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Abstnct 

This paper examines a technique for selection diversity 
using decoding information as the meuic for signal 
quality. The performance is examined in the correlated 
frequency non-selective fading indoor radio channel. 
QPSK with coherent detection is used as the modulation 
scheme. Small BCH block codes of length 7. 15.31 and 
63 are considered. 

In TDMA digital transmission for use in portable indoor 
mdiocommunications,oneof the impairmentsencountered 
is correlated slow fading. At low pomble speeds typical 
of slow user mobility in the indoor communications, the 
frequency and duntion of e m r  bursts due to deep fades 
influence the choice of the Forward Error Correction 

scheme to be used. FUI is effective against 
Rayleigh fading only when used with interleaving [ 1][21. 
Concatenated coding and interleaving has also been shown 
to be useful in the mobile ndio channel [3]. The problem 
is that in the presence of deep fades FEC becomes useless 
without interleaving, and depending on the duration of the 
fade. interleaving will incur excessive delays. 

In such a situation, space diversity is an effective 
method for combating Rayleigh fading [4] assuming that 
the received signal at a c h  antenna is subject to 
uncorrelated fades. The space available for antenna 
separation is limited so that the fading signals are usually 
correlated. It was reported in [5] that postdetection 
selection diversity is still an effective measure against 
comlated Rayleigh fading. Often, selection diversity is 
accomplished using the received signd strength as a 
quality measure. However. selection diversity based on 
signal strength cannot reveal the quality of the received 
signal, because the meaSured power could be contributed 
mostly by interference (cochannel and adjacent channel) 

and noise. Fuz decoding provides an alternative measure 
of signal quality aside from signal strength. In recent work 
[6] on diversity selection based on syndrome detection 
using a BCH(3 1215) code. significant improvement in the 
performance was observed over coding without diversity in 
the uncomelated frequency selective fading channel. 

The purpose of this work is to study the effect of post- 
detection selection diversity combining using the decoding 
syndrome of BCH codes in correlated frequency non- 
selective fading channels, using computer simulation. 

The content of this paper will be as follows. Section 2 
will describe the syndrome selection algorithm and the 
computer simulation. The result of the simulation will be 
presented in Section 3 and some conclusions will be made 
in Section 4. 

tem De=- . .  

A. System Model 

The system assumes an indoor TDMA ndio link, with a 
data m e  of 500 Kbit/scc and a cvrier frequency of 13 
GHz Delay spread is assumed to be in the order of 
nanoseconds and thereby negligible. The transmitter 
consists of binary signal generator. a (nk) BCH encoder 
and a QPSK modulator. 

The channel model multiplies the transmitted symbol 
with a fading sample and ad& AWGN. Correlated fading 
is genented by SIRCIM [7]. an indoor channel simulator, 
over a course of one meter using a hand-held receiver. 
SIRCIM is used to generate frequency non-selective (flat) 
fades under a variety of indoor conditions. The variable 
conditions used am vehicle speeds, m m  environment and 
Iine-of-sight (LOS). Vehicle speeds are chosen to be 0.1, 
1.0, and 10.0 m/sec. Thne different m m  conditions 
SOFT, OPEN. and HARD partitioning are employed. LOS 
is taken to be either 0 or 100%. The results are averaged 
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ovcc several fades generated by using combinations of the 
above conditions. Space diversity g e d l y  q u k  that 
the antennas are sp- far enough apart that the received 
ware unc0mhte.d. In the indoor environment, working 
under limited space and in arcas without great tenain 
difhmxs comlatcd fading should be expected and is 
coluidclcd the wosst case d o .  Samples of (he fading 
pocess generated by SIRCIM are shown in Rg. 1. 

Thc rectiver consists of a demodulator. decoder. 
channel selector and a bit Mot rate @ER) meter. The 
receivedsigdsarecoherently detected with harddecision 
dccoding using the B a l e h p  algorithm [8]. 

B. Diversity Selection Based on Error Detection 

At the rtCejver, the Syndrome Selection Diversity 
Combining (SSDC) algorithm behves more like switched 
combining: given two diversity branches, one will be 
selected and remains selected until the syndrome detects 
an tmx or a value other than WO. Once a syndrome m r  
has occumd, then d1 other bmnches ;LCC examined for a 
syndrome without mors. If no b m h e s  cm be found 
without a syndrome error then the selection algorithm 
stillchts for a b m c h  that  hi^^ been decoded properly. In 
the case of a tie where more that one branch has been 
decoded properly, or the opposite situation when no 
kanches are decoded properly. the original b m h  is 
retained. 

In the next section rcsults of the performance of the 
SSDC scheme are presented as plots of BER vs. SNR, for 
various BCH codes. The SSDC scheme is compared with 
uncoded QPSK modulation with symbol by symbol 
stltction diversity based on signal strength (diversity 
only), and with BCH coded QPSK modulation with 
selection diversity. denoted its SDC (Signal strength 
Diversity Combining). 

Figures 2 to 5 present the BER vs. S N R  curves for 
various BCH coded QPSK systems. In the correlated 
fading channel BCH coding with hard decision decoding 
offers gdns over uncoded modulation only at high SNRs. 
The results are plotted for bit SNR values, and the loss in 
information rate should be factored in while comparing the 
uncoded and BCH coded schemes. 

In figure 2 the uncoded QPSK system with no 
diversity selection is shown for comparison. For the (7.4) 
and (15.1 1) codes considered, the SSDC scheme shows no 
performance improvements over uncoded modulation. 

Figure 3 shows a comparison between SSDC and SDC. 
for the n = 31 block code. the BCH codcs offer viable 
gains at high SNRs. 'Ihe performance of (he SSDC scheme 
is better than that of SDC (diversity with coding). when the 
code rate is d. Similar obscwations can be made with 
n = 63 codes shown in FigUte 4 and 5. However, one 
should considu that using SSDC diversity selection can be 
made without losing 100 much efficiency. 

In the correlated fading channel BCH coding with had 
decision decoding offus gains ova ullcodtd modulation a t  
high SNRs. For all the codes considered, SSDC perfom 
&y as well as Signal Strength Divenity.Combining 
(SDC). but does not show s i g n i f i i t  gains or improvement 
over SDC at low SNRs. At high SNRs and for low rate 
codes. a small performance improvement is observed. 

Syndrome selection diversity combining h;ls been exmined 
in the indoor Rayleigh fading environmenr From the 
simulation study of BCH coded QPSK with hard decision 
decoding, it is observed that SSDC can be a possible 
altemative to signal svength diversity combining. 

Although, SSDC docs not show s i g n i f i i t  gains or 
,improvement over SDC, we must take into consideratjon 
the simplicity of this new scheme. An envelope detector 
circuit will not be required to &amine the signal strength. 
Further, switching between channels will be minimized 
since switching will be initiated by the detection of an m r  
in the syndrome. Finally, signal strength is no longer used 
as the criterion for channel selection, and the SSDC 
algorithm should perform very well in a channel with 
interference. 

This rescYch was supported by funding from the Burchill 
Communication ReseYch Group. 
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Figure 1. Correlated Fading Samples 
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Figure 2. Average BER vs. SNR for (7,4) & 
(15.11) code using SSDC scheme 
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Figure 3.  Average BER vs. SNR with SSDC 
and BCH(31,k)codes 
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Figure 4. Average BER vs SNR using signal 
strength diversity and BCH(63.k) codes. 

Figure 5. Average -BER VS SNR using 
BCH(63.k) codes with SSDC 


