"IVE IHCOVEHRENT~CARAIER COMMUNICATION SYSTEMSH.

SYNOPBIS.

.

Possibilities of the use of incorerent
carriers for transmission of analogues and dipgltal
signals have bean established, It has been shown
that for analogue signuls o message SNR of 6070 db,
ean be obtained by using compound pulse modulatlon
and earrier elinping. The use of incorerent carriers
eliminatas the fuding distortion, normally very
disturbing wit» o eoborent carrler systems.

For ON-OFF, dipital transmission through
noisy fading chinnels, an error rate of 1 x 107
been obtsined with incoverent carriers for n CNR of
17 dby t*e sinewave carriers under similar condlitions
raguire 53 db CHR for the single chunnel reception.
Trug In effect, the nolse-cnrrier provides a signal
puin of 36 db. Hininmum nolse-carrler bandwidih
reguired to obtain fading protection has been
obtainad, and 1t was found to depend on t*s method
ol noise~carrier generation. Different methods of
nolse-carrisr peneration have besn studied. The
diversity effectiveness of nolss-carrier syshems
Wive beon evaluated and 1% ras h%ﬂn a“nun ﬁa be
anuivalent to five~fold equal-gain %améaﬂaiﬁn combi-
ning system wit» inderendent fading chrannels. The
ragults of the nolse~garrier systen huve bsen
extended to laser gonmunication in general and semle
conductor lagers in particular.

Wity certaln optleal masers and microwave sipnnl

sources, 1t ls difficult to maintain absolute corerency ol the



garrier, @139 in moat of the laser applications, such as in
communications and timing, it is generally throught that the
eoherence of laser emission is egseatial. Tre semiconductor
lzsers bave a minimum spectral bandwidth of 7,500 Ge/s (2.50)

and balow the thresheld the intensity fluetustions sre similar

to RF black~body radintions. Thus semiconductor lasers, lnspite
of thelr ease of fabrlecation, vigh efficiency of operation and
modulation, hrave generally been considered unfit for use in )
communication systems, It has therefore been of recent 1ntﬂraat3ﬁ
to evaluate the different modulation systems using narrow-band

incoharent-carriers and optimise then 1f possible.

Tre present day commnicntion systems use mainly
sinuseldal 1.8, coherent-carriers for the transmission of intelli-
gence, The use of coherent-carriers through fading transmission
medium, leads to s flustuatlng envelope at the recelver, salled
"fading™, To combat deterloration of a signal gquallty due to
fading, various modulstion technigues and diversity methods have
been sugpested. FYowever in pracbice, even with the most sophls-
ticated nodulation tecdniques, » complete protectlon against
fading hag not besn achieved, because of the practlcel Limitetion
of the numbar of diversity channels that may Ve uged economically.
For the traunsmission of computer dats, the allowable error rate is
of the order of 10730 to 1&”&3 tris stringent condition requires
& new approsch to the transmission sand racepblon of signales. It
has beon envisaged that by the use of an incvherent-sarrisr
gomsunieation, a complete protection agalnst fading cun be

obtained in practice by the use of a single receiving system.



. The uge of incoherent or cuasi-ocoherent carriers
iﬁtxﬂduaaa*aﬁéiniaﬁai neise at the output of the detsctor, ﬁinaé'
incoherent-carriers or nmisa«car?iera ave random phase Qn&
smplitude variations. On detection, the nolise-~carrier components
will combine with t*a modulstion signal, trereby producing nolse
gomponents. ﬁewal'ﬁ *as thegoretlically evaluated AM and FM types
of modulation for narrow-band incorerent-sarriers, We has ghown
that tolerable messape to nolse ratio (M) i1s obtained only iLf )
the massape bandwldi» iy 1s very small compnred to the noise-
earrier bandwlidih Bp and the base~band iz shifted to & higher
freaguancy, thus making tre useful information bandwldib only a
fraction of the awvailable spectrum. o suitable nractical nmeth ods
of frequency modulation of nolse-garriers have been evolved yet.
With simple amplitude modulation, the best possible message SNR
i# only 12 db, a very low filgure, to be of any practical interest,

The purpose of ths present investigation in this
theslis hag been to obtain an lmprovemant of the mesrage BHR
trrough the use of compound modulation srstems (e.g. PLH~AM,
PPM~AM, PPM-AM, PCH~AM and DHeAM) with incoherent carriers, and
the message SHR's for above modulation system have basen evalusted.
It has been shown®  that by the use of clipped nmia&tw;&§¢aﬁage
SN of 60~70 db is obtainable under practieal conditions with
PLM~AM and PPM-AM systems, These investigations have led to thre
development of practical noise-carrier systems bot® for analogue
and digital signals. Tt was also found that nolse-carriers

28

provide complets protection against fading™ and the Incohersnt

carrier systems have a bullt-in frequency diversity effect.



{x1)

Minimum nolse-carrier tundwldth required for comnlete protection |
»
depends upon the fraguency of operation fo of the asyctem. AL 10

Me/s 1t wos found to be LDO cﬁﬁgg}ag‘

Tre diversity improveament

due to nnice-carrier has besn gbown to be simlliar to the equal-

gain predetectlon comblning systen, using correlated fading crannels.
Technlouss have Loan developed along the lines sugrested by Plerce

and ﬁtminﬁ?

y to ecaleulnta the approximate diversity effectivenesy
of the Kefold corvelated fading channel using predetection esguale
pain econmbining. Detallod studies of tre inco“erent-carrier systens,
trhelr messape SR's and the diversity el otivensess Mﬂva heen made,
often by taking the »elp of theories developsd by Riea y Hidele-

34 and ¥annmtb far riundom noise detectlon.

ton
1. iransmission over g non-fading channels
For t»u transmission of signals in a non-fading medium,
consider a nolse-carrier tvst is fMlly modulsted by pulses. The
BF signal thas sroduced is recelved and detected in a snvelope
detector., Asmiming that the narrow-hand nolse-carrier has a
Gammaian or rectanguler distribution, the video SN at cutput of
the envelope detector »ius beon found to be
j’r oy
S i aen (1)
f‘« () OVl A
wheres ~p. = Total RF noise pover,
Pelf) » Tve spactral density of tha modulating signal.
Pplf) = Tre spectral density at ths detector output for RF
noige only.

& z Denotes the convolution opsrator.
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For Bn «< fpy Weere fy is the pulse reretition frequency, it has

besn found that the hest video SNR for both types of medulation -

aysbensy 1s glven by
N.ow ?:“ Wmm LR (2}
5, ma,?m (} '}) ok ,&‘,

The totul low frequency nolse for Oaussian nolsow-carrier at the

output of an envelope detactor is given byﬂg

[Fntyas (B8 ), cee (3)

Trus 1t 1s found that the best video SER is only
11.7 db. Tre video SNR's for larger In have becn evaluated and
they sre found to be lower t»an 11 db depending on the modulation
system, unmodulated pulse width; modulation index (or deviation
ratio) of the trimary smodulation system and also on message

fraquency.

For any wide-band demodulation system (e.g. PLM, PFM,
PFM, FM ete.) the input and output S8NR's are wronortional, when
invut 8UR 1z above the thrashold value of & partleunlar modulation
system. The video SHR of 11.7 db iz rme» below the threshold
(20 db approx.} for pulse modulation systems. Knuﬁﬁsonys hag
shown that balow the threshold level, due to thre presence of
nolse, t“e pulse length {in PL¥) will be altered due to both
nolge pulses and signal holes, This causss g loss of sigoal
after demodulation which™ he “as termed as modulation suppression
factor 'm', and the range of 'm' is 0.2 to 0.3 for 11 db video

8NR, M¥anoe further improvement of video SVR i3 necessary.
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' Midcﬁlamnm has shown that the low frequentcy noise
cutput of a detector can be reduced considerably by nreclipping’”
the input nolse. It was found i}hat elipping of noise-carrier at
the transmitter before modulation or at the input to the meai%f,
improves the vldeo SBUR considerably. The wideo SNR with elipped

noise~carrier for B, << £y, was found to be

Ne ™ ?‘"ﬁﬂ"““ eas (4)
{Pate)as
o k"
wa . ~ LA A
where, (e (f)af s 2. W new
. e AT
evs (8)
o e g @éw*‘)
and, Vomm © Tili;l’,} ~¥, € P, Mt ,,, (8)

M = dynamic transoonductanes of the tube taken as ons
for linear rectifier.

£ = transmisgsion (window) width,
v, = olipping level.

SN ) Ha (’?‘%&\2 2 (""“3‘%‘, [yt

“m@m being the Yermitian polynomial of tha nth
order. Equatlon (6) indicates that low freguency nolse at the
output of the detector will depend upon the olipping level by
and transmission width & . Rquation (6) has besn numerically
evalusted for various olipping levels b,. It has been found
that by suitably choosing the olipping lavel¥ by and transmission
width & , any desired video BNR can be obtained for clipped
aarrier. |
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Considering that the PLH receiver consists of a
detector, a slicer, a differentiator, a flip-flon and a lowpass’
filter, the affective nolse at the output of the filter (for

Video SHR above threshaeld) will be due to the PPM38

of hoth
the leading and lagging edges of the video ynulses. The message

SHR for PLM-AM system wit' noige-carrier was found to be

M= "}L‘“)‘*mLtT’:’é?‘mx?‘V"d‘z°§N& see ()

»

vhare 1 1s the index of modulation for PLM.
 is the mulse width witrout modulation.
my 1s the modulation suppression factor for PLM-AM
By 1s the channel bandwidth.

FPH is essentlally ths same as PLM except that the
variable width is now replaced by the shift of the rosition of
a narrow pulse, The messnpe SHR for PPM«AM gystem with nolse-

carrier wag found to be
Mg * & V"B Lo, xNidao SNR ses (8)

w here to is the time ghift of the pulse due to modulstlon, ms
is the modulation suppression factor for PPM-AM,

The PFM rocelver consists of a detector, a slicer,
a differentiator, a pulse lengthener and s lowpass filter, the
negsage BNR for PFH-AM system was found to be
, 3
- v : ‘ e
Mw :%’E- Wﬁ” W“W:'gm’w}mm*wﬂtdkogﬂhﬂ& {‘9)
whers D 1s the deviantion ratio.
Loy is the maximum message frequency and fp is the pulse

repetition frequency.
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The messapge SHNR for PCH-AM with wniform gquantization and ON-OFF

binary system is given hyag

Me s vaexb Video SNE] funyi L. (10)

where the number of gquantizing levels is glven by 2,

The message SHR for DM-AM and ON-OFF binury systenm 1s given byﬁa

AU IR . 54 ees {11

whars Pg 1o the error rate at tha input of the IM modulator.

Tha treorstleal and exrerivental messape 8WR for
PL-4M & nd PPU~AM modulatlion systems for nolge-carrier with» and -
withont elipping are piven in Toble No.I. The effect of channel
nots: was plso measured and it was found that for CHR < BO db,
the mezsape SHA detorlorates ss in sinewave-carrler systoms.
For CNAR >, 20 dby no measurable deterdoration of message BNR was

found,.

2,

e u Fading Mediuge
An incorerent carrier can be gonsidered to consist of
an infinite nusber of randomly prased components distridbuled over
the polse-carrier bandwidth, Thus a nolse-garrier communication
systen may be considered to have a buili~in frequency diversity.
The sgquivalent number of channsls will depend on the nolse-carrier
bandwidth By, but even witr a very narrow-band noise-carrier, tha
nunbar of diversity channels avallable are very muck larger than

-

those with any existing practical diversity system. . ..
?’, M’?%( ""N; *'5’:
AR

4 i L3
*"«;*; gL
PR
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The probability density function (PDF) of the envelope
of a narréwmhand noise-garrier received through a fading channel
have been obtasined threugh the gxtansian of tre rasnlts*cf the
Joint PDF for two Raylelgh~distributed fluctuating envelopes Ry
a°nd BRp, each heloanging to narrow-bond Gnugsian Signals (with

zero mean and the varisnee  Ue™ )}, and the same is given byal

o .‘Q’}*{ Y . R
0 2y = { Beoe POy, Ryl
PRI = (e J(Ze ) e (12)

Assuning, 't the narrow«band nolse-carrier conslsts of an
infinite number of randomly phaged independently-fading carriers
distributoed over L' @ nolse-carrier bandwldt», the PDF of the

resultant envelope of the comrosiie recaived signal is glven by -

¥y
® ¥ ‘,.'R ;mﬂm%?m&a "*ﬁ e
w?szgw;, W‘”) Ha “«’?( %ﬁ;ir} ‘ 5w {m}
whio® tends to ¢ delts functlion at the nverapge value of the
resultant envelope { == JS A3 ), where Ro*« C\RVY = 20> « The
above esgustlion shows that the recelved envelons will remain

virtually constant ovoer t e Rayleigh fadlnpg ayoles.

To verify the sbove resnlts experimentally, the noise-
carrier system was testod with an interfersnce~type Rice foding
simulotor, The simul:tor consisted of three RF channels opsrating
at 10 Mo/s with s channel bandwidtd of 2.5 Hods. The delay in
two channels were varied by two independsnt low framuency random=
noise gensrators, giving a total delay wariation of 4 ups avproxi-
nately. The PDF of the envelops record of a sinewave-carrier

received through tre simulator was found to be given by
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. b{\?}}z %Sﬁ:;" QX&:‘(Q—"%;;\} TQ (zﬁ &Iss}) LR {14)

with /5 = 2,
where & = resultant amplitude of the envelove of the comnosite
signal.,
S% = mean gguars valus of tre fading comronent.

H 2 amplitude of the specular component.

Bxperimental results with nolse~carriers witrout clipping
{grugsnian nolso~carrisr) 4id not s ow any deterloration with
fading. The nolse-carrier with clipping was found to have very
little deleriorstion due to foding.

For digital transmission, the error rate of a sine- ~
wave-carriar, whth ONO0FF modulstion in a nolsy fading crannel

(following the Heylelgh fading law), is glven byga

W‘p‘?g =y Vﬁ?’ fm A | e (1\‘3}

where v, is the mean c¢h2nnel SNR{CNR) at the 4input of the receiver.
Since with nolpe~gcarrier, 1t was been shown that there ls practie
cally no finctuatlon ol the received envelope due to fadling, then
the arror rate in a fading channel with clipped nolse-garrier and
ON-OFF modulntion, will be the same as thut for the non-fading

ehannal with ginewave-carrier and Lt can be taken as

Fen = 4-oexb CH V4 v L (16)

where v is tha CHR,
sgsuning that the power for the clipped nolse-carrier is sexs sz

for the sinavave-garrier.



{xviil)

For a sinewave-carrier system wilth® an Ilnpubt power P,
the voltaope at the outypit of the envelore detector is fﬁ@, whereas
for a panssian nolss-carrier, the anvelone detector mutyﬁt val%mgaw
15 {27 where W, is the inpat nolse power, Thug for the same
inrut nover, tvs envelope voltuge for the gansslan noise-carrier
was fownd bo be highrer, thersby providing a lower error rate for
tre same CNR., This wog also borne out in tva experimental

obsarv - tion.

Assunming trat FSK modulation 1s possible with plipped
nolse-garrier, ths error rate of such g system with FSK for the

nelsy fading cerannel was found to be
p@p,‘q%‘; '::-% %xﬁ:(f%) vun L17)

Comparing equntions (16) and (1) it 1s sesn t'mt t»c same srror
ratiz is achleved at »alf the walue of v for tre FSK amystem as
compared to the ON-OFRF case, Singe in ON-OFF modulation with
snvelope detactory, v ils defined in terms of the power transmitied
only during tre Marks (zero power is transmitted during spacses),
than tha average power used in ON-OFF 1s only hulf the walue used
in defining ~v . Thus ot low error rates tre ON-OFF and tre FSK
system will achiseve sguivalent error rates at the sgame average
CHR. The only significant dlssdvantage of the ON-OFF modulation
with sinewave-carrier is tha nesd of optimizging the detection
thrashold under fading condition at each™ CHRy no such problem
exists for the ON-OFF modulation with niise-carrier. Thus the
incorerent-carrier system, under fading channel conditéon, provides
the same errvor rate for ON-OFF and FSK with sawme sversge CHR

{at low error rates).



{xix)

3. Jiverasity Effectiveness of Narroveband Noise-Carrier:

wice-gzrelier consicts of an Infinité number of
randomly phased frequencies dlstridbuted over the nolse-sarrier
bandwidth.  Among trese frecguencles, the adjacent ones will *ave
correlation in thelr fuding, due Yo tre rassipe throng® the fnding
madium, Ihms the effectiveness of the nolse-carsier ean be consie-
dereds to be similar o thut for larpe nunter of carrisrs baving
partial corvelation In fading. 3ince wlth nolse-earrier, all the
comvonents Linenrly add up at tre inwmt of the roeeiver, similar
to vrodetoctlion squal-goin combining syetems, tho diversity effacg-
tiveness of tve nolze-cnrrier will be gimilar to the Eefold diver.
ity with rpre-detactlion escual-gain combining systen with enrrelated
fading cvunngls, he affect of non-inde-endent fading upon the i
rerformence of K-fold equsl-gain combining (K > 2) vasg not vet baen

deterained annlyticnlly aven for jJointly gansslan fading signals.

PLorce and Stein®’ have, Powevor, solved the problem
for tre K-fold diversity (with eorrelated foding) using maximals
ratlo ¢ombining for the cnge of Jolntly gaveslan fading signals.
It was found tht the diversity dffectiveness of thre sgual-gsein
system under similar condition is approximately ths ssme as that
for mnaximal-ratio combining. Stein has sugpested thut the effective
prder of diversity in oorrelated fading wit» maximal-ratio combining
1s determined by the number »f Eigen walues of the covarisncs
mutrix {of tho K signals) whic nre essentially above the thrasheld
to which tha diversity performance is leing referred. The teehnique
has beaen used 4o detersmine the diversity effectlveness for K-
choannels with correlated foding as applicsble for the nolse~carrisr
systems. To obtaln mumerical results, tre waluss of the envelope

correlation coefficlent (P,,0f two carriers as a funstion of thalr
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frequency separation was Saken from the pablisted resu?tsﬁaiﬁ%’ﬁs »

It was also found th U the nminimum frequency separation (diverslty
spacing) between different eurriors required to obtain a correla-

tion coefficlent of 1/e, follows an anproximate law given by

fg> 09 f* cyetes e (18)

whrore fg 1o ths earrier frecusncy 4in ¥e/s.

The CNR requirement has beun caleulated for different
error rates with predetection eminlegaln combining system for the
OH-0FF modulation system, with 2 to 10 correlated fading channels.
Agsunming trot the nolse-carrier oun be considered to consist of
diserete bands, say at 0.01 £y spacing, and also that each of the ™
diserete nolse bands do not Interfere with emch other, 1t was found
that the diversity effectivensss of ths noise~carrier system is
egual to tre bH-fold inderendent diversity system. The experimental
results sbow thatl tha nolse-carrier systen requires a CHR of 17 db
{(approx.) to vrovide an error rate of 1 x 1078 witw ona physical
recelving syshan under nolsy fading ehannel oconditions. Sinewave-
earrier under similnr conditions wlty one recel sr reguires s (CHR
of B3 db (approx,.). Thus in affect the nolse-carrier provides a
slgnal gain of about 36 db., It has been shown that with nolse-
parrier, no further improvement will be obtained; 1f additional
physical gpace/frequency diversity is usged st the receliving end.
With a @NH better than 20 db, no error was noticed with noise-

carrier under nolsy fading channel conditions.

In a digital communication system, the maximum dats

rate is limited by the pulse spread dus to the medium. The fading
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Channel Introduces a pulse spread dy at the receiver output a nd
the maximun dats rate is thereby limited to 1/ds approximately.
The conseguent adjacent channel eross~talk, ns will be found in a
multiplexed digltal system, wis eXperimentally determined and 1%
was found that for Pey = 107°, the nolse-carrier requires 0.25 -
O.4 us more separation at 10 Me/s th.n trqt required for thre
sinusolidal ecarrier. This iz due to the incohrerency of the incobo-
rency of the carrier and is mueh smaller than the pulse spread due
to the dispersion of the signsl in tre medium. Thus, altrough

the nolse~carrier does not provide any protection against tve
pilse~gprend in the medlum, the overall chunnel bandwidth required
would be approximiitely the same for bot» sinusoidal and noise

onrrier systems.

4. Hinimun Nolge-Carrler Bandwldih Reguirement:

For the design of practiesl communicabtion sysbtem with
noise-carriery the minimim nolse-carrier bandwldth reguired to
provide tvwe complete proteetion agalnst fadingy has to be known,

It was found that this minimue bandwidth iz dependent on the bype
of the nolse-carrier used, since the PDF and number of zero oyo-
#aings of the nolse-carrier depend on the mode of its generation.
To deternmine the optimum method of nolse-carrier gensration
different methods of nolse-garrier generation {random and pseudo
random) and thelr characteristics wers studled. It was found that
the RF nolse~carrier generated by Irequsncy translation of & low
frequency bandpass, random-noise of desired bandwidth By (by
balanced modulation and filtering 588 maithod) reguires the nminimum
noise-garriar bandwidth to provide the necessary protection against
fading. In this B8B method of noiss-garrier generation, the nolse-
orrrier smplitude is proportional directly to e modulating
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nolse enveleops., Since the number of maxlma of the noise-carrvier
envelope im agual to tra bandwldit» in eyecles per ssconds, it ig
felt t*at the nolise-carrier produced by the SSE method will fail
18 tre bandwldid of the low f?@éﬂﬁnﬂy nolse 1is reduced considerab-
ly. It was exparimentally found that the noise-carrier generated
by S35 falls 1f the nolge-carrler bandwldt» 1s reduced below

7€ ops at 10 Me/s. If the pseudo-nolse iz nused for generation
of the nolse-currier by 85E, then the pssudo-noise should not )
only *ave a bandwldi» more than 7B ops, bubt also the pen sequence
usged should bo of sulfielent length, The other method of nolse~
eayrier generation 1s by frequency modulation of a sinewave-
carrier by low frequency narrow-band nolise. The deviantion

rabio (1) of FM Yus to be kept very muech less than one to avold ™
varistion of nolge-carrier bandwldth» Bp with input medulating
noise amplitude. For D < 1y the output of the modulator con-
siste of two identleally rhase nodulated, constant amplliuds
sidebands alonpgwlth a varying amplitude sinewave componsnt., Thus
tra Y method nelgher provides a trie nolse-garrier nor has tha
resulbant amplitude of the three components a ganssian PDP,  As

& result, the sguation (10) 18 no longer valid. It was axperi-
mentally verified that tris F¥ nolse-sarrier regquires about three
to gix times more bandwidth to provide a complete protection

against fading as compared to the 335 type of nolge-carrier.

The minimum noise-carrier bandwldt» By reqiired, to
provide protectlion against fadlng in terms of error rates, wuxz
dotermined sxperimentally with the Rice Fading 8laulator, for

the nolse-carriers genernted by different methods, and the sane
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is given in Table He.Il. Bxperlsental results show that no error

is ewen inéradna&gzz% ér & Bp tor elipped nolse-cazrier (€ = 0.5V
Yol - ©'s )y where Ip is sufficlently large. With rartially

glipped noise-carrier (Zﬁzifﬁasbéjﬁe=vo J tre minimum data rate

must be greater than 2 Ij to keep the error rate below 30“5*

6. Lager Communicstion:

With gas lasersg operating well ahove threghold the
amplitude fluctuation Is very small, but the freguency fluctuatlon
is only of the order of 1 to 10 ¥Mo/s. Hodulating frequency for s
gus luser san be mueh higher than lﬁ‘ﬁcfaﬁ. Thus the emission
for gas lasers cun be considered sinmllnr to e¢linped noise-cmrrier
and the results for By ¢ 2 Ke/s in Table I can be directly apnliad
to gas lasor system. On the ot ey hand enigsion from seniconductor
lasers have large amplitude fluctustion and the frequency fluaktus-
tion 1s of th» order of 15,000 Go/a%. Tha maximum modulating
frequency of seniconductor lasers is at prosent restricted o
40 Geops {onurox.). Thus gsemiconductor laser aystem ean be congl-
dered simiiar to gaussian nolse-corrier system and all the results
of nolse-~earrier mystem for Bn > fp in Table I can be dlrectly

Loy
applied to semiconductor] systen.

8. Zongluslons

A& sumpmary of important results of nolas-gerrier and
ging-wave~oarrier sysitens ls s*own In Table III vwhere a relative
gumparison Iin terms of CHR gdan be made, It is seen that the
noiss-carrisr system completely alleviatern the fading effects dus
to amplitude and selective fading. For analogue modulation
systeng, the channel bandwidth reguiremsnt for noiss-carrier

system is aboubt ten Yimss more than the sinswave-carrier systemj
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howaver, for pulse and dlgital modulation, the RF channel«bandwidth
raquiraJani s practienlly the same for both™ types of carcler
gysbems. Thus it Lz folb $hat the nolse-carrier sysism will be
more useful Ln the transmisslon af information through disturbed

fading medinm wd nay do away with the vhyaieal diversity svstonms.



