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Abstract 
 

The effect of two path interference on the symbol -error probability of binary 
coherent phase shift keyed (CPSK) receiving system is investigated. An 
expression for the probability of symbol error is derived to evaluate the system 
performance when a direct strong wanted signal is accompanied with two path 
interference and Gaussian noise.  
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INTRODUCTION 
The presence of interference with the direct signal embedded in additive white 
Gaussian noise (AWGN) is a common experience of the communication system 
designer. The interference may appear due to random path length fluctuation in the 
multipath propagation of information bearing microwave signal. In a binary coherent 
phase shift keyed (CPSK) receiving system, a carrier tracking loop is commonly used 
to derive a phase reference from the received signal. For this system two cases may 
arise regarding phase reference of the receiver: 
 If the phase fluctuations of the interference are much faster than the time constant 
of the loop, the reference is in phase with the direct signal. On the other hand, 
 The reference is in phase with the composite signal (signal + interference) for 
slow phase variations of the interfering signal. 
 The effect of general multiple interfering paths (n>1, n being number of paths)on 
the error probability of CPSK system for case (a) has been described in the 
literature[1,2]. Morgan [1] considered case(b) for single path interference . Lindsey 
[3] also derived the probability of error for case(b) considering Rician distribution of 
the received envelope which is however valid for large number of interfering paths. In 
this article, the effect of two path interference on the error probability of binary CPSK 
system for case(b) is investigated. Two path interference is separately studied because 
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well-known central limit theorem cannot be successfully applied here and the 
envelope of the received signal would not be Rician distributed as considered in [1,3]. 
In the presentanalysis, both the interference and noise powers are assumed small in 
comparison with the signal power to obtain a close-form expression of the error 
probability. However these assumptions are appropriate in most real situations.  
 
 
ANALYSIS 
The input rሺtሻto the receiver can be written as the sum of an information bearing 
signalSሺtሻ, interferenceIሺtሻand AWGN n(t) of power N଴. Therefore, 
 rሺtሻ ൌ Sሺtሻ ൅ Iሺtሻ ൅ nሺtሻ  (1) 
 
 The information bearing signal Sሺtሻis a unity amplitude sinusoid of the form 
 Sሺtሻ ൌ sinሾωt ൅ φሺtሻሿ (1a) 
 
 Here ω is the angular frequency of the carrier and φሺtሻis the information bearing 
signal phase. For a binary CPSK signal 
 φሺtሻ ൌ d୬ሺtሻ. ஠ଶ (1b) 
 
where d୬ሺtሻ is the zero mean data stream of value ൅1 orെ1. 
 For two interfering paths Iሺtሻ is taken as  
 Iሺtሻ ൌ  ∑ x୧ଶ୧ୀଵ sinሾωt ൅ φሺtሻ ൅ θ୧ሺtሻሿ  (1c) 
 
where x୧ଶ and θ୧ሺtሻ, ሺi ൌ 1,2ሻ are the interference to signal power ratio (ISR) and 
phase of the ithinterference. Both the phases θଵand θଶ are uniformly 
distributedrandom variable within the range –π to π and independent of each other. It 
is assumed that the time rate of fluctuation of θଵand θଶ is slow compared to the bit 
rate and hence the phases are quasi-stationary over the bit period. The joint 
probability density function (pdf) of θଵand θଶis 
 pሺθଵ, θଶሻ ൌ ଵସ஠మ  (1d) 
 
 Substitution of (1a) and (1c) into (1) gives 
 rሺtሻ ൌ a. sinሾωt ൅ φሺtሻ ൅ θሺtሻሿ ൅ nሺtሻ  (2) 
 
where  
 aଶ ൌ ሺ1 ൅ ∑ x୧ cos θ୧ଶ୧ୀଵ ሻଶ ൅ ሺ∑ x୧ sin θ୧ଶ୧ୀଵ ሻଶ (2a) 
 
and 
 θ ൌ arc tan ∑ ୶౟ ୱ୧୬ ஘౟మ౟సభଵା∑ ୶౟ ୡ୭ୱ ஘౟మ౟సభ  (2b) 
 
 If x୧ሺi ൌ 1,2ሻ ا 1, (2a) can be approximatedby neglecting the product term as  
 aଶ ሺtሻ ൎ ሺ1 ൅ xଵଶ ൅ xଶଶ ሻሾ1 ൅ ଶሺ୶భୡ୭ୱ஘భା୶మୡ୭ୱ஘మሻଵା୶భమ ା୶మమ ሿ  (2c)  
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 In case (b) the reference is in phase with the composite signal as illustrated in 
figure 1and the instantaneous bit energy E at the receiver output is  
 E ൌ aଶሺtሻ Tଶ  (3) 
 
 Where T is the bit period.  
 The signal to noise power ratio, SNR(R) at the receiver output is 
 R ൌ ENబ ൌ ୟమTଶNబ ൌ R଴aଶ (4) 
 
 Where R଴ ൌ TଶNబ is the output SNR in the absence of interference. 
 Substitution of (2c) into (4) gives 
 Rሺtሻ ൌ R଴ሺ1 ൅ xଵଶ ൅ xଶଶ ሻሾ1 ൅ ଶሺ୶భୡ୭ୱ஘భା୶మୡ୭ୱ஘మሻଵା୶భమ ା୶మమ ሿ  (5) 
 
 Now the probability of symbol error (Pe)for CPSK system in a background of 
AWGN is known as [4] 
 Pe ൌ ୣ୰୤ୡ√Rଶ  (6) 
 
where  
 erfcሺyሻ  ൌ  ଶ√஠ ׬ expஶ୷  ሺെuଶሻdu (6a) 
 
and R is the output SNR of the detector. 
 For large SNR values, (6) reduces to  
 Pୣ ൎ ୣషRଶ√஠R  (7) 
 
 After substitution of (5) into (7), Pe simplifies to 

 Pୣ ሺxଵ, xଶ, θଵ, θଶሻ ൎ ୣషRబଶඥ஠Rబ ୣషRబቀ౮భమశ౮మమቁටଵା୶భమା୶మమ eିଶሺRబᇲ ୶భᇲ ୡ୭ୱ ஘భାRబᇲ ୶మᇲ ୡ୭ୱ ஘మሻሺ1 െ xଵᇱ cos θଵ െ xଶᇱ cos θଶሻ (8) 

where 
 ܴ଴ᇱ ൌ ܴ଴ሺ1 ൅ ଵଶ ൅ݔ   ଶଶ ሻ   (8a)ݔ
 
and  
௜ᇱݔ  ൌ ௫೔ଵା∑ ௫೔మమ೔సభ  (8b) 
 
 The average value of symbol error probability can be found out from the 
following averaging rule: 
 ௘ܲሺݔଵ, ଶሻݔ  ൌ ׭ ௘ܲሺݔଵ, ,ଶݔ ,ଵߠ ,ଵߠሺ݌ ଶሻߠ ଶగିగߠ݀ ଵߠଶሻ݀ߠ  (9) 
 
 Substituting (1.d) and (8) into (9) results in the expression 

 ௘ܲሺݔଵ, ଶሻݔ ൌ ௘ܲሺ0ሻ ௘షೃబቀೣభమశೣమమቁටଵା௫భమା௫మమ ሻݒ଴ሺܫሻݑ଴ሺܫ ቂ1 ൅ ଵᇱݔ ூభሺ௨ሻூబሺ௨ሻ ൅ ଶᇱݔ ூభሺ௩ሻூబሺ௩ሻቃ  (10) 
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where  
ݑ  ൌ 2ܴ଴ݔଵ andݒ ൌ 2ܴ଴ݔଶ . 
 
 Here, ௘ܲሺ0ሻ ൌ ௘షೃబଶඥగோబ  ሺܴ଴ ب 1ሻ is the probability of symbols error in the absence 

of interference. The values of ௘ܲሺݔଵ,  ଶሻ are calculated from (10) for different valuesݔ
of ܴ଴ and ݔ௜ሺ݅ ൌ 1,2ሻ that are valid in the approximation. The calculated values of ௘ܲ 
are plotted in Figure 2 as a function of ܴ଴ for different sets of values of ݔଵ and ݔଶ. In 
Figure 3, ௘ܲis plotted as a function of ݔଵଶ(or ݔଶଶ) for definite values of SNR (ܴ଴ሻ and 
total ISR (∑ ௜ଶଶ௜ୀଵݔ ).  
 
 
CONCLUSION 
A simple approach is adopted in the analysis to derive an expression for the 
probability of symbol error of a binary CPSK receiving system when a direct strong 
signal is corrupted with two path interference in the background of Gaussian noise. 
The increase of error probability with the increase of interference to signal amplitude 
ratio (ݔ௜)indicates that the receiver performance is degraded in the presence of 
multipath interference and the degradation effect is more pronounced when SNR is 
high. It is also observed that for a fixed SNR value error probability depends on the 
distribution of interference power in the interfering paths. The worst case arises when 
total interference power is equally distributed within the paths. Certain realistic 
approximations are taken in the analysis to simplify the mathematics. However this 
correspondence presents an analytical tool for evaluating the performance degradation 
of a CPSK receiver in the presence of interference. 

 

 
 

Figure 1: Phasor diagram of composite signal and coherent reference 
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Figure 2: Probability of symbol error vs. SNR 
 

 
 

Figure 3: Pe vs. ISR in one path for R0 = 10.0 
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