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ABSTRACT 
 
For faster acquisition in bursted environments for SMS (Short Messaging Service) and 
other lower-bit rate applications, non-coherent detection techniques are proposed.  Non-
Coherent detection demodulators are proposed because faster acquisition capability in 
bursted environments can result in a reduced amount of preamble bits in the messaging 
frame, i.e. less overhead, resulting in an effective increase in spectral efficiency.  
Reducing the preamble can also provide performance enhancement opportunities for 
Feher Quadrature Phase Shift Keying (FQPSK) [1] and for other systems.  The preamble 
can also be varied to provide for better Bit Error Rate (BER) performance.  The lower bit 
rate environment also gives the opportunity to employ simpler architectures in lieu of 
preamble modification.  Several non-coherent detection alternatives are described. 
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INTRODUCTION 

Non-coherent detection methods can be better suited than coherent detection for low bit 
rate systems requiring fast acquisition particularly in bursted and frequency selective 
environments.  An example of a widely known low bit rate system is the Short 
Messaging Service (SMS) employed for cellular telephone systems [2-4].  Due to the 
nature of the SMS system, particularly its bursted nature, non-coherent architectures with 
a reduced size of the preamble bits in the messaging frame is essential for 
implementation. 
 
Reducing the size of the preamble bit streams subsequently allows for an effective 
increase in spectral efficiency.  However, for conventional non-coherent systems, the 
preamble provides a tradeoff between the spectral efficiency and the BER.  This is 
illustrated in Fig. 1.  One can use this feature advantageously to provide an optimum 
design for a particular environment [5,6].  Another method of maintaining performance 
of the non-coherent system is to employ Maximum Likelihood Sequence Estimation 
(MLSE) or Viterbi Algorithm (VA) methods in the receiver design [7-9].  However, this 
introduces complexity into the system, thus affecting reliability and cost. 
 
This paper suggests that non-coherent FQPSK methods, proposed in this paper, can offer 
superior performance to coherent techniques for these bursted systems.  A more 
ambitious goal of determining a non-coherent architecture, which nearly matches the 
Block Error Rate (BLER) or possibly the Bit Error Rate (BER) performance of coherent 
systems in an Additive White Gaussian (AWGN) environment, while maintaining better 
performance in a bursted environment is proposed.  Several architectures will be 
examined to illustrate these concepts.   
 
 

TRADITIONAL APPROACHES 
 
From a reading of the recent literature regarding non-coherent implementations of 
Continuous Phase Modulation (CPM) or other structures [7-10], the ideas presented have 
focused on various combinations of differential detection, limiter discriminator 
architectures with MLSE or VA implementations.  The ideas start with the relatively 
simple architectures of differential detection and limiter discriminators, which provide 
sub-optimal performance, and upgrade the designs with the incorporation of MLSE and 
VA, which significantly improve the BER performance but also add to the overall system 
complexity.  Fig. 2 [8] and Fig. 3 [9] are examples of simpler architectures which can be 
modified with MLSE or VA.  The incorporation of MLSE or VA brings the performance 
to within approximately 3 dB (at approximately 10-4 BER) of coherent architecture 
performance in an AWGN environment.  With the manipulation of the preamble, the 
performance can be improved further [5], however, this may be unacceptable for SMS 
designs and spectral efficiency requirements, which may require smaller preamble 
lengths. 
 
 



 

NOVEL APPROACHES 
 
More novel approaches, which address the complexity versus performance issues, are 
proposed.  The need for superior performance in both an AWGN and a bursted 
environment influences our design.  Two architectures and a combination of them are 
proposed as potential solutions.   
 
The first architecture is the “comparator-counter” method.  This system utilizes a 
comparator in conjunction with a digital counter.  The comparator is used to detect the 
“zero crossings” while the digital counter detects the number of crossings.  This 
architecture was originally intended for Frequency Shift Keying (FSK) modulation 
schemes [11], but can be extended to Phase Shift Keying schemes [12] as well.  Fig. 4 
[13-15] shows a block diagram illustrating a quadrature implementation of the 
comparator-counter system.   
 
The main benefit of this system is the simplistic architecture with good BER performance 
in a bursted environment.  Although the overall BER performance in an AWGN 
environment may be good and comparable to the traditional methods presented earlier, it 
may not approach the performance of coherent systems.   
 
The second novel architecture to present, is “Virtual Diversity”.  This architecture is 
illustrated in Fig. 5 [15].  This system can employ multiple carriers with equally spaced 
frequency offsets: 
 
∆f = ω1 – ω2 = ω2 – ω3 = ωn-1 – ωn etc.  
 
or other formats (i.e. non-equally spaced frequency offsets) to obtain optimum system 
performance.  A diversity switch (a component of the NRED block in the figure) is used 
to determine the best performing “branch” or path.  If the diversity switch presents a 
seamless transition without causing further errors, this demodulator will perform well in 
both AWGN and other environments.  The main advantage of this system is that its 
performance in an AWGN environment is comparable to coherent systems while 
maintaining good performance in bursted or frequency selective environments.  
However, complexity becomes an issue if bursted environments are the dominate feature 
and thus force the designer to implement many carriers in the system architecture.   
 
A solution to this dilemma is a combination of both the Comparator-Counter and Virtual 
Diversity methods to create a system, which mitigates the weaknesses inherent in each of 
these architectures to form a more robust system which provides for good BER 
performance in both AWGN and bursted environments without implementing any 
significant complexity to the system.  Fig. 6 [15] illustrates a block diagram with the 
combination of the Virtual Diversity and Comparator-Counter implementations to form 
the single robust structure, which meets the needs of a shorter preamble (for spectral 
efficiency and use in SMS systems) and provides good system performance in both 
AWGN and bursted environments. 



 

CONCLUSION 
 
The goal of providing non-coherent demodulator structures, which are capable of 
achieving superior BER performance with a reduced amount of preamble bits in both 
AWGN and bursted environments has been presented for further study.  The result of the 
preamble reduction results in less overhead and increased spectral efficiency.  Thus a 
non-coherent FQPSK architecture with superior characteristics to conventional non-
coherent and coherent structures has been proposed. 
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Fig. 1:  Illustration of advantage provided by the Novel Non-Coherent architectures, 

which results in preamble reduction for effective spectral efficiency improvement. 
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Fig. 2:  Illustration of a non-coherent demodulator structure with a Limiter Discriminator 

(LD) architecture and 2-threshold detection comprising a traditional approach. 
[7,8] 
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Fig. 3:  Another example of a traditional non-coherent approach using Differential 

Detection [9]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4:  Illustration of a novel approach to non-coherent design with block diagram of 

proposed Virtual Diversity system using multiple “free-running” carrier 
frequencies.  The frequencies are spaced at a distance of ∆f depending upon the 
requirements for the design [1,15]. 
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Fig. 5:  Novel noncoherent architecture employing Comparator-Counter method with a 

quadrature structure [11-14]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6:  Novel noncoherent demodulator architecture utilizing both the Virtual Diversity 

and Comparator-Counter structures for improved performance and reduced 
complexity [15]. 
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