1ERETH
ERHERREAESHRRE
Z FJ BB CiARNE

Reconfigurable Neural Network-Assisted Polar Decoder
with Multi-Code Length Support
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Abstract

Polar codes have become more and more important since they
were officially selected as the channel coding in 5G standard.
However, there are only a couple of fabricated ASICs featuring
polar decoder and most of them target improved throughput rate
and error-correction performance. Therefore, the requirements
of another two application scenarios of ultra-reliable low-
latency communications (URLLC) and massive machine-type
communications (mMTC), such as low latency and energy

efficiency, are neglected.

In this work, we present an ultra-low latency and energy efficiency
7.8-13.6 pJ/b polar decoder engine fabricated in 40nm CMOS
technology. With the proposed recurrent neural network-assisted
belief propagation (RNN-BP) decoding algorithm, we can improve
the convergence rate by 8 times with reasonable hardware
and memory overhead. Then, a reconfigurable architecture is
proposed to support multiple code lengths without significantly
increased hardware complexity by taking advantage of BP's
regular structure. It contributes to 2-8x improved hardware
utilization rate and provides a perfect combination with many
other enhanced mechanisms. Moreover, two optimization
techniques for the design of processing element (PE) are

proposed to jointly reduce area and power by 73% and 67%.

From the measurement results, our reconfigurable RNN-BP
polar decoder chip has 2.3x, 2.3x, and 10.0x enhancement over
prior designs in terms of latency, throughput rate, and energy
efficiency, respectively, which make our design perfectly suitable

to meet various application scenarios in 5G new radio (NR).

Fig. 2 (a) Conventional belief propagation (BP) algorithm, and (b) the
proposed recurrent neural network-assisted belief propagation (RNN-
BP) algorithm

Fig. 3 Proposed reconfigurable architectural design for multi-code

length support

Fig. 4 Chip micrograph and summary



