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ABSTRACT 
 
Dual-polarized data transmission promises to double the system capacity by transmitting independent 
signals simultaneously on both polarizations in the same channel. However, the polarization 
orthogonality of the propagation field can not always be perfectly preserved in various environments. 
Also the antenna and waveguide networks may not be able to achieve absolute polarization isolation. 
Therefore cross-polarization interference becomes a severe source of performance degradation in 
dual-polar systems.  
 
This paper presents an all-digital design of the cross-polarization interference canceller (XPIC or 
CPIC). This canceller is designed to remove the cross-polar interference so that comparable 
performance to single-polar system can be achieved for each polarization. Specifically, this digital 
design aims for 
 

• Mitigating the cross-polarization interference caused primarily by antenna orientation. 
(Delay between the signals from both polarizations is considered insignificant.) 

• Can operate with time varying cross-polar interference varying at rates of 2-3 Hz and 
beyond.   

• Initial isolation can be as low as 10 dB.    
• Is well suited to an all digital modem where clocking from the A/D is independent of 

symbol timing recovery clocks.   
 
 

ALGORITHM AND IMPLEMENTATION 
 
The cross-polar interference canceller is designed as a digitally implemented module that can be 
readily integrated into various digital demodulators. As illustrated in Figure 1, the module should 
be plugged in right after the A/D converters and before all other demodulation modules. The 
integration is highly straight-forward since no changes will be required for the down-the-line 
symbol timing recovery and carrier recovery modules. 
 
In dual-polarized transmission, two independent signals travel in horizontal and vertical polarizations. 
In each polarization, there are two orthogonal rails which we generally name as I channel and Q 
channel. As such the dual-polarized transmission can also be viewed as a 4-D transmission, with four 
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independent signals traveling in four orthogonal channels. In our implementation, we assume the 
analog signals from both polarizations are converted into digital signals using four A/D 
converters locking to the same sample clock (CLK) (This may be 2X of the highest symbol 
CLK). Here for convenience, we name the two channels in horizontal polarization as I1 channel and 
Q1 channel, and the two channels in vertical polarization as I2 channel and Q2 channel.  
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Figure 1.  Plugging in the Cross-polar interference canceller in to the digital demodulators 
 

 
The imperfect propagation field and antenna alignment issue causes cross-polar interference. 
Additionally, even within a single polarization, the received I channel and Q channel signals may not 
be perfectly orthogonal causing interference. Our interference canceller design aims at taking out both 
cross-polar interference and the I-Q channel interference using one algorithm. To better explain the 
algorithm that is applied to the entire 4-D canceller, here we start with an example of I-Q channel 
interference canceller. This 2-D interference canceller is illustrated in Figure 2. The key is to measure 
the correlation between the I channel and the Q channel signals, which indicates the leakage of one 
channel into the other. A correlation measurement is generated by taking the product of I with Q and 
low pass filtering (LPF) the result.  This measured correlation value is subsequently sent through an 
integrator (or a proportional integral (PI) element). The output of the PI element is then negated (G1) 
and multiplied to each I channel sample to generate a correction term. The correction term is then 
added to each Q channel sample to remove the interference. The bandwidth of the filter and gains on 
the PI elements are chosen to track the desired rate of the variation of the interference (nominally 2-3 
Hz). The interference removal makes the Q channel orthogonal to I channel, (and vice versa).  There 
is no need to phase align the complex I/Q channels as this is part of the carrier phase recovery 
operation to be done in the modem. 
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Note that, other than performing the I-Q channel interference cancellation to reestablish the 
orthogonality between the I and Q channels, the canceller also performs amplitude equalization (to 
insure equal amplitudes in I and Q channels) as well as DC removal.      
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Figure 2. The I-Q channel Interference canceller for single polarization 
 
To extend the 2-D interference canceller design for a 4-D canceller, we will need to estimate and 
remove all the interference terms in the following matrix: 
 

  I1 Q1 I2 Q2 

I1 1 x1 y1 y2 

Q1 x1 1 y3 y4 

I2 y1 y3 1 x2 

Q2 y2 y4 x2 1 

 
 
Six correlations have to be performed to obtain the interference terms, x1, x2, y1, y2, y3 and y4. The 
x1  term is used to impart a correction to I1 from channel Q1 channel (or vice versa.  Only one of 
them is sufficient). Similarly the x2 term is used to impart a correction to I2 from Q2 (or vice versa.  
Only one of them is sufficient).   
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However, the y1 term is used to impart a correction to I1 from I2 as well as to impart a correction to I2 
from I1.  This is required to completely eliminate the effect of I2 on I1 and vice versa.  These two 
signals are never “rotated” with respect to each other in the modem like I & Q signals are.  Similarly 
the y2, y3 and y4 terms are used to generate corrections in both directions.    
The block diagram in Figure 3 shows the entire cross-polar interference canceller design. 
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Figure 3. The Cross-polar interference canceller  
 
 

COMPLEXITY ANALYSIS 
 
The cross-polar interference canceller implementation consists mostly of multipliers and adders. 
Here’s a breakdown of the various components of the canceller and their implementation 
requirements. 
 

• Correlator: The correlator a multiplier used to find the correlation between two ideally 
orthogonal signals. 

 
• PI (Proportional Integral) term: The P path as well as the I path each need one multiplier 

(for applying different gains on the P and I terms). The I path needs an accumulator 
(adder). Another adder is needed to sum the results from both the P and I paths. Some 
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glue logic is required to prevent any clipping of the I path accumulated result as well as 
the overall sum of the P and I paths. 

 
• LPF (Low Pass Filter): The LPF can be an averager over some block of data or a first 

order IIR filter (If the BW is chosen properly, the multiply can be implemented with a 
simple shift). Thus it may only require one or two adder and some glue logic. 

 
• For DC removal on one of the paths we need one PI loop, one LPF, one adder (to subtract 

out the DC component) and some glue logic.  
 

• The Amplitude Equalizer (EQ) needs one adder (to find the amplitude imbalance), one 
LPF, one PI loop, one multiplier (to scale the amplitude) and some glue logic. 

 
• The interference canceller (IC) module needs one LPF, one PI loop, one multiplier (for 

applying a gain), one adder (for interference removal) and some glue logic. 
 
The cross-pole canceller design consists of six Correlators, four DC removal blocks, two EQ 
blocks and eight IC blocks which amount to a total of 44 multipliers, 56 adders and some glue 
logic. Parts of this design need to run at the sample rate. Sample rates less than 200 MHz can be 
easily handled in current FPGAs by just using a clock speed equal to the sample rate. For higher 
sample rates replication of part of the logic can allow running at a clock speed that is a fraction 
of the sample rate.  
  
 

SUMMARIZATION 
 
The following are some of the highlights of the cross-polar interference canceller design:  
 

1. The cross-polar interference canceller is a high-speed, low-complexity, all-digital module that 
takes in 4 channels of signals with substantial cross interference at sample rate, and outputs 4 
channels of cleaner signals with significantly mitigated interference also at sample rate.    

 
2. The initial interference of one channel onto another can be as high as -10 dB or more. 

 
3. The implementation runs on the sample Clock and is not sensitive to the symbol rate, or 

modulation format in each of the polarizations.  
 

4. Both complex signals are sampled at the same rate.  In general, the sample clock is 
independent of the symbol clock.  Symbol timing is recovered with an interpolating filter and 
an NCO.  This technique has been used successfully in modern all digital modem designs.  
This also allows for infinite symbol timing resolution over a wide variety of symbol rates.   
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5. The sample-based implementation is independent of the symbol timing and frequency 
recovery, and is not decision-directed. This allows the module to be easily integrated into 
various digital demodulators with no changes required to the rest of the demodulator design. 

 




