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A High-Throughput Massive MU-MIMO Detector for
Rate-Splitting Multiple Access Communication Systems
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Abstract

As mobile devices continue to evolve rapidly, future wireless
communication systems face increasing demands for higher
throughput. In response to next-generation communication needs,
multiuser multiple-input multiple-output (MU-MIMO) systems
employ a variety of advanced communication technologies to meet
these throughput demands, such as higher-frequency carriers,
large antenna arrays, and small-cell base stations. While these
technologies are designed to enhance transmission data rates,
they also introduce unfavorable channel conditions, including
spatial correlation, multiuser interference, and inaccurate channel
state information, all of which may result in actual transmission
data rates falling short of the ideal channel capacity. The existing
space-division multiple access (SDMA) performs worse than
rate-splitting multiple access (RSMA) under these unfavorable channel
conditions, with a gap in error rate performance of 1.9t0 5.8 dB.

This work implements a massive MU-MIMO detector for RSMA
systems. The proposed detection algorithm improves upon
traditional methods in the literature. There are two key differences:
(1) the removal of common message decoding, and (2) the addition
of private message interference cancellation. The workflow then
becomes iterative. Removing common message decoding along
with an iteration skipping technique reduces overall latency by up
to 93%. The iterative detection and decoding process helps
compensate for the resulting SNR loss, which is reduced to a
negligible 0.1 dB within three iterations. The system architecture of
the proposed RSMA detector is shown in Fig. 4.

The proposed RSMA detector includes several hardware optimizations,
such as a matrix-vector multiplication architecture design and a
dual-precision complex-valued multiplier, achieving a47% reduction in
successive multiplication delay and a 36% reduction in multiplier
area. The polar code decoder utilizes low-complexity processing
units to reduce area by 37%, and it features a pipelined design that
supports partial decoding update technique. The interference
canceller employs partially parallelized computations for precoding
to reduce interference cancellation delay by 30%. Fig. 5 shows the
die photo. This chip is fabricated in 40 nm CMOS technology. It
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supports a 256x32 MIMO configuration, up to 256-QAM modulation,
and 128-bit polar decoding function, achieving a maximal
throughput of 6.4 Gbps at 200 MHz with a power consumption of
142 mW. The throughput is 3.3 times higher than previous SDMA
detectors, and the energy efficiency is doubled.
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