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Recently, GAM srstem Iis porular in manr
counries because QAM s¥stem has Sbit/s/Hz

Abstract almost two times of transmission rate per
In this paper we have Investisated the Hz than 2bit/s/Hz of QPSK srstem and GAM
effects of two wideband FDM-FM sisnals on s»stem is efficient +than the other con-
n-ary @AM sisnal allocated between FDM-FM ventional disital s»stem in cost [32].
sianals ¢in DIV case). Here, we assumed In this. we have investisated effects of
that the instantaneous freauency distribu— two wideband FDM-FM sisnal on n—arry QAM
tion of wideband FDM-FM sisnal is Gaussian, sisnal which is between FDM-FM sisnals
The numerical results of symbol error rate (in DIV case). Here, we assumed that the
are siven in srarphs as the parameters of instataneous freauencry distribution of
carrier to noise ratlo (CNR), carrier to wideband FDM-FM susnal is Gausslian.
interference ratio (CIR) and normalized And the numerical results of error per—
carrier serparation between QAM and FDM-FM formance are sliven In sraphs as para-
carrier freauencies, meters of carrvier to noise ratio (CHNR),
carrier to interference ratio (CIR), and
normalized carrier separat!on between
I. Introduction @AM and FDM-FM carrier freauencies.
Here, we considered wideband FDM-FM sl9—
At present. terrestrial microwave,cable nals as analos sisnals and 16 GAM as di-
and satellite systems are intended for sital sisnal.
the transmission of analos, disital or
combined source information. In the near
future, +the increase of TDM eauirments
and disital source information will be II. Analrsis Model
more sisnificant than +the increase of
anatos srstems. Accordinsly, many coun— In this stud», the transmission channel
tries have tendencry +o make efficient is assumed %o be transparent so that the
use of existins analos microwave cable GAM sisnal arrives undistorted at the
and satellite srystems or hydbrid infor-— front end of GAM recelver. There, a sta-
mation transmission. The hrbrid srstems tionary white Gaussian noise and the in-
are used for simultaneous transmission terferences of adlacent two FM sisnals
of time division multiplexed (TDM) or fre— are added. Then, the symbol ervors witl
auency division multiplexed (FDM) voice be due to the combined effects of Inter-
sisnal. ferences and noise.
In this case, the freauency bands of con-— In Fis.1 a seneral ferauency arransement
ventional svstem» which as ordinally de- under concideration is shown, where FM
sioned to carry only FDM sisnals should sisnals are located adjacently of GAM si-
be shared br +these disital and analos snal; (1), br amount of fli(fdk=fik~fs .
sisnals. fi, ¢ carriev freauency of the th FM
The primary objects of these hybrid trans-— sianal, % =12
mission techniaues e.a. DAV, DW, DAVID, The desired @AM sinsal,s(t), .and the th
DUVID etc,[11L2] is to cause desradation FM interferer. i (t),can be represented as
to the existins analos rperformance while
maintanins efficient data transmission. 5C)= attdcoswst + b(tdsinust (¢
Althoush disital source informations in—
crease, hrbrid srstems are soins ta be la (O =I,()cos( Wikt ALY +§p) @
reauired as lons as FDM microwave systems
carry the bulk of voice traffic. where
Therefore, investication of the effects att),b(4)s source information sisnals of
of analos sisnals on newl» introduced di- QAM
3ital sisnal In the same analos freauency I&+ amplitude of the g th FM sisnal
bands in an interference environment needs. fik =wJip/2m tcarrier freauencr of theR th
FM sisnal
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M) = d Aty rbaseband modulatins FDM sis—
nal of & th FM sisnal
gﬁ s+ initial phase ansle of +the & th FM
sional distributed uniformly [0,27C 1]

The FDM-FM sisnals +treated here are as—
sumed to be wideband FM’s which are all
under the auasi-staionary condition, in
which the spectrum of each FM modulated
sional is uniquely determined b» the sta-—
tistical property of +the its baseband mo-
dulating sisnal [41CS1[6], and ther are +to

be statisticallr independent of each other.

Hence, the instantaneous freauency dis—
tribution of the & th FM sisnal,fas(f),

can be represented by ea, (3) L[61]

LY = 1 (5’ « ]
3 = exy{—-?zgﬁ—ﬁ)}
s fin » ada &

where,Afp is the r.m.s freauencr devia—
tion from the carrier freauency $ie -

i (8} S{t)

ig (t)
4
k— 2B -—»
A, At
+ ' —p £
fig fs fiz
Fis. 1 DIV Freauency arransement.
Therefore, instantaneously we can resard

each wideband FM sisnal as a sinusoidal
sisnal whose freauenc» is statistically
defined b7 ea. (3). When FM sianal enter
the freauency ranse of QAM bandrass fil—
ter (BPF), the Q&M sisnal is interfered
and error ma» occur in the QAM detector.
However, even if all the FM sisnals are
outside of the BPF passband, error mar be
occured br onlv additive Gaussian noise.
The possible states of entrance of FM
sionals into the passband of BPF can be
3iven by an 4 X 2 matix as/A in ea. (4).

—
¢ o
/f\:J,/O 4
a0/
o

In ea. (4) 3a=1 (the 1st row) indicates no
interference case and s=4 (the last row)
indicates two interference case (71,

Here, let ( =1,2) be the probability
of entrence 1 of the th FM sisnal
into the BPF passband, then is siven
b»
st*B ﬂ g {g
= w(
P“’ $s-B § )¢

_ , }
- £ [ () - ef ()]

where B T B
BT

Therefore, the probability of no entrance
*0’ is 3-8 . In ea.(S),replacins all the
“1” elements by ¥4 and ‘0’ elements by
(1-f4), we can obtain the new matix |P

—sf
b= 0 l"@z_

L S
l~£% o9

P 124 ©)

Here, we represented the state probabil-
ity of f th row as (2

III. The Error Rate Performance
of n—arry QAM sisnal

Since each interferer is assumed tuo be
wideband FM, It can be whose distribution
is a sinusoidal sisnal with random fre-—
auency whose distribution is determined
b» the probability density of the base-
band modulating sinal(Gaussian sisnal in
this papev). Therefore, at certain Iins-—
tant one of two FM interferers mar be in
the passband of the BPF for the QAM sis—
nal and the another may be outside.

In Fia. 2 we show +the phasor diasram
in Inphase channel without an»y loss of
seneral ity when all the adlacent FM sis-
nals are entered in the BPF passband.
This case corresponds +to the state re-—
presented b» lLast row in the matix A
and that at another certain instant oniy
one FM Interferer mar exist in the BPF
rassband.

Fia, 2
received @AM sisnal of Inphase channel.

Comrosite rhasor diasram of
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The composlite sisnal Z In Fis. 2 is
2= I,cos;é‘ + Ikcosg‘z + N (7>

where N is the narrowband Gaussian
noise, Pa the ralative phase between
the 2 th FM interferer and Inphase axls.

When 2 is Larser then the half of the
minimum srmbol distance,dy > error occurs
i.e.»

zZ> -"—L—’al*; N >%‘-—~ I cosg ~ Iycosg ()

Therefore, the symbol error rate between
adjacent two symbol is siven by

o0 12

&o\¢ _ S |~
2 5}‘ - I, €056, ~T,C05h, \Imm’ ¢ dx

-1 dn _Leid  Ticosd
‘z“f‘[:mn Y o

In n—arr @AM minimum distance between
two srmbol prolts becomes

dn = _dz — A o

-1

where A is peak ampllitude of n—ary GAM
slenal

dn

- - o—bo ot - oo
-

——— o o - -

%
~e
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Fis. 3 Slsnal Constellation of n-arr GAM,

Therefore es. (3) can be rewltten as

-1 ]_&.
erfc 2(\’1\-\) (ﬁ\ co S?‘l
— AR a
(i -1> ig;<°5¢z } abn

where a = 35, Peak carrier power to noise
power vatio (CHNR)

2scarrvier power to interferer
Pe = (G‘)/Sk power ratio (CIR)

feorg 0, =

Since Inphase and Quadrature channels are
statistically Inderendent similary we can
derive the symbol error rate between tyo
adjacent symbols in Quadrature channel to
be same as in ea, (11}

Dependins on the positon of symbol, the

number of adjacent s¥mbol is defferent,

hence the averase error probsbility
becomes

feig,g = Me ‘gc{z(ﬁ-u) - A(IE\)E?

«CoSh, ~ 1z

<r~z)J— cosvfz} 12

The conditlonal error probability for ar-—
bitary “g’th state(row) in ea. (4), Pea.
can be obtained from Peo by choosine Inte-—
srations and parameters correspondins to

the “3’th stat and eliminatine the other.

Four conditional error probabilities, ,
Pey for "00°, R, for “10’,P,; for ‘017,

Pey for ‘117,can be obtained as:
« 2n~fm) REZEY
Pey =) erfe {l(ﬁ_')}
- "”'ﬁ)j SB__ & r
Pez = S ), er£chH) ol cosg, } d,
2 ﬂ-[i) 3“ £ AE)
Fea ™ j {1(&-») () oot}
m-) (=an
= L &
TS j I S%ﬁ:T) trﬂ)%( 54
- Z j‘ cosh, } dd, d
az

Therefore, from ea.(4) and ea. (12} the
averase sisnal error probabilit» of n—ary
@AM sisnal with two FM interferers s ob—
tained as:

0
SR =IL A
= B, [Q-§ra-(G]
+ Bt @ -0
+ Ryfa-f> g 2
+ F@mc V; SO (14>

Usins the derived ea. (14), the srmdol er-—
ror rate performance of 16 QAM srsiem
have been evaluated with the CNR, CIR and
normal ized carrier separation between GAM
and FDM-FM carrler freauency.

The numerical results are shown in Fis, 4~
Fis, 8.
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¢ When Fdl= Fd2= 4,

bl= b2= 3 ).
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IY. Conclution

This parer has investicated +the effects
of two wideband FM sisnals upon an n—ary

GAM sisnal in an Interference environment
between analos and disital system, under
the assumtion that the GAM sisnal is al—

located between adjacently to twa wide~
band FM sisnals in the same radip fre-
auency bands.

A seneral eauation of symbol error per—

formance of an w-ary GAM sianal wiih
Gussian noise, and cochannel or adjacent
channel interferences from two wideband

FM slsnals has been derived.
merical results ave siven
From numerical results,
how the symbol error rate decrease as
the Flg increase when CIR and CNR is
siven. Accordinsly, this analvysis results
can be used for desisn DIV srystems In
interference case, usefully, .

and the nuy-
tn araphs.
we can see that

- 868 -

References

£1) K.Feher,Disttal Modulation Techniaues
in an Interference Environment,pp.10.1
—10. 12, Don White Consultants, Inc., 1977,

[23 K.Feher,Disital Communication, pp. 183~
197, Prentice Halli, 1981,

£33 R 42,716 gamF 2 B W3R cjAY no]AF
up B W, 28 4 19 9, pp. 37-41, 1986, 3.

L4 Cartson Communication Srstems, ¢p, 238
~239, McGraw-Hi L L, 1975.

€531 M.Schwar{z,Commun{cafioq Srstems And
Techniaues, pp. 163-166, McGraw-Hill, 1966,

[E1 T.Schillins,Frincirle of Communication
Srstems. pp. 131-135, MeGraw-Hiti, 1971,

£73 Suns Joon Cho.N.Morinasa, T. Namekawa, "
Effects of Intersystem Radic Inter—
ference from Wideband FM sisnal on PSK
sisnal, * (A4 BY oY =8Y w ., Aed,
1¥. pp.31-38, 1980, 1.




