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Abstract 
Thc ricw side information generating mechanism, difference threshold test (DTT), 

is proposed to improve the capacity of asynchronous frequency-hopped multiple ac- 
(TSS system with binary frequency shift keying (BFSK) signaling over Rayleigh fading 
channels. By adjusting the threshold in the DTT decision logic, the optimum capacity 
(-an bc obtained and proved advantageous over that with conventional hard decision. 
For thc systems with signal-to-noise ratio ranging from 10 to 13 dB, this improvement 
('ail over 12%. 

I. Introduction 
Frc.ciiieric.\.-~io~,ped multiple access (FHLI.4) techniques have attracted increasing interests 

i l l  t I ic  applic'at ion of wircless communications. However the simultaneously transmitted 
higiials r m y  cdlidc in  the same frequency band, called as hit, events. The hit symbols 
n.ould tw liable to make wrong decision for the hard decision scheme at t,he receiver. If 
H sitlc information generating mechanism can indicate this event and inform the following 
dccoder to (msc these hit symbols. the performance would be improved. In the literature 
[ l] .  soiiie schc~~ics are proposed to provide this side information on the FHMA systems. In 
this pwpvr we propose a new scheme, called as difference threshold test (DTT),  to generate 
this sitic information. DTT scheme just performs comparison operations in decision logic, 
\vhic.li is simpler than that in the conventional side information generating mechanisms, and 
\voiild simplify the receiver circuit, design. This paper will invcstigate its effectiveness in the 
asynchronous binary frequency shift keying (BFSK) FHMA system over Rayleigh channels. 
Soricohcrcnt detection scheme is assumed in this paper. 

11. System description and analysis 
\\'v (*orisider that K users are active in the FHMA system allocated with q available fre- 

~ I I ( ~ I I ( ~ J -  slots. Each transmitter modiilates information bit with BFSK signaling scheme. The 
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er frequency of each modulation symb 
available frequency slots. With no CO 

respective random sequence 
ination in user hopping sequences, the trans- 

mitted symbols may be hit by other simultaneously transmitted signals. The probability of 
symbol being hit by a specific user signal in asynchronous hopping system can be represented 
by: 

The receiver first wipes the frequency hopping effect from the received signal according 
to the intended hopping pattern and direct it to envelope detectors. For BFSK signaling, 
two envelope outputs are generated for decision and represented by [2]: 

IC-1 

r, = l ~ i  + 6ioaoejeo + C Camarnxrne"mI, i = 0,1 (2) 
m=l 

where bi0 is Kronecker delta, Zi is the complex Gaussian noise with zero mean and E{ ZiZ,*} = 
N0/2 ,  No is one-side power spectral density of noise, C,, is a binary-value random variable 
to represent whether the rn-th user presents signal in the i-th envelope output, a, and 8, 
are the amplitude and phase of the m-th user signal, and x, is a random variable uniformly 
distributed over [0,1) to reflect partial hit nature in asynchronous hopping systems. Here 
we assumed that the 0-th user signal is intended to receive and the envelope output ro con- 
tains the signal of the 0-th user. For Rayleigh channels, 8, is uniformly distributed over 
[0, 27r) and {a,} are modeled as independent and identically distributed (i.i.d.) Rayleigh 
random variables with variance 20; by assuming same average power for all user signals. 
The probability function of Cam can be represented by: 

The corresponding characteristic functions of two envelope outputs can be represented 
as [31,~41: 

( m 2 + 6 , 0 u j ) p 2  K-1 

$a(P) = e- 2 I(CzmP)l (4) 
m=l 

where 

is the average characteristic function of interference signal component. If K goes infinity 
with X = K / q  held constant, Poisson approximation can be applied to Ci, and the average 
characteristic functions can be found [5]: 

By inverse transformation, the probability density functions, fa ( r )  , and cumulative distribu- 
tion functions, F,(r), can be found to evaluate the performance. 

For the DTT decision scheme, a threshold d is preset to estimate the reliability of received 
symbol. If the difference between two envelope outputs is smaller than this threshold, a 
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('rasiir(' sidti information is issued to indicate unreliable receiving. Otherwise the decision 
logic chooses the largest output as the estimated symbol. More erasure side information 
woiiltl hc goncmtd for larger threshold. If the threshold is set to zero, no side information 
('ill1 tw goxivratd and the decision scheme is degenerated as hard decision. According to this 
tltbc*isiori rule. t hc correction decision occurs when non-desired envelope output r l  is less than 
ro - rl  arid its probability is determined by [4]: 

Sii1iilarly the orror probability can expressed as: 

For t h o  s!xiiwtrical binary erasure and error channel model, the total channel capacity, 
in  tcmiis of  bits per channcl use. can be derived as: 

\vhorc~ P, = 1 - P, - P, is the erasure probability. 

111. Numerical results 
Siwv thc t hrcshold affects the generation of side information, the system performance 

\voiiltl 1)o varying with threshold setting. -1lthough more erasure side information can be 
gcmcwttd for larger d. the excess erasure would just waste usefiil information and reduce the 
.sysroni capavity. Thcrcforc there exists an optimum threshold maximized the capacity for 
( l i i ( * l i  iiwr dciisity. IYi th  nunierical search. we can find this optimum threshold for each user 
c l t m i t ! :  Fig. 1 prcwnts the masimuni capacity and optimum thresholds for Eb/,Vo = 10 
(113 a1ic1 = 13 tlB. ~vhcrc3 Eb = 20; is the average bit energy. Here the threshold is 
tioi1iialiml to a. -As intuition. the threshold should be increased for larger user density due 
to 11ioi~ li i t  cvciits. In  this figure, the results for hard decision (d  = 0) are also presented to  
iiliistratc thc dfwtivcwcss of side information. In general, the system with large &/No would 
iiiiv<' niore cal)acit!- regardless of decision scheme. Moreover it is found that the capacit! 
wi th  optiniitrii threshold in DTT decision can be significantly improved over that with hard 
(lwisioii. Over 12% improverncnt in maxirnum attainable rapacity can be attainable. 

I\'. Conclusion 
-4 now DTT decision scheme is proposed for generating erasure side information in the 

itsyIic*hroIlous I3FSIi FHM.4 system over Rayleigh fading channels. This scheme simplifies 
1 1io o p r a t  ion i n  decision logic and reduces the complexity of implementation. By optimizing 
t 1 i ( ~  threshold of DTT decision logic, t,he generated side information can effectively improve 
syst ('111 porforriiariw. Compared with hard decision system, the maximum attainable ca- 
l>itt.iry for the DTT decision system can be improved over 12% when the signal-to-noise ratio 
ra~igc's from 10 t.o 13 dB. It is also revealed that the optimum threshold should be increased 
for 1iirgc.r user density. 
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