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ABSTRACT

We present the comparison of CDMA MAC protocol with and without beat noise by
using 2-D optical CDMA MAC protocol over WDM networks. We use the asymmetric prime-
hop sequence code. Moreover, we analyse the effect of the number of available wavelengths in
terms of average number of attempted to transmissions per time slot (offered load), and beat néise
is considered. The presented numerical results based on the throughput and delay time versus the
offered load. We divide into two parts. The first one, we consider the effect of the number of
available wavelengths. Another is the effect of with and without beat noise in the 2-D OCDMA

over WDM systems.
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dimension) 1uiea  (wznanlavaBualuiaderall)  nazddldmiddansdiduny
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4 . s 4
4.3 oeviAneadad e Idailemilitadya e munuuiindesd
A a < Y o L e ¥ 7 =
idieR9swie 2-D OCDMA nisad ndgapamadsdaezIfaes Tasiimsuegaanuy
¥
lmmmuﬂagmﬂ?\ﬁﬁa (Amplitude Shift Keying: ASK) HazsWaluY Nonretum-to-zero
30 NRZ uazudazf 19u3msezgaunAaiuanuenduuash 4 8 4,
Ayo o = Y p Y ey ° v o Ja o Y a 9
Hisuzasrduindeyadaedimshanduiusdyapusiadeyandnn  uazufSoy
a v o e roa o a a a': J Y A v 4 A a ¥ a ;
dousszaudyanainfussauvesgaisuilasunam Pnield  FuiielidlFusmsunniy
@ = o B . I a A o 3
wyapwszifadyu1vdunsn (Crosstalk signal) A3l 3.2 Fdunls & Aedwauves
o 4 t A 1 )
WUIUUNATDA (The number of interferers) uazﬁ‘lumuﬂsqwmglumq 0<k <k unz
A a’ 1Y 1 o [ o da A Ao o
103U 32 3 fmunsuvewesdyanunadinnuenan 4, HHuruvesdygim

1 4
Tulunsnvianualinndu 37 k =k
i=0

Pdf data signal pcA crosstalk signal Ke,

a 4 o o a0 o
31 4.2 anmdesfszneuvesdyanudoyauaz ludunsniinmueausumiagn (Peak)

AMINITUANUDA TUliA (Autocorrelation)

Tolufiisoussisznouwes Yoy iueenn AL IANAT 18010159
anduiuduSmdail
Ps
E( ) P (tyexp(j(wgt + @,(1))+
i=}
Py ki
> Y P exp(/(a)“/ (t -7, )+ D, (1 -7, )))

=1 j=1

(4.1)
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P(t) woz P(r)  fe MdsnueerAneanyaisumlaou (Threshold)
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.. 19 mmmjmﬂauuﬁwmwaﬂﬁtgiym"hnlmsn‘n A hagn

i
Aldduman j”
v
o (4
D, (1) uoz @, (1) fie dyausununaraaeres

4
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Tudumsanindlgusnis j” 0 4, Tadwduwusiuiad
Joyah 4,
d’o Y 4 VA @
honawdidmuald o, =0, =0, Fmwanwim  eszuamdaum

a a o_ as 1% & 1 4
(Photocurrent) HBIANAYDI NI3AMNAATNNYTIAIAD (Square-law detector) AUz 1R

e

i/ Rap P,(t) +kP.(t) + 2:?2',/13,(1)1/11(:) .cos(D,, 1~ 7,)- D, () - oy,

=1 j=1

(4.2)
p, k-1 k
+ 222 Z vV I)d(t) \}130(,) ) COS((btij (t — le)— (bcil (t - Ti/) - wi‘[ij + a)iril)
i=l j=11=j+1

» » [ 4
Taohi R Aemmasuausvodlaloandaues (Photodiode responsivily) Faluitifvuald
A vy 1 nazenaun1si (4.2) mouiaauaasdsmssnuunsnaoanIng 14usnsoug
& AAYq Y a A " o w a = A P 2 o do &
FalutiglFusmsduqdesiidanuda “17 1wies uazmennauuTaIdaNaddu (Beat) ¥4
as o A 4 ' a ° oo W sy .
Az MUFATBIINAIBABUNTA (Peak) 3INNITANTWUDTA TUINA (Autocorrelation)
uazInAwoneuNage indyawlvdunsn

v o da ' & o Y 2 o @ v o o

upasRadNuAazANLINAY A Mndyanadoyass beat Fanuuaziuediy k, wad

N p gt I e o e
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aq d ° 3 (&Y 4 v g .
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. Yy a4 ¢ o o ' da ;
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1B (Uniform distribution) D923 [- 7, 7] uazmmiaaaiu SNR wio dyanudedynim
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Ve o Y o o v o o
TUNIU (Signal-to-noise ratio) umxuwm’mw‘1ﬂmnmsm NITONTUAUNUD

(Autocorrelation) M11150A 8¢ IARsauMsh 4.3 [5]

(p,B, + kP.— p,P,DY
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KPP, + 22&2[2’]
i=

(4.3)
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fmuald & puises tianisdyanunsnyen vssdyn1mi Photodetector i k 929NNI9IY

vuanuANURAUNEIA 4 aw &, Tasfidaulszneunisnszionnes {k,,kz,k3,...,kp}

ad
Tunti

= \ | VY 4
MuailuNIUNTZ9I0DY  multinomial  NAMIBITY P =— @aquuaunsom
D
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2] IR fri, ) R
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o A o a ¥ 4 1 a
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D 1w N3z InANS11ADLH1DY (prime-hop sequence) ATINTON Y 1AFATI
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i-j (46)
[,_MJ Lol pRD-JR |, of pL+iEtRED
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P. #is sovlAnoawinosvoawad lv3nsn (Crosstalk)
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D A9 52AUVDI (Threshold)
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uazidie himilstadygrusunuinmieod vazdyanusuniuduq vld Heddu Qdlugud
o 4 o o o 2 A4
mesudganuniuln wazdiofiudygnumediman i Hafdu 0 ilunile (Taoluni
Wodsdyaula “0” uaz j UAMNIIAT threshold @ =p P, D) A0iuaius oM uimn n

¥
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m-1 — l i /
Py (m) = %Z[m ,- ]zwzg[’j J

i=} J
, 3 4.9)
7] i-J
2 2
D D,
4.4 M331A31zY MAC lilsTanea
Jq v ¥ < ' o o ¥ a ¥ a
Tuwnaauii l¥msdhdaugulunsdadymsemsdidwewnninadoya Taon

a o ° 3 o p=}
uwAnnalinue L in uazmmuwmuﬁnmnmnnnq amiimnsodn ¥adeananiios
d a a @ b Y o o q’:’ A ayvgy a J 2R o ¥ a
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UNS NFOAYDIMSIIDIMAIINM (Multiple-access interference: MAI)
o u’r’ d’,o 1 4 A ] a a a oa A o
fuiuluunanudismuald P (m) fennuinziiuiieifialdafenaiaiioli m

Al3usms lusesdyana uazmunsommanueziiuiies hifatiadananlddaaunish

(4.9)[5,19]

R‘arrec! (m) = [1 = Perrar (m)]L (4' ]0)

1) 4 b 4
vinaumsh (4.10) wuimdasiDaAawasiuegius o L da siminveslda uozwiie

¥033AB110 179 (Optical CDMA code) #1% uazamnsannssdouludsaumsi @.11)

[]_l)ermr(m)]L’ Osm S ps(ph _])
0, p(p,~D)sm<w

P (M) = { (4.11)

stlsamuluiinmmaindosiuansonssuias AT nUMsAANMIAYES
uinnaiAed e ez TuTAs10MInTEY (Broadeast network) Adeamsofmuaiaz
ufldudnnanddlddondoquidtld  uasduinne iiedemaminduimiag
noluiies (Bufier)  Taohififitmuald M fedanlsduvesiniudidhdmield
soafyann uadennar dnuezladieuun15nsz918 (Condition distribution) $1MIUMIS

] = d Ya a’
dainnadus o ldaail

PIS=s|M=m]= [;"Jeim,(m)[l = P ()™ (4.12)

o

wazile m NN 3¢ 1ARITUAINII (Throughput: B) HanIzAIRIRI
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p=E[S]=E[E[S|M]] =i: ME, yeet (M) f (M) (4.13)

3 f v v A » ¥
dio £ (m) feanuhezdlumsnszawiaounsfivesmsidifalsgney Falundsauy
duwRnnan i lumsdiduasdemilufy Tavszdmualddasmsdhdaiiunuuilees

(Poisson arrival) @209a51 A Tavezlim@daaumsi (4.14)

GT)"

m!

Su(m)= (4.14)

o -] : o o : a A
N T A9 ANUITIMIHUAVDIAANATNIIOIUUS  LAZNNTINTON (4.14) 1Wo
° 3/ A o a a oy & o o : Y1 age
fﬂ‘ﬂuﬂTH y= AT A9 MUIURAUVDIANVNNIIUNITAINDHUIADDALIA muu'lﬂm'mu

[l 13 b 4
annsonaoIuAIn nua el
=] 7’"
p=e7ymb,,. (mL (4.15)
m=1 N m.
wazmianaurdvlunsdauaz i ImouANINATA AT LN T (4.16)

d= (4.16)

pal s
B-1
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Performance Evaluation of 2-D Code Optical CDMA
MAC Protocol over WDM

Kidsanapong Puntsri
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Rajamangala University of Technology Phranakhon, Bangkok, Thailand
E-mail: k.puntsri@rmutp.ac.th

Abstract- We present the comparison of CDMA MAC
protocol with and without beat noise by using 2-D optical CDOMA
MAC protocol over WDM networks. We use the asymmetric
prime-hop sequence code. Moreover, we analyse the effect of the
number of available wavelengths in terms of average number of
attempted to transmissions per time slot (offered load), and beat
noise is considered. The presented numerical results based on the
throughput and delay time versus the offered load. We divide
into two parts. The first one, we consider the effect of the number
of available wavelengths. Another is the effect of with and
without beat noise in the 2-D OCDMA over WDM systems.

I. INTRODUCTION

In the middle of 80’s, OCDMA (Optical code division
multiple access) has been widely developed as high-optical
communication network systems, where encoding and
decoding are all performed in optical domain [1-2]. The
advantageous function of the optical CDMA is the fact that it
lets each user to access the network asynchronously and
simultaneously without strict wavelength controls and timing
synchronizations, but other systems needed such as in the case
of wavelength division multiple access (WDMA) and time
division multiple access (TDMA), respectively. In addition,
optical CDMA local area networks allow shared access to a
broadcast medium. However, the OCDMA has interference
occur when the number of codeword are assigned increasing,
call multiple access interference (MAI).

Especially, OCDMA will be operated on Ethernet passive
optical networks (EPON) because of the EPON architecture is
the key function in local area network (LAN). Moreover, it
also can be upgradeable to Gigabit Ethernet and 10 Gigabit
Ethernet, respectively, and in the future; when OCDMA are

used on EPON, the capacity and bandwidth will increase [3-4].

In addition, many papers propose and focus on the physical
layer of CDMA network [1-2, 6-7]; however, few papers have
considered the MAC protocol with beat noise. Therefore, this
article, we present the comparison of OCDMA MAC protocol
with and without beat noise by using 2-D optical CDMA over
WDM networks and asymmetric prime-hop sequence code is
used. The family of asymmetric prime-hop sequence code has

P, (ps —1) of length p? and each code had Hamming weight
ps (prime number). At the source, tunable laser (or laser

arrays) and tunable fiber delay-lines used to select the pulse
wavelength and time position. Therefore, passive network of
matched delay lines and corresponding optical filters required
at the receiver.

This paper is organized as follows. In section 1I, the
network model description is discussed, and the performance
of 2-D asymmetric prime-hop sequence optical CDMA code
over WDM networks is presented. In section 11, the numerical
results of the performance are reported with based on
throughput and delay time. Finally, we give concluding in
section IV.

11. PERFORMANCE ANALYSIS

A.  Network Mode!

In figure 1, the network consists of a basic OCDMA, which
the users are assigned with different optical code and share
common transmission medium. The coding can be performed
on to 1-dimension (1-D) either in time domain, or frequency
domain, or performed on to 2-dimension (2-D) in both
frequency and time domains simultaneously.

However, we focus on OCDMA over WDM PON networks.
On each WDM grid 4,(n =1,...,N), not a single channel, and
M simultaneous users can be accommodated by individually
assigning each user with a different code. Therefore, the total
capacity of OCDMA over WDM PON becomes N times when
compare with WDM PON. Moreover, we use 2-D coding, and
the signals are transmitted over WDM channels [3-4]. The
OCDMA over WDM PON is presented in figure 1.

Figure 1. Optical CDMA network over WDM.

B 2- D Optical CDMA Code

This article, we limit our analysis to OCDMA network that
we use the asymmetric prime-hop sequence described by
Tancevski et al. [5]. The advantages of 2-D codes in this
family  have low  cross-correlations, nonexistent
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autocorrelation side lobes and large cardinalities. Hence, the
bits error rate of asymmetrical prime-hop sequence with beat
noise is given by [5]

m-1 - i : J

P,m,(m)=2["’ ‘ ']z-(“")Z('.I@} :
AN AN A Ps

(]_M]l—jl pdeD_ch +

P2 2 .
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Where Q(x) is Q function, given by

m

Q(x)=2l exp(~y? /2)dy %)
’r x

and

_[p;, [p,-1 Py-2
Ps
+[ph -l] Ds (ps —l)
ps ) pPp-2

is the average number of wavelengths common to any pairs
of asymmetrical prime-hop sequences.
Hence,

ps (prime code) is the number of pulses per wavelengths

Py, (prime code) is the number of available wavelengths
P

c

() = f[p;. -1] (Ps —W(Ps = +(py~2)
] 3)

is optical power of crosstalk pulse
P, is optical power of bits data pulse
D s the threshold level

However, when consider the limiting case of negligible beat
noise, i.e., all noise sources are neglected. This means that
SNR is infinite {7]. Therefore, for positive signals of the term
of Q function is zero in (1), and when the signals is negative

Q function is 1 (in the case of when bit “0” is transmitted and
J becomes greater than the threshold, we gotd = p P, D). We
give the total probability of error when neglected beat noise, is

(3]

_I(m=1, ey
P,m,('")—EZ( i ]2 ;[1)

i=]

(e

Additionally, the asymmetrical prime-hop sequences have a
length in a time domain of p? chips and can be supported a
maximum of p,(p, —1) simultaneous users.

C.  MAC protocol Analysis

We use the synchronous and random-access protocol for
scheduling packets which is the length of a slot corresponds to
L bits. A number of packets from many sources can be
transmitted over the optical fiber in a single slot.

Moreover, some of the packets arrive at the receiver with bit
errors because multiple-access interference (MAI) occurred by
m simultaneous users increasing. We let P, (m) be the
probability of a bit error when there are m simultaneous
transmissions on the channel. The characteristics of P, (m)
will depend upon the size, weight and family of the OCDMA
code under consideration. Therefore, the probability of
receiving a packet will occur without errors when m
simultaneous transmissions on the channel are given by [7].

Prorecr (M) =1 = P,y (m)} ®)

and the condition of receiving a correct packet is

o {[1 Py (I, 0Sm<p(py D) )
0, pPpp—NSm<e

However, with suitable error-detection capability, at the
receiver can detect and determine if one or more errors have
occurred in the packets. For simplicity, the overhead required
of error-detection is not considered. In a broadcast network,
the sender can independently determine the success or failure
of the transmission and queue the packet for retransmission
after a random delay in the buffer.

From according above, we let M be a random variable that
represents the number of simultaneous in a time slot.
Therefore, the conditional distribution of the number of
successfully received packets S is

my ¢ .
P[S =S5 | M= m] = [S )ﬂimc:(m)[] - Pr:nrrec‘l(m)] iy (7)
The steady-state throughput can be shown in equation (8).

B = EIS]= ELEIS |IMT)= ) mPropecs(m) f(m) ~ (8)

m=1
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Where f,,(m) is the steady-state probability distribution of
composite arrivals, which include new and retransmission
packets in queue. In this article, we assume that the composite
arrival distribution is Poisson arrival with rate 4

Sualmy =D o3 ®
m!
Here, T is the temporal length of the packet.

Additionally, the choice of arrival distribution corresponds
to an infinite user population. Giving y = AT to be the offered
load (average number of attempted transmissions per time
slot), so the throughput becomes

N yal
B=e g__:]umc.(m) - (10)

Then, the delay measured in the average number of retrans-
missions per packet, given by [6]

d=-1_ (1)

ITI. NUMERICAL RESULTS
In this section, we present the numerical results of OCDMA
over WDM systems with and without beat noise. The
asymmetric prime-hop code used with OCDMA chip-rates p? ,
packets lengths set to L =1024 bits and set p, =13 . The
results are shown two parts. The first one, we consider the
effect of the number of available wavelengths(p;), figure 2

and 3. Another is the effect of the comparison of OCDMA
MAC protocol with and without beat noise when using the 2-
D OCDMA over WDM systems, figure 4 and 5. However, it is
based on throughput (£) and delay time (d) versus offered

load (G} .

Throughput

Delay Time

5
2
a0
a
2
E
[] 10 20 30 0 50 60
Offer Load (G)
Figure 4. Throughput versus offered load with and without beat noise
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Figure 5. Delay time versus offered load with and without beat noise

Figure 2 compares the throughput versus offered load of
OCDMA systems occurred without beat noise with p, =13,

py=17 and p, =31 (the available wavelengths),
Figure 2. Throughput versus offered load with p, =17, 31 respectively.
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We can see that the curves of throughput are parallel, but
when a number of available wavelengths ( p, ) increased,
throughput increases.

Figure 3 plots the delay time as a function of the offered
load for difference the number of available wavelengths ( p, )
of OCDMA systems without beat noise. We set, again,
the p, =13, p, =17 and p, =31, respectively. It is shown
that the delay time start to increase at the offered load around
35-40 and then increases exponentially with the offered load.
Additionally, the delay time decrease when the number of
available wavelengths ( p,, ) increased.

Figure 4 shows the throughput with and without the beat
noise versus offered load of OCDMA systems with p, =13
and the available wavelengths p, =17, respectively. It can be
seen that the curves of throughput of without beat noise higher
than the throughput with beat noise. Moreover, it clears that
beat noise strongly affects the system performance and
decreases the amount of simultaneous users.

Figure 5 plots the delay time as a function of the offered
load for difference the number of available wavelengths ( p,)
with and without beat noise. It is shown that the delay time
start to increase at the offered load around 30-35 and then
increases exponentially with the offered load. These means
that beat noise has more effect in OCDMA system. Therefore,
the beat noise is a very big problem and also is a big challenge
how to reduce the beat noise effect in OCDMA systems.

1V. CONCLUSION

We propose performance evaluation of CDMA MAC
protocol with and without beat noise by using 2-D optical
CDMA over WDM networks. We use the asymmetric prime-
hop sequence code. Moreover, we observe the effects of a
number of available wavelengths in terms of average number
of attempting to transmit per time slot (offered load), and also
beat noise in system is considered. The presented numerical

results based on the throg tune versus the
offered load. The results kst the be: ise and prime
code number has more effect’ fﬁ‘%})m&stcm Therefore,
the beat noise is a very big problem and challenges to
researcher who would like to reduce the beat noise effect in
OCDMA systems.
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