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Abstract: Passive Optical Networks (PONs) are
becoming a mature concept for the provision of
enormous bandwidth to end-users with low cost. In this
paper we study the call-level performance of two PON
configurations: the OCDMA-PON and the Hybrid
WDM-OCDMA PON. We propose analytical models for
calculating connection failure probabilities (due to
unavailability of a wavelength) and call blocking
probabilities (due to the total interference on a call that
may exceed a permissible threshold) in the upstream
direction. The PONs are described/modeled by one-
dimensional Markov chains. By solving them, we derive
recurrent formulas for the blocking probabilities. The
proposed analytical models are validated through
simulation; their accuracy was found to be absolutely
satisfactory.
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I. INTRODUCTION

Optical communications have been envisioned for
delivering high-speed services to residential users for
over 25 years, but only recently experience intensive
growth in the local loop, thanks to Passive Optical
Networks (PONs). PONs are the ultimate solution for
resolving the last mile bottleneck between high-speed
metropolitan networks and the end-users premises.
The PON technology has gained increased attention,
mainly due to its important advantages, such as low
operational and administrational cost, absence of

active components between the central office and the
customer’s premises, uncomplicated upgrade for
supporting new services, and provision of huge
bandwidth [1], [2].

Current PON configurations are based on the cost-
Time Division Multiplexing (TDM)
technology. TDM-based PONs include the
Asynchronous Transfer Mode PON (APON) and
Broadband PON (BPON) which have already been
standardized by the International Telecommunications

effective

Union — Telecommunication Standardization Sector
(ITU-T) (G.983), as well as the Gigabit PON (GPON;
ITU-T G.984) and the Ethernet PON (EPON; IEEE
802.3ah) [3]. Although these TDM-based PON
configurations are most

currently the popular

configurations for providing Fiber-To-The-Home
(FTTH) services, a number of next-generation PON
architectures have been emerged: a) Wavelength
Division Multiplexing (WDM) PONs and b) Optical

Code Division Multiple Access (OCDMA) PONSs.

The implementation of WDM in PONs is an
effective approach for satisfying the future high
bandwidth demands
increasing number of users and from bandwidth

coming from the steadily
intensive applications [4]. WDM PONs are usually
based on static wavelength allocation, that is, a certain
wavelength is dedicated to each Optical Network Unit
(ONU) for the upstream and/or the downstream
direction. Since the installation of new ONUs requires
additional wavelengths, a practical solution is the

- 48 -



Research, Development and Application on Information and Communication Technology

implementation of the Dynamic Wavelength
Allocation (DWA) [5]. By using the DWA, the
installation of an additional ONU is simplified and the
PON can support a high number of ONUs, even more
than the number of the wavelengths in the PON.

The successful application of CDMA in wireless
systems has challenged the exploitation of its
application in the optical communications systems.
Recent advantages in device technologies for the
optical en/de-coding have renewed the attention on
OCDMA [6]. The OCDMA technology holds promise
for enhanced security against unauthorized access, fair
division of bandwidth and flexibility of the supported

bit rate [7].

A call-level analysis of OCDMA systems was
discussed in [8], where the teletraffic capacity of an
OCDMA network was determined for two Call
Admission Control (CAC) schemes. The calculation
of the teletraffic capacity in [8] has the restriction of
unit call capacity requirement (i.e. single service-
class), while the presence of the noise distribution is
neglected. In this paper, we develop analytical models
for the calculation of blocking probabilities in the
upstream direction of OCDMA PON (Fig. 1). We
calculate Call Blocking Probabilities (CBP), which
occur when the total interference on a call exceeds a
predefined maximum level. A call is accepted in the
upstream direction as long as there are enough
resources in the PON. After call acceptance, the
signal-to-noise ratio of all in-service calls deteriorates.
Because of this, OCDMA systems have no hard limits
on call capacity (i.e. the maximum number of calls
that the system can support); the fact that a call may
be blocked in any system state is expressed by the
local blocking probability (LBP). According to the
principle of the CDMA technology, a call should be
blocked if it increases the noise of all in-service calls
above a predefined level, given that a call is noise for
all other calls. We consider that calls belong to
different service-classes with finite traffic source
population and, therefore, we show the applicability
of the Engset Multirate Loss Model (EnMLM) [9], on

OCDMA systems. The EnMLM has been proposed
for the wired environment of connection-oriented
networks in the case of quasi-random call arrival
processes [10]. Herein, we extend the EnMLM to
incorporate the peculiarities of the OCDMA systems
by capturing the LBP and user activity; the latter
describes the user behavior by an ON-OFF model. We
name the OCDMA-EnMLM (O-
EnMLM).

new model,

Afterwards, the O-EnMLM is extended to cover the
case of a hybrid WDM-OCDMA under the DWA
where each ONU has the ability of
connecting to the Optical Line Terminal (OLT) by

scheme,

using any available wavelength. In the case that the
OLT cannot allocate a free wavelength connection
failure occurs. Our study includes the calculation of
the Connection Failure Probability (CFP). We also
determine the CBP, due to the limited bandwidth
capacity of the wavelength, as well as the Total CBP
(TCBP) that occurs either due to the inexistence of a
free wavelength, or due to the limited bandwidth
capacity of the wavelength. All the proposed models
are computationally efficient, because they are based
on recursive formulas. Our analysis is validated
through simulation; the accuracy of the proposed
models was found to be quite satisfactory.

The rest of this paper is organized as follows.
Section II describes the principles of OCDMA PON
modeling; after having presented the multiplexing of
OCDMA systems,
description in Section A, while in Sections B we

we first provide the model

determine the LBP. In Section III we propose the O-
EnMLM. In Section IV we extend the O-EnMLM in
order to calculate CFP, CBP and TCBP for the hybrid
WDM-OCDMA PON, under the implementation of
DWA. Section V is the evaluation Section. We
conclude in Section Error! Reference source not
found..

II. PRINCIPLES OF OCDMA MODELING

In OCDMA, the multiplexing is accomplished by
encoding each user’s data bit with a unique codeword,
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which is the user’s identifier [11]. The encoding
procedure is followed by the modulation of a carrier
and the transmission of the signal in the optical fiber.
After the reception of the signal, along with signals
from all other users, the decoding is performed based
on the knowledge of the codeword of the desired
signal. All other codewords that are not matched at the
receiver are spread in order to create a cross-
correlation noise, which is called Multiple Access
Interference (MAI). Apart from MAI, other restriction
factors on the performance of OCDMA networks are
the shot noise, the thermal noise at the receiver and
the fiber link noise [12]. It should be noticed that the
dominant source of noise is MAI; therefore the
cancellation and suspension of MAI is an important
problem in OCDMA systems.

A. System Model

We consider the OCDMA PON of Fig.1, with N
ONUs. All ONUs are connected to the OLT through a
Passive Optical Combiner (POC). We study the
upstream traffic flow direction (from the ONUs to the
OLT). At the OLT, a call is not blocked due to the
lack of a decoder because we assume a sufficiently
large number of optical decoders. Each ONU
accommodates K service-classes, while M) is the
number of sources that generate calls of service-class
k (k=1,..,K); the total number of traffic sources per

service-class & in the PON is NM,. Due to the fact that
calls are generated from a finite number of sources,
the call arrival process is quasi-random, where the
mean arrival rate of service-class k call per idle source
is A4;[13]. As far as the service time is concerned, it is
We also
consider that each service-class k& is characterized by
the transmission rate R, (bandwidth per call), the Bit
Error Rate (BER) parameter (Eb/Ny), and the user
activity factor v, [14].

exponentially distributed with mean z,'.

Because of the OCDMA technology, we need to
consider interferences between calls. We distinguish
the MAI, I ., from the shot noise, the thermal noise
and the fiber link noise [15]. The latter has a power of
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Py The thermal noise is generally modeled as Gauss
distribution (0, o), while the shot noise is modeled as
a Poisson process where its expectation (mean value)
and variance are both denoted by p. According to the
central limit theorem, we can assume that the additive
shot noise is modeled as Gauss distribution (u, o),
considering that the number of users in the PON is
relatively large (MN>10). Therefore, the interference
Iy caused by the thermal noise and the shot noise is
modeled as a Gaussian distribution with mean

iy = iy, and variance o =+o7, +07, .

The CAC in the OCDMA-PON system under
consideration is performed based on the Noise Rise
(NR) measurement, which is defined as the ratio of the
total received power at the OLT to the fiber link noise
Py

Ty 1y + Pf
= T

NR (D)

When a new call arrives, the CAC estimates the
noise rise and if it exceeds a maximum value, NR,,.,,
the new call is blocked and lost. A transformation of
(1) yields to the definition of the system load n, which
is the ratio of the received power from all active users
and from the interference Iy to the total received
power:

Ly +1
- IMAjJ:{rIIN f P, @
The maximum value of the system load .
corresponds to the maximum value of the noise rise
NR,.. Similarly to the analysis of the WCDMA
wireless system of [14], the load factor L, can be seen
as the bandwidth requirement of a service class £ call:

_ (B /Ny Ry

)

k

where W is the chip rate of the OCDMA-PON.

The system load can be written as the sum of the
load n,,,, that derives from the active users of the PON
and the equivalent load, ny that derives from the
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presence of the shot noise and thermal noise. They are
defined in (4) and (5), respectively:

Ry = E m,L,
=

where my, is the number of active users of service-

4)

class k.

I
=(1- s 5
mo=(m, ) )

f
According to the adopted CAC policy, the OLT
decides whether to accept a new service-class k call or
not, by checking the condition:

B.(ny) =E,, +n,+L, >n,,) (6)

B. Local Blocking Probability

Eq. (6) calculates the probability that a new service-
class & call is blocked, when arriving at any instant,
and is called LBP. To calculate it, we use (4) and (5),
where the only unknown parameter is the interference
caused by the shot noise and the thermal noise, /y. As
previously mentioned, Iy is modeled by a Gaussian
distribution (uy, oy). Consequently, because of (5), the
load ny that derives from the presence of the shot
noise and thermal noise can be modeled by a Gaussian
distribution, with mean and variance which are
respectively given by:

/l GN
Eln,]=(1- X Var[n,]=(1-n,,
[nN] ( nmax) Pf.. [ ] ( max ) Pf (7)
Note that (6) can be rewritten as:
l_ﬁ/((nN) :Pk(nN S nmax _nown _Lk) (8)

The right-hand side of (8) is the Cumulative
Distribution Function (CDF) of ny. It is denoted by
F (x)=P(n, <x) and is given by:

In(x) — £[n, ]

W)) 9)

F.(x) =%(l+erf(

where erf(e) is the well-known error function.

Using (8) and (9) we can calculate the LBP, f,, by
means of the substitutionx=n_  —n, —L,:

_JI=F,(x), x=0
B(x)= | (10)
b
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Figure 1: General Configuration of a
Passive Optical Networtk.

III. THE PROPOSED O-ENMLM

In order to calculate the occupancy distribution of
the bandwidth in the PON, we adopt the Engset Multi-
rate Loss Model (EnMLM) [9]. The system load n is
considered as the shared bandwidth capacity of the
wavelength and the load factor, L, as the bandwidth
requirement of a service-class k call. Since the
EnMLM is a discrete state space model, we use a
basic load unit, g, for the discretization of the system
load, n and the load factor, L, in order to derive the
system capacity 7 and the service-class & bandwidth
requirement, by:

T:nL“X.andbk :round(ﬂJ (11)
g

g

Note that 7 and b, are measured in bandwidth units
(b.u.). Although both active and passive users are
present in each ONU, passive users do not consume
system bandwidth. A state i in the EnMLM for an
OCDMA system, does not represent the total number
of occupied b.u., as it happens in the infinite traffic-
source model (Erlang Multirate Loss Model-EMLM
[16]), but instead, it represents the total number of
occupied b.u. when all users are active. The total
number of occupied b.u. is c. Note that in the EnMLM
for an OCDMA system, we have 0<c<i, while in
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EnMLM c is always equal to i. When c=i, all users
are active, while when ¢=0, all users are passive.

Let ¢(i) be the probability that the system is in state
i. The bandwidth occupancy A(c|i) is defined as the
conditional probability that ¢ b.u. are occupied, when
the state is 7 and is given by [14]:

A(di)= ipk (D)[viA(c=bli=b,)H1-v)A(c|i-b,) ] (12)

for i=1,....i and c<i,

max

where A(0]0)=1,A(c|i)=0 forc>i and

lmax

represents the highest reachable system state.

In an OCDMA system, due to the presence of MAI,
a service-class k call may be blocked at any system
state i with probability LB(i), which is called Local
Blocking Factor (LBF):

i

LB, (i)=Y A () A(el)

c=0

(13)

The probability P,(i) that state i is reached by a new
call of service-class k is given by:

(WM @ +1)g(=b)ar (LB (b))
i-q(i)

where NM, is the total number of service-class k&

p(i)=

traffic sources in the PON anda, =1, /y,is the

offered traffic load per idle traffic source. The
probabilities ¢(i) represent the distribution of the
occupied b.u. in the wavelength and can be calculated
by extending EnMLM, due to the presence of the local
blockings:

iq()) =) a,b- (1= LB, (i—b,XNM,—n,(i)+ )g(i—b,) (15)
for i>0, g(i)=0 for i<0 and Zi:o q(i)=1.

In order to calculate the distribution ¢(i) through
(15), we need the exact number of service-class calls
ni(7), in different system states i. This number can be
approximated by the average number of service-class
k calls with requirement b;, when i b.u. are occupied
in the system, from these service-classes with infinite
number of sources (Poisson arrivals):

Volume E-1, No.1(5)

. NMk sy Ging (i_bk)'(l_LBmfk (i_bk ))
)= T |

where Aioeis Ginf and LB, are the parameters of the

(16)

corresponding infinite model (EMLM).

The CBP of service-class k are given by can be
calculated by adding all the state probabilities
multiplied by the corresponding LBFs for all possible
system states:

Imax

By = Z q(i)LB, (i)

i=0

(17

The O-EnMLM actually coincides with the
Wireless-EnMLM (W-EnMLM) [17], which has been
proposed for the call-level analysis of the WCDMA
cellular networks. The two models differ in the
following points: In the W-EnMLM, we have to
consider the so-called inter-cell interference, while in
O-EnMLM, no interference from other optical fibers
is possible. In the W-EnMLM, only thermal noise is
considered as background noise, while in O-EnMLM,
we need to consider not only thermal noise but also
shot noise and fiber link noise. Moreover, in the case
of both the thermal and shot noise we have taken into
account the distributions of these noise sources (not
only the average noise power).

IV. BLOCKING ANALYSIS
WDM-OCDMA PON

IN HYBRID

We consider the hybrid TDM-WDM PON of Fig.1,
with N ONUs, where the POC is replaced by a Passive
Wavelength Router (PWR). The PWR is a passive
combiner/splitter device, which is responsible for the
routing of multiple wavelengths in a single fiber
toward the OLT [18]. The PON
wavelengths and K service-classes (same service-

supports C

classes per ONU). Calls of service-class k arrive to the
ONU from a finite number of sources M, and are
groomed onto one wavelength. Each service-class &
call requires b; b.u. from the wavelength, in order to
be serviced (fixed bandwidth requirement). The call
arrival process is quasi-random where the mean
arrival rate of service-class & per idle source is 4;. The
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call-service time is exponentially distributed with
mean ,u,gl.

The connection establishment procedure between an
ONU and the OLT is based on the DWA procedure.
When a call arrives at an ONU, while no other calls of
this ONU are in service, it requests for an available
wavelength from the OLT. If a free wavelength is
found by the OLT, it is assigned to the ONU to
establish the connection (and service the call). If more
than one free wavelength is available, one of these
If a
wavelength cannot be found, connection failure

wavelengths is selected randomly. free
occurs and the call is considered blocked and lost.
After the connection establishment, all calls from the
same ONU are serviced through the same wavelength,
as long as they can be accepted according to the CAC
procedure in the wavelength (otherwise, the calls are
blocked and lost). When all calls on a wavelength
terminate the connection also terminates and the
wavelength becomes available to any new arriving

call from any ONU.
A. Connection Failure Probability

The calculation of CFP is based on the knowledge
of the occupancy distribution of the wavelengths in
the PON. To this end, we formulate a Markov chain
with the state transition diagram of Fig. 2, where the
state j represents the number of occupied wavelengths
in the PON. We denote the total arrival rate of calls

from an ONU by/lzzz;Mkﬂ

)

since all traffic

sources of the ONU are idle, before the connection
establishment. A connection establishment (from any
ONU) is realized with a rate that depends on the
number of ONUs, which have not established a
connection yet, and the number of the occupied
wavelengths. Thus, the transition from state [j-1] to
state [j] of the Markov chain occurs [N-(j-1)]A times
per unit time, because in state [j-1] the number of the
ONUs which have not established a connection is N-
(j-1), while the call arrival rate is aggregated to 4,
since a call from any service-class is required for the
connection establishment. The reverse transition, from

state [/] to state [j-1] is realized jO times per unit time,
where Q is the service rate of a wavelength. The rate
QO can be determined by the product of (the
conditional probability that b; b.u. are occupied in the
wavelength by only one call of service-class k, given

that the wavelength 1is occupied) by (the
corresponding service rate ().
K R K q b
Q:ZHkYk(bk)CI(bk):ZHkyk(bk) ( k) (18)
k=1 k=1

o

Il
—_

q(i)

where y(7) is the mean number of service-class &
calls in the wavelength, when i b.u. are occupied in
the wavelength, and ¢(i) is the occupancy distribution
of the b.u. inside a wavelength, and g(i)is the

conditional probability that i b.u. are occupied, given
that the wavelength is occupied (at least one call is
serviced through the wavelength), according to the
EnMLM. In order to calculate the service rate Q we
have to consider that the release of a wavelength is
realized through the service of its last call which may
belong to any service-class.

The release of a wavelength occurs when the
number of occupied b.u. in the wavelength is b, since
only one service-class k call occupy system resources.
Therefore, the release of this last call occurs with a

rate u, -y, (by)-q(b;) .

The probability P(j) that j wavelengths are occupied
in the link can be derived from the rate balance
equations of the state transition diagram of Fig. 2 (a
method for deriving the distribution P(j), for j=0, 1,
..., C, can be found in [1]):

. -1
i

j ,
py MR- |y IR )
O

The CFP is determined by P(C), since a connection
establishment is blocked and lost, if and only if all the

wavelengths are occupied.

The probability P(j) is valid for any WDM PON

configuration, according to the multiple access
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technique that is used in each wavelength (different 1
and Q result from each technique).
B. Call Blocking Probabilities

The CBP of service-class k calls of a particular
ONU utilizing the access network can be calculated
considering that, the blocking states for a service-class
k call are the last b, states in the occupancy
distribution of a wavelength. Therefore, the CBP is
given by (17).

The TCBP is the probability that a call is lost, either
due to the restricted bandwidth capacity of a
wavelength, or due to the unavailability of a free
wavelength in the PON. The calculation of the TCBP
is realized by considering the probability that a call is
accepted for service. This situation occurs, either
when this call is the first call that arrives at an ONU
that has not established a connection yet, and a free
wavelength can be found for the connection
establishment, or this call arrives at an ONU that has
already established a connection while, at the same
time, enough free b.u. are available in the wavelength.

The probability Ef‘ccep, that a service-class k call is

accepted for service by the PON is given by:

W (=104 L2 PN 1A= |-C= 1w
oto Sl o'o > g@
7 20

-1 i (i~hir oo
Figure 2: State transition diagram of a
WDM-OCDMA PON with C wavelengths

and dynamic wavelength assignment.

Jmax =i

> q()

pk _p._il

accept s Jima

> q()
i=1

+(1-P)-(1-P(C)) (20

where P, is the probability that an ONU has already
established a connection upon the call arrival. The
first term of the right-hand side of (20) signifies the
probability that a service-class k& call has arrived to an
ONU, which has already established a connection
(with probability P;) and there are at least b; b.u.

Volume E-1, No.1(5)

available in the wavelength (with probability that is
given by the fraction of (20)). The second term of the
right-hand side of (20) refers to the probability, that a
service-class k call arrives at the ONU, which has not
established a connection (probability 1-P;), and there
is at least one available wavelength in the PON
(probability 1-P(C)). The probability Py is given by
the of the
probabilities P(j) by the probability that a specific
ONU has established a connection, forj=1, ..., C:

summation of all multiplications

21

Combining (20) and (21), we can express TCBP of
service-class k calls as:

TB, =1- P!

accept

(22)

V. EVALUATION

In this section we evaluate the accuracy of the
presented analytical models through simulation. To
this end, we using the SIMSCRIPT II.5 simulation
tool, we have simulated the two models that were
presented in sections III and IV. The simulation
results have been obtained as mean values of 6 runs
with confidence interval of 95%. However, the
resultant reliability ranges of the simulation results are
very small; therefore we present only the mean values.
The evaluation of the analytical models is realized by
considering two examples. In the first example, we

consider an OCDMA-PON with N=20 ONUs.

The chip rate of the upstream direction is selected to
be 1.5 Geps. The PON accommodates 2 service-
classes with transmission rates R;=24 Mbps and
R,=32 Mbps, respectively, while the BER parameters
are (Ey/No)i= 4 dB and (£,/Ny),= 3 dB, respectively.
The activity factor of the service-class s; is v;=1 and
of the service-class s, is v,=0.3. The number of traffic-
sources of the service-class s; i1s M;=5 and of the
service-class s, is M,=5. The interference caused by
the presence of the shot noise and the thermal noise is
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modeled as a Gaussian distribution with parameters
(un—= o=10" mW). We assume that the maximum
system load n,,, is set to 0.9, while the fiber link noise
power is P=-180 dBm. The analytical results for the
CBP are obtained through (1)-(18). We take
measurements for 6 different traffic-load points (x-
axis of Fig.3). Each traffic load point corresponds to
some values of the offered traffic-load of both service-
classes, as it is shown in Table I. In Fig.3 we present
the analytical and simulation results for the CBP,
versus the offered traffic-load. As the results reveal,
the accuracy of the proposed models is quite
satisfactory.

1™ example 2" example
ap a a a

1 0.02 0.04 0.01 0.02
2 0.04 0.08 0.02 0.04
3 0.06 0.12 0.03 0.06
4 0.08 0.16 0.04 0.08
5 0.10 0.20 0.05 0.10
6 0.12 0.24 0.06 0.12

Table 1: Offered Traffic-Load for
the Evaluation examples.

—&— CBP1 (anal)

<& CBP1(sim)
—&— CBP2 (anal)
G- CBP2(sim)

Blocking Probability (%)

Traffic Points

Figure 3: CBP results versus the offered traffic-load
for the two service-classes in the I*' example.

The effect of the number of sources in the CBP can
be monitored in Fig. 4, where the product NM,aq, is
kept constant ( NM,a, =0.08 erl and NM,a, =0.16 erl).

In all cases the model’s accuracy is satisfactory. We

notice that increasing the number of sources the CBP
also increases. It is due to the fact that when we have
a larger number of sources, the percentage of idle
sources is higher, leading to a higher offered traffic-
load and therefore to higher values of blocking
probabilities.

0,95

0,80 - ' —8— 1sl service-class anal
’ < 1sl service-class sim

—&— 2nd service-class anal
O 2nd service-class sim

0,70 +

Call blocking probability (%)
=]
e |
o

20 40 80 120 160 200 int

MNumber of sources

Figure 4: CBP versus the number of traffic sources
in the I°' example.

—&— CFP (anal)
&0 CFP (sim)
—&— CBP (anal)
O CBP (sim)
—@— TCEP (anal)
‘0 TCEP (sim)

Blocking Probability (%)

Traffic Points

Figure 5: CFP, CBP and TCBP results versus the offered
traffic-load for the I*' service-class in the 2" example.

In the second example we evaluate the analytical
model for the hybrid WDM-OCDMA PON case. The
PON accommodates C=32 wavelengths, while the
chip rate of a wavelength in the upstream direction is
1.5 Geps. We assume that the hybrid WDM-OCDMA
PON accommodates the same two service-classes, as
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in the first example. In Fig. 4 and 5 we present
analytical and simulation results for the CFP, CBP
and TCBP versus the offered traffic-load for the
service-classes s; and s,, respectively. We consider 6
traffic-load points (1,2,...,6) in the x-axis of Fig. 4 and

5, where each point corresponds to some values of the
traffic-load of both service-classes, as it is shown in
Table 1. The analytical results for the CFP are
obtained through (14)-(16) and (18)-(20), the CBP
analytical results through (1)-(18), while the TCBP
analytical results are obtained through (16) and (20)-
(22). The comparison of the analytical and the
corresponding simulation results of Fig. 4 and 5 show
satisfactory accuracy of the proposed model.

8 4

—a— CEP (anal) 9
A CBP (sim)
—e— TCBP (anal)
o TCBP (sim)

Blocking Probabilities (%)
-9

Traffic Points

Figure 6: CBP and TCBP results versus the offered
traffic-load for the 2" service-class in the 2" example

VI. CONCLUSION

In conclusion, we propose a teletraffic loss model
for the call-level analysis of the upstream direction of
an OCDMA PON. This model is extended in order to
provide an analytical loss model of a hybrid WDM-
OCDMA PON. Both systems accommodate different
service-classes with a finite number of traffic sources.
We provide formulas for the calculation of the CFP,
CBP and TCBP. The accuracy of the proposed
calculations is quite satisfactory as was verified by
simulations. In our future work we shall extend this
analysis, in order to study the downstream direction
(from the OLT to the ONUs) and the impact of

Volume E-1, No.1(5)

different noise distributions, of the attenuation and the
dispersion, in the system’s performance.
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