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I. INTRODUCTION

We consider a frequency-flat block-fading Gaussian channel
where transmission is slotted and the channel gain over each
slot is random but constant for the whole slot. For simplicity,
we assume that the channel gains over different slots are sta-
tistically independent and Rayleigh distributed. In this work,
we consider the very powerful class of irregular Low-Density
Parity-Check (LDPC) codes, [2], and show that they are very
good candidates for efficient Hybrid ARQ (H-ARQ) schemes.
The H-ARQ scheme under analysis is referred to as Incremen-
tal Redundancy (IR) protocol [1]. In the paper we will show
the throughput of the IR protocol for certain random coding
ensembles and deterministic LDPC code constructions.

II. RESULTS

Finite blocklength LDPCs show a performance loss in terms
of throughput with respect to the infinite length counter-
parts, which indeed achieve near-optimal throughput. Two
approaches to improve the performance of IR with finite length
practical LDPC codes have been envisaged [3]. The first ap-
proach acts directly on the code design and leaves the IR pro-
tocol unchanged. It consists of selecting the code parity-check
matrix in some appropriate ensemble with good FER prop-
erties (labeled as “Modified Ensemble” in the Figure). The
second approach acts on the IR protocol and leaves the code
design unchanged. It stems from the fact that for standard
irregular LDPC codes, most frame errors involve a very small
number of bit errors. Therefore, by dividing the information
packet into smaller subpackets, only a few of them will con-
tain errors after decoding. Hence, an Outer Selective-Repeat
(OSR) protocol acting on these smaller subpacket units can re-
cover subpacket errors without having to retransmit the whole
codeword. Thus, only the erroneous packets are retransmit-
ted together with new information packets. We shall consider
“successful” decoding (i.e., the IR protocol stops the trans-
mission of the current codeword) if the fraction of subpackets
in error is less than a threshold value §. Otherwise, a NACK is
sent and the next block of the current codeword is transmitted
on the next slot. The optimistic assumption underlying this
approach is that subpackets in error can be perfectly detected.
The system throughput can be optimized with respect to the
threshold §. We have analytically computed the throughput
of the IR-OSR. protocol for a fixed value of §. However, since
analytical optimization of § is difficult, if not impossible, we
exhaustively searched for the best threshold value.

Figure 1 shows the throughput as a function of § € [0,1]
and v = 10dB where the subpacket length of the OSR pro-
tocol is fixed to 6 bytes, the length of the code equals 10000
bits and the rate equals 0.32bit/symbol. We notice that the
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performance of the OSR is quite insensitive to the value of
§ (unless § is either very close to 0 or very close to 1). We
also plotted the throughput achieved by the same ensemble
with infinite length, with finite length without any counter-
measure and with finite length by averaging over the modified
ensemble. These results are shown as horizontal lines as they
do not depend on J. Interestingly, although these approaches
are quite different, they yield almost the same performance
improvement and recover a considerable fraction (up to 80%
at SNR = 10 dB) of the loss due to finite with respect to
infinite length. Moreover, combining the two methods does
not provide additional gain. This fact can be explained by
noticing that for a typical code in the modified ensemble a
frame-error corresponds to a large number of bit errors (i.e.; a
large number of subpackets to retransmit). Hence, using the
OSR protocol does not improve the throughput [3].
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Figure 1: Throughput vs 6 for v = 10dB, R =

0.32bit/symbol, blocklength n = 10000 with OSR and
without OSR (labeled “no-OSR”).
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