
Abstract-- Without using polarization multiplexing, 114-
Gbit/s D8PSK for 50-GHz WDM grid has been successfully 
demonstrated and transmitted over SSMF of 500 km. For 
each WDM channel, 2 subcarriers with D8PSK modulation 
are employed to enhance the dispersion tolerance. 

I.  INTRODUCTION

Based on differential quadrature phase shift keying 
(DQPSK) technique, direct detected 100-Gbit/s 
transmission systems have been widely implemented in 
recent years [1]. However, the spectral width of a 100-
Gbit/s DQPSK signal is too broad to fit into a 50-GHz 
WDM grid employed by most of current transport 
networks. DQPSK with polarization multiplexing (PDM-
DQPSK) has been proposed to meet this requirement [2, 
3]. However, PDM requires automatic polarization 
tracking technique to track the randomly changed 
polarization state of the transmitted optical signals, which 
is quite complicated and very sensitive to polarization 
mode dispersion (PMD) [4]. Alternatively, coherent 
detection has to be used. But real time implementation is 
still a challenge. Therefore, modulation formats with 
higher spectral efficiency than DQPSK but without 
polarization multiplexing and polarization tracking are 
highly desired [5, 6]. 

In this paper, we report a 114-Gbit/s transmission 
system using non-return-zero (NRZ) differential 8-phase 
shift keying (NRZ-D8PSK) with 2 subcarriers (2SC-
NRZ-D8PSK) for 50-GHz WDM grid. Without using 
PDM, the system is solely dependent on optical filtering 
to meet the requirement of 50-GHz WDM grid. 

II.  EXPERIMENT SETUP

The experiment setup is shown in Fig. 1. The 114-
Gbit/s 8PSK transmitter consists of one DQPSK 
modulator and one phase modulator. The DQPSK 
modulator is driven by two 19-Gbit/s data streams for I/Q 
modulation and the phase modulator is driven by another 
19-Gbit/s data stream to provide 0/ /4 phase modulation, 
which then produce a 57-Gbit/s 8PSK signal in non-
return-zero (NRZ) format. Two 8PSK transmitters are 
used at the transmitter site to produce two modulated 
subcarriers in one 50-GHz WDM channel. Each of the 
two transmitters modulates three wavelengths in 50-GHz 
spacing. The wavelengths modulated by one transmitter 
are offset by -12.5-GHz and by +12.5-GHz for the other 
transmitter to the corresponding 50-GHz WDM grid. The 
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Fig.1 System diagram of 114-Gbit/s 2SC-NRZ-D8PSK Signals 
Transmission for 50 GHz WDM grid without polarization multiplexing.  

outputs of the two transmitters are combined by using a 
25-GHz flat-top interleaver (ITL) with its channel center 
frequency offset by +12.5-GHz. Therefore, two 
subcarriers are fitted into a 50-GHz WDM channel with 
each subcarrier carrying 57-Gbit/s data stream. 114-
Gbit/s 2SC-D8PSK transmitter is then implemented for 
50-GHz WDM grid without using polarization 
multiplexing and polarization tracking. 

The six multiplexed subcarriers of the three WDM 
channels are amplified first by a boost amplifier and then 
launched into a 500 km transmission link which consists 
of 6 spans of SSMF with link length of 80 km or 100 km 
and with corresponding dispersion compensation module 
(DCM) in each span. The loss of each span is 
compensated by Erbium doped fiber amplifier (EDFA). 

At the receiver site, the 6 subcarriers are first de-
multiplexed optically to 50-GHz spacing by another 25-
GHz interleaver and then amplified by a pre-amplifier. 
Then the measured subcarrier is selected by a tunable 
optical filter (TOF) with 40-GHz bandwidth to further 
increase the optical signal-to-noise-ratio (OSNR) of the 
signals. The received 8PSK signal on the selected 
subcarrier is then demodulated by two DQPSK 
demodulators with a free spectral range of about 19 GHz 
and then detected directly by an integrated balanced 
photo-receiver. The two DQPSK demodulators output 
four different data streams corresponding to the 
measurements by applying a phase-offset of -3 /8, - /8,

/8 and 3 /8, respectively, to one arm of the delay 
interferometer inside the DQPSK demodulators. Two of 
them are two of the three D8PSK tributaries. The third 
D8PSK tributary is the result of an exclusive-OR (XOR) 
operation on the remaining two data streams. The 19-
Gbit/s data streams are then electrically de-multiplexed 
into four 4.75-Gbit/s data streams by using a 1:4 
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electrical DEMUX. The measurement of bit-error-rate 
(BER) can then be performed at 4.75-Gbit/s data streams 
after clock recovery by a clock recovery unit (CRU). 

III.  RESULTS AND DISCUSSION

NRZ-D8PSK signal employed in this experiment setup 
shows narrow spectral width and enables us to 
accommodate 2 subcarriers carrying 114-Gbit/s data in 
one 50-GHz WDM channel. Fig. 2(a) shows the spectrum 
of the measured NRZ-D8PSK signal of one subcarrier 
carrying 57-Gbit/s data with and without optical filtering. 
The measured eye-diagram of this NRZ-D8PSK signal is 
shown in the inset of Fig. 1. One of the disadvantages of 
using NRZ-D8PSK is that NRZ signal is quite sensitive 
to inter-symbol-interference (ISI) and hence very 
sensitive to the impairment due to filtering. As shown in 
Fig. 2(a), the un-filtered NRZ-D8PSK has some side-
lobes which have to be filtered out to avoid adjacent 
channel crosstalk. The 25-GHz interleavers employed in 
the experiment setup perform this work very well but 
they also introduce some impairment due to their strong 
filtering effect. To quantify the impairment due to strong 
filtering effect, measurements of back-to-back (BTB) 
OSNR tolerance for several different testing conditions 
are performed, as shown in Fig. 2(b). The measured 
signal power shown in Fig. 2(b) is one subcarrier carrying 
57-Gbit/s data within a bandwidth of 0.5 nm and the 
noise is measured within a bandwidth of 0.1 nm. 

With just one TOF, the BTB OSNR tolerance of un-
filtered 57-Gbit/s NRZ-D8PSK is shown to be 20.7 dB 
for a BER of 1E-3. With one 25-GHz interleaver included, 
the BTB OSNR tolerance is 21.6 dB, resulting in an 
OSNR penalty of about 0.9 dB due to the strong filtering 
effect of the interleaver. Moreover, the measured two 
BER curves are not parallel to each other, showing larger 
OSNR penalty to achieve lower BER. The impairment 
due to strong filtering effect is then shown to be more 
obvious and detrimental at high OSNR scenario. 
Comparing to the case with just one interleaver, 
introduction of another 25-GHz interleaver results in 
OSNR penalty as well, about 0.7 dB for a BER of 1E-3. 
This penalty is almost the same for all the measured BER. 
When the two subcarriers in one 50-GHz WDM channel 
are both turned on, the measured BTB OSNR tolerance is 
about 22.4 dB. The crosstalk between the two subcarriers 
results in an OSNR penalty of about 0.1 dB only, 
showing that the adjacent channel crosstalk is eliminated 
very well by the 25-GHz interleavers. 

The dispersion of the link is compensated completely. 
The optimum launched optical power is shown to be 0 
dBm per 50-GHz WDM channel and hence -3 dBm per 
subcarrier. When the launched optical power is higher 
than this value, the measured BER is getting worse as the 
launched optical increases, showing that the impairment 
due to fiber nonlinearity becomes more and more 
detrimental. With this optimum launched optical power, 
the measured BER can reach 1.7E-3 with a measured 
received OSNR of about 21.4 dB after the transmission of 
the 500 km SSMF link. 

IV.  CONCLUSIONS

We have successfully demonstrated an implementation 
of 114-Gbit/s 2SC-NRZ-D8PSK transmission system for 
50-GHz WDM grid without using polarization 
multiplexing, which enables 114-Gbit/s transmission over 
500 km SSMF link in a 50-GHz WDM channel. 
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Fig. 2 The measured (a) optical spectrum of one subcarrier (SC) of 
8PSK signal with and without optical filtering; (b) BTB OSNR 
tolerance for various optical filtering schemes. 
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