less fade margin
a ~

R , « . . . ‘_ ~ 4 . ‘
- slon rate in many of the schemes mentioned above Is very difficult to reallze In °
‘. o] [N :

. practice! A; phe transmission rate Is reduéed, a serles of chfnges has to be done In '

. O . . - ,, . . )
. - . ! ' . . [ ]
e, the recelver RF sectlon for proper reception. _
s . . Al . v ) ..
Y The malor changes are: ~ B T A
~ . ‘ . ) . ) N
& - )
R - synchronous reductien of modem clock rate
R f ) ’ ? . D , )
3 [ * - . modification ér ock recovery and symbol timing recovery clreults
i\ 1y . ' I

- reduction of fliter bandwidth in accordance with the reduced transmisslon
bit rate to suppress nolse. ' '

L)

) 3 : ' . ;o
, - toachleve the same avallabllity. Moreover, the requirement of ¥arlable transmls- _‘(f

\
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B
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b
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»
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)

It 1s difficult to make a RF section which can facilitate all those changes in -

n

‘real time within a high speed TDMA environment. | One alternative could be to
have separate RF sections for different transmission rates, 'which 1s again contrary

. ‘ 4 > ‘.
to the concept of resource.sharing.

¢
&

On the other hand, by employlng baseband codipg and lnrormatlon"r‘-\ate B
reduct,lony. added gain can be achleved while the transmission rate ‘remalns con-
stant. Hence, no change in the RF sectlon Is. required. This slmpllﬂeé the adx‘ap-
tive FE¢ aﬁpllcﬁtlon and makes 1t attrdctive for further study as a potentlal raln
counter-measure. In the following chapter, selection of proper godes and the

eﬂ'e"ctlveﬁess of Adaptive Foi'ward Error Control coding as a raln counter-measure

«
‘ . o

will be analyzed. v
1
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,/ . ~ APPENDIX 3A

/

]

" Analysis of ‘Rain CSutageﬂUhing Adaptive Resource Sharing
: L | -

-

', In the following sectlon the outage of a satellite system which use resource
sharing schemes as a ‘rain-countermeasure Is analyzed. The approach taken’

cloéely rollows Lhe method given In [3.11).

-
-~

Raln attenuatlon characterlstlcs were dlscussed In detall in Chapter 2. It
was found that |ror earth statlons which are snuated 1n geographlcal proxlmny.
. ' the occurrence of raln attenuatlon at one earth statlon 1s dependent on that of
other earth statlons. Moreover,>severe rain ‘attenuation is experienced during
thundelstorm activity perlod. Hence the probabllity that attenuation experl-
enced -by an earPh station exceeds a given level durlng thunderstorm Qctlvny Is
much higher than the yearly average value. A blas term agpcp known as se;i-

-

\- sonal a.nd dl‘urnal racbor ls used for, accounting t.he higher probabllity of

Lo attenuatlon during thunderst,orm act.lvlty The value of agpcr s determined B
follows:
1 P
hy : o '
@spcF = 3~ . . . ' (3A.1)
‘ 2
4 M “
where .
o . R
to . PN N b s
. ' ; o
L ' 7 : : ‘



factor agpcr equals 12. ° . N

72

h, total number of hours 1n a year

A P

hy total numbe‘r of hours of thunderstorm activity

Y

Raln attenuation measurements In different places at mildlatitude reglons

show that perlods of thunderstorm .,cblvlty are typlcally rgsnrlqied to. a four.

month interval lasting from June through September and to 8 hours out of every-

-

day (1 to 7 PM) [3.12].. Hence, for these places the value of the raln correlatlon

4 .

&

oo 4

Assume that the whole satelllte coverage area has been divided into a small

number of reglons with the raln fade statistics assumed uniform for each reglon.
Within each reglon there are a number of earth statlons. Let p, (a) be the yearly

.average probabllity that attenuation exceeds level 'a’ at earth stambn #1. Also

assume

2

Pr {Al> a‘I te TH} = QgpcFr p‘(a)‘ ~ '

(3A.2)
Pr {A,>a | u'm} =0

wheére . ’

t Is a glven Instant of time . .

5

TH represents the thunderstorm actlvity perlod

7

The event that attenuation exceeds level ‘a’ at earth station #1 and level 'b’

v

at earth statlon #2 may be assumed to be Independent If the slt?s are widely

\
v -

. -~ « . \

\ .

4
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. g\
separated. ‘Thus, the probabllity that attenuation at earth station #1 exceeds

+ level ‘a2’ and attenuation at.earth statlon #2 exceeds.'b’ simultaneously at time

’t, ¢ TH s glven ﬁy

" Pr {A, > 8, Aa_ >bt € TH} = {asbcp p,(a)] [a.soc;;t pé(b)] (3A%3)

- .= Olgspcp 91(3) Dg(b) e

Eq. (3A.3)  can be easlly generalized to the case of an arbitrary number of

wldely séparated sites,

- For two closely s\paced sites, agtenuatlon at the u?'o sites may be produced
by the same hst,orm‘.- Hence, another degree of au_enuanlon.evem correlation
known as slte diversity factor agpp Is assumed in addition. 1o the seasonal and
di-urnal correlstions. In deterﬁl[nlng the agpp the Tollowing assumptions are

made : v

a) If a fade of level a 2> a, has occurred at some earth statlon, the probabll-
ity that a fade of level b > a, Is simultangpusly occurring at a nelgh-

,

bourling earth station Is glven by C(b) L.e. N

" Pr {AQ >b| A >ate TH} = C(b) - - (3A.4)

'
b

.
. .
‘&.‘ N

where | .

- oy

¢ . ‘ - 1

Is assumed to be a fade ltlvel' dependent constant over the h-hour storm

*

C(b).

i




k the average number-of events per year the attenuation level exceeds a,
NOW, rl ! v ¢ " . g 1 !
. L] )
. - o v
l':'r,{"hlz B,A&ablt(TH}'—_- -, l . .. ..
/ , : '
Pr {A‘,?_ a|AZ2bte¢TH } Pr {Aq?_ b|teTH }1_';(_'35.6)
- \' \/ .
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window. ,

—~t

at this second earth statlon the yearly averaged probablllty‘ of a fade of N

b)
level b 2> a, Is attributed exclusively to the h-hour.intervals surrounding -
the events a > a, at the first earth station , |
" Then . Coe
- n ‘
Py(b) =k . C(b) (3A.5)
- to 1
where ,
¢ 4
. 3 . ‘ L “ ’

4

b,  the number of hours In & year

From éssumpt.lon b) and Eq.(3A.5).

-

< 'Pr {A2_>: b|A, >ateTH } = C(b)

v ! .
. .
L ° -
g |
. . 3
! .
& 3
P

;. ' . v h,’ ' < : ‘ .
. 1
[ . —— b 3Ac7
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h .
Assume agpp = -ﬁl]-aspc,.- then o

~

M \

Pri{A 2 aa2b | VeTH | = anp oo Bie)psd)  H3AS).

For L closely spaced sites, Eq. 3.10, generalizes to -

Al

.o ' ' C \ I
rlazanznanza]) s
.o o N ) T
o o spr alsper Paley), Palag), * 00 4 DLy, (3A.9)
. o Thus, If there s an attenuation event at somie earth station, the probability

, ) , .
of the same happening at a second earth station wlt,hh} the surrounding geo*

»

graphical reglép Is agpp times higher than would be expected from ‘dl-urnal and

LY

seasonal correlation considerations alone. The minlmum value agpr = 1 implles

that fades occur Independently within the thunderstorm Qerlod.

1

°To perform the system outage analysis it Is Important to determine_ how
many slmult.aneous fades are expected As the number of eanh statlons

experiencing s!mulbaneous fades mcreases. there Is ghlgh probablmy that

ki . o requests for raln counter-measures by-the earth statlons will outnumber t.he avall-
able resources, resumng in' an out.age. Hence, In estimating the: slze of a resource

sharing pool a conservative. view (1.e. hlgher values of agpcr and agpp) Is taken.

o Now assume the rollowlng systern scenarlo ror the ease of analysls~

. -
A
.

‘ a) \.All éérph‘stat]o'né In a glven reglon have the same bullt-In fade margin,
- IR Le;’thg N, statlons !; region | are assumed to have a bullt-in fade margin

-
1
.

N *
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"E1) the fade d'ebth. F, may be less than a,

"E3)  F may exceed a;, + m .

76

of a, (dB) : S | -
b)  All earth stations carry the same volume of traffic
¢) Extra fade margin provided by a resource sharlng raln counter-measure 1s

m dB

’ N
d) The resources avallable can handle K simultaneous fades
To start with the analysls of raln oucage of a satellite system uslng resource =

LY

sharlng. choose any two reglons 'and ﬂnd the probabllity that a glven earth sta-
tlon ln reglon 11s opermonal Since the two reglons are arbitrary, the solutlon

applles equally well to other reglons

At any earth stiatlon within region 1 three disjoint events may occur at any

-polnt in time.

. -

E2) F may be between 3, and a, + m and

-

H
-+

’ ' - ' -t
Then, the probabllity that the statlon Is operational ’ "o .o

Pr {ober. | teTH } = . ' ~ _

1=3 ) to Ve .
Yy Pr {oper. l E,te¢TH } Pr {E, | teTH } (3A.10) | *

=1
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_ Clearly,
Pr {oper. | Ej,t e TH } =1

P‘r{oper. IE,.HTH}=0“ .

e

’ L ’ _(3A.a1)
Pr {El I teTH } =1 - QgpcF p(a,)
Pr {Eg \‘ te¢eTH } = aSDCF p(a‘) - QSDCF D( 1, + )
. \ )
. Tlm's.\n S . '
. . \v N
Pr {oper'. | teTH } =1 - agpcp P(,) + ° ‘
aspcr Pr {oper. | E;te TH } [ p(a,) - (2, + 1{1)] (3A.12)
. . B B 8 3
The result obtained from Eq. (SA.IQ@VCF the entire year L ,
P \‘ \ ' , E .‘l
Pr {riot oper. } = 1 {:1 -Pr {oper. | teTH }] =
. . QspcF ]

p(a) - Pr {oper.‘ | By, veTH | [bla)-pla, +m)] (A3

Now 1t 1S necessary to determine



18
Pr _{‘oper. J EpveTH } : ) R

If during a thunderstorm event E, occurs, a particular earth station. will be
operational If J earth stations simultaneously requiring the reserved pool 1s less
. , . (%

than or equal K (l.e.) < K). However, If ” > K then the above probabllity Is
K )

3 T

y

If event E,; ocgurs at a particular earth statlon, the probabllity thatTieddi-

tlonal earth statlons In reglon 1 need to use the reserved pobl. where

ar

o< n, £ N, -1, Is glven by:

Pr{n,iInReglon1 | E, } = E ' (3A.14)
1 2 -

M e (1-q;)“"°",‘]' -

* where
Bt ]

b

~

© G, = aspcr Agpr [ p(a,) --p(a, + m)]'
[ 4

" The probabllity that ;nz earth stations In reglon 2 need to use the reserved

pool, where 0 < B, < N, 1s_independent of the event E, at a partlcular earth

station In Reglon 1.: Assume the following three events, for n, > 1
. : N . .
J

L, & particular set of n, - 1 earth stations In Regién 2 need to use the

reserved pool Co

L

v
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' L, . an addltlonal earth statlon. In Reglon 2, not lﬁclu_dgg In 15}, needs to use

i . N
the reserved pool, and « ‘

«
! Y
. 3

La none of the remalning N, — n, earth statlons of Reglon 2 need to use the

reserve pool .
s 'I N7 ¥

eri «
-

. Pr {L,nL,nLa } = Pr {IL, ﬁL3 | L, }Pr'{Lz}l ." o _'

I ='Pr {,L, | Lz} Pr {L3 | L, } Pr {L,}
’ . (3A.15)
- . Na- 1 ‘
. — [qzn., si(l"q'z) N2 nzqz} ) . a
( GspF -
’ ) @ *
‘where .
. ' qQ; = asncp)as.nr [D(ae) - p(a; + m)]

Thus, for n, 21

“ . Pr _{n2 In Reglon 2 | Ez} = -
. ) \ N .
N Nz-n . R -
1 ‘n’ Q" (1-a) ). . . (3A.18)
. aspr ' 72 . S , ‘
\ N T .
E
J . ' ,
\.
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' The probability that none of the earth statlons.ln Reglon 2 need to use the

v L

reserved pool s g\ven by: ‘ -

-

-

* ‘. ‘
N= t ~h

Pr.{Oln Reglon 2 |E2} =1-.3"Pr {n2 I’ Regfon 2 | E,}
. , ng =='1 -
=1- J—'[r - - q25N*] (3A.17)
-@SpF ‘

. T
u,: \
f, g

where Lﬁe blnomlal sum rormula has been Invoked.

Return!ng to Eq (3A 12),. for t ¢ TH, the probablmy that a particular.

earth st,atlon ‘In Reglon 11is operauonal glven attenuation between a; and a1 +

m dB 1s determlned by the sum of the probabllitles of the dlsjolnt, events deﬂned

by:
V. s= O, ) ¥, NS ) ’ + (3A.18).
for 0<m SN -1;0S 0, SNy o
where . : ' '
®, n, additlonal earth stations In Reglon 1 need to usé the reseryed pool
- ®p, n, earth stations in Reglon 2 need to use the reserved pool, and
. -, s the pa.rt.lcular earth station of !nterest. has been assigned time slots, rrom

the reserved pool ,

.t
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. Define the function
7 1 form <K o
=1k fom>k (3A.19)
- m h '
, Then, 1t can be concluded that
- . i / -
Pr. {oper. | Epte TH} = T /. (3A.20) °©
.
» Y . , 1
P Ny - lﬂ oo . ' '
< YT Y |t +n,+n,)Pr {nl In Reglon 1 | E,} -
n=10 np= . "
' (} .
Pr {n, in Reglon 2 | E,} ‘ - . A
o { '
’ ]
where
Pr {nl In Reglon 1 | Ez} , Pr {nz.ln Reglon 2 | Ez}
are given by Egs. (3A.12, 3A.186, and 3A.17). " :

2
~

Substituting Eq. (3A.20) Into (3A.13) ylelds the deslred result for the yearly

v .
average probabllity that a particular earth statlon 1s unavallable versus the

/

bullt-In fade margins a; and a,. ‘

'

et Extending the above analysls to I reglons, the following Is obtalned;

.
[ - o
. [N
-

Pr {not oper. }'——- p(a,')—"Pr {pper. | Ej. te TH}‘
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-2 l . 1

b

” ‘ [p(a;) -p(a; + ;!1)].

where

" A

Pr {oper."| E,,te TH} =

¢
s

. s Ni-17 N Ny

E 2 v 20,[“1+n1'4'n2+4”'+nl)

m=0 Bp=0 _ nyp==0

1

: ; .
k II Pr { n, in Reglon} | E,} ]

f==1

"
i

- and where for Reglon 1 :

o
L]

n " N, -1
Pr{n,nReglon1| E;3 =

n, *] [qlnn’ @ :ﬁ;)uN'-

-

g -«W"ﬂ

By

for 0 < n, < N, - 1 and for Reglon 2 through I

P

-
0 3 -
Y . °
* ! .\ ¢ d .,
; PR ‘
! 1 ° [P
‘ N A
" ) s ’
&
. . 4
—o * & [ ’~ [} .
1 \ »
* . / <
P : i ‘
R <] . TLoed
bo- ]
% . }
' . . . v,
i la r_7 s
3 R AN H _.} |‘r.
~

s

‘Pr'{niinRegionlWEg} Co R

g ’.]»» (3A.23)

~
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I
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where for.all §, ( . \

. . -
S . !
- _ P -

Vo, . , s

' : ' §
. Thus; the probabliity that a particular earth statlon experiences an Qutage
. I ' ' '
© depends on the following probabllitles : ,

\ N -
*1) " Probability ;ﬁ;a\n attenuation for the particular earth statlon exceeds
. ¢ s .
the bullt In fade margin; - , - "
2) Prq\babmty that the reserved i)ool is unavallable for that particular

- Y
earth station to use ra}n countes measures.

v, o0

The ﬁrsi probabllity can b'e determined through long term raln attenuation
) meas;xrqment. data or prediction models ( see chalpt,gr 2 ) obtalned for the slt,ne of
‘ t,hg.‘ particular statlon. The second‘probablllty 1s more'dlmcult to obtaln and
réqulrgs knowledge of the probabllltly that t)m thal number of other stations In
the system 'whlch experlencg simultaneous fade In excess of the bullt; In margin
,éxceeds the capac\ty of reseryed resources. However, “t,he seqond Jprobability can ’
be found using (QA;22), (3A.23), and (3A.24). ‘

*

“Re -

T1i# . resource sharing pi)él‘slze, )s' determined so that the probability of an
g . R . - . I B
outage can be reduced to an acceptable level. .

[} - N

¢ ~ P d

’ A -

-~
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CHAPTER FOUR ) RS

AFEC TECHNIQUES IN

v

In the previbus chapter diﬂerént adaptive resource sharing schemes were stu-

. died. The ‘ltriple.;nent.atlon complexlity of those schemes was also compared. It -

. P .
was concluded that adaptive FEC ( AFEC ) resource sharlng schemes are the.

simplest to Implexgem and could be efficlently useq as a rain counter-measure.

A
In thls chapter two sfliclent hybrid AFEC, resource sharing schemes sultable

for high capacity TDMA systems are propoged.

At first, selectlon criteria for potential AFEC schemes and the comparative

performance of avaliable candldate codes will be glven. Then a variation of con-
5 . :

éhpena&ed coding called double coding will be Introduced and Its performance

a{x’mlyzed.
i

4.1 ‘General concept
: {

"

In general. three baslc resou;;:s’:;o er, bandw'ldtb. and timé can be varled
to achleve additlonal fade margins ( FM ). In TDMA, transmission / reception 1s
carrled out\. using power and bandwldth resources on a tlme sharing basls. From
t;he practical constralnts of a TDMA system and satellite archltecture the first
two resources, ( power and bandwidth ) are not conveniently varied adaptively.

§
However, the burst transmisslon time can be extended using extra reserved time

slots In the TDMA frame.

& o
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- ’

\\ As a resglt: for adqmonal FM, the 1nfotfmatlon rate Is reduqe'd along with

coding so that the transmission rate and bandwidth remalins dnchanged. JTotal
- ’

coding galn (TCG)"* obtalned by coding will increase the FM thus countering raln

fade. Extra bits due ‘&. coding are transmitted through the reserved tlmé slots.

————,

_The reserved pool of time slots are used on a resource sharl'ng basls'and can be

* 3
allocated for any transmission burst'on demand.

To detect the occurrence and'magn!tude of raln ragij':%js required to mon}-

tor recelved power or BER. Uplink monitor contro »the upllnk power control {

UPC ) while detection of d‘egraded downllnk leads \to & request and subsgqu’ent‘

allocation of rain counter-measures -from the r rce controller. The wﬁole
switching process Is a complex one requiring a number of different operations like
TDMA frame configuration, signalllng to the recelving earth statlons, codec
assignment and data control, etc. Moreover, 1o cope with the rapidly changlig
link degradation ( 0.1 to 0.5 dB/sec ) [4.1], detection and allocatlonl of counter-
measure has to be eflected very quickly. In view of the comi;lexlt.s? involved with
each switching process, It s preferred Lp keep the number of switching to a
inlnlmum. Hardware and software aspects of tl;e motltoring system, and switch-

ing and control mechanism will be discussed In detall In Chapter 5.

In Fig. 4.1 the general 'concepz of AFEC Is lllustrated wl&h three modem per-
formance curves rorrlg‘_}g)\x and low galn codes and no coding. Assume that In a
‘ normal operating conditlon the unfaded recelved power by the monttor Is C ;1a4ea
[(_iBm], and the corresponding bt error rate Is BER, for no(codlng. Usually BER,
Is much lower than the threshold bit error rate BERy ( e.g. 10~ ). With the

occurrence of fades the recelved power s attenuated, resultlng I1n a reductlon of

E, . ‘ 4
.I-Q- and an Increase of BER. As raln attenuation approaches the fixed FM, ( e.g.
o . .

—_———— r

¢ Total coding gain = net coding gain + gain due w Information rate reduction
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"

11 dB ) the -BE}i/approaches the threshold .BGERT. At this’ point the low gan

code Is Introduced. The BER becomes BER,, providing an addnlonaj fade mar-

) gin FM, which 1s the TCG of the low galn code. Simllarly, If the raln attenuation

/

. o : f
keeps Increasing and approaches ( FM, + FM, ) the high-galn codec Is Introduced

,to bring the operatlng B%R to BER,, providing an adt’dﬂona] fade margin FM,.

" Here- (FM,; + FM2 ) represent.s ‘the TCG of the high }aln codec. In other words

to keep the operating BER lower than the threshol ’jBERT, dm‘erent'codecs are

lntrpducéd as follows.
[ 4

L . 2 °
a) for recelved power (C,, mgher than ( Cypredea — FM, ) DO codec Is used. -+

range  (Cypradea ~FMp ) to

b) For recglved power within thé
(Cuntagea — FMp ~ FM; ), the low galn coaéc Is Introduced.

¢) For recelved power within the nge of (Cupfagea = FMp — FM,)™ to
(Custagea — FMp — FM,; — FM;) the high galn codec 1s used.
/ A

3

' to a low / high galn code and vlce versa In response to the raln attepuatlon.

In accordax_xce with the fade margin requirement for a rapldly changlng link,
the codes to be used for AFEC resource sharlng should have at least 5 and 9 dB
of TCG at a minimum BER of 10°5, The mean BER Is derived from the P:ER of
10™ and 107 which are recommended by CCIR as standard for volee and data

transmisslon respectively [4. )’]. !

-

Thus, an eﬂecuve AFEC scneme c%n be r§allzed by switching rr9m no coding

For effective perronyanceor an AFEC scheme the candidate codes have to

satisfy the following crm./rla :

o

1) The codes@ e to be adaptive jo switching from no coding to coding, or

from one codec to another such that data transmission 1s uninterrupted

1 <&

~ ’ /

>
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-

and lossless o the transition process. Mo‘reovér. extra hirdware which
. . L 4
3 ‘ does not constitute part of tHe sharable resource pool ( e.g. separate

@

i [} .

-

. " minimum.

<

sets of codemE buffers and other accessorles ), should be kept to a’

2) r High capaclty satelfne s&stems of the future will operate at®high data

rates. Hence, lgss-semplex codes are preferable to be com'patlble with

. (4

1 ' ) high speed operatlon. - P
3) The codes chosen should have enough coding galn ( e.g. at-least 5 to 9

dB or more&t,o counter severe raln fade situations.

-

4) High rate codes are preferable as they require a smaller TDMA reserved

pool. ’ ' ) .

o
4

As can be seen, the criterla to select an 1deal AFEC scheme are quite con-

v

t.radlc;ory'ln nature and ndl(ﬂcult to satisfy simultaneously. Thﬁs, while choosing

a sultable ‘hlgh/low‘ gain code some criterla get preference over others.

In the following sections, theoretical posslblﬁt.les and limitations or’ coding-

3

> schemes, performance of sultable candldate codes and codec complexity wiil be
;. , s

! discussed.
. : -
“ o » i
4.2 Overview of coding 'development and candidate codes for AFEC

schemes

v . ‘ -
Shannon [4.2] tnaugurated the study of the performance of coding schemes

&
on a channel in which the Input is a real signal of limited power, and the noise 1s

additive, Gausslan, and white. Hls work established that for any fixed slgnal-to-

Ey, .
o nolse ratlo, N_' there Js a critical code rate, called capaclty, such that glven
v 0 . -




»
‘ sumcleilt delay and\ co lng resourcw; 1t is possible to dw}n a low rate code
wmch attalns any spe ﬂed user emr “probabiiity.  He also discovered snother
crmcal code ra 7 Ro. below which the requlred decodmg costs and cqmplexlw

may be significantly less. - \\ A

Accordlng to this theorygwhich was refined by many authors [ 4.3, 4.4, 4.5,

f‘.e/] for ‘hinary block codes;\t,h*e/;vemMence error probablilty over the

eﬁsemble of all codes of varying length and raie is glven b'y
{

P, < 2@ Ro-1) (4.1)
where
r Code rate s . " .
% Length of code . s

From Eq. (4. 1) 1tls evldent mhat as long as Ro> ritis poss!ble to drive t,he

~ probabmty or error to zero provided that the code Is long enough.

By lettlng the code rate equal Ry - €), wlth € very small & bound on

achlevable codlng galn can be derlved as, plotted in Flg. 4.2 [4.7]. The plot lndl-

a

cates the minimum possible value-of -ﬁ—fror a given code rate for which Eq. (4.1)
o . 3 ,

can stlll be driven to zero while keeplng fn' fixed to a finlte value, L

For exa.mf;le. It 1s known that with 1deal PSK signalling and no.codlng an

ki
w

Tf- of 0.6 dB Is required to produce an error rate of 1075, From Fig. 4.2 1t Is seen

. E
that an arbltrarily low error rate can be obtalned for an ?qi oro 2.54 dB Wwith a
L - - 0 - "

Cm
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. - | a
rate 1/2 code. Thus, It Is possible to gbtaln a net coding galn of gt least 7.15 dB

’

at P, = 1075 using a rate 1/2 code. _ N
(7] s
u

However, In Shannon's view, the channel ‘parameters were reg}rQq as fixed
and the codes as variable. He al;e,o Ignored the question of deéodlng complexity
and delaqy required .to achleve the coding gain. Nalvely paraﬁhraseg [4.8).
S}mnnon'é fc;rmulatlon asks every user to' spec\ry exact chanpel parameters, l.e.
the time Invarlant average slgnal-to-nolse lgvel, the probabliity of error required.

“
etc., and then the engineer finls a code of certaln length and rate to meet the

above-specifications. b .

In the past decade, his formulatlon’ of the problem of analyzing the perfor-
mance of varlous coding and decoding schemes has‘rallen out of favour. 'i‘he
modern englneering approach conslders the channel to be varlable and the code
fixed, rather than vice versa. As it fs very difficult to speclfy g£xactly the channel,
because of its varlation from tlﬁe to time d‘ependlng on nurgerous unpredictable
factors such as t.i)e weat‘herbor the interference, 1t Is now customary to begin with
a particular ad-hoc cholee ( Okt llmilted range of cholces ) of coding and decoding
schemes. Then provide a curve or a set of curves showlng the result of some sort
of analysis or simulation of how well the proposed coding/decoding scheme will
function agaiast a yzylgble‘ level of average channel nolse [4.8]. e decoding
complexity, costWors are also considered while chooslﬂg A code ( or

a set of codes ).

In the prevlous section code selectloy%ggla for AFEC rgsource sharing
. N
techniques In Ka-pand has already been discussed. One of the most demanding

requirements Is the high coding galn. Hence, In the following, only high perfor-

mance coding techniques will be consldered.

The high performance codes can be broadly partitloned Into four categories:

o
N -
- *



P

L N * DR
" ’ . . \ , ’
".’ 94 ‘.‘

~

© 8) convolutional codes (CC) . ° Y

3

b) BéseCﬁaudhurl-Hocquengbem codes (BCH), -

c) Reed-Solomon codes (RS) 4 | .

d) c?tenated codes. | . >,

‘ N
Convolutional codes are a subset of the so-called tree codes.and were Intro-

duced by Ellas [4.9]. Sequentlal decoders for convolutional codes were Introduced ™

\ ,

by Wozencraft-Relflen [4,10] and Fano [4.11]. Jacobs and Berlekamp [4.12] Inves-
] .

tigated the buffer overflow phenomenon, which turned out to be the primary limi-

tation of sequential decg rs.

Viterb [4.13] l’ntroduc% new decoding algorithm which clrcumvented this
@
difffculty at the cost of computational complexity that grows exponentially with’
\ Y

the operational speed and constralnt length. In order to cope with these limita-

tlons: Vlt.ertnﬂ decode

f@w typlcally use short to moderate constralnt lengths

and operate at slow

r

¥ moderate speeds. However, with parallel processing the

decoding can be made faster and applied to high speed operation [4.7].

A general form of blnary algebrlc codes known as 'BCH codes were rormu-d
lated mathematically by Bose, Chaudhurl and Hocq\uengh"em [4.14]. Non binary
algeb::alc codes known as RS codes were devised by Reed and Solomon [4.15].
The RS codes operate on characters (or short words) rather than on individual

bits. These codes are quite extenslvely studled and efliclent encodlng/decodlng

’

algorithm have been developed. !

It can be oObserved from Eq. (4.1) that Increasing the code length reduces
error probabllity or In other words Increases the error correcting capabllity of the
code. Thus coding galn Is Increased. However, as explained In [4.16], the com-

plexity of coded communication systems grows exponentlally with the Increase in

-

/

ok
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block length ‘for block codes (or with the constraint length for convolutional
codes). Hence, Instead of directly using very long.codes, the idea of cascading

two or more codes of less complexity to achleve highly }ellable communlcations

14 - 0 .
was first ‘cousfdered by Ellas [4.17] and later by Forney [4.18]. These codes are

known as concatenated codes, . ‘ .

, So far, convolutionay codes with Glt,erbl and sequentlal decoding, BCH, RS

and different types of concatenated codes remaln the major varletles of code In -~

T

" use for varlous satellite, m!wwave and deep space communication systems [4.19,

4.20, 4.21, 4.22].

In Fig. 4.3 and Table 4.1([:.1. 4.7, 4.18], the codes t,hat\ are usually employed
v .

In satellite communication and have a TCG exceedlng 5 dB e,re shown. The”codes ‘

are of simple to moderate comple:_tlty and henee are sultable for m/gh speed |

. n

- . N "

v 1

operation.
Although most of the codes have a TCG exceeding 5 dB (low galn threshold)

only a few have a TCG exceeding 9 dB (high galn threshold). This shows that

there are many potentlal candldates for low galn appllcatlons and only a few sult—

able Tor high galn appllcat.lons. ‘
a r\v _ ‘
ﬂ%ncé high raln fades are less probable than the low fades, low galn codes

are required more often than the high galn ones. Hence the slze of.a resource

pool depends mostly on the code rate of the low galn one. Moreover, average

IS

coding/decoding delay of the system also depends on the code complexlty of the

a 4 -

N\
low galn codes. In order f.o reduce the resource sharlng pool slze and delay, 1t Is

- At <+
lmportant to have a high rate and less complex code for low galn applications,

. Thg,s makes the cholce limited w codes with rate not lower than 1/2. A few

reprwentanyes of these codes are glven below

P

-t



”

P

pd ' N
Y <

L3

L4

°

4 OILV¥. NOLLONO3Y 31VY S:«? .
. . SR 2

. ¥

‘. " 40l Jo yad e oocwEhPuwa apoD e Bi1g

-

N

3bo3 auwavamos O

« 3003 nosoiree-18 >

(230 °11A)3002 11ni0am02
3 LoHme

(330 "35)3003 InNOLinIOANDD /
2 ‘3000 wae [

-

~
<

L . e e —— — — - — —

J

B H

s

—3

E

-2 3

q

o

]
NIV9 ONIQ0).TWLQL

[
1)

(114
11




\ '97 -
y '
. ‘\. M&Tnble 4.1 éoﬁe perrorinapce"at BER of 10:5‘
J ) / e L | .
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C e (127, 29) " WARD DECISION | 9.7 1471
.5 (127,-64) HARD DECISION | 6.34 | 811
1, (a2 ) " | uaro'pECISTON | 5.0 | =
B 2 |l ) .- ‘son\:smsxon 7.0 30.
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2 | kT Re12 ir.(aem a1 | 128
“ 37 T ks, R=1/2. v.(aem | 8.3 | 2’
R A T SN RSV VIT(3eIm) L[ 9.1 | C1s¢
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Sl 14168 - o 'SOFt oECISION | 8.05 | 272
o T concaienie ] N ERE
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SR ool ¢ T DY
2. (63,55) RS/{K=T,. -~ |-~ SOFT DECISION | -10.1 | 1010
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- . codes which are sultable for high galn requirements and have a moderate rate (In

_ever, wWith a view to’ mlﬁlmjze‘:}eduﬁdant hardware and Increase the use of bulit

In ha,rdwz‘ire\ resources of the earth station a sultable AFEC scheme using a low

&

.lf‘% Golay codes - ‘ o ) _ .. ,

o :
2) some of the BCH codes  + - - e . )
8) convolutional codes ,(Vlt.'.erbl decoding) BN o
~ ’ + \

Coding gain and decoding complexity increases with the code minimym dis-

tance (4.7]. A higher minlmum distance means a lower code rate. Some of the

e -

the range from 1/3 to'1 /2)t are given 'belovg: .
. , \
1) convolutional codes (sequentlal decoding) . '
' {
2). : cpﬁvolutlonal codes (Viterbl decodlng)

3) concatenated codes ‘

e ST . TN . -~
’ : . ’
?  Convolutlonal codes (sequential decoding) are ellminated from conslderation . ° e
; oy 5 \

. R ‘ -8
because of thelr Inherent problem of varlable decodlng delay and buffer overfidw

-

with signal-to-nolse ratlo fluctuations 4.7, 4:16]. Moreover, 1n a resource sharing

TDMA environment, the same coder/decoder will b; shared on a time division

[

basls ‘by several sub-bursts durlng each frame. Thls requires flushing of the shift

registers after éach sub-burst. Due to large constralnt length requirements this = | o

-~

creates more redundancy-[4.1]. ~ .
As It 'sbgnds, by choo’sing"sultable low and lilgh galn codees which could

e St e .
operate In conjunction with each other, an AFEC scheme can be arranged. How-

L}

v

galn '(‘_rat‘e."l‘/2, constralnt length 7 ) convolutional code and a high gain (rate

1

'1/3, cof;stralnt' length 7) convolutlonal code has been. suggested In [4.23]. The

d
v
Do i - N
- ‘ . ~ .
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scheme can give a dynamic fade margin of 10 dB for a maximum Information

rate reduction of 3. ‘ .- 0

It 18 possible to realize f\nﬂ ble rate (rate > 1/2) convolutional code from
Ll

t.he onzlnal rate 1/2 convolutional code wnh a. minor addmon of external clrcul-

try to the codec [4.24). This will allow a progressively addptive raln counter-

measure and efliclent management of the resources.

Among all the codes given In Fig. 4.3 the (127,111) Reed Solomon/(rate 1/2,

constralnt length 7) convolutional code concatenatlon has the best performance

(TCG = 104 dB). The code rate Is alSo moderate. Hence, an eflective AFEC

scheme can be reallzed using the above.code with the Inner convolutional code

-used for low fades (TCG = 8 dB). For high galn réquirements both the nner

and outer code will be used In concatensatlon. It s also possible to TncOrporate‘

the tecl;nlqixe of ,varlable rate {nner convolutional code (as previously mentioned)

to allow a progressively sdaptive rain couﬁter-'meaﬁlre.gf‘ ) ‘

Ina Vlt,erbl}sc‘oder an error event occurs whenever the correct sequence iIs
, g

. -2 rejected by the decoder In favour of 1ts adversary at some node. The adversary

must differ from the correct sequence In at least one branch, and ‘may differ In

LIPS

: mginy branches. Thus errors comie In bursts, and typlcally a burst event affects

more than one symbol of a RS code word. An Interleaver is placed before the

inner coder and a deinterleaver after the Inner decoder.

-
3

For concatenated codes the interleaver /delnterleaver In between the outer
o
and lnner'codecs acts as a buffer during switching of codecs. Hence, a little addl-

tlonal circultry 1s required to adapt the codec to an'AFEC,,appllcat,lon.
{ » )

.

Concatenated codes have.less overall complexity than a slnﬁle powerful code
‘ -
of equivalent performance [4.25]. The reduction In complexity and the opportun-

1ty of using component codes alone or In combination to obtdin varlable galn and

Y

-

<



- for AFEC purpose.

higher utilization of hardware resources make concateiated codes very appealing

i
L

In Table 4.2 "thgﬂ performance. of some TDMA/AFEC compatlble con-
cat,enawa"é(_fes are Jllustrat;ed. In all \the codes the lnnf.!r code lé chosen to be &
(rate 1/2, constraint length 7) convolutional .code (Viterbl. decoded) to meet the
low galn requlrement For the outer code RS codes of different symbol slzes ‘were
used Compaﬂng Table 4.2 and Fig. 4.3 1t 1s found that concatenated codes have

better TCG than most codes of ldentical rate. .

‘ The' AFEC scheme based on concatenated codes discussed -above requires -
two different sets of codeés {Reed Solomon and cop%lmlonal). Becaﬁse of the
infrequent nature of rain attenuation these codecs are’ur.mzé'd In conjunction for
only a small perlod (less tl;;m 0.1%) of time. Most of the time the TCG obtalned o
from the convolutional code will’ be enough to &mnter the raln attenuation.

- A= £}
Thus the scheme 18 not efficlent tn resource utilizatlon and does nét Justify the

. Increased earth -terminal cost required to Install two: codecs and other related .« -

e

acﬁo\rles. Moreover, both Viterbl and RS decoding require a large amount of

comp ta‘:lon implylng decoding delay.

In Ka-bands, service to the customers will be ‘abundant. In these bands the .

° number of single channel users will Increase largely along with high capacity

\

trunli services. Expensive terminals will certalnly discourage the small capaclty

-, '
users. ’ ) .

~

Wlth a'vlew to reduce complexity and cost we propose to use the same outer

<

]

. and Inner codes. Thus, a single codec could be used repeatedly We denote tifs ~~

type of two ldentical cascading codes as dotible codlng., In ract double codlng IS a

degraded concatenated code as the o,ug;r and Inner codecs are the same.

In Fig. 4.4 a block dlagram of an AFEC scheme using double coding Is illus- .
. »

4
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r
SO "
‘ U + K '1 .
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— ] N
: St _ t . st .
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* FROM ' \/ \

: . ‘ . ) .
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.~ . CHANNEL' ~ B Ly S

7 , Nb
{ \—5-"’— DECODER 83
{d . - _ g .
) 7 . .
. DE- | N a
INTERLEAVER — F
' FOR NO CODING S1IN“g" o //
FOR SINGLE CODIN°G S1IN“b"; S2 IN “c"; 83 IN “f M/ .
FOR DOUBLE CODING  FIRST: S1 IN“b"; 82 IN “c"; S3 IN “g"
' ) . NEXT:S2IN “d"; S3 IN “f 4 ,
o 4’ ‘ - Fig. 4.4 ‘ Block dlagram of double codec’ * - :
«: ' / \ !
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trated. Besldes codecs, the other important blocks shown In the figure are the

Ime{leaver and delnterleave’f. l{xterleavlni and deinterleaving afe used to reinove

the channe\l memory, o )

’ - For double coding, a block of !qrormauon bits Is eﬁcoded'and stored In :he
Interleaver memory. Subsequently, the stored blts are read out In a sequence
del,ermln)ed by the Interleaver and re-encoded. After double coding the blt
stream Is ready for transmission. At the recelving end the reverse process Is per-

formed by (iecodlng. de-Interleaving and decoding 1D successlon.

In the case of single coding the bit stream Is transmitted directly after the
first coding.

Thus;, by adaptively chooSing single coding (for less protection) or double
coding (for ‘better protection) ah. AFEC scheme can be realized which offers

efficlent resource utllization and simplicity of application.

¢

Detalls about this scheme will 'be;given In the following chapter.
/
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cHAPjspR FIVE ‘

AFEC TECHNIQUES o

USING DOUBLE CODING
. o

b4

The concept of AFEC using double coding Kas Intfoduced In chapter 4. In

i

"the present chapter double coding galn and Interleaving reciulrement;\ will .be

'analyzed and the results of double coding simulation will be presented. Perfor-

marnce of double coding will be comparéd with other concatenated codes and can-
didate cbdes for AFEG double coding will be chosen. As an lllustrative example
a conceptual Implementation of AFEC using Golay douple coding will be dis-

cussed.
5.1 Double co_ding gain S

The idea of double cgdlng s to improve coding galn by Increasing the error

<

correcting cépabmty of the overall code cbmp?d to single coding. The above
can be achleved If the errors whlcq the first” decoder falls to correct ean be

"con'ected by the second one. However, In the recelved séquence decoded by the

»

first decoder the following two cases may happen:

1) .- The number of errors are less than or equal to the error correcting

[z -4

capabllity 't’ of the code. In thls case, the decoder successfully E

corrects the errors and outputs the correct information block.
a .

<

“ M



. inay occur only In the parity block and thus thére are no errors in the 1nforma-‘

o 109 .

-
1) The number of errors In a codeword are more than & In this case,
the decoded Information block stlll contalns error. ., o

-,

It Is to be noted that for the second case If a.code word Is In error, 1t 1s ot
r's

-

tlon block. As the second decoder wlll recelve only the lnfogatlon block’ Trom.

the first decoder, the lnformat.lon block error rate and error pattern Is of concern

L

only. ,Denot.lng lnformat,lon block error probaamy' by P, the rollowlng can be

' derlved [5.1):

é" L]
b n ' ; n-kx : . - ‘
. n - - D-KY} o e
p= % (J)ra-pro- w5 (79 a6
i=t+1 . o j=t4a1
© ”~ 3 . . ‘
‘where J
s . ) .
v v )
) channel bit error rate o
n code length N ;
k  Information length a
t no..of: correctable erroré ' o,

Slmlh!n'ly. the post decoding BER can be derived using
\ } .

.k.‘ =
} <At
,\‘ —152z3+? 2 ( ) j=n-t

Fl

always necessary that the corresponding Information block Is in error. The errors *°

Pa-pr-le o () o a-pP! (52)
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. - o S @

\ &

. 2k J4t(n-k -

i i - —(C79)a-pp- ~

3 . SA=ter o o

E E. g l\ . , . . I ' i / 1] .
However,.for moderate to high rate code$ the last terms In Eqns. (5.1) and’

< . —(5.2)an be Ignored. '

@

i It the two decoders are cascaded, the second one recelves the output

one falls to correct most of the posi. decoding error pattern of the first decoder.

codeword Is up to the correcting capabllity of'the code. Fallure of the second

decoder is due to the post decodlng error pat.t.em ( l.e: channel memory ) at the
8 5

output of the first decoder. It is necessar‘y to break this error pattern or make

" N

the channel memoryless by ra.ndomlzlng the bit sequence before passing It to the

-, » "
g e 1 Sp a2 e e g < e o

e

secc;nd decnoder. In an ldeal case of randomization the second decoder lni)ut. will

Ay

be BSC with transition probability ‘p,. The value of p, Is derived from Eq. (5.2).

A S
Once p, lg"known the output BER.p, of the second decoder can be calculated by
" replaciig p by p, In Eq. (5.2).
Thus, In the process:- of double codlng p — p, and p, =+ p, where

"+ PF P> Py | I '
b

‘ : N > . . Eb '
Here, ghannel BER 'p’ depefi‘ﬁ on bit energy-tc-noise ratlo (.I_\I-)' For a
¢ o

.
I‘ a

1

coherent PSK modulatlon, an AWGN channel, and codlng wlth no rate reductlon

-

o the BER 'p’ can be determined by [5.2]
’ N 7 ‘
- i /
. p=1/2 erfe ( (5.3)
r -
’ {A'. - B Q ," )
g *‘ ‘ | |
L . . .i ,
- e

- sequence of the ﬂrst‘one directly. The two decoders belng ldenilcal. the second

4t can decode correctly only If the number o{ erroneous bits within the span of a -

wyte



"1 e
ﬂ“ 2 :

where . - ; .

[ ) . . ' . '
r=Kk/n code rate

« L]
y 4

b ‘ ' - .

~ bit energy-to-nolse ratlo - ’

Lo

@

4

E k .
and r -IGP- indicates reduction In bl_t energy-to-nolse ratlo due to coding.

° 4 . -

It 1s to -be noted that for low BER (< 10“5) sanelllt,e channels can be

. modelled as AWGN Hence, the errors at the lnput of t.he ﬂrst decoder Is assumed

1o be of random nature. As a result the random etror correcting codes are gen-

- erally .used. due to reduced dIt energy-to-nolse.ratio channel .enﬂors oceur 1n

bursts| then a scambler after the second ~en(goder and a de-scrambler before the

first decoder will) be used to randomize the errors during double coding applica-

tlon .

For TDMA] AFEC applications ‘ﬁ’l order 10 iceep the data transmlgslon ﬁte

o

constant;the information rate to the encoder Is redyced. The transmisslon power

® E ‘ ,
‘being ‘kept constant, —ﬁbv does not change between coding or no coding. Hence,
, 0 - ’

the ¢channel BER 'p’ to be used In Egs. (5.1) and (5.2) Is glven by
v : b - . ;/" N * ' n

P =1/2 erfe (

For norma! operating conditions p - >> p,. This means the BER at the out.put. of

@
t.he first decoder ls less than the channel BER )
"’//ﬂ \ / o Yo

+

Tt TS

».



The performance of double coding can be estimated from the knowledge o'r'
Its component code performance. In.Flg. 5.1 a graphical method of finding the

&
performance bound of double coding using the bound of its components 1s Ylys-

trated. ' )

— 4

According to the no coding ( l.e. raw channel BER ) and slngle coding per-
formance curves, If the Input BER corresponds to ‘a’ then ihe oﬁtgut BER wlll
correspond to b Thus, the éERoreduces from ‘a‘ to 'b' without'any change In
ﬁznal—to—nolse ratlo'(SNR). Assuming a perfect," scrambling which renders the
outpuﬁ memoryless, ‘t,he BER corresponding to 'b’ Is equlvalent‘;o ‘¢’ for no cod-
}ng anti will be the Input BER for t.h'e‘second cod‘lng. Now.‘ the BER at the out-
p'ut, will correspond to '-ci‘: As.SNR remalned ‘the same d’ will be shifted to 'e’.
Thus, as a result of double codlnlg, the BER changes from 'a’ to "e’. Analogously,

all other polnts of the curve can be drawn. ’

. In Table 5.1 performance bounds for different double codes ( which have a
rate 1/2 component code ) are shown, from which the followlng polnts are

v (ALY

observed : . ' ‘ _ . . ‘

l)‘ - If a high galn componenl; code 1s chosen, the first TCG obt.alned 15

greater than t.he a.ddlt.lonal TCG obtalned due to second coding.

-

llj . . If a low galn comiponent code Is chosen, the first TCG and the addl-
¢ C .
. . , P
- tlonal TCG obtalned due to second coding I§ about the same In terms
of dﬁ.

)
4

’

*The above phencmenon can be explained as réllows :

The net coding galn for a high galn code Is greater than that of a low gain

code. But, galn due to reductlon of the Information bit Tate ( or time frame
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'
\

expansion ) 18 almost the same for both the cases ( because of the ldentical code
rate ). Hence the net coding galn constitutes a substantlal part of the TCG for
the high gain code. As the net coding galn obtalned due to the second coding

gets reduced, It causes a greater change In addltlox;al TCG.

It Is seen In Flg. 5.1 that the pert&fmance cuweé of both the single code and
double code Intersect the no codlng curve In the same place. However, the dou-
ble codlng curves'are steeper than that of the single code. Thus, If It Is possible
to cascade mgl\l:e coder/decoders, the overall code performance curve should be
steeper and teixd‘ to 5e parallel to the Y-axis. But, cc;mparlng t‘he progressively (

o

diminishing additlonal TCG obtalned at each successive coding, the multicas-

cadeo\de,s do not pose any practlcal Interest. .
The performance of double coding using the (23,12,t==3) Golay code was
verlfied by computer simulation. The message,block of 288 blts was first encoded

into 552 coded bits. The bit sequence was then Interleaved using a block Inter-

d

leaver of depth 23. The Interleaved bit sequence was then re-encoded into 1058

+

bits.

The channel was simulated using a Gailsslan‘nolse distribution to corrupt
the data bits. The corrupted data bits were then decoded, delnterledved and
©

decoded again In successlon. The output Is compared with the message bits to

.
[

record the errors.

Flg. 5.2 shows the simulation model. In Flg. 5.3 simulation results of single
and double code performance are lllustrated. Uslng the graphlcal meth?d of
predicting performance curves for double coding ( glven In the prgvlous sectlor; )
the double Golay code was evaluate‘d and lllust,ratéd'in he same flgure for com-

parlsén. It was found that the double coding performance obtalned from s\lmfxla—

tion Is In agreement with the prediction.
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6.2 Interleaver requirements

. -«
[ 2 . [

For double coding the Information bits are first encoded, interleaved and

encoded agaln before transmission. At the recelving en@_tl;e reverse operatlon 1s

_carried out. Interleaving/deinterieaving Is necessary to break the code memgry

at the output of the first decoder so that the second decoder. can correct the

.

errors made by the first decoder.

i

Interlegyérs can be classifled Into two broad groups [5.3]

-~
5 ‘ . v

, ~
1) - block Interleavers ,
B pseudo-random interleavers’

v * ,

- &
!

g For block" lnterleavl‘hg tﬁe p/ermut‘at.lon or rebrderlrlx}g of‘ the sequence Is a
periodic function of t.lm;:. A typlg:al ex’ample of such Interleaving Involves taking
the coded symbols and writing them by rows into & matrix. The symbols are
read out by col{imns prior to transmlsélon. For de-interleaving the recejved bit

sequence s read Into a matrix by columns and read out by rows.

' F’pr block Interleavers, interleaving depth or the distance by which the twb

. consecutive blts are separated after Interleaving 1s fixed and determined by the

number of rows In the matf‘rlx.

3

For pseudo-random Interieaving the permutatlon Is performed In a pseudo-
random fashion. The Interleaved blt sequence Is chosen according to the
sequence éenerated by the states of a maximal Jength feedback shift reg!ster;.
The feedback connectlons of the maxlmwshm registers determine the

A ‘ >
order of sequence.

oV FO

.‘p

¥’
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. rt j
. Fora (n,k?b) code used as a component code, where
. ©
. . r ¢
) N .

‘n ... code length . \

‘. . °
k ~ Information length )
t Jhumber of correctable errors

o

t.hé bits grter the first encode; are ‘interleaved such that no more than
max { (t-1),1 } bits for the same codewotd fall within an Information bloa‘ o

\ N . . . ~ ‘ '
of k blts-for the second coder. When t > 2, total number of elements from all
the codewords which have more than one elements within the épan"or k blts,

should not exceed t. This will ensure that If the first decoder makes a? error in
‘decoding max { (t=-1),1 }" codewords within an interleaving block, there wiil* .

L4 * !

be at most max {'t v 1 } errors of the same codeword element at the input of

v

the second decoder. In this sltuation, the output of the second decoder wili be

error free.

For block Interleaving the above criterla can be satisfied by choosing en )

Interleaving depth equal to a value which 1s a multiple of ( buffer length/n ).

For psuedo-random lnterleavlng’it, Is dlmcult'tq satisfy the above criterla. .

v

However, wn_h" an Increase of buffer length ( l.e. by Interleaving loﬁg sequences ),

phe r‘andlém sequences are such that the above- criteria are nearly fulfilled.

-

In Fig. 5.4 Input vs. output error of the (23,12,t=3) Golay double code Is-

)

shown for varlous depths of Interleaving. The lllustrated galn ( which Is taken as

BERmpu't

— ) Is normalized with
BERoutpuL ] Y ) '

the ratlo. of BER;,,, 10" BERgypy; 1-€- [

<
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respect to the gain.for lhterleavlng dept.l} 8. AS can be seen, the galn Increases

with an increase or‘lnt.erleavmg depth, and for a depth of 23 the ginn Is max-

imum. In this Interleaving configuration at most one bit of the first decoded

~

#word- can be In any codewqrd for the second code. If the first decoder falls, the

e_’;ror' at its output 'wmch contains the message part 1s distributed among some of.

the 1‘.; codewords of the second code. Thus, at thé Input of the second decoder

_errors occur randomly. The second decoder can only fall when four or more

r

erroneous blts each contributed from an erronet?tuély decoded first code are at Its

Input. This Is about the best that could 'be done.

In Table: ¢ 5.2 the galn obtained for block Interleaving of depth 23 ( xﬁemory

size 529 ) and that obtalned from an equivalent pseudo-random Interleaving (
- memoﬁ; size 22 ~1= 511 ) 1s compared. For the latter interleaving, a slight

a
v

degradation of code i)errormince Is observed. ‘ .
& : .

P

Hence, for the present double cod\ﬁ&( Golay code ) scheme, 8 block Inter-

leaver of depth 23 seems to’ be the optimum cholce.;

¥

. . . -

»?

‘5.3 Candidate doudble codes for AFEC —_ x

- ¢
s 4
- .

.In Table 5.1 and F!g: 5.5 the TCG at a BER of 10~° for different double
codes discussed sd'rar Is summarized. Among block codes, the scheme using a
k127,57) BCH code has the hlghqm TCG. (?io dB ). However, the TCG for the
scheme usl‘ng ( rate 1 /2, constralint len‘g'tfi,'l ) convolutional code ( wlt,h'Vlt_e\rbl

decoding ) has an even better performance ( TCG = 10.8 dB ).

For, the '‘double coding’ scheme using convOluLlon&l ‘gode. the first decoding
: i

uses soft decision decodlng on the unquantized level output from the demodula-

\




7 *
Table 5.2 Input Bit Error Rate versus galn /f;,block and pseudo- om
Jnterleavlng. / i e
: - BER{nput
Hiowt el
v ’ FOR BLOCK INTERLEAVING| F -
! OFwEPTH = 23 INTERLEAVING
| (2°-1)
{ KR ’
g 0.124 1.98 1.93
0.111 3.75 3.48
\. _
9.7v, 1072 8.02. 6.47 -
8.06 . 10'2 .. 32 38 22.29
6.65.102 | 20167 70.03 i
‘o . it
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» y ﬁ‘ )
. N g ) -
” ‘ g . /\:Qp
v v
» - » w u‘
f ’ . r ‘n
¢ L
{ / - \ P ﬁ
. + * [ 4
<
s N _Q



-
[

¥/1 < 23%el JO S3P0I PITELIIEBIUOD PUE 'S

B

€

>

PRRal

7/ O11vy NOILIN03Y ALVY¥ NOLIVIWUOANI
. €

-~

pPod 3|qnop JO.adueWJIOjIad

K]

(ISMILIA) WHOLLATWOANDD
/1 uve/su (6ov'tis) T (v

(1SY3LIA) . WROTLNIOAN0D
o/t vd/su (6£2°ss2)

CISU3LIA) TWVNOTLIAI0ANDD
/1 uve/sy {611°221)

(IMMILIA) IWNOILNIOANDD
S/t /sy (65°E9)

$3007 031VNILIVONOD
© AYNS (21°E2)
- a8 (ve' £2t)
H8 (91°1€)
< e (ueten)

. ]| Sm.ns

© OPOO<4 B B E

o

v

13

. (98100230 194311A)
3009 TNOTLAM0ANDD 2/1 3iVY -

SNISh S3003 31an0d.

<

-

'

o

.

o

¢

1+ iy, ¢ a—— . st + e
—— ¢ —y p—

¢

1

:

— c—

¢ —— ¢t ¢ S— —— ————
N

N

§ — . ————  — - — . p— V——

f

1

N
N
«

-

o'g g |

b

£ .Y
> [6P) NIVD SWI00D V101

-



P

¢ 2
124 10

, tor. The output of the first decoder Is of fixed level ( 1 or 0), hence the second

decoding s hard decislon only. Howgrever. 8 Vlterbl‘decoder equipped for soft
decislon decoding can be used for hard decislon as well without any addltional

hardware. O -

The amount of decoding delay depends on the number of operations required

multiplled by the time required to perform each operation. The baslic unit of

v

delay is the time required to perform an addition or shlft g register. This baslc
unit 1s°called computation [5.4]). Using the equations glven In Appendix 5A the
number of cbmputatlc;ns requlréd to decpde each Information bit can be calcu-
lated. For a (127,57,t=11) BCH code the number of compuiatlons Is 871.
Where as, the required number of computablohs for ( a rate’ 1-/2, constralnt length

7 ) convolutional code ( Viterbl decoded )Js 27 = 128.

-

o .
On the other.hand, the double coding scheme using the (23,12,t==3) Golay
code ims_ moderate TCG (8.1 dB). Tl‘;e number of computations required for

decoding of each Informatlon bit for single coding 1s 30, hence a substantial

" amount of savings I computations -can be achleve In comparison to the earller °

~

*codes. But, the price to pay Is reductlo‘t\ In TCG.‘ It Is expected that for the

fed

earth statlons situated In less ralp prone aréﬁ\s an AFEC scheme using Golay code
\ e

-~

gould be very eflective. s

t

As found'in Table 5.1 an% Flg. 5.5, the TCG obtalned for some double codes
satfsfy t;he high galn threshold ( 9.0 dB ) Jjequlred for th? AFEC scheme. Perfor-
mance of these codes 1s comparable to some of the best concatenated codes lllus-
trated In Tablp' 5.3. The concatenated codes have a higher overall code rate than
the &ouble codes, but the number of computations required per information Slt,

for decoding of concatenated codes Is also higher In comparison to that of double:

codes. “For example, the number of computations per lnformat.lon bit required for

'

°



s

a (127,111) RS/convolutlonal code 15 2704. It )s far more than the number of .

computations ( 871 ) required to decode an ldentical fate (127.57,§=11) BCH

1 i
code. .
1 R . PR

For high speed ope_ranon. parillél pmcegélng Is required to réduce the decod-

Ing delay. In Quch a case the codes for double codlné wlll‘re'qulre less addltional
clreultry as 1t has only one set of codecs. Whereas for concatenated codes wh-lgh
require two‘ dltfgrent, éetg of codecs additlonal clireultry wlil be comparatively
more. . ’ . L

Consldering the above facts, the advantages/ disadvantages of doubie codes

compared to concatenated codes are summarized below In the context of AFEC

applicatlons. - o
Advantages . ) ;
1) - Hardware simplicity
. - .

1) ‘ . Less number of compulations required

- N - N ' ’
1) . Efficient utilization of codecs . - ' ,
Disadvantages .
1) . Larger time frame expansion required because of low code rate

‘

Hence, double co’dlrig Is most favourablé for a resource sharing AFEé

1
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54 A conceptiml implementation of an AFEC G’olay fio'uble coding p
resource shariﬁg scheme for high speea application.

The double codilng AFEC scheme using Golay code has a mo‘derate TCG

with lttle cédlng/‘decodlng delay ( see Table, 5.1 ). The Golay codes are simple

" to implement and sultable for high speed operation. In the following, the codec
deslgn and lmplemen:;atlon will be discussed. Then the ‘Eﬂectlve usable cEﬁaclty

of a double coding AFEC scheme, using Gol'a)} code will be analyzed. Illustrative
R - Ty T

AFEC-TDMA system monltoring ‘and control concepf,s wlill also be introduced. )

1

-

, ’ 5.4.1 ‘ implement&ti'on of a high speed Golay AFEC codec '/

-

In the Golay code used, codewords of length 23 are obtalned using ihe gen-

?

i - erator polynomial

»

gX) =14+ x+ x5+ x®+x" 4+ x4+ x? . (5.5) -

and an additional overall parity bit Is appended to make the codeword 24 bits
long. The additlonal parity bit Increases the code detection capability. Thus the

extended Golay code permits detection of four érrors and correction of up to .

. three errors occurring anywhere within the codeword.
' \

A. Encoder Implementation

- [ M
The full hardware Implementation of the Golay ( 24,'12 ) enc@ﬂshown '
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in Fig. 5.6 and 5.7. As can be seen the modulo 2 summations and the generator
'polynomial g(x) are lmplemented by XOR zateé placed between the storagg ele-
ments of the parity generator shift registers. The loglc 1 bt positions of g(x)
determine the locatlon f the Individual XOR gates. To form the complete code-

word the following s performed. [

1) A block of 12 information bits s fed in, most significant blt (MSB) first,
Into qne 'or .the data storage shift registers. As the Information rate is half
that of the encoded data rate ( l.e. clk out rate ), 24 clk out periods are’

required \o shift the 12 Information bits. ¥

£ .

11)  During the next 12 clk“outf perlods the first set of 12 Information bits Is
V shifted out of the shift register and simultaneously fed to the parlty genera-

4 , tor and channel. As a result, at the end of the 12th clk out perlod, parity

bit generatlon (11 of them )ls'completed.

)

m)" During the succeeding 12 ¢lk out perlgds all 12 parity bits ( ;nciudfng the

]

ai)pended overall parity bit ) are sefit to the channel:

While p:foc,esses'll) and 111) are’in progress another set of 12 Information §J1t.s
are simultaneously put into the second data storage shift register. Then the cycle

Is repeated with the new set of Information bits.

©

B. Decoder Implementation

[

At the recelving end, Information bits are recovered from the recelved

sequence uslng syndrome calculatlon, and table look-up to reduce the decoding.

y
AN
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. delay usually Involved In Kassam! [5.3] type decoding. As can be seen, the syn-

drome calculator 1s 1dentlcal to the parity generator. The error pattern will 1den-

tify the position of the erroneous bits. The decoder correct the errors by

inverting the information bits corresponding to tlie erroneous positions. - However,

. the decoder falls when the number of errors exc‘eed the correcting or detecting

capablilty of the code.
”
Hardware lmplementation of the decoder Is {llustrated in Flgs. 5.8 and 5.9.
Decoding Is performed In the rollcﬁ)ng"éequence.

1) The recelved codeword ( 24 bits ) Is shifted 1n sdguende simultaneously into

the recelved codeword shift register and syndrome/calculator.

11) At the ‘th of the 24th clock perlod the syndroffie will be read/y,l The syn-

drome serves as an address to the error pattern stored in ngvl. The three

&3

preset counters are then loaded with the error locatlon. 2

n

\ . * ,
@
111) After that, In synchronlsm with half clock rate, the first 12 bits are read

. out of the shift reglster and corrected according to the error location stored
In the preset counters. ~At the end of:24 clock perlods the decoding of the
data Is completed. L

. . '

-

" After the error pattern Is located In ROM, the syndrome calculator Is inl-
tialized to zero.

it
[ Y ,
lv) As the data Is shifted out’ of the recelved codeword shift register and
'Y

corrected, the next sequence of 24 bits Is shifted Into the second recelved .

codeword shift register and s§ndrome generator. ’ '/ \

o

4
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(24,12) Golay decoder
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The cycle of decoding continues In a simllar manner. .

. Fpr double’ codl'n"g applicatlons the encoded words from the first encoder Is

- stored and Interleaved . before ’belng enéoded 'agaln. Simflarly, delngerleavlng Is,

" performed at the recelving end before the second decodlng. Implementation of

the Interleaver/delnterleaver has been studied In [5.3]. ’

-

1

5.4.2 ' Monitoring and control subsystem

-

The proposed fade counter-measure scheme wlll have’ an Impact on the

design, ope;atloﬂ and rellabllity of the overall TDMA network. In this section

' . the system complexity Is brlefly discussed with emphasls on the foljowlng polnts :

r Link Condition Monltoring
N .
Power Control , 2

Allocation of Resources ' .

A. Link Conditlon Monitoring . *

Link condition monlitoring 1s an essentlal factor for effective operation of the * -
proposed AFEC scheme. Uplink and downlink conditions must be accurately and

rapldly determ!ned 1n order to apply gpproprlate raln counter-measures.

Previous study [5.5) recommended that a centralized architecture for monl-
toring Is advantageous because of terminal costs, signalllng overhead, and rain

counter-measure system stabllity. In the centralized architecture, the master sta-

¢

‘ -
.tlon monitors the bursts recejved from actlve traflic stations and then determines

which of the traflic statlons are suffering fades and requlre raln counter-measures.

.~ The link quallty can be monltored with pseudo-error measurements for fast

response, - For example, a BER of 10~ can be detected within 1 second [5.8).

e

. - B ‘ N “
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B. Uplink Pow‘l_ver Control (UPC) )

In the proposed scfxeme uplﬁk fade Is assumed )o be overcome by UPC tech- /1\, .

N ‘
niques. Each earth station has a bullt-ln UPC subsystem with pre-assigned

\%4 )

pc?(rer level steps. ' ' ..

As soon as the master statlon detects ’.an uplink fade 1t informs -the

corresponding st.aftlon to Increase the RF transmitted power.

l

In case an UPC subsystem falls the -master statlon commands the

*..corresponding earth-station to shut off. The lmplementatlonr'otrwm UPC J :

schemes was presented .in [5.7].

s

C. Allocation of Resources : : ~
i ' ' L
. Once the master station detegts a downlink fade, It sends a request to the

Resource Assignment Controlier (RAC) to assign necessary raln ¢oynter-measures

from the avallable resource pool depending on the fade depth.

In the AFEC scheme RAC assigns codecs for the downlink transmission and ’

allocates time slots from the reserved pool to accomodate ‘the en'co,ded bits.

Prior to the introduction of AFEC the RAC sends addltloﬂat 1nformatg%to

the affected earth statlons regarding e
. oo

!

. ' - | .‘ . ‘ “g‘

1) Level of coding ( low or high galn )

111) Synchronlzﬁmon loop bandwidths S /
iv) Unlque word detector threshold -

‘ (
v) Burst time plan (BTP), etc.



-
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»

- to allow possible adjustment and effectlve operation of the system under a

-

degraded link condition.
.4 N
. The flow chart of RAC function Is glven In Fig.-5.10.

To Increase the system rellabllty It Is necessary to avold multiple switchlng

‘of raln counter-measure since each switching entalls a number of changes In the

tr?é@.c management. As the rate of fade variation Increasés with the\lntensllty of
raln, it Is recommended that ‘during the. ralny perlod 'iz higher galn codec be

asslgned for low fades to avold swltéhlng for a short tlme as fade Increases. This

'

)s particularly applicable for those earth stations situated In the raln prone

Ay
»

i . ¢ ' :
region. . ' , .

. [ , .
_In general, the swlt.;HTn’g thresholds for codec dpplication and withdrawal

can be made different ( Le. hysterisis ) so that fade fluctuations do not imbalance

- “

the system Stabllity. ' -

-

'Carrler i‘ecbvery. clock recovery, and unique word detectlgryror burst and

.. frame’ synchrbnlzat,lqn under fade conditions for TDMA systems have been Inves-

't.lgq.ted In [5.5]. Many results of this investigation are also applicable to our pro--

. posed scheme.

. The prgposed scheme requires that the system be capable of hitlessly
/ oL ‘ -
responding within a short time to randomly occurring demands for resources to
counteract the raln fades. For dynamic demand asslgnedj(DA) TDMA. systems :

the criterla Is almost simllar.

In DA-TDMA systems requests for new clrcults to be established or an exist-
lﬁg link to be protected are trgaﬁil In éslm}lar manner by system control. How-
ever, there ;u'e some minor differences between the requirement and operation of
the proposed AFEC system under centralized ménlborlng and cz)nt‘rol with that of

DA-TDMA. q
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; 1) Because of the contlnuous n{;onnorlng of rade, asslgnment, or raln counter

e

measures is an automatlc process and does not require a rormal request.

F
1

11) In a DA—TDm system 1t is usual procedure that requests fg&apag{:ny
‘whlch _cannot be satisfied Immedlately are placedi on alqu‘eue of requests to
be s'ausﬂed as the capaclty becomes avallable. This ‘call hold' does not
degrade performance of the system. But In the .:\FEC scheme.' 1r tile

. 'demand for rain counter-measqres cannot be satisfled 1mmedlately an
outage will occur. )

Y

Thué, f)A~TDMA technology, with some minor changes, can eflectively use

the proposed AFEC scheme, o . . .

{

5.4.3  Analysis of the effective usable capaclty of an AFEC scheme
usmg Golay double coding ' ‘ , e :

4

The Golay code can add 5 dB and 8.1 dB to the fade rnargin of an earth sta-

tion in single coding and double coding applications respectlvely. Hénpé. the-code

can be used for two step AFEC resource sha'rlng to overéome the raln ittenuatlon

of upto 8 dB above_ the bullt In fade margin. In the following, the effective usable

-

capaclty of Golay double cobding scheme will be derived.

Denote the probabllity 'q’ that 2 parmcﬁlar earth statlon experlences a fade

depth besween a and a » Where a > a From Eq.(3A.15) it Is known that

A * [

@ = aspcr aspr (D() - p(a")l ‘ ' (5-65




R A id

L

e

S,

[ e

138
where - T
\ 4 R .
p(a) and p(a ): yearly average probabllities that rain attenuation exceeds a and
a' respectively. ' .
' ' »
Gspp site dlversity correlation factor ,
Osher seasonal-dlurnal correlation factor '
Assuming the fades occur ,lndependeﬁt,ly. the number of earth statlons ‘e’
experlenclng‘raln attenuation between a and a follows a binomlal distribution
| .

Pr {‘eout of N } = [1:) @ (1-q )" (5.7)

.
o

where

N total number of earth statlon
)

\ .

® y 4 R
Denoting '( © =¢/N ) 1o be the fractional number of earth stations
. ' ]

experiencing attenuation between a and a', the mean and variance of the proba-
o - - sy . .\

H

bllity dlst;grlbutldn of@Isgiventy \ ‘

. 3




and

o

702= E{ez‘};Eﬂ{e} =34-9 >

When N —co the varlance o2 —0. As a result-the fraétional number of
earth statlons experlencing attenuation between a and 2 equals q. :

- However, for largé N the normal distribution may also be used for approx!-

mating blnom)al distribution. Therefore, as shown In [5.8]

Pr_{q-aa<e_<_q+3a}w99.7% - : .
) : ,

. Using Eq. (5.8), the fractional number of earth stations experlencing attenua-

‘tonof a < A<a+5 dB and a+5 <A <a+8 dB-n the Ith cnmanc

[

‘reglon (wlth 99.7% conﬁdence) can be .denoted as .

i ’

»

€y = agpp asper [ Pi(8) - pi(e ¥5)) + 80y,

Pl

(’ ' ‘ l.

: 1 . \ " h
ezi = Qgpf XspCF ( pi(a'-i- 5)"" pl(a + 8)) + 30,2i . .

The total number of affected statlons In a syst.em whlch ﬁqulre coding at

any lnstant of time'ls denoted by

et
£
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N total number of- earth stations in the szst,em\ ( which equals the

number of traffic bursts as well )’

.

1 number of different climatic reglons In the satellite coverage area~
oy fractional number of earth statlons sltuated In the I-th reglon ¢
&';4*,_{,..1 .......... < .. ) _ ~ ' .

The length of the resource shaylné pool required In the TDMA frame to be

uéed'éi( the.coded traflic can be derlved as follows:

4 .
. v
B, »
L 1 2 . T
TRES =NAt 2 m; (—' - 1) en + ("‘ - 1) 92i (5.11)
. . at=1 - ro r ’ ‘ .
) »
ot i v
_Where '
r code rate 2 T » )
N ’ 7
At time allocated to each station e
The resource pool can be effectively used by - 2
! 1 .2 : o
N Ym (= -1) 05+ (T -1)8y (5.12)

=1

pre-emptible trafflic bursts durlng no raln fades.

N

BeO2TIY o amrr * "
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The effective number of traffic bursts that can be accomodated Is glven by: -
Ny = N{l‘}:m{(-—l)euy(-ﬂ-l)em] B
i=1 e
| ) coL T
+ 3 m ("‘1)91:4'(""1)92; }
f=1
‘ ,=N{ 1-%] m,[(—-~-r>eu+(—~r+1)em]} | (6a3)
k=1 [ : T
. .‘ N A . N
n -
The effective usable’capaclty of, the system Is given by .
\ : o .
. Na 4 5 ' ) . ! o ’
C T e, v nt ~ ¢ v
ET N IR ‘ : : .
=iy (— -1 ey + (- St 1) 6«» S (5.14)
Y i : '
‘ PO . . v, ¢ ‘n '
For Golay code, r = 12/23. Hence. -pumng the value of * r* In Eq (6.14) the
following 1s obtalned: ‘ o ;
CE'_-'N_ ) ) : v , La .
' 1 , . . “ ’ P X N .
=1-% m [1.39. 0+ 4.31 eg,] : - (5.15) . ,
=1 - o ' .
Thus, knowing ©,, 6, and m 1t 1 posélble to gété‘rmlne the eflfectlve usable”,
. . ’ ,
/l
AN
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capacity.

APPENDIX 5A

\

13

* The amount‘of decoding delay depends on the number of operatlbn required
multipiied by the tlig‘ne requlred to perform each operation. The 3baslc unit of
delay 15 the‘ time required to perform an addltion or shift a register. This basic

unit 1s called computation.

v -

_ -For BCH codes, the number oi’ computatlons per )nfo‘rmatlon bit required to

decode using the Berlekamp algorithm Is given by [5.4)

v
#

'

N, =N + 2m®™ 2m + 7mt 4 11t *(6A.1)
' ' ) . * '
where /
- ]l ‘
b number of correctable errors o o
- ) '

N = 2™ - 1 g the codé length

. v o
> N K -

Thenﬁﬁl&éomputmom required using the Péeterson algorithm Is glven by
[5.4) oo - y o o ,

]

N, = SN +4t° + 157 — 43t + 12tN 4 24mt - 12m + 6
cen 6 ,

L 2

. N
» , .
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! For RS codes, the required number of computations using the Bérlekamp

' L)
. algorithm 1s fiven by [5.4] &
. ) P
-\ N; = 2N + 3mt® + 2t* + 13mt + 2m® + 161 - 2m (5A.3)
L -. R '
where iy
? . ¢ °®
4 R .
m  symbol size . : 5 P
. | 5
N == 2™ _ 1 Is the code length- ' . .

-

Uslng the Gorensteln and Zlerler algorithm the number of computations can
, v [

; L ‘;‘;}*beround by

~ . 6 t/ 3 2__ ; - .
N, = 6N 4 6Nt + 4t° 4 18t° ~ 43t + 24mt - 12m + 12 (5A.4)

- 3 =
S For convolutional ctﬁ;s with Viterbl decodlng, the number Qf computations
" 1s glven by [5.2], c ' _ )
, No=2% . S . (6A®)
. A ‘ N
where ' _ -
- ) g
K = code constraint length , Y . N i
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™ CHAPTER SIX*

CONCLUSION

. The rapidly increasing ﬁemanﬁ for -satellite communication shows that con-

3 "
ventional C- and Ku-bands will soon be saturated. As a result communication

has to be carrled out in higher frequency Ka-bands. The primary attractlon of
this band Is the 2 5 GHz bandwidth avallable for communlcatlon purposes. which

1s five times that, of elther C- or Ku—bands The large bandwidth can accdmmo—

date an increased traffic. capacity. Moreover, In this band, because of the high °

frequencles lnvolved, a large number of narrow’ beams can be zenerated'wlth
modest slized satellite ahtennas. Hence, frequency -re-use will bre possible by the
generation of multiple spot beams, resulting in a manifold increase In the capa-

cn)r of the geoSynchronous arc [6.1]. .

Raln attenuation Is a major factor In link conditlon degradation for Iga-band
satellite systems. In ihe previous chapters raln fade situatlons In Ka-bands and
Its probable counter-measure schemes were studled. It. was demonstrated [6.2]

that In this band severe raln attenuation has seasonal and dlurnal variation.

'Hence, maintalning high link navallabllltf? requires a large fade margln but -only

fof a small fraction of the overall tIm'e period. For example, |n a typlcal earth

station a fade margln of 11 dB 1Is required to malntaln a downlink avallabllity of

* 99%. To Increase the avallabllity by another 0.95)( to 90.00% ) the margin
requlred ls 20 dB. Whereas, to Increase the avallablllt,y by another 0.09% ( to
99 9% ), which Is the standard for satellite llnks the requlred fade marzln

exceeds 30 dB. As a consequence the conventional technlques of raln attenuat.lon
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> counier-measure uslng dedlcated resources of large fixed link margln or the alter-
native of wldeiy' applied site dlversity are fully lﬁ‘ed only durilng occasional heavy
. rainstorms. Hence the measures are underutll!zed’and not cost-effective, as a

large portlon of the system power Is always kept on reserve, even when not

requlred. e

In search of a cost en‘ecuve solutlon. adaptive raln attenuation counter-
measure schemes were analyzed. These adaptlve counter-measure schemes help
to overcome raln attenuation at the time or 1ts occurrence. Moreover. they will*

3 change adaptively with the lncenslty of attenuation.

In sat,elllt,e systems each llnk has an allocat.lon of three baslc resources:
power, bandwldth and tlme, which are used ror Informatlon transmlsslon pur-
poses. The adaptlve\;;ln coimter—measures, when applied, use a part of these
reeources. \wl}lch reduces the link cap‘aclty. In order to ‘malntain a constant tapa-

city the ldea of resource sharing was Incorporated with adaptive rain counter-

measure schemes. Thils was discussed In detall In ghls thesls.

Usually, the type of adaptlve measures to be used depend on ‘the multiple

)’ T
access scheme or the system. In thils research different mumple access schemes

°

Qwere studied. Conslderlng the advantages of a TDMA ‘scheme (fexIbllity and
high capacity) compared to FDMA and CDMA, It was assumed that future satel-

lites will predominantly use TDMA and _hav’e onboard .processors. Hence, Investl-

[

gatlon was directed towards the evaluatlon of resource sharing adaptlve raln

counter-measure schemes suitable for TDMA applications. Implementat.lon com-h
plexity, feasiblilty end performance of these schemes was compared. It was gug-
gested that for uplinks power control Lechnlques could be very eﬂectlve in
count.er\ng raln rade whereas for downllnks AFEC schemes assoclated with infor-

@

matlon rate reduction are most sultable. .

s, . _ . (1
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Candldate codes for AFEC resource shg.rlhg schemes wére Investigated In

_this thesls, In conslderation of the galn requirements, adaptive switching com-

plexity and high speed operation, two AFEC Schemes were proposed. The first
scheme uses \r‘a;'lé.ble rate- convolutional code and the sec?nd "one uses
RS/-convoI’utlonall concat:enat,éd codes. The schemes ,h‘ave the potential to provide
progressively a&al;tlve fade margin of 10.1 dB and 10.4 dB respectlvely In excess
of the syst.em‘ fixed fade margin.

. . < LW
Howgver, the above schemes require two different codecs. - For AFEC using a

varlable rate convolutlonal codé, switching 1s done from a low gain (rate 1/2

"code) to a high galn (rate 1/3 code) codec. For AFEC using a concatenated code,

a (rate 1/2, constralnt length :7) convolutional codec 1s used for low galn. For
high galn, a (127,111) Reed Solomon code in conjunction with a convolutional

codec 1s used.

) | . .
Due to Infrequent occurrences of large raln attenuatlon the schemes utllize

thelr full resources only occaslonally, In order to make efficlent use.of the shared

resouices of the system, an AFEC scheme using dopble coding was also Intro-
duced and Its performance analyzed. For double codlng applicatlon a single

codec 1s used rePeatedly for added gain.

It was shown that convolutlonal cede and Golay code the double codlng

‘scheme can provide an adaptive fade margin of 10.8 dB and 8.1 dB respectively.

Although concatenated codes have slightly better performance than double codes,
hardware Implementation and decoding complexity of the latter Is significantly

less,

Implementation complexity of a conceptual AFEC resource sharlng scheme
using Golay double coding was analyzed In light of ifme frame expansion, llnk

conditlon monitoring, signalling, etc. It was concluded that the scheme cgg be



]

;adapted to the present DA-TDMA system technology.

2 . Yt\

-

8.1 Suggestions for further research - -

N

A

Although the concept of 'rgséi'lrce sharing AFEC and performance of different
schemes were extenslvely studied In this research, there are undoubtedly other
Slnterestﬁng aspects which were not covered. Some suggestions for further

‘research are : <

~,/

?

5 Matched Interleaving /?elnt,erleavlng

B o .
. £ .
For double coding AFEC the interleaver/deinterleaver In the codec plays a
very important role. It dcts like a buffer and salso b}eaks the memory .of the first
e .
coder/decoder. Hence, It 1s required that the Interleaver/de-interleaver be

matched to the code length, post decoding error distrlbution etc. to obtaln

optimum performance. In thls research, Interleaving/de-Interleaving Is exten-

- stvely studled for Golay code, For a block Interleaver, double codlng perfor-

mance Improved with ‘a.n Increase In interleaving depth. The optimum interleav-
Ing depth was found to be equal to the code length. The result applies for other
block codes as well. However, Interleaving/deinterleaving for double coding usf\ng

convolutional codes has yet to be studled. -

- - —_—

.
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. changlng fade sltuations.
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B

Implempntatlon considerations of synchronized codec

a

i
¢ N b . \

~ ‘

In AFEC-schemes It 15 assumed that a code¢ can be switched on and off or

can be switched from one code rate to another under external command without.

Interrupting ‘the data flow. However, for each transitlon there Is a varlation In
> ]

$

. processing delay, change in the rate of Informatlon transmisslon, ete. Hence, In

order to achleve lossless data transmission, the -aspects ogm,xﬂer requirements,

variable clock rate, codec §ynchronlzanon. etc. warraht further study.

L] * o

o

Monitoring and control Signalling R ) N
& S .

)

- Errecay

o

.Monltoring and control Signalling °ls essential for the successful operation of
any AFEC scﬁexﬂe~fof~ satellite systems. detatled study s reqﬁlred 1n thls

directlon to come-up with a feasible solutipn which s effectlvg for all rapldly

s
-

3
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