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Abstract: We show that Polarization-Time codes can mitigate PDL impairments in long-haul 

OFDM systems. Coding gains are maintained in weakly non-linear regime and no extra penalty 

is added when non-linear effects become severe. 
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1. Introduction 

Polarization Division Multiplexed (PDM) coherent systems are currently the most investigated solutions for 

long-haul optical fiber transmissions because of the high achieved spectral efficiency. First real-time PDM-

QPSK systems have been reported at 100Gb/s. Orthogonal Frequency Division Multiplexing (OFDM) is 

presented as an alternative solution to single-carrier QPSK formats [1]. OFDM eliminates all the interference 

due to dispersive effects: Chromatic Dispersion (CD) and Polarization Mode Dispersion (PMD), with the use of 

a guard interval, known as cyclic prefix. By sending and receiving data on two orthogonal polarizations, we can 

represent PDM-OFDM systems as 2x2 Multi-Input-Multi-Output (MIMO) channels. Hence, Space-Time (ST) 

coding can be easily applied to mitigate Polarization Dependent Loss (PDL) [2]. Unlike CD and PMD, PDL is a 

non-unitary distortion and cannot be efficiently mitigated by the same digital equalization techniques. 

      In this paper, we present the performance of a Polarization-Time (PT) coded PDM-OFDM system, taking 

into account linear and non-linear transmission effects. The results show that non-linear effects induce no extra 

penalty when PT coding is used, compared to the uncoded case. The Q-penalties of the Golden-, Silver- and un- 

coded schemes have been investigated for various PDL values. 

2.  Optical Channel Model 

A dual-polarization optical fiber transmission system can be described by the following equation where    

(resp.   ) is the complex envelope of the electrical field on the x (resp. y) polarization [3]: 

     

  
   

 

 
          

     

  
 
   
 

      

   
            

 
 
 

 
      

 
               

where   is the transmission loss,       is the group velocity of x (resp. y) polarization,    the CD parameter and 

    the optical Kerr non-linearity coefficient. Due to linear birefringence, group velocities     and     are 

different resulting in PMD effect. The fiber link consists of 20x100km-fiber spans without in-line dispersion 

compensation. Each span is followed by an optical amplifier that adds ASE noise modeled as white Gaussian.  

      Besides optical fiber impairments, in-line components such as connectors, amplifiers, etc. introduce a 

random fading effect known as PDL. Different PDL models exist in literature where only PDL is taken into 

account [4]. We will use a simple model given by the following matrix: 

          
     

     
              

where    and    are two random rotation matrices with uniform distributions in [0,2π], and   is related to the 

total PDL of the link     (            
    

    
). We consider constant     values in the range of 0 to 6 dB. 

      Space-Time coding or more appropriately PT coding in our context, was proven to be theoretically [2] and 

experimentally [5] effective in mitigating PDL. The performance of the Golden code and the Silver code, the 

two best codes for 2x2 MIMO Rayleigh fading channel, was investigated. The principle of PT coding is to 

transmit linear combinations of data symbols on different polarizations and different channel uses. However, the 

mentioned works were limited to a linear channel model with additive white Gaussian noise. In our case, we 

consider a complete OFDM system along with linear and non-linear fiber effects. Still, since no common in-line 

distributed PDL model exists in literature, we proposed to carry on with a local PDL model. A 40Gb/s PDM-

OFDM transmission was simulated and the used simulation parameters are summarized in Table 1. 



Table 1 - Simulation parameters related to the channel on the left and to the modulation format on the right 

Transmission Loss  0.2 dB/km Total bit-rate 40 Gb/s 

Chromatic Dispersion  17 ps/nm/km OFDM subcarriers 256 

Average PMD 1 ps/    Cyclic prefix 38 samples 

    0-6 dB OFDM symbol duration 25.7 ns 

    1.5         Training sequence 32  OFDM Symbols 

      Before each 500 data OFDM symbols, we send a 32 symbols long training sequence to estimate the channel 

as in [6]. At the receiver, we start with cyclic prefix removal and OFDM demultiplexing. Then, channel 

coefficients are estimated and Maximum Likelihood (ML) decoding of the received data symbols is performed. 

Finally, bit error rates (BER) are computed. 

3. Simulation Results 

 

 

 

 

 

 

 

 

 

 

 

 

In Fig.1, we compare the performance of the Silver-code to the uncoded scheme in the case of a linear and non-

linear channel for a PDL of 6dB. When non-linearity is considered, BER curves are bell-shaped and we can 

distinguish 3 regimes: a weak, a medium and a severe non-linear regime. Below a certain input power threshold 

(-7dBm), the obtained performance perfectly matches the curve of the linear model. Then, if we increase the 

input power until -3dBm, we observe a transient behavior of the curves where a minimum BER is reached. 

Beyond, we enter a severe non-linear regime where BERs are totally deteriorated for both schemes. By 

comparing the coded and uncoded cases, we clearly see the efficiency of the Silver code in mitigating PDL. A 

2.2dB coding gain is observed at BER=10
-3

. This value match the obtained gain in [2] and [5]. Furthermore, at 

an input power of -5dBm, corresponding to a total OSNR of 14 dB, an optimal BER of 5.10
-6

 is achieved with 

the Silver code. Hence, PT coding do not add any extra penalty in presence of non-linear effects. In Fig.2, we 

show the Q-penalties at the optimal BER for the Golden-, Silver- and un-coded schemes for different PDL 

values. Optimal BER are converted to Q-values and penalties are computed with regard to an uncoded scheme 

and a PDL-free link. We notice that penalties are smaller when PT coding is used. A 3dB Q-penalty is obtained 

without coding for PDL= 6dB, whereas the penalty is only 1.3 dB with the Silver code. 

 4. Conclusion 

In this paper, we have tested the performance of PT coding in a complete PDM-OFDM transmission system. We 

have seen that this format resists to non-linear effects for normally used input power values. Further 

investigation of these results is required through the use of a distributed PDL model in order to take in account 

any interaction of PDL with ASE noise and non-linear effects.  
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Fig.1 - BER evolution of Silver-coded and un-coded scenarios versus 

launched power after 2000km (PDL = 6dB). 

Fig.2 - Q-penalty induced by PDL after 2000 km (with regard to 

an uncoded scheme with PDL = 0 dB). 


