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10 help guide ermor comection, which is called soft-detection

5 g codes with paricular
stnuetue and comesponding. distinet eode-specific decaders
4 wide variety of codes have been developed and deployed
for error coreection. Examples of codes with dedieaned hard-
detection decoders include Reed-Muller (RM) codes [3], [4]
ogic Deeoding, Reed-Solomon codes [3] and
Masscy decoding [G]. [7]. A recent example of an
important code-sirucare that has 3 dedicated sofi-detection
decoder is CRC-Assisted Polat (CA-Polar) codes. whieh will
be used for all control chamnel communications in 56 New
Radio, with CRC-Assisted Successive Cancelltion Lt (CA-
SCL) deceding [8]-{10]. Efficient hasdware realization for ol
of thuse decoders have been reported. e.g. [11H17). but, as

i this work. In contrast 10 existing hardware that can oaly

decode 3 handful of codes, the chip can accursiely decode
mote than 295 distinct cody

oreaver, o single chip can
decoding of any product code
of up 0 16; 31 and 4 higher GECC
than its 128-bit component codes [23]

11. GUESSING RANDOM ADDITIVE NOISE DECODING

in {0,1)" where u i the code
information bits, and s the code rate. A transmiter
sends 0 codewrd X from the codebook C. Assume that
random noise effect N2, which is ent of the channel
input and ako takes values in {0, 1)", additively aliers the

A Universal Maximum Likelihood GRAND
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a throughput of 1126 Mbis. The chip allows seamless swapping
between codebooks with o dwntime, enabling use by multiple
applications simulfaneously.

Index Terms—GRAND, universal decoder, masimum likeli-
hood decoding, hard-detection, error correcting codes .

1) pairing of resticted encoders with code-specific de-
coders:, and 2) few eonstructions of codes a1 any given
e for any family of codes.

igh latency
1) Emplasis on use of long eodes such as LDPCs, even in
newer developments such s Polar codes: and 2) resnce
on Interleavers to make the chansel appear menoryless,
thus de fieto increasing the length of eodes by two ondees
of magni

L. MOTIVATION

Transmited daia is subject o harmful cormuption by noise
present in a communication channel. By adding redundnt
bits 1o transmis detection codes allow the daig's

oas, e

Arikan, E, et
throughput

implementation

energy

al., “A high
efficient

of  successive

cancellation decoder for polar
codes using combinational logic,”
IEEE Transactions on Circuits and
Systems I: Regular Papers, 2016
63(3), pp.436-447.

D. Markovic, et al, “A 2.267-Gb/s,
93.7-pJ/bit  non-binary  LDPC
decoder with logarithmic
quantization and dual-decoding
algorithm scheme for storage
applications,” IEEE journal of
solid-state circuits. 2018 May

integrity to be tesied, while emur-correcting codes ensbie the
ectificaion of ermos. The detection and correction of errors
is done by involving decoding algorithms. Various codes with
a partcular siructure have heen developed and deployed for
error correction as distinct code-specific decoders. Examples
include Reed-Muller (RM) codes [1] with Majority Logic
Decoding, Reed-Solomon codes (RS) [2], Berlekamy-Massey
decoding [3) and. most recently, CRC-Assisied Polar (CA-

GRAND is a universal deceding scheme ihal works ef-
fiieatly with any code of modene sedundancy regardless
of it lengih. In contrst to the sisle of the s, GRAND
offers the Tollowing festures fo address the limitations of the
conventional decoding spproaches:
+ Adaptabiliy
1) boih to different techuologies as well as 1o operstng
condiions: 21 universal ML decoding,_allowing for &

Yazicigil, R, et al. "A Universal
Maximum Likelihood GRAND
Decoder in 40nm CMOS." 2022
14th International Conference on
Communication Systems &
Networks (COMSNETYS).

tional decoders, and o the throughput gains obiained. by hybrid-
with respect to purely sy

Index Terms—Energy elficiency, error correcting codes, polar
codes,successive cancelation decoder, VLS.

L. INTRODUCTION

OLAR codes were proposed in [1] & a low-complexity
channel coding method that can provably achieve
Shannon's channel capacity for any binary-input symmetric
discrete memoryless chunnel. Apart from the intense teoretical
interest in the subject, polar codes have attracted attention for
their potential applications. There have been several proposals
on ardvase impletations of olas codes, Which aily

problem in “polar decoding, One method "hat has been tied
is Belief Proj h (7). In BP
decoding, the decoder has the capability of making multiple
bit decisions in parallel. Indeed, BP throughputs of 2 Gbls
(with clock frequency 500 MHz) and 4.6 Ghls (with clock
frequency 300 MHz) are reported in [8] and (9], respectively.
he throughput advantage of BP decodi
igh SNR values. where correct decodin,
be achieved afier a small number of ileraiions: this advantage
of BP decoders over SC decoders diminishes as the SNR
decreases.

A second algorithmic approach 1o break the throughput
bottleneck s to exploit the Fuct that polar codes are 4 class

of generalized concatenated codes (GOC). More precisely, a

22:53(8):2378-88.

ative savings [for cample, n, = 16 for a GF(64) code Hi »
in [4] or na = 32 for a GR256) code in [3]. a non-binary
code defned over lower Galois feld orders are still much
more. manageable while providing significant coding gain
over binary LDPC codes. Unforunatly, the aforementioned
tcchnique docs not apply to codes at lower GF(g), because
there is no appropriate choice of 1, for & small g that sima-
tancously maintsins good coding gain and saves in hardware
complexity, requiring us to pursue unique implementation
techniques approprite for lower GF(g)

represcnting the rows of H with M check nodes, the columns
of H with N variable nodes, and the connecting check nade m
and variable node 1 with an cdge, weighted by g, if i €
[GFig)\0]. Let Iy denote the set of variable nodes that are
adiacent to check node m and Jy denote the set of check
nodes adjacent to variable node

NB-LDPC codes.

de = 1| and d, = | ], respectively. Lu[‘mh‘ the a pri-
ori channel informatian of variable nodc n comesponding to
a & GFlg). defined as

Sccond, NB-LDPC decoder solutions provided thus far
only apply to very short codes. which arc not appropriate
for stomge systems. In fact, codes in storage systems arc
required to be very long (typically 1 KB and above) in order
to ensure a sharp waterfall region, low crror floor, and lack
of undeiectable crrors, which gives rise to o new sct of

in implementation, such s the large intermediatc
< storage requicment. A fally parall] architecture,
5 cplyedin 3] and [} cnaes igh troughput ad avoids

) | P =) channel .
1(a) = In | e =D
)= Br(ay = a) lchamnel.

where & is defined 1o be the mast kely ficld cle

variable node n. i.c., Prixe = a) is maximum when
Intertive decoding algoritms of NB-LDPC codes, mes

sages are passcd back and forth be

nodes and check nodes. Let O b the mes

pode 110 check nodk m and R b the mesagefrom check
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[13]. Results reported by such techniques show a throughput
of | Ghis by u tailored for specific codes [14]
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