
 

  
Abstract— The effect of guard band (GB) on the performance 

of 40 Gb/s Absolute Polar Duty Cycle Division Multiplexing (AP-
DCDM) is investigated and reported. It is demonstrated that the 
spectral width occupied by 40 Gb/s AP-DCDM with GB is 100 
GHz (with minimum spectral efficiency of 0.4 b/s/Hz) whereas, 
this value can be reduced to around 80 GHz for AP-DCDM 
without GB (with minimum spectral efficiency of 0.5 b/s/Hz). In 
addition to better spectral efficiency, this amount of saving in the 
spectral width leads to ~ 60 ps/nm improvement in chromatic 
dispersion tolerance. 
 
 

Index Terms—Optical Communication, Multiplexing, Guard 
Band, Absolute Polar Duty Cycle Division Multiplexing 
 

I. INTRODUCTION 
ueled by the seemingly inexhaustible human appetite for 
more bandwidth per user and, by the new requirements 

that are far less predictable than they have been before, the 
bandwidth utilization moved ever forward. Ever increasing 
demand for up-to-date information in today’s world opens for 
new challenges to the telecommunication researchers to search 
for new technique that is able to support high utilization of 
optical fiber network capacity [1]. Increasing the bandwidth 
utilization can be realized by using advanced modulation 
formats [2-4] or more wavelength division multiplexing 
(WDM) channels [5]. Increasing the bit rate of Time division 
Multiplexing [6] or Absolute Polar Duty Cycle Division 
Multiplexing (AP-DCDM) [7-9] are another alternatives. 

In general, ideal modulation format for long-haul, high 
speed WDM transmission links is the one with compact 
spectrum and good dispersion tolerance [10]. 
Absolute Polar Duty Cycle Division Multiplexing (AP-
DCDM) was introduced in [7-9] as an effective multiplexing 
technique, which allows for increasing the spectral efficiency 

 
Manuscript received Feb 28, 2010.  

A.Malekmohammadi is with the Electrical and Electronic Engineering 
Department, The University of Nottingham, Malaysia Campus (phone: +60-17 
6568014; e-mail: aminmalek_m@ieee.org).  

M. K. Abdullah is the Director and Chief Technology Officer at Significant 
Technologies. 

A. F. Abas is with the Computer and Communication Systems Department, 
University Putra Malaysia. 

G.A.Mahdiraji is with USCI university, Malaysia 

of WDM system. It was highlighted that the superior 
performance made this system to be an excellent candidate to 
be used in long-haul transmission systems. 

The narrow optical spectrum on AP-DCDM reduces the 
inter-channel coherent crosstalk. The possibility of setting 
channel spacing as narrow as 62.5 GHz for 40 Gbit/s AP-
DCDM signal was confirmed [9]. As reported in [9] a 
capacity of 1.28 Tbit/s (32 x 40 Gbit/s) was packed into a 15.5 
nm EDFA gain-band with 0.64 bit/s/Hz spectral efficiency by 
using 10 Gbit/s transmitter and receiver.  

In this paper, for the first time to the best of our knowledge, 
we report a model and numerical study on the influence of 
guard band on an AP-DCDM performance. In this study, 
commercial softwares namely OptiSystem and MATLAB 
were used to access the system performance. The performance 
evaluation of the system is based on Bit Error Rate (BER), 
which is described in [11]. 

 

II. SETUP 
Fig.1 shows the simulation setup. In AP-DCDM with GB, 4 
channels, each at 10 Gb/s with PRBS 210-1 are carved with 
four electrical RZ pulse carver at 1/5, 2/5, 3/5 and 4/5 duty 
cycle, respectively (consider one slot for guard band). In AP-
DCDM without GB, 4 channels, each at 10 Gb/s with PRBS 
210-1 are carved with four electrical RZ pulse carver at 1/4, 
2/4, 3/4 and 4/4 duty cycle, respectively. 

The voltages for all users at the multiplexer input are 
identical. All users’ data are multiplexed via a AP-DCDM 
multiplexer resulting in a multilevel signal. The signals are 
modulated onto a laser diode (LD) signal which operates at 
1550 nm wavelength using a Mach-Zehnder Modulator 
(MZM). The eye diagrams of the modulator output for AP-
DCDM with and without GB are shown in Fig. 2. At the 
receiver side, the optical signal is detected by a photodiode 
and passed through a low-pass filter (LPF) and clock-and-
data-recovery (CDR) unit. The Gaussian low-pass filter is 
used for eliminating the photodiode noises. In the CDR unit, 
the received signal is fed into the sampling circuit. Outputs of 
the sampling circuit are fed into the decision and regeneration 
unit and the decision is performed based on the regeneration 
rules as described in [11]. 
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Fig. 1. Simulation Setup 

 

 
Fig. 2.  Generated eye diagram (a) AP-DCDM with GB (b) AP-DCDM 
without GB 
 

III. RESULT AND DISCUSSION 
Figure 3 shows the receiver sensitivity comparison between 
AP-DCDM with GB and without GB (4 x 10 Gb/s). As 
illustrated in Fig. 3 with reference to AP-DCDM with GB, the 
system power requirement in AP-DCDM without GB can be 
relaxed up to ~ 0.38 dB for the worst channel, due to 5 % 
increment of worst channel duty cycle in AP-DCDM without 
GB. The difference between best channels is around ~0.08 dB 
which is negligibly small (not shown in the graph). 
Comparing the spectral width at the same aggregate bit rate of 
40 Gb/s between AP-DCDM with and without GB, the later 
technique shows 20% spectral width reduction. As shown in 
Fig. 4, the spectral width of 40 Gb/s AP-DCDM with GB is 
100 GHz (with minimum spectral efficiency of 0.4 b/s/Hz), 
whereas, this value is reduced to 80 GHz (with minimum 
spectral efficiency of 0.5 b/s/Hz) for 40 Gb/s AP-DCDM 
without GB. In addition to better spectral efficiency as 
illustrated in Fig. 5, this amount of saving in the spectral 
width leads to ~ 60 ps/nm improvement in chromatic 
dispersion tolerance (Fig. 5). Note that the tolerance 
difference between best channels is less than 1 ps/nm which is 
negligibly small (not shown in the graph). 

 

 
 
Fig.  3.  Receiver sensitivity comparison between AP-DCDM with and 
without GB 
 

 

 
Fig. 4.  Spectral width comparison between AP-DCDM with GB and 

without GB 
 

 
Fig. 5.  Chromatic Dispersion tolerance  comparison between AP-DCDM 

with GB and without GB 
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IV. CONCLUSION 

The influence of guard band (GB) on performance of 40 
Gb/s Absolute Polar Duty Cycle Division multiplexing (AP-
DCDM) is investigated and reported. Comparing the spectral 
width at the same aggregate bit rate of 40 Gb/s between AP-
DCDM with and without GB, the later technique shows 20% 
spectral width reduction. This amount of saving in the spectral 
width leads to ~ 60 ps/nm improvement in chromatic 
dispersion tolerance. 
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