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ABSTRACT

The statistical impact of Coherent and Incoher-
ent Crosstalk Contributions on the performance of a
proposed single stage and a multi-stage Share-per-
Node L − WIXC configuration and a multi-stage
Share-per-Wavelength L − WIXC configuration in
terms of different Optical Propagation Delay Differ-
ences, Bit Duration etc., is compared both theoret-
ically and analytically. Besides, considering Coher-
ent and Incoherent Crosstalk contributions for each
of those cases, analytical expressions of Electric Field,
Leakage Crosstalk, Bit-Error-Rate (BER) and Power
Penalty (pp) are being developed. Finally, the results
obtained numerically, are thoroughly compared on
the basis of Optimum Number of Wavelength Con-
verters, Number of Inputs and Number of Wave-
lengths per Input Channel.

Keywords: Coherent Crosstalk, Incoherent
Crosstalk, L − WIXC, Power Penalty, Bit-Error-
Rate, Relative Intensity Noise (RIN), Share-per-
Wavelength

1. INTRODUCTION

Apart from complexity and expense problems,
Scalability and Expandability are two important is-
sues of the existing optical networks having lim-
ited wavelength conversion capability. Consequently,
leading us to the efficient design of the same
while ensuring the Optimum Performance and Min-
imum Cost. Several architectures for Optical-Cross-
Connects (OXC) were proposed [1-5] with and
without wavelength conversion capability. Unlike
WIXC, proposed Limited-Wavelength-Interchange-
Cross-Connects (L−WIXCs) [5] have limited num-
ber of shared converters between inputs and out-
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puts. In contrast to that, a new generation of Share-
per-Wavelength grouping scheme was proposed [6],
where the whole wavelength (including SSMs were)
was equally divided into several groups having same
wavelength and wavelength converters (WCs) were
shared within the group; thereby greatly improving
the Blocking Performance, Expandability and Scala-
bility. These particular architectures, which are ei-
ther Share-per-Node or Share-per-Wavelength, either
single stage or multistage, are designed with a view
to ensure the optimum use of limited resources and
improved BER performance and Power Penalty [6].
Mentionable that, among various crosstalk compo-
nents, Coherent and Incoherent Crosstalk is most cru-
cial in analysing a system and evaluate its perfor-
mance [3]. In this paper, using these architectures,
the effect of different wavelength grouping schemes
and different crosstalk contributions (e.g. Coherent
and Incoherent) on the BER performance and Power
Penalty is studied and compared analytically in terms
of different input level and network parameters (e.g.
optical propagation delay differences, bit duration,
leakage crosstalk etc.) [4]. Finally, the Power Penalty
and the total Crosstalk Contributions due to differ-
ent crosstalk components [7-8] are also derived and
evaluated numerically for an optimal value of BER.

2. THE CROSSTALK MODELS

2.1 Single Stage L−WIXC, SSM-1

A typical single stage Share-Per-Node architecture
of L−WIXC with Partial wavelength converter shar-
ing [5] is shown in Fig. 1

It consists of N optical De-Multiplexers and Mul-
tiplexers, a compact Space Switching Matrix (SSM)
and a typical CxNCSSM . Each of the M light paths
from each of the N De-Multiplexers passes through
the first SSM before they are directed towards the
destination Multiplexer. Besides, there are C con-
verters (shared by each node) which convert the por-
tion of the incoming signal and forward them towards
the second SSM which ultimately routes all the con-
verted signals towards the destination Multiplexer
that combines signals from a total of (M + C) light
paths each. Hence, the number of cross-points in this
architecture can be written as NM(NM+C)+NC2.
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Fig.1: A Single Stage Share-Per-Node Architecture
of L-WIXC SSM (SSM-1).

2.2 Multi-Stage L−WIXC, SSM-2

In practice, the switching function of an OXC is of-
ten implemented in multiple stages in order to reduce
its overall complexity. SSM -2, as depicted in Fig. 2,
is a multi-stage realization of SSM -1 with strict full
sharing of wavelength converters. This L − WIXC
requires MNx(N + 1) SSMs, one MxCSSM , one
CxNC SSM and NM Tunable Filters. Each of the
M paths passes through a SSM before they are com-
bined with the outputs from the other (M−1) SSMs.
Besides, there are C converters (shared by each node)
which convert the portion of the incoming signal and
forward them towards the second SSM which ulti-
mately routes all the converted signals towards the
destination Multiplexer that combines signals from
a total of (M + C) light paths each. The number
of SSMs, which is required to achieve strictly non-
blocking behavior and strict full converter sharing
would be at least M + C − 1. The SSMs will have a
total of NM(N + 1) +MC +NC2cross-points.

2.3 Grouped L−WIXC, SSM-3

A typical multistage and grouped Share-Per-
Wavelength architecture of L − WIXC with Re-
arrangeable Full wavelength converter sharing [5] is
shown in Fig. 3. Let, M denote the number of
the wavelength in an OXC, and N is the number of
WCs for a wavelength SSM as described above. SG

is the size of wavelength-group and G is the num-
ber of groups; assuming that every group has the
same size. Within a group, the SG wavelengths are
connected in the rule same as that in no grouping
structure. The ith wavelength in the group is con-
verted to (i + l)th(1 < l < N, i + l ≤ SG) and
(i + l − SG)

th (1 < l < N, i + l > SG) wavelength in
the group. When the OXC is to be expanded for the

Fig.2: A Multistage Share-Per-Node Architecture of
L-WIXC SSM (SSM-2).

wavelength number, a group of wavelength should be
added. Though, SG and G can be selected according
to the demand but we have kept them limited such
that C = SG−1, G = ⌈M/SG⌉ and G ∈ [2, N ]. Here,
C is the number of converters per SSM and CT is the
total number of converters such that, CT = CM and
M ≤ CT ≤ NM . Anyway, those new wavelengths
should form one of several groups which are not con-
nected to other existing groups and do not affect the
built structure. Note that, if N is larger than the size
of group SG, there will be more than one same fixed
WCs in one group. It is some sort of redundancy.
The SSM will have a total of 2NM +(N + |CT /M |)2
cross-points. Here, for instance and for simplification,
we have kept the values of certain parameters like N ,
M , SG and G fixed, as shown in Fig. 3 below

3. CALCULATION OF CROSSTALK

3.1 Single Stage L−WIXC, SSM-1

Assuming, the SSM -1 L−WIXC is fully loaded
and each signal passing through the L−WIXC will
be interfered by a total of 2(M-1)+(N-1)M+C
Homodyne Crosstalk contributions. (M − 1) of
which are leaked by the De-Multiplexer containing
the main signal, (N − 1)M are leaked by the other
De-Multiplexers, C are leaked by the wavelength con-
verter lines and other (M − 1) are leaked at the Mul-
tiplexer containing the main signal.

Defining Xi ,the number of contributions leaked
from each ith signal is random, and ranges from 0 to
(M − 1) in the first stage De-Multiplexer and other 0
to (M−1) in the last stage Multiplexer depending on
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Fig.3: A Multistage Share-Per-Wavelength Grouped
Architecture of L-WIXC(SSM-3) with Three SSM Per
Group.

the cross-connecting state of the L−WIXC. Defin-
ing Xj (j = [2, N ]) ∈ [1, (N − 1)M ] as the number
of contributions leaked from λj1 in the same state of
the OXC while taking into account the contributions
leaked by the SSMs in the architectures. Finally,
defining C as the number of contributions leaked from
wavelength converters. So, the total crosstalk contri-
bution in SSM − 1 architecture is:

X1 = Xi+
N∑
j=2

Xj+C = 2(M−1)+(N−1)M+C (1.1)

3.2 Multi-Stage L−WIXC, SSM-2

Like SSM -1, in SSM -2 each signal will be inter-
fered by a total of 2(M-1)+(N-1)+C Homodyne
Crosstalk contributions. Out of them, (M − 1) of
which are leaked by the De-Multiplexer containing
the main signal, (N − 1) are leaked by other De-
Multiplexers, C are leaked by the wavelength con-
verter lines and other (M − 1) are leaked finally at
the Multiplexer containing the main signal.

If Xi(i = [1, N ]) ∈ [0,M − 1], Xj(j = [2, N ]) ∈
[1,M ] and C bears their usual meaning, the total
crosstalk contribution in SSM -2 architecture is:

X2 = Xi+
N∑
j=2

Xj+C = 2(M−1)+(N−1)+C (1.2)

3.3 Grouped L−WIXC, SSM-3

In SSM -3, each signal will be interfered by a total
of (M-1)+M(N-1)+C[(M-1)+M(N-1)+N+C-
1] Homodyne Crosstalk contributions. Out of them
(M − 1) of which are leaked by the De-Multiplexer
containing the main signal, M(N − 1) are leaked by
other De-Multiplexers. The rest of the portion is com-
ing from and going to other C SSMs of a Group of
size SG. In each of the C (no. of wavelength con-
verters per SSM) number of SSMs, signal from each
converter line will interfere and will be interfered by N
signals coming out from the SSMs and other (C−1)
converter lines. Mentionable that, before entering in
each of the C number of SSMs, each signal will be in-
terfered by crosstalk contributions leaked by the other
De-Multiplexers, those do not contain the main sig-
nal.

If Xi(i = [1, N ]) ∈ [0,M − 1] and Xj(j =
[2, N ]) ∈ [1,M ] bears their usual meaning then,
Xl(l = [1, C]) ∈ (Xi, Xj and [1, N +C−1]) is defined
as the total number of crosstalk contributions leaked
due to the wavelength converter lines. Now, the total
crosstalk contribution in SSM -3 architecture is:

X3=Xi+

N∑
j=2

Xj+Xl = (M−1)+M(N−1)+C[(M−1)

+M(N−1)+N+C−1] (1.3)

3.4 The Electric Field, E(t)

Now, considering both the SSM -1 and SSM -2 ar-
chitectures, the general Electric Field of the main
signal and all the crosstalk contributions can be ex-
pressed as [1]

−−−→
|E(t)| =

−→
|E|bmn(t) cos[ωmn(t) + ϕmn(t)]

−−→
Pmn

+
i=M∑
i=1
i ̸=m

√
∈i

−→
|E|bmn(t−τin) cos[ωmn(t−τin)+ϕmn(t−τin)]

−→
Pin

+

j=N∑
j=1
j ̸=n

i=M∑
i=1

√
∈ij

−→
|E|bmn(t−τij)cos[ωmn(t−τij)+ϕmn(t−τij)]

−→
Pij

+
l=C∑
l=1
l ̸=m

√
∈il

−→
|E|bmn(t−τil) cos[ωmn(t−τil)+ϕmn(t−τil)]

−→
Pil

(2.1)

In contrast to that, the Electric Field of the main
signal and all the crosstalk contributions of the SSM -
3 can be expressed in (2.2)
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−−−→
|E(t)| =

−→
|E|bmn(t) cos[ωmn(t) + ϕmn(t)]

−−→
Pmn

+
i=M∑
i=1
i ̸=m

√
∈i

−→
|E|bmn(t−τin) cos[ωmn(t−τin)+ϕmn(t−τin)]

−→
Pin

+

j=N∑
j=1
j ̸=n

i=M∑
i=1

√
∈ij

−→
|E|bmn(t−τij)cos[ωmn(t−τij)+ϕmn(t−τij)]

−→
Pij

+
l=C∑
l=1
l ̸=m

[

p=N+C−1∑
p=1
p ̸=m

√
∈lp

−→
|E|bmn(t−τlp)cos[ωmn(t−τlp)+ϕmn(t−τil)]

−→
Plp

+
i=M∑
i=1
i ̸=m

√
∈il

−→
|E|bmn(t−τil) cos[ωmn(t−τil)+ϕmn(t−τil)]

−→
Pil

+

j=N∑
j=1
j ̸=n

i=M∑
i=1

√
∈ij

−→
|E|bmn(t−τij)cos[ωmn(t−τij)+ϕmn(t−τij)]

−→
Pij ]

(2.2)

Here, |E| is the signal amplitude which is assumed
to be unchanged as the leaked power is considerably
low; bmn(t), bmn(t−τin), bmn(t−τij), bmn(t−τil) and
bmn(t− τlp) are the Binary Data Sequences with val-
ues of 0 or 1 in a bit period T of λmn, λin, λij , λil and
λlp respectively. Now ωmn(t) and Φmn(t), ωmn(t −
τin) and Φmn(t− τin), ωmn(t− τij) and Φmn(t− τij),
ωmn(t − τil) and Φmn(t − τil) and ωmn(t − τlp) and
Φmn(t − τlp) are the Centre Frequencies and Phase
Noises of the LASERs, respectively; P⃗mn P⃗in, vecPij ,
vecPil and vecPlp are the Time-invariant unit mag-
nitude polarization vectors of the main signal and its
crosstalk contributions, respectively; τin, τij , τil and
τlp are the Propagation Delay Differences of the con-
tributions; ∈i, ∈ij , ∈lp, ∈il are the Optical Power
ratio of each crosstalk contribution to the signal. For
simplification, we assume that, all the crosstalk con-
tributions have the same power ratio. Here, the sub-
scripts m and n are fixed values, correspond a signal
generated from nth De-Multiplexer and destined to-
wards mth SSM . Besides, the subscripts i, j, l and p
are variables but bears the meaning the same way as
m and n.

The first terms of the right part of (2.1) and (2.2)
are the fields of the main signal and the second terms
are the crosstalk contributions leaked from the main
signal itself. The third and fourth terms are the con-
tributions leaked by the signals from other SSMs
having same wavelength and by the wavelength con-
verter lines respectively. However the fourth term
also corresponds to the contribution leaked by the
wavelength converters from other SSMs of a group.

3.5 If τ (τin, τij, τli and τlp) > τcoherent

If the optical propagation delay differences in an
OXC exceed the coherent time of the LASER, Φmn(t)
is not correlated with Φmn(t − τin), Φl(t − τij),
Φmn(t− τil) and Φmn(t− τlp) are also not correlated
with each other for different values of i, j, l and p.
Therefore, all the crosstalk contributions, which are
incoherent with each other, are also incoherent with
the main signal. In this case, the generalized Elec-
tric Field of the main signal and all other crosstalk
contributions in SSM -1, 2 and 3 can be expressed as
[4]

|
−−→
E(t)| =

−→
|E|bmn(t) cos[ωmn(t) + ϕmn(t)]

−−→
Pmn

+

S=XN∑
S=1

√
∈S

−→
|E|bS(t) cos[ωS(t) + ϕS(t)

−→
PS

+

r=XE∑
r=1

√
∈r

−→
|E|br(t)cos[ωr(t) + ϕr(t)]

−→
Pr

(3)

Where, bs(t) and br(t), ωs(t) and ωr(t), Φs(t) and
Φr(t) and P⃗s and P⃗r are the binary data sequences,
centre frequencies, phase noises and unit magnitude
polarization vectors of the sth and rth crosstalk con-
tributions respectively. Here, bs(t) and br(t) are
not correlated with bmn(t) even for the contributions
leaked from the main signal itself because τ is long
enough and they are not synchronous. Besides, in
(3) XN denotes crosstalk contributions by the sig-
nals originated from other SSMs and by the signals
originated by the main signal itself. In contrast to
that, XE denotes crosstalk contributions originated
by wavelength converters. Assuming all the N sig-
nals with wavelength 1 have exact the same centre
frequency, i.e., ωmn = ωs = ωr, when bmn(t) = 1.
The normalized photocurrent caused by the signal
and crosstalk in SSM -1, 2 and 3 are [3]

|
−−→
I(t)| = 1+2

√
∈[

S=XN∑
p=1

bp(t) cos[ϕmn(t)+ϕs(t)
−−→
Pmn.

−→
Ps

+

S=XE∑
S=1

bl(t) cos[ϕmn](t) + ϕr(t)]
−−→
Pmn.

−→
Pr

+

q=XN+XE∑
q=1

bsr(t) cos[ϕs(t) + ϕr(t)]
−→
PS .

−→
Pr

(4)

The second and third term in the right part of (4)
are the signal-crosstalk beat noises and are results
of the LASERs Relative Intensity Noise (RIN). The
terms of high orders of are neglected because ∈ is con-
siderably low. By calculating the Auto Co-variance of
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the beat noise and making Fourier Transformation,
the noise powers of SSM -1 can be expressed as:

σ2RIN=ε[

S=XN∑
S=1

cos2 θs+

r=XE∑
r=1

cos2 θr+

q=XE+XN∑
q=1

cos2 θsr]

(5)

Where, cos2 θs
−−→
Pmn.

−→
Ps; cos2 θr =

−−→
Pmn.

−→
Ps and

cos2 θsr =
−−→
Pmn.

−→
Ps.

Here, θs, θr and θsr are the polarization angles
difference between the crosstalk contributions and the
signal. Assuming both the beat noise and receiver
noise have Gaussian probability density distribution,
the BitErrorRate(BER) for τ > τcoherent can be
expressed as:

BERSSM =
1

4
erfc

[
ISSM−ID√

2
√
σ2
o + σ2

RIN + σ2
X + σ2

oth

]

+
1

4
erfc

[
ID√
2σo

]
(6)

Where, σ2
o denotes the receiver noise i.e.

ThermalNoise and ShotNoise which exist in the ab-
sence of crosstalk; σ2

X denotes the Crosstalk Power
which is equal to RdPinα

2Nx;σ
2
RIN denotes the Rela-

tive Intensity Noise power and σ2
oth denotes the other

types of noise i.e. signal to spontaneous noise and
spontaneous to spontaneous noise which are actually
negligible. Here, Rd is the Responsivity, Pin is the in-
put power, α is the power ratio and Nx is the number
of cross points in the SSM . For a fixed value of deci-
sion threshold setting, ID = 0.5ISSM the expression
for power penalty can be written as [6]

pp(dB) = −5 log10

(
1− 4σ2

RINQ2

I2SSM

)
(7)

In the worst case scenario, for the maximum value
of noise power [3], the expression of maximum power
penalty of SSM -1, SSM -2 and SSM -3 when the
products of Cosine components are either +1 or -1
are given below:

MaxmppSSM−1(dB) = −5 log10 [1− 4 ∈ (2(M−1)

+(N − 1)M + C)Q2
]
(8.1)

MaxmppSSM−2(dB) = −5 log10 [1− 4 ∈ (2(M−1)

+(N − 1) + C)Q2
]

(8.2)

MaxmppSSM−3(dB) = −5 log10[1− 4 ∈ ((C+1)

(MN − 1) + C(N + C − 1))Q2
]

(8.3)

In the above discussion BERSSM , ISSM and
σ2
RIN can be replaced by either BERSSM−1,

ISSM−1 and σ2
RIN,SSM−1 or BERSSM−2, ISSM−2

and σ2
RIN,SSM−2 or BERSSM−3, ISSM−3 and

σ2
RIN,SSM−3.

4. RESULTS AND DISCUSSIONS

The results and overall performance are evaluated
in terms of Bit Error Rate (BER) and Power Penalty
(pp) following the analytical approach presented in
sec. 3 for three L−WIXC architectures i.e. SSM -
1, SSM -2 and SSM -3. The following parameters
are kept fixed for convenient numerical computations.
They are: crosstalk power ratio, α= -30 dB and Q =
6 for a BER = 10−9. For both cases, the number
of input wavelengths (W ) per input channel (N) is
assumed to be equal to the total number of SSMs
(M) needed in the architectures. The total number
of Wavelengths Converters (C) is varied according to
the limiting condition mentioned earlier.

Fig.4: BER vs. Number of Input Channels (N)
Varying Number of Input Wavelengths (M) for SSM-
1.

Fig. 4, 5 and Fig. 6 are the plots of BER vs.
Number of Input Channels (N) varying the number of
Input Wavelengths or number of SSMs (M) for sin-
gle stage, multistage Share-per-Node and multistage
Share-per-Wavelength grouped architectures respec-
tively. The plots above illustrates that, for a partic-
ular value of M , BER increases with the increase of
number of Input Channels (N), while the number of
SSMs (M) and Number of input wavelengths (W )
per input channel are assumed to be equal. It can
also be shown from the plots that, at lower values of
N, single stage and multi-stage L −WIXCs experi-
ence more BER than grouped Share-per-Wavelength
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Fig.5: BER vs. Number of Input Channels (N)
Varying Number of Input Wavelengths (M) for SSM-
2.

Fig.6: BER vs. Number of Input Channels (N)
Varying Number of Input Wavelengths (M) for SSM-
3.

L − WIXC for a fixed value of M . BER also in-
creases for higher values of M while parameters like
Input Power (pin− dBm), Component Crosstalk (ε)
and Number of converters (C) are kept fixed at -20
dBm, -60 dBm and 12 dBm respectively.

Fig.7: No. of Input Channels (N) vs. Number of
Input Wavelengths (M) for SSM-1, SSM-2 and SSM-
3.

Fig. 7 is a plot of number of Input Channels (N)
vs. number of input wavelengths per input channel
(M) which is derived from the plots of BER vs. N
varying M for a fixed value of BER = 10−9 in Fig.
4, 5 and 6. It also shows that, N decreases with
the increase of M. As the number of Input Channels
(N) and number of Input Wavelengths (M) should
be discrete integers, the cross points shown in the
fig. 07 should be rounded off to (M,N) ≡ (4, 17)
and (M,N) ≡ (8, 15). For a particular value of num-
ber of Input Wavelengths, M < 4, SSM -2 (multi-
stage L−WIXC) needs less number of Input Chan-
nels, N (both in Multiplexer & De-multiplexer) com-
pared to other two architectures for maintaining a
fixed performance at BER = 10−9. SSM -2 gives
better performance compared to SSM -3 (Share-per-
Wavelength L − WIXC) in terms of number of in-
put channels (N) for the values of M , around 4 <
M < 8 and outside this range its performance de-
grades than the other two architectures. So, SSM -1
(single-stage L − WIXC) and SSM -3 (Share-Per-
Wavelength L − WIXC) can support more num-
ber of input wavelengths than SSM -2 (multistage
L−WIXC), providing less number of input channels
which reduces the cost and complexity of the network.
Up to the range of analytical calculation given here,
it is obvious that, SSM -1 is the best among the three
architectures.

Fig.8: BER vs. Input Power (pin-dBm) Varying
Component Crosstalk for SSM-1.

Fig. 8, 9 and 10 are the plots of BER vs. Input
Power (pin−dBm) varying the Component Crosstalk
(ε) for a given value of number of input wavelengths,
M = 5, number of input channels, N = 10 and num-
ber of converters, C = 4. It also shows that, BER
increases with the increase of Component Crosstalk
(ε). From the figures, we can also calculate the Power
Penalties (pp) at a fixed BER = 10−9 for different
values of ε.

Fig. 11 is a plot of Power Penalty (pp) vs. Compo-
nent Crosstalk (ε) comparing the three architectures
i.e. SSM -1, SSM -2 and SSM -3, which is derived
from the plots of BER vs. Input Power (pin− dBm)
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Fig.9: BER vs. Input Power (pin-dBm) Varying
Component Crosstalk for SSM-2.

Fig.10: BER vs. Input Power (pin-dBm) Varying
Component Crosstalk for SSM-3.

Fig.11: Power Penalty (pp) vs. Component
Crosstalk (ε) for SSM-1, SSM-2 and SSM-3 from An-
alytical Data.

varying ε for a fixed value of BER = 10−9 in Fig.
8,9 and 10. The figure also illustrates that, up to -
55 dB of Component Crosstalk (ε), Power Penalties
(pp) are almost similar for all the architectures. Af-
ter that, Power Penalty (pp) of SSM -3 (Share-Per-
Wavelength L−WIXC) increases more rapidly com-
pared to SSM -1 and SSM -2 with the increase of ε.
Moreover, it also unveils that, SSM -1 has the least
Power Penalty (pp) among them.

Fig.12: Power Penalty (pp) vs. Component
Crosstalk (ε) for SSM-1 and SSM-2 from Theoreti-
cal Data.

Fig. 12 is a plot between Power Penalty (pp) and
Component Crosstalk (ε) illustrating the theoreti-
cal comparison among SSM -1, SSM -2 and SSM -3.
The plot is derived from (8.1), (8.2) and (8.3). This
figure is also derived for the given values at Number
of Input Channels, N = 10, number of Input Wave-
lengths, M = 5 and Number of Converters, C = 4.
Like Fig. 11, this figure gives almost the same re-
sult i.e. up to -55 dB of Component Crosstalk (ε) all
the architectures have almost same Power Penalties
(pp) and after that, Power Penalty (pp) of SSM -3 in-
creases more rapidly compared to SSM -1 and SSM -
2.

Fig.13: Power Penalty (pp) vs. Component
Crosstalk (ε) for SSM-1 & SSM-2 from Analytical &
Theoretical Data.
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Fig. 13 shows the comparison between the analyt-
ical and theoretical values of Power Penalty (pp) and
Component Crosstalk (ε) for SSM -1, SSM -2 and
SSM -3. As per analysis, there are little differences
between analytical and theoretical values of Power
Penalty (pp) for each SSM . This plot also shows
that, SSM -3 suffers from more Power Penalty (pp)
compared to SSM -1 and SSM -2 in both theoretical
and analytical approach.

5. CONCLUSION

The Crosstalk contributions in three different
L − WIXC architectures (a single stage Share-Per-
Node, a multistage Share-Per-Node and a multistage
grouped Share-Per-Wavelength L−WIXC) are iden-
tified and three models are presented to quantify the
impact of both Coherent and Incoherent Crosstalk
contribution from different sources and due to differ-
ent delay differences. It was found that, Crosstalk
increases with the increase of the Number of Input
wavelengths (M) and the Number of Input Chan-
nels (N) due the Leakage Crosstalk Contributions
from each stage in all the architectures. Moreover,
it can be said that, for a fixed value of Component
Crosstalk (ε), SSM − 3 suffers more from Crosstalk
compared to SSM − 1 and SSM − 2. In designing
a more practical architecture and accurately anal-
yse a L − WIXC Share-Per-Node architecture, the
Crosstalk Power due to the Total Number of Cross-
points should be considered and there-by parameters
like N and M should be chosen in a way to get op-
timum performance i.e. minimum BER and Power
Penalty (pp). Under regular circumstances i.e. when
the Number of Input Wavelengths (M) are within a
optimum level and there are greater Number of In-
put Channels (N) available, a multistage L−WIXC
architecture (e.g. SSM − 2) is a formidable can-
didate compared to its single-stage Share-Per-Node
and Share-Per-Wavelength counterparts in designing
a optical network with reduced impact of crosstalk as
well as cost. In contrast to that, if the network has
limited number of Input Channels, the single stage
architectures are preferred because they allow more
wavelengths per channel. In contrast to that, it is
shown that, proper utilization of grouped Share-Per-
Wavelength architecture greatly improves the Block-
ing Performance of a network [6]. In this paper, per-
formance of single stage Share-Per-Node, multi-stage
Share-Per-Node and multistage grouped Share-Per-
Wavelength architectures are analytically evaluated
and their performances are compared with respect
to Coherent and Incoherent Crosstalk from different
sources. Finally, it can be concluded that, in spite
of having less Blocking Probability [6], the grouped
L − WIXC faces more Power Penalty (pp) and can
support less Input Wavelengths up to a certain level
of Input and less Number of Wavelength Converters
when compared to the ungrouped single-stage Share-

Per-Node architecture. In contrast to that, under
same circumstances, Share-Per-Wavelength architec-
ture is better than the multi-stage L−WIXC archi-
tecture (SSM − 2).
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