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ABSTRACT 

A slow freslLency hopping code diversity system with 
a bandwidth efficient modulation scheme based on 
balanced incomplete black (BIB) design - the Steiner 
design has been proposed. The proposed system usesmore 
than one frequency bins simulmusly to transmit a 
symbol. The system perfilrmance is evaluated and 
tompared with the MFSK slow ikquency hopping code 
diversity system for a multi-user environment considering 
non-fading and fiquency non-selective slowly time 

been studied with matched fiquency hopping 0, an 
ef€icient addressiag technique for slow frenuency selective 
dispersivechannels. 

varying Rayleigh fading channel. The ~0~ has also 

INTRODUCTION 

In a conventional fast frequency hopping M-ary 

extension to this modulation scheme is a multiple tone FSK 
system [4], which can finther be extended to a moduiation 
scheme [SI where the MFSK modulatar divides equally its 
energy among mom than one waveforms and results in a 
.bandwi& efficiency improvement A code diversity slow 
firequency hopping (SFH) multiple access system has been 
investigated in [q. Hemwe have studied the performance 
of a SFH code diversity system with bandwidth effiicient 
modulation scheme based on combiDBtoti81 theory of 
balanced b m p l e t e  block (BIB) design-ssteinerdesign. 

VY shift keying (FFH-MFSK) system [ l J A  
sigaalhg !Jet is formed by M orthogod waveforms. An 

SYSTEM MODEL 

In Steiner system based on BIB design, the M-ary FSK 
m" divides equally the energy of an FSK block 
among w > 1 waveforms The signaling frames arc then 
represented by amangemem of v elements into b blocks 
such that each block COnEains w distinct elements, each 
elanent occurs in exactly r different blocks aad every pair 
of distinct eleinents occurs together in A blocks [q, so that 
themini"Ha"ingdirffance,whichdetermines 
effective diversity of the system [8], between the frames is 

bcmwd. For 5 = 1, the system is called Steiner system 
with pameters (v, b, r, w, k) for the admisslile valw of v 

code word (oft bits), a bjock of w elements h m  S- 
set. Then a v-ary FSK moduiator divides its enexgy smong 
w orthogonal wavefoRI1s. Each of these w a v e f m  is now 
firequency hopped by a random bop code generatoI in L 
distinct fquency bins out of q available. Now, these Lxw 
waveforms m transmitted simultaneously. The d v e r  
(synchronized to the transmitter and knows the hopping 
j" used by a given user) OOIlSiStS of a group of v 
matched filters followed by noncoherent detectom 

and w [q. The transmitter select% lmxding to the input 

PERFORMANCE ANALYSIS 

(A) BasicAssumptiom 

1)- data symbols for each * a r e  
statistically independent and equally probable and each 
of ( 1) possiile hopping pa" is chosen with equal 
probability. 

2) ThesetofNintaferas(foram" - T)be 

interferet in group G,t"its  symbol i, i = 1, ... , v 
and we denote the number of such interferers b y N L  In 

decision [6]. 

pertitioned into v symbol  group^ GI, ..., G, . Each 

the case of annplcte hit, the nxeiver takes random 

Let Q (i / n,) be the p b a b i i  of having exactly i of 
T ' s L  firwluencrbinshitbythen.interferers 

symbol 's '. The probabii Q( i /n , )  can 
be calculated using the 63llowing d i v e  fixpation 
[a 

. .  

. 
0-7803-5893-7/00/$10.00 0 2000 IEEE 

Authorized licensed use limited to: INDIAN INSTITUTE OF TECHNOLOGY KANPUR. Downloaded on September 30, 2009 at 03:39 from IEEE Xplore.  Restrictions apply. 



199 

The number of blocks in above cases is given by and 
I Jbr r = O  XI respectively. Now, a decision error is made wben the 

block B,(j . t i )  is detected. Let qoaud 4' be the decision 
variables comspodhg to BP E Xo (B,) and B/' E Xl (B,) 
respectively. The probabiity of symbol error can be upper 
bounded by r51 

(2) Q W n , )  = L o  
OIkrwLw 

The pbability of symbol error due to user interference is 
g i v i  by [6] 

P,(N,q,L/N, =%,N, =n, ,...... 8,) 

d 

Where Pi= Q (1 / nJ, i E {2,3, ... , v }  and nz is the number 
of users transmitting the symbol "2" and so on. The 
probability ass0ciated with a particular distribution of the 
interfi" is given by the multinomial distribution [9]. 

w, -v: <o)=44 <a) 

4 = -1RJ 
rpl 

The decision error probability for two blocks seperated 
(4) by a Hamming distance of I is bounded by [lo) 

q " l y = m  =qY.....4=q), 

Therefore, the pmbabiity of symbol error due to 
inM- is obtained using equations (1) 4 5 ) .  

@) Non-fading Channel 

Let4 = (b,/.b, ... ,b,,,), fori= 1,2, ... , b, be a block in the 
Steiner set. The receiver is based on the square law 
combining of the matched filter outputs RI.,, Therefore; each 
decision variable is obtained as [5] 

2 

where y is the Signal-to-noise ratio per bit. Therefore, 
equation (8a) and (9a) can be obtained as [5] 

user 
P(Eo <O)=P(y,Z=w) 
P(E, < 0) = @ , I  zw-1) 

Let P. = Pr {user interfenme on i 5 w Stpyiner 

(12) 

whem P, is the probability of user interference in a symbol 
given by (5). If pd ( y  , w l j )  is the Probability that j dots 
(among w firecluency slots) in a Steiner block are hit by 
other i n t e r f i i  usefi, the protmbility of steiner symbol 
error when (w-1) slots are interfered is bounded by [5] 

elements} = ( w ) ~ e , ( ~  - P, 1r-d 
I 

Pd ( Y Y  q w  - 1) sx, P(E, < 0)  (13) 

when all w t"ia slots are hit, the steiner symbol 

The noncoherent detected outputs R,- 's are sqwve-hw 
comb& to obtain a decision variable. 

Let E, be the t " i t ted block, with U, its decision 
variable and consider a block B, (j # 0, with a decision 
variable V, . Two cases are then observed [5]: . . 

e n o r p r o b a b i l i t y i s ~ ~ b y  

4@9*~M4<0)+M4 <o) (14) 
B, E Xo (BJ, (B, has no element in common to B,) 
Bj E X, (B,), (B, has only one element in common to B,) Therefore, the steiner wkd Symbol error Probability is 

given by 
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the union bound, the detection error probability can be 
upper bounded by [lo1 

The bit error probability is obtained as [ 101 

Fig.1 shows simulation plot of bit error rate @ER) vs. 
diversity (L) at Eb/IUo=25 dB for non-fading chaunel 
(Consideriog AWGN) for N = 20,25 & 30 users. BER attains 
aminimumvalue nearL = 3 for Steiner system & nearL = 5 
for MFSK system. 

Fig.2 shows the BER performance with optimum,code 
diversity L=3, ~ 1 0 0 ,  v=13 for Steiner system & with L = 5 
(other parameters remaining same) for MFSK system. The 
frecluency band is from 1.25 to 651.25 lrHz for Steiner 
system and from 1.25 to 801.25 lrHz for MFSK system. 
Input bit rate is 1 kbps. The BER performance for MFSK 
system is better for lower values of EWNo and becomes 
comparable to Steiner system at higher SNR. The advantage 
we get for the System is the better bandwidth efficiency. 

Figure 3 shows simulation and upper bounds (equation la) 
onthesameplotforN=20&30users. 

(C) Frequency non selective slowly Fading Channel 

The bit e r m  rate performauce is derived when the signals 
are transmitted over a frequency non-selective, slowly fading 
channel ansidering AWGN. The d v e d  equivalent low 
pass signal in one singling interval is represeated by 

wheren={1,2 ,..., w),m={1,2 ,..., V I ,  (~:(t)}arethe 
equivalent low pass t”iw signak and z,(t) are 
Gauspiannokrandom~.Theprobgbilityofemoris 
given by [lo] 

This result is used in (lla) with w and, in (llb) 
with w = w -1 to obtain the average decision error 

Steiner coded symbol error probability. Finally, the 
expression for bit error rate is obtained by using the 

probabilities. These equations are put in (14) to bound 

equations (1 5 )  - (1 6). 

From BER vs. code diversity (t) plot for fading 

= 25 dB) for Steiner system was 3 & for MFSK system it 
was 5. 

channel, the optimum value of diversity obtained (at EbiNo 

The BER performance in fitding chaunel for I5,20 and 
25 users for the same parameters as in Fig.2 is shown in Fig 
4. The BER p e r f o d c e  for MFSK system is bener for 
lower values of EbMo and becomes compamble to S t e k  
system at higher SNR as before. 

Figure 5 shows simulation aud upper bounds 
(quatiom 1 la, 1 lb, 14-16,20) for frequency non-selective 
Rayleigh fading channel on the same plot for N = 20 & 25 
users. 

CHANNEL MATCHED FREQUENCY 
HOPPING (MFH) PA’ITERNS 

Matched fiquency hopping (MFH) is a~ Gcient 
signaling technique in kquency selective slowly fading 
dispersive channel [ll]. In the MFH scheme, a suitable 
channei “ e n t  technique is assumed to provide the 
information about the channel transfer function. Using this 
information, the hopping frequencies are selected to be in 
those regions of the channel in which signal attendon is 
minimum. For such channels, R d e r  [ 121 has developed 
a *-path model. The model uses a channel transfer 
function given by [ 121 

(21) H( f) = 41 - @ - / 2 x ( f - f o ) r  1 

where u is the overall attenuation parameter, pis called a 
shape parame,h is the hpeacy  of the M e  minimum 
and T is the relative time delay between the direct and the 
multipath components. 

Figure 6 shows BER performance of the Steiner system 
with MFH pattern for 20 number of ums. 

where isthesigndenetgyperbit, y, istheaverage 

SNR pa branch and b is the avaage SNRper bit. Using 
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CONCLUSION 

The system incorporates frequency diversity (simultaneous 
trausmission of L Seguency bins for each symbol) and error 
correcting capability due to the use of the Steiner design. 
For lower values of code diversity (L) the emx rate is high 
due to channel noise aid user interfmce, but with the 
increase of L the system nqidly recovers most of the loss 
due to interhence h m  othet users. However, beyond the 

“optimum diversity, where the BER,“a is achieved, any 
further increase in diversity degradeqthe performance due 
to interference among the users. It\is seen that the 
performance of MFSK-SFH system (with diversity 5 )  is 
better than that of the steiner system (with‘diversity 3) at 
lower SNR and these two systems are comparable at higher 
SNR. The advantage we have got h m  Steiner system is its 
better bandwidth efficiency. Further, a lot of impvement 
is obtained with MFH, an effective addressing scheme for 
fiquency selective fading channel. 
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Figure 1: BER vs. diversity plot at Eb/No=25 dB for non- 
fadingchannel 
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Figure 2: BER performance for non-fdhg channel 

Figure3: Comparison between simulation and upper bounds 
for non-fading channel 
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Figure 5: Comparison between simulation and upper 
b o d s  for fading channel 

Figure 6 Performance of the Steiner system with MFH for 
kquency selective fading channel 
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Figure 4:.BER performance for Rayleigh fading channel. 
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