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Abstract — The purpose of this work is to describe rad
demonstrate a new concept of a hybrid communication
system, which consists of applying electrical CDMAon a
system using optical WDM. Each user has a unique
orthogonal CDMA code and modulates an electrical caer
(e.g. QPSK) prior to the data directly modulating a optical
carrier. Thus, it is possible to add several data @nnels in a
optical fiber, over the same or different optical arriers, and
recover the information associated to each of thehannels.
With this approach we can avoid the use of opticdilters at
reception, making the system more flexible and rokst.

Index Terms — CDMA, PON, RoF, WDM.

|. INTRODUCTION

In recent years we have seen the growing importafce
optical solutions in telecommunications systemg, the
use of Wavelength Division Multiplexing (WDM). lush
systems, multiple optical carriers are used tostrandata
in a shared medium, the optical fiber, increashmey total
bit rate transmitted. At reception, optical filtenee needed
to select each channel before the signal is copddd the
electrical domain, in the photodiode, and allow ttega
recovery.

Alternatively, we propose the use of Code Division
Multiple Access (CDMA) associated to each channel,
making its data recovery possible, after detectiithout
using optical filters. Each user has a unique auinal
CDMA code modulating an electrical carrier (e.g.SB®.
This electrical signal is used to directly modulatee or
several lasers. Thus, we can have the several elsaower
one or multiple optical carriers, sharing the saopécal
fiber. With this approach, we can avoid the useftfcal
filters making the system more flexible (e.g. chemdn
channel spacing) and robust (e.g. variations ofcémeral
frequency of the optical carriers).

Il. CODEDIVISION MULTIPLE ACCESS

Code Division Multiple Access is a shared medium
access technique and a 3GPP specification thaidislywv
used in countries like Korea, Japan, U.S.A. andoedir

Europe as part of an effort of standardization hirdt
generation (3G) communications systems 1. This
technique allows multiple accesses by assigningatch
data channel a unique coding sequence so thatradsha
medium can be used in the same time slot and freyue
The spreading operation increases the signal’svadtta
and should only be used if enough bandwidth islabks.
The signal’'s power spectrum is spread by a facatlied
the spreading factor (SF). It is defined a#BB where B
and B are, respectively, the signal's original and after
spreading bandwidths. The most used orthogonal s;ode
also called channelization codes, in third genenati
systems are based on the orthogonal variable spgead
factor (OVSF) technique. The use of this technigilewvs

the change of SF, maintaining the orthogonal prigeer
between the codes. These codes (also called Walsh-
Hadarmard codes) are obtained as shown in figure 1:
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Figure 1 — Spreading Codes tree 1.

I1l. PERFORMANCEASSESSMENT

The overlap of information from different connecitso
leads to a multilevel signal. So, it is clear thatypical
simple quality factor (Q) analysis cannot be perfed. To
analyze this type of signal, another approach niest
made, which should consider the different transgio
between the m+1 levels of the signal (from m signal
present and added). Considering each state thaltses
from coding, each transition will have an associatge
diagram (for example, if 3 signals are added, theyald
be 4 possible levels, corresponding to 6 transtiand 6
different eye diagrams) as shown in figure 2
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Eye Diageam

Figure 2 — Multilevel Eye diagram.

Thus, each transition will correspond to an error
probability and to a transition probability. Thearsition
probability will depend on the number of chips gmsin
levels m and m+1. Therefore, can be given by 2:

_szmem+1

(Q)= 1)
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Q, represents the quality factor associated to ttiansi.
The factor 2 accounts for the bi-directionality thfe
transitions (from m to m+1 and m+1 to m). With elua
probable symboals, the final CER can be given by 2:

CERora. = Z Perror (Qn ) X Rrangion (Qn) (2)

n=1

This total CER results from the product of eachghti
Prransmions Of the eyes, by the error probability associated

to each eye:
1
S

CER theoretical analysis presented above is orllg fa
the resulting signal presents a Gaussian distdbutin

3)
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IV. SIMULATIONS AND RESULTS

In order to simulate the CDMA/WDM system, CDMA
coding blocks and optical components were modédiad.
data is coded, converted from the electrical todpical
domain using a directly modulated laser (channetisg
of 25 GHz, 1550 nm neighborhood), inserted into an
optical fiber and converted back to the electramhain at
the photodiode (PIN). The blocks before the laser
represent the electrical data channels, generateahdom
bit streams, and followed by CDMA codification and
QPSK modulation (CDMA block). These electrical sitn
will directly modulate its dedicated laser, eachhwits
unique optical carrier wavelength. After being adidle a
span of fiber the signal is detected at a PIN withbe use
of optical filters. After QPSK demodulation and ¢ef the
CDMA codification is reversed, CER estimation
performed on the resulting multilevel signal.

The QPSK carrier frequency is 2.2 GHz and the el us
was 8, thus using 8 bit CDMA words. The bit rat8.i84
Mb/s. All the obtained results were based on the st
topology presented in figure 4 (considering for iaity
only two users):
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Figure 4 — Simulation Schematic.

In the following we quantify the maximum achievable
distance, considering the lasers’ chirp effect. Tsed

order to assess the validity of this assumption, 8|5ser is directly modulated, biased at 70 mA anth i

connections were overlapped. The resultant histogra
with Gaussian curves superimposed is shown in digyr
validating the assumption:

Histogram

Amplitude (a.u.)

Figure 3 — Multilevel signal histogram. Black linerresponds to
equivalent Gaussian curves with adjusted mean,irdpland standard
deviation values.

peak-to-peak currenty) of 20 mA. The connection to the
adder is made using 100 m of standard single mibeée f
(SSMF), for each connection, and the length ofSBMF

link that connects to the PIN is the variable tadgt The
obtained CER is presented in figures 5 (a) and (b),
respectively for 100 MHz/mA chirp and no chirp,
considering 1 mW of mean power for each laser:
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Figure 5a — CER vs. fiber length with Chirp (L0O0OMiHA) and 1 mW.
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CER below 10. Without chirp (figure 6 (b)) it is possible
to achieve 40 km of fiber with CER lower thani®10

The performance degradation introduced with chap c
be noticed observing figure 7, where we present GER
function of laser chirp, considering 6 users, 1 rakd 10
mW of mean power per laser ang=ROmA:
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Analyzing these results, we confirm that the lastirp 1" o 1omw
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effect introduces a great limitation (LASER chirgllw 0@ 4 @ w 10 o ti0 150 1@ W
cause instantaneous frequency deviations on the RF cnp (i
carrier, deleterious to the QPSK modulation used).
Considering 6 users, with 100 MHz/mA chirp (figuse
(a)) it's possible to achieve 4 km of fiber with Ribelow
10°. Without chirp (figure 5 (b)) it is possible toraeve a
fiber length of 20 km with CER lower than™10

Next, the obtained CER is presented in figures)&(al
(b), respectively for 100 MHz/mA chirp and no chirp
after increasing the mean power of each laser @0

Figure 7 — CER vs. Chirp with 1 mW and 10 mW LASg®wver.

Also notice from this results, the power fadingeeff
(figure 6), associated to RF propagation over fiber

The performance degradation induced by increadieg t
users’ Bit Rates (without chirp) can be noticedesbimg
figure 8, where we present CER as a function ofBhe
Rate, considering 2 to 6 users, 10 mW of mean ppeer
laser, J=20 mA, 1 km of SSMF linking each LASER to

o e the adder and 5 km of SSMF for the link that cotmnéue
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Figure 8 — CER vs Bit Rate (without Chirp and 10 hASER power).
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Figure 6b — CER vs fiber length without chirp ariraw. to send information over an optical shared medium,

combining electrical CDMA and optical WDM. A fiber

length of 20 km may be achieved (CER under 10-9),
Analyzing these results, we confirm that the main without laser chirp, for 6 data channels (3.84 MB/&=8)
limitation is the LASER chirp effect although some and 1 mW mean power. The achieved distance is Idwer
improvements can be observed. With 100 MHz/mA chirp we consider chirp, 4 km in the conditions referréy.

(figure 6 (a)) it is possible to achieve 6 km diefi with ~ increasing the LASER’s mean power to 10 mW, a fiber
length of 40 km may be achieved (CER under 10-9),
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without laser chirp, for 6 data channels (3.84 MB/iS=8). REFERENCES
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