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Abstract – Diversity combining offers a large variety of schemes for 
improved bit-error-rate (BER) in packet communications. The 
majority of the schemes are designed to combat noise.  The scheme 
considers metric ratio combining (MRC), Chase combining and code 
combining. The paper also simulates and  derives the theoretical 
average throughput of a diversity combining  schemes employing 
turbo coding over Rayleigh fading channels. The paper proposes an 
expression for the selection of hybrid ARQ schemes based on a 
signal-to-interference-plus-noise-ratio (SINR), in the presence of co-
channel interference. The presented SINR expression reduces to an 
average signal-to-noise ratio (SNR) when no co-channel interference 
exists. 

 
Index Terms – HARQ, turbo coding, diversity combining, fading 

channels, throughput, selective combining 
 

I. INTRODUCTION 
 

In wireless fading channels, a wide variety of diversity 
combining schemes have been proposed to deal with interference 
in fading channels [1], [2], [3]. Hybrid-ARQ schemes result in a 
higher effective signal-to-noise (SNR) and a correspondingly 
lower bit-error-rate (BER). Maximal ratio combining (MRC) with 
maximum likelihood decoding achieves the largest effective SNR 
of the diversity combining schemes. However when correlated 
noise is present from co-channel interference of other users, MRC 
does not operate optimally and other techniques need to be 
considered [4]. 

In this paper, we derive the throughput for various diversity 
combining techniques with turbo coding. Based on the 
derivations we comment on their suitability for various 
applications. In addition we examine a hybrid-ARQ selection 
technique based on SINR. The paper is organised as follows: 
Section II briefly explains the different hybrid ARQ schemes, 
Section III shows the system model Section IV discusses a hybrid 
ARQ based on SINR estimation and Section V presents a 
conclusion. 

 
II. HYBRID ARQ TECHNIQUES 

 
Hybrid automatic repeat request (hybrid-ARQ) schemes 

combine ARQ protocols with forward error correction codes 
(FEC) to provide increased throughput in packet transmissions 
[5], [6]. HARQ schemes may be classified as Type-I, Type-II and 
Type-III Hybrid ARQ schemes depending on the level of 
complexity employed in there implementation. 
• Type I Hybrid ARQ: On a decoding error, this ARQ scheme 
discards erroneous packets and sends a retransmission request to 
the transmitter. The entire packet is retransmitted on receipt of 
the NACK. The packets are combined based on either the 
weighted SNR�s of individual bits or soft energy values, in which 
case the technique is termed Chase combining [2].  
• Type II Hybrid ARQ: In this ARQ scheme, retransmission 
requests consist only of parity bits. The receiver combines 
additional parity bits from retransmission with bits of the first 
transmission resulting in lower rates, before FEC decoding is 
attempted [3]. 
• Type III Hybrid ARQ: In Type III ARQ schemes, individually 
transmitted packets are self-decodable and each packet differs in 
coded bits from the previous transmission. In Type III ARQ, 
packets are only combined after decoding has been attempted on 
the individual packet.   
 

III. SYSTEM MODEL 
 

The system model employed in the paper is shown in Fig. 1. 
The channel under consideration is a frequency non-selective 
Rayleigh fading channel. A coherent receiver is employed in this 
paper 

 
i i i iy x nα= +                (1) 

 

where iy  is the received signal for the ith bit within a packet, 
ix represents the transmitted signal, iα  represents the complex 

Gaussian fading coefficient and in   represents the zero mean 
additive white Gaussian noise (AWGN) of variance 2σ .  
 Input data is encoded by a turbo code for error correction 
and by a CRC code for error detection. The CCSDS component 
codes are employed in the turbo scheme. They are industrial 
codes capable of adaptation depending on channel conditions [7]. 
Various code rates {2/3, 1/2, 2/5, 1/3} can be chosen in the 
system. The rates result in the transmission of 2, 4, 6 or 8 digits 
for every 4 information bits. The corresponding puncturing 
matrices P0, P1, P2 and P3 are given [19],  
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 It is noted that the first puncture matrix permits a parity digit 

from each recursive systematic convolutional (RSC) encoder, 
thus soft-input-soft-output (SISO) and iterative decoding can be 
carried out once a packet is received The initial packet contains 
1024 systematic symbols and 256 parity symbols for each 
component code. Subsequent puncture patterns permit an 
additional parity digits for each component code, resulting in 
improved iterative decoding performance.  
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 Communication system model with Rayleigh channel 

 
IV. THROUGHPUT ANALYSIS 

 
The performance of an ARQ is measured by its connection 

reliability and throughput performance [5]. The throughput in a 
standard ARQ is given by 
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where k is the number of information bits per packet, n is the total 
coded digits per packet, CRCK  are the bits appended to the packet 
to aid in error detection, FER is the residual frame error rate and 

1T  is the average number of transmit attempts. 

 
A. Code Combining  
 

 The code combining of J packets results in rate 1 Jn , where 
n  is the number of coded bits appended per transmit attempt. 
The decoding of code combined packet results in one of three 
possible error events; an undetectable error (J)

uD , a detectable 
error (J)

dD  and a correctable error (J)
cD . The exhaustive set of 

probability events can be expressed as 
 

        ( ) ( )( )( | ) ( | ) ( | ) 1ccc JJJ
u c dP D P D P Dα α α+ + =   (3) 

 
where α  is the Rayleigh fading coefficient. Assuming that the 
probability of an undetectable error may be considered negligible 
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and that maximum-likelihood trellis decoding is employed, the 
packet retransmission probability is expressed as 
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where ( )cJP(E |α) is the error event probability after decoding the 
Jth transmission based on a posteriori detector and ( )f β is the 
chi-square distributed random function. The error event 
probability ( )cJP(E |α)  bounded in terms of the pairwise error 
probability e �P (x x|α)→  is expressed as 
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The pairwise error probability of turbo codes is in turn expressed 
as, 
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where ( )JR is the rate of the turbo code after code combining J  
transmissions. In the CCSDS scheme, code combining results in 

( ) { }JR = 2 3,1 2,2 5,1 3 . The average number of transmissions 
attempts in code combining is bounded by a probability of 
detection [7], 
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Thus the average throughput efficiency of a code combined ARQ 
protocol assuming identical size of packets in each transmission, 
is lower bounded by, 
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Consider an ARQ scheme in which systematic bits and trellis 
termination bits are contained only in the initial packet, such as 
an incremental redundancy scheme. The throughput of the 
incremental redundancy scheme is thus represented as 
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where 1n  is the number of coded digits in the initial transmission 
of the ARQ and Jn is the incremental digits with each 
retransmission. 
 
B. Chase Combining 
 
Let us consider a Chase combining scheme where soft 
information is employed to aid in decoding of received packets 
[2]. The average number of transmission attempts of a Chase 
combined scheme was is lower bounded by [3], 
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where ( )dP R |α  is the probability that the received packet 
transmitted over a fading channel contains a detectable error and 

( )(J)
dP D |α  is the probability that J Chase combined packets  

conditioned on the fading channel. Thus the throughput of the 
scheme is expressed as,  
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C. Metric Ratio Combining 
 
Let us consider the average throughput of MRC scheme. The 
pairwise error probability of J metric ratio combined packets is 
considered as the probability of J consecutive error events of 
identically encoded packets. Therefore, 
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Considering the pairwise error probability in equ. (5) and that the 
channel is Rayleigh it can be shown that is a chi-square 
distributed random variable, 2

1
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= ∑ [18]. The conditional 

pairwise error probability of J transmissions is given by 
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Hence the average number of transmission attempts in a metric 
ratio combined scheme J, employing turbo block coding is given 
by 
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The throughput of the scheme is expressed as,  
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V.  SELECTION OF  HYBRID ARQ SCHEME 

 
 The signal-to-interference-plus-noise ratio (SINR) estimator 
is based on a maximum-likelihood non-coherent signal-to-noise-
ratio (SNR) estimation. In coherent cases the SINR expression is 
equivalent to the SNR 
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where a is the signal energy and γ  the power of the noise and 
residual interference. Each packet has the SINR independently 
estimated and the scheme selects the hybrid ARQ based on the 
maximisation of the estimate �

ARQΓ , �
CodeΓ , �

ChaseΓ and �
MRCΓ . 

 
V. CONCLUSION 

 
In this paper, the performance of hybrid ARQ scheme employing 
turbo codes in frequency non-selective Rayleigh channels was 
evaluated. Figure 2. and Figure 3. present simulation results for 
throughput performance and transmit attempts respectively. Type 
I MRC was found to be favourable for delay sensitive systems 
due to self decoding packets. Type II RCPT was suited to 
bandwidth restricted environments due to a high throughput. We  
also proposed a selective hybrid diversity combining scheme 
based on SINR. The SINR criterion is reducible to SNR in the 
single user channels. The selection criteria results in a bandwidth 
efficient scheme that also exhibits high throughput. . 
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Fig. 2 Throughput performance of hybrid-ARQ schemes employing turbo 

coding 
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