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Abstract | The use of algebraically derived (as
opposed to randomly constructed) low density par-
ity check codes in bandwidth eÆcient modulation
schemes is considered.

I. Introduction

With the advent of turbo codes and renewed interest in low
density parity check (LDPC) codes, performance very close
to the capacity of the BPSK-modulated additive white Gaus-
sian noise (AWGN) channel has been achieved. Moreover, the
\turbo principle" has been applied to trellis-coded modulation
(TCM) to create signaling schemes that are both bandwidth-
and power-eÆcient. The analogous approach of bandwidth-
eÆcient LDPC codes has been less widely studied. [1]

This paper considers the use of algebraically derived LDPC
codes with bandwidth eÆcient modulation. These algebraic
LDPC codes are of practical importance due to their simple
representation and eÆcient encoding.

II. Classes of Algebraic LDPCs

The class of algebraically derived codes considered here are:
a) LDPC codes based on permutation matrices, a gener-

alization of the [155,64,20] code introduced by Tanner at the
2000 ISIT (Recent Results). These codes have a blocklength
of km and rate r � 1� (j=k), where m is prime, and j and k
are prime factors of m� 1.

b) Finite geometry based LDPC codes and LDPC codes
derived from Cayley and Ramanujan graphs.

III. Bandwidth Efficient Modulation

A simple approach to bandwidth eÆcient coded modulation is
to Gray map ` encoded bits onto a 2`-ary symbol constellation,
an approach called bit interleaved coded modulation (BICM).

In multilevel coding, ` di�erent encoders are used on ` par-
allel bitstreams; the encoded bits are mapped onto a 2`-ary
constellation, with one bit from each encoder selecting one
\level" of the signal partition. The rates of the encoders may
be chosen based on the capacities of the equivalent binary
channels; these rates depend on the bit-to-signal mapping.
When the rates of the ` encoders are chosen in this man-
ner, multi-stage decoding, a sub-optimal decoding method,
can asymptotically achieve capacity. [2]

IV. Examples and Simulation Results

Di�erent partitionings of the 8-PSK constellation were in-
vestigated and the capacities of each individual level assuming
multi-stage decoding were computed. For natural mapping
and conventional Ungerboeck partitioning, the optimal rates
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MLC, levels 0,1 use Alg. codes (N=1277)        
MLC, all levels use random codes (N=1277)      
MLC, levels 0,1 use Alg. codes (N=1238)        
BICM with a shortened (2973,1982) Alg. code    
BICM with a (2973,1982) random code            

Figure 1: Performance of BICM and multilevel coding

with 8-PSK modulation.

R0=R1=R2 (for a rate of 2 bits/symbol) are 0:20=0:81=0:99.
However, for a partitioning beginning in the middle bit fol-
lowed by the least and the most signi�cant bits, the rates are
0:505=0:505=0:99.

For achieving a bandwidth eÆciency of 2 bits/symbol with
8-PSK modulation, the following examples were simulated:

� a (2973,1982) code (obtained by shortening a
(3641,2650) permutation matrix code) used with BICM;

� a multilevel code with two identical (1277,646) (rate
0.505) codes (obtained by shortening a (1477,846) per-
mutation matrix code) at levels 0 and 1 and a rate 0.99
random code at level 2; and

� a multilevel code (based on conventional set parti-
tioning) with codes of blocklength 1238 and rates
0:2=0:81=0:99. (Algebraically derived codes were used
at levels 0 and 1 and a random code at level 2.)

Figure 1 shows the performance of these codes, along with
comparable coded modulation schemes based on purely ran-
dom LDPC codes. It is seen that codes with algebraic struc-
ture have performance comparable to the randomly-designed
codes; given the potential complexity bene�ts of algebraic
LDPC codes, this suggests a promising direction.

References

[1] K.R. Narayanan and J. Li, \Bandwidth EÆcient Low Density
Parity Check Coding using Multilevel Coding", Proc. of the

Intl. Symp. on Turbo Codes & Related Topics , Sept. 2000.

[2] U. Wachsmann, R.F.H. Fisher, and J. . Huber, \Multilevel
Codes : Theoretical Concepts and Practical Design Rules,"
IEEE Trans. Info. Theory, July 1999.


