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Purpose of the work

Verify the viability of NRZ, RZ and CSRZ  for ultra-high 

spectral efficiency DWDM transmission at a FEC-inclusive  

line-rate of 42.65 Gbit/s.

Optimization of transmitters and receivers for each 

modulation format evaluating the optimal bandwidths for 

optical and electrical filters.

Test of set-ups based on the use of a narrow optical filter 

at the transmission side and/or on the launch of spectrally 

adjacent channels on alternated orthogonal polarization.

Theoretical results on optimum (matched-filter) receiver  

are used as a reference for comparisons.
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Transmitters
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Reference: back-to-back ASE limited system
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Optimum performance: matched filter receiver
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System setup: no TX optical filter
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Contour plot of Qpenalty surface (Df=75 GHz)
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Results without TX filter co-pol

0

1

2

3

4

5

30 40 50 60 70 80 90 100 110 120

Channel spacing [GHz]

Q
 p

e
n

a
lt

y
 [

d
B

]

 NRZ

RZ 

CSRZ

4.2



Paper P3.07 9

X-pol in order to improve performance

In order to improve system performance we 

tested the transmission of spectrally adjacent 

channels on alternate orthogonal polarization 
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Results without TX filter X-pol
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Comments on setups without TX filter

Without the use of a narrow transmission optical filter 

none of the analyzed modulation formats is suitable 

for transmission with Df = 50 GHz and Qpenalty < 1 dB.

In this case the use of alternate orthogonal polarization  for 

spectrally adjacent channels (X-pol) may improve 

performance.

Among the analyzed modulation formats the one with  

best performance is NRZ, that in the X-pol case allows 

transmission at Df = 50 GHz with Qpenalty = 1.5 dB.
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Using narrow TX optical filter
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Contour plot of Qpenalty surface (Df=75 GHz)
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Results with TX filter co-pol
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What happens to RZ?

Noiseless eye-diagram after TX filter
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What happens to CSRZ? 
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Results with TX filter X-pol
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Comments on the use of TX optical filter

 TX optical filter gives advantages to RZ and CSRZ.

 TX optical filter may transform CSRZ into a duobinary coded NRZ

with narrow spectral occupancy that allows its use down to Df=50 GHz 

with Qpenalty=0.5 dB without launch of alternate orthogonal polarization.

 RZ becomes NRZ with pulse shape given by the tx optical filter 

implying the RX optical filter is almost matched to the pulse. It implies 

better performance than NRZ even if Qpenalty=0.5 dB with Df=50 GHz 

needs launch of alternate orthogonal polarization.

 NRZ does not experience large performance improvements with 

the use of TX optical filters. Using this system configuration NRZ has the 

worst performance among the three analyzed formats, even if launch of  

alternate orthogonal polarization on adjacent channels is used.
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Summary of results
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Conclusions

Standard (no TX filter) RZ and CSRZ modulation 
formats are not suitable for use in UDWDM 
systems with Df < 100 GHz, while standard NRZ 
can go down to Df  75 GHz with Qpenalty = 1 dB.

Introducing an optical filter at the transmitter side, 
RZ and CSRZ can reach Df = 50 GHz with a 

penalty smaller than 0.5 dB. Good performance of 
CSRZ is due to duobinary coding introduced by the 
TX optical filter, while RZ performs well because it 
becomes NRZ with pulse shape almost matched to 
the RX optical filter.
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