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Abstract — This paper presents a density evolu-
tion analysis of the sum-product algorithm used for
channel estimation and decoding of low density par-
ity check (LDPC) codes on correlated and uncorre-
lated two-state block fading channels. The channels
under consideration use binary symmetric channels
and binary-input Gaussian channels as components,
and the thresholds for regular LDPC codes on these
channels are calculated. The analysis shows that for
both correlated and uncorrelated block fading chan-
nels, the threshold increases with the memory length.
If the memory length is fixed, introducing correlation
between successive blocks increases the threshold; as
the memory length increases, this effect diminishes.

The focus of this paper is joint channel estimation and de-
coding using LDPC codes [1] on block fading channels. Also
known as block interference channel, the block fading channel
is a channel with memory in which the channel state remains
fixed over a block of given size [2]. It was assumed that the
channel states from one block to the next were independent
in [2]. This paper considers a more general model where it
permits state correlation between consecutive blocks.

Joint LDPC decoding and channel estimation on a two-
state block fading channel was first investigated in [4]. Anal-
ysis of joint LDPC decoding and channel estimation on the
Gilbert-Elliott channel was done using the density evolu-
tion [3] technique in [5]. The density evolution algorithm is
generalized to block fading channels in this work and is used
to assess the thresholds for (3, 6) regular LDPC codes for the
following two-state channels:

• (1a) a block fading channel comprised of two binary
symmetric channels, with state independence between
blocks;

• (1b) a block fading channel comprised of two binary
symmetric channels, with state correlation between
blocks;

• (2a) a block fading channel comprised of two binary-
input Gaussian channels, with state independence be-
tween blocks.

For channel 1b, defining the memory between states as
µ = 1 − b − g. In the experiments, µ = 0.96. To make chan-
nel 1a comparable to channel 1b, we set pB = b/(b + g) and
pG = g/(b + g) - i.e., both channels have the same marginal
distribution on good and bad states. The inversion probabil-
ity in the “bad” state is set at ηB = 0.5. Here b and g denote
the transition probabilities between good state and bad state,
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Table 1: Thresholds (η∗G) for block fading channels with
ηB = 0.5, pB = 0.1, pG = 0.9, b = 0.004, g = 0.036

h = 5 h = 10 h = 15 h = 20

uncorrelated 0.052 0.059 0.062 0.064

correlated 0.066 0.067 0.067 0.067

Table 2: Thresholds (σ∗, in dB) for Gaussian block fading
channel with pB = 0.4, pG = 0.6, αB = 0.45, αG = 1.18

h = 5 h = 10 h = 15 h = 20

uncorrelated 2.92 2.80 2.70 2.66

and pG (pB) denotes the probability of a channel state being
in a good (bad) state.

Table 1 presents the threshold results for channels 1a and
1b with different value of block memory, denoted by h. Ta-
ble 2 presents threshold results for the block fading channel
comprised of two binary-input Gaussian channels with multi-
plicative amplitude fading; for these results, we used pB = 0.4
and pG = 0.6 and fading levels αB = 0.45 and αG = 1.18.

The results show that the threshold improves as the mem-
ory length h increases. Introducing memory between com-
ponent channels results in better thresholds. However, as h
increases, this difference in threshold decreases. Intuitively,
this is because the channel estimation obtained using just the
information within a block is quite good when h is large, so
the additional channel information provided by the correlation
between component channels is of diminishing importance.

References

[1] R. G. Gallager, Low Density Parity Check Codes, MIT Press,
1963.

[2] R. J. McEliece and W. E. Stark, “Channels with block interfer-
ence,” IEEE Trans. Inform. Theory, vol. 30, no. 1, pp. 44-53,
Jan. 1984.

[3] T. J. Richardson and R. L. Urbanke, “The Capacity of Low-
Density Parity-Check Codes Under Message-Passing Decod-
ing,” IEEE Trans. Inform. Theory, vol. 47, no. 2, pp. 599-618,
Feb. 2001.

[4] A. P. Worthen and W. E. Stark, “Low-density parity check
codes for fading channels with memory,” 36th Annual Aller-
ton Conference on Communication, Control, and Computing,
Monticello, Illinois, USA, 1998.

[5] A. W. Eckford, F. R. Kschischang, and S. Pasupathy, “Analy-
sis of low-density parity-check decoding over the Gilbert-Elliott
channel,” to appear in IEEE Trans. Inform. Theory.


