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Abstract: - In this paper a theoretical study is conducted regarding the effect of OOFDM in radio over fiber
networks (RoF). The system was simulated at 50Gbps for a transmission distance of 1000km over standard
single mode fiber. A performance analysis was conducted to compare the performance of direct detection and
coherent detection schemes in terms of their BER, dispersion tolerance and Q factor. The improvement in
performance with the use of polarization diversity schemes in CO-OFDM is studied. The study was conducted
with QAM and DPSK modulations. The effect of local oscillator power in coherent detection, and that of the
laser launch power are studied. The study also shows the slight degradation in performance with increase in
subcarrier.
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1 INTRODUCTION

There has been a drastic increase in the demand for high speed communication with mobile
connectivity. High speed communication has been traditionally facilitated over wired infrastructure , particularly
optical fiber, while mobile communication is supported by wireless infrastructure. But the wireless network has
severe performance degradation due to interference, low data rate etc. The design of communication networks
that feature high-speed and mobility is facilitated by radio over fiber networks [1].

Orthogonal frequency division multiplexing (OFDM) has been an important candidate in wireless
communication since many years. Recently optical OFDM has emerged as a new trend in optical
communication networks to combat the effects of dispersion in optical fiber[2][5][6]. Optical OFDM is mainly
classified into direct detection system and coherent detection system. In direct detection system a single
photodiode is used , While in coherent detection the principle of optical mixing is utilized with local oscillator
and optical hybrid. The superior performance of CO-OFDM in terms of its dispersion tolerance and OSNR
requirements makes it a suitable candidate for long haul networks.

Coherent reception requires that the polarization of local oscillator should be matched with that of the
received signal .Otherwise severe performance degradation results. The state of polarization of light travelling
through the conventional fiber varies randomly. Hence polarization tracking device is necessary at the receiver,
which is impractical in field application. Another alternative is to split the received light into two orthogonal
polarizations and process in separate branches of the receiver. The performance of such a diversity receiver
would be independent of the state of polarization of the received signal [3] [4].

The paper presents a performance analysis of a coherent optical OFDM system in terms of its BER.
Also a performance comparison is done to show the significance of polarization diversity scheme in coherent
architecture. A detailed description of CO- OFDM system is given in section 2. Section 3 details the
simulations. The results and discussions are given in section 4 and the paper is concluded in section 5.

. PRINCIPLE OF CO-OFDM

Orthogonal frequency division multiplexing (OFDM) has been extensively used in wireless
communication since many years, due to its excellent immunity to multipath fading effects and frequency
selective fading. Recently an optical equivalent for such a system has emerged, known as CO-OFDM. This
combines the advantages of coherent detection as well as that of OFDM.

OFDM is a multicarrier modulation technique, where the sub carriers are mutually orthogonal to one
another. The main principle of OFDM involves the conversion of a serial data stream into a set of parallel data
streams of longer time duration[ 7]. In CO-OFDM transmitter section, the data is first mapped into any
constellation like QAM or PSK and is then passed on to an IFFT modulator, to obtain the OFDM spectrum. The
easy implementation of OFDM using IFFT modulation, is an important attraction for this architecture. The data
is then directly up converted to optical frequency. Thus the electrical bandwidth requirement and thus the cost of
transceiver is greatly reduced in CO OFDM. The block diagram of CO-OFDM is shown in Fig 1.
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Fig 1: Block diagram of CO-OFDM

The receiver section uses two balanced receivers for photodetection. It is followed by the OFDM
demodulator section. Coherent requires that the state of polarization of the incoming light wave be same as that
of the LO light wave .Otherwise severe performance degradation results. The SOP of the light wave changes
randomly as it propagates through the conventional fiber, due to structural and temperature changes. Hence

either mannual polarization tracking is needed at the receiver, or else the reception has to be made
independent of the received polarization, using polarization diversity schemes[4].

1. SIMULATIONS
In order to compare analyze the performance of CO-OFDM, a coherent system was simulated with conventional
QAM modulation format and a similar system was simulated with CO-OFDM modulation. The simulations
were done in versatile optical simulation software.

Fig 2: Layout of CO-OFDM system

A 4 QAM coherent optical OFDM system was simulated with 8192 samples at 50 gbps . The number
of subcarriers used for OFDM was 4 and no additional cyclic prefix was added. The modulation format used
was 4 QAM, and transmission was achieved over a distance of 1000km with a Q factor of 8.62 decibel and a
BER of 4.2x 10" The performance of above described CO-OOFDM system was compared with that of a
coherent detection QAM system for the same transmission distance and data rate

The layout of simulation of CO-OFDM is shown in fig 2, the layout of CO QAM is similar , except the
absence of IFFT modulator( hence it is not shown here). The performance of QAM system was inferior to that
of OFDM with a BER of 3X10? and a Q factor of 5dB . The effect of subcarrier count and the laser launch
power in BER of the system was also analyzed with the same layout shown in Fig 2.
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Fig 3: Spectrum of 4 QAM CO-OFDM

In order to improve the performance of coherent OFDM system, the receiver structure is made
independent of the incoming polarization by using polarization diversity schemes. As shown in above fig at the
transmit end, only one

optical OFDM transmitter is used. However,

compared with the previous system, the two orthogonal polarizations are separately detected in the
receiver section. The receiver shown in fig is the so-called polarization diversity receiver. As such, there is no
need for optical polarization control. Therefore, the system is resilient to PMD when the polarization-diversity
receiver is used.

The above shown layout in Fig 4: was simulated with 8192 samples at 50 gbps and the transmission
distance is 1000km over standard single mode fiber (SSMF). In order to study the effect of PMD tolerance an
additional DGD of 71 ps was added with a PMD emulator. There was no dispersion compensation technique
used. The number of subcarriers used is 64 for OFDM. The BER of the system is 3.3 X 10-5 and Q factor is
11.36 dB . A similar layout was simulated
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Fig 4: Layout of CO-OFDM with receive diversity
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with 4 QAM modulation, i.e. 4 subcarriers, The BER obtained was 4.6 x 10-6 . When compared with
64 QAM COOOFDM it can be observed that the system BER decreases for 4 QAM system. That is as the
number of subcarriers increases the BER decreases. The same layout was simulated for higher values of DGD
and 300ps was found to be the maximum tolerable DGD.

Another system, employing polarization diversity transmitter was simulated for same data rate and
transmission conditions. The BER obtained was 7.1 X 10-4. The Q factor obtained is 10 dB.The performance
analysis of an intensity modulation direct detection OOFDM system was also done using DPSK modulation.
The performance was observed to be inferior compared to its coherent counterparts. A BER of 9 X 102 was
obtained for the system.
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Fig 5: Layout of polarlzatlon diversity transmitter section in transmlt diversity architecture (4 QAM)

V. RESULTS AND DISCUSSIONS

In the above simulations, no dispersion compensation mechanisms were used. It allows the reuse of
conventional standard single mode fibers in long haul networks. The use of OOFDM in radio over fiber
networks evidently showed superior performance compared to conventional QAM modulation.

The effect of local oscillator power and laser launch power was observed to be have opposite effects on
symbol error of the system. While increase in LO power reduced the symbol error , launch power seemed to
increase the symbol error. The LO power increases OSNR at the receiver while launch power causes increase in
fiber nonlinearity.

Another observation is the increase in BER with increase in subcarrier count. The reason is the
increase in carrier offset problems due to increased number of carriers.
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Fig 6: Effect of subcarrier count in OFDM
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Fig 7: (a) Variation of symbol error with laser launch power (b) variation of symbol error with local
oscillator power

The simulation results shows the superior performance of OOFDM system over other conventional transmission
system. The use of polarization diversity scheme further improve the performance of COOFDM.
The comparison of performance of different architectures simulated are summarized in Table 1.

Table 1: Comparison of performance

Architacturs Modulation Lannch power | Syvmbol arror BER Q Factor PMD Rasilancs

format (dbm)

(db)

Diract detaction | DPSK 20 068 1.1x10"-2 <3 no
Simple 40QAM 0 .008 42X107-3 8.39 No
COOFDM
COOFDM- 4 QAM -10 09X10= 1.8X10~ 12.02 vas
racaiva divearsity
COOFDM- 64 QAM 20 2000202 3.3X10= 11.36 Yas
racaive diversity
COOFDM- 40QANM 0 00142 Tx1074 10.04 Yas
tra.nsmitldiva'sity

V. CONCLUSION

The simulations were done at 50 gbps and a transmission distance of 1000km was studied through
SSMF. The use of COOFDM allows the use of SSMF in long haul networks without any dispersion
compensation technique. The dispersion tolerance of the OOFDM system is superior compared to conventional
modulation techniques.

The coherent detection OFDM exhibits a Q factor improvement of about 9 db compared to direct
detection. The use of polarization diversity schemes further improve the performance of CO-OFDM. The use of
Polarization diversity schemes showed excellent PMD tolerance of about 300ps and still maintaining a
satisfactory BER performance of about 10° . The receive diversity architecture exhibits best BER performance
compared to other transmit diversity scheme.
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