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Abstract—Novel sparse regression LDPC (SR-LDPC) codes

exhibit excellent performance over additive white Gaussian noise

(AWGN) channels in part due to their natural provision of

shaping gains. Though SR-LDPC-like codes have been considered

within the context of single-user error correction and massive

random access, they are yet to be examined as candidates for

coordinated multi-user communication scenarios. This article ex-

plores this gap in the literature and demonstrates that SR-LDPC

codes, when combined with coded demixing techniques, offer

a new framework for efficient non-orthogonal multiple access

(NOMA) in the context of coordinated multi-user communication

channels. The ensuing communication scheme is referred to as

MU-SR-LDPC coding. Empirical evidence suggests that MU-

SR-LDPC coding can increase the sum-rate for a fixed Eb/N0

when compared to orthogonal multiple access (OMA) techniques

such as time division multiple access (TDMA) or frequency

division multiple access (FDMA). Importantly, MU-SR-LDPC

coding enables a pragmatic solution path for user-centric cell-

free communication systems with (local) joint decoding. Results

are supported by numerical simulations.

Index Terms—SR-LDPC codes; sparse regression codes; coded

demixing; cell-free systems.

I. INTRODUCTION

Existing wireless systems are predominantly tailored to
human-centric data consumption for applications such as
Internet browsing, navigation, and media streaming. Indeed,
many contemporary wireless systems offer efficient and
high-throughput downlink capacity through the acquisition-

estimation-scheduling paradigm. Two notable shifts in wireless
network usage emphasize the necessity for a more robust
and resilient uplink. The first trend is exemplified by the
wide adoption of mobile video conferencing and the emer-
gence of content creators live-streaming from wireless devices,
which both require substantial uplink throughput. The second
transformation involves machine-type communication, which
encompasses applications like federated learning, data acqui-
sition, and remote sensing. Evolving data trends pose a height-
ened demand on the uplink, challenging current wireless sys-
tems. Thus, there is a growing research emphasis on efficient
and resilient uplink connectivity to prepare infrastructures for
future traffic [1], [2]. The cell-free architecture with distributed
Multiple Input Multiple Output (MIMO) signal processing has
been proposed as a pragmatic approach to building resilient
and scalable infrastructures [3], [4]. Along these lines, this
article introduces a novel coding scheme for coordinated
multi-user communications that offers excellent performance,
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enables efficient joint decoding, and is seamlessly applicable to
the cell-free setting. The envisioned paradigm builds on sparse
regression LDPC (SR-LDPC) codes [5], a recently proposed
single-user scheme, and draws inspiration from new results
on approximate message passing (AMP) applied to cell-free
settings [6].

SR-LDPC codes are a novel class of concatenated codes
consisting of an inner sparse regression code (SPARC) [7],
[8], [9] and an outer non-binary LDPC code [10], where the
section size of the SPARC and the field size of the LDPC code
are equal. SR-LDPC codes may be efficiently decoded via an
AMP-based algorithm that runs belief propagation (BP) on the
factor graph of the outer LDPC code within each denoising
step. This decoding scheme is termed the AMP-BP algorithm.
SR-LDPC codes have been shown to match or exceed the
performance of highly optimized 5G LDPC codes with bit
interleaved coded modulation (BICM) over AWGN channels
for parameters of practical interest. Moreover, as each SR-
LDPC coded symbol is an i.i.d. Gaussian random variable,
such codes intrinsically inherit a shaping gain which enhances
performance over AWGN channels and beyond.

SR-LDPC codes are closely related to a specific coded com-
pressed sensing (CCS) scheme tailored to unsourced random
access (URA) [11]. In URA, the objective is to efficiently
support a massive number of uncoordinated users with short
packet lengths and sporadic activity patterns [12]. A key aspect
of the URA strategy is that all users employ identical code-
books for message transmission. The aforementioned CCS
algorithm proceeds by having each active user generate its
own SR-LDPC-like codeword using a common sensing matrix
and then by having all active users simultaneously transmit
their codewords over the Gaussian multiple access channel
(GMAC). The receiver then recovers an unordered list of
transmitted messages by performing noisy K-sparse recovery
via a modified AMP-BP algorithm, where K denotes the
number of active users. Thus, the strategy of concatenating an
inner sparse regression code with an outer non-binary LDPC
code and decoding using the AMP-BP algorithm has proven
effective in both the single-user and massive random access
scenarios. However, this approach has not been investigated
in the coordinated multi-user communication scenario, which
conceptually lies between these two extremes.

A fundamental building block that facilitates the develop-
ment of MU-SR-LDPC codes is coded demixing [13]. While
studying CCS for URA, we discovered that performance can
be improved by (randomly) partitioning active users into dif-
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