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Abstract

What?  Analyze and design (list) decoders for polar codes (PC) for 3-level quantized
(3Q) channel output, and 3Q log-likelihood ratio (LLR) messages.  Why? Lower
complexity (e.g., loT) > lower energy consumption & cheaper device production.

Results e Negative impact of coarse quantization underestimated in the literature:
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BIAWGN Capacity

(a) Maximum achievable rate vs. capacity (b) Maximum achievable rate vs. Ev/Ng

Unquantized SC decoding over unquantized BIAWGN |—|and over 3-level quantized Bi-
AWGN (3Q-BiAWGN) ||, and 3-level quantized SC decoding over 3Q-BiAWGN

e LLR quantization » path metric (PM) quantization » impaired list management
e Low-complexity techniques: In-List ML and Expected Path Metric Updates (EPMU)

e Sizable gains, in particular for low code rates

Preliminaries

Three-Level Quantized BIAWGN Channel
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Synthetic channels:
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Decoding: - LLR message passing over factor graph
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Channel output LLRs (i.i.d.)

VNe: z,@xy= 1+ x5 CNE: 2 By ~ sign(z) sign(xe) min{|z|, |za| }

Path (’s metric:  PMmy; = Z femejytie;)  fom(Au) &~ max{0, (—=1)'7“A}
j=0

Key Insights
Quantized decoder:
e Distorted LLRs \ € L5
> No magnitude, no reliability info
e Distorted PMs

- Bad plausibility measure

Unquantized decoder:
e Full-precision LLRs A € L

e Full-precision PMs:
PM; = —log(Pr[U = /| Y = y])
~ Plausibility of path (ML)
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PM quantization severely impacts list management!

> Use In-List ML to select most likely codeword among list decoder output!

> Use statistical reliability information for Expected Path Metric Updates!

In-List ML

cuL = argmax P(y|c)
ceClist

Expected Path Metric Updates

Unquantized decoder: Quantized decoder:
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IfP(Ai.“”q), A(q)> was known, foru € {0, 1}:
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How to obtain P (Aﬁ“”q), qu)) ? > Joint density evolution (‘L3 ,)-SC decoder’)!
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For 1,22 € L3.00) = L3 X Lo
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Simulation Results

Density evolution, R = 1/2,n = 256, L. = 32 Reed-Muller, R = 37/256 ~ 0.145,n = 256, L = 128
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(a) Gains for In-List ML and EPMU (b) Utility of EPMU at low code rates

Channel Decoder Metric Channel Decoder Metric
-« 3Q-BiIAWGN L3-SCL PM-FER -« 3Q-BiAWGN L.-SCL PM-FER

3Q-BIAWGN L5-SCL List-FER — 3Q-BIAWGN L.,-SCL ML-LB
o+ 3Q-BIAWGN L3-SCL + In-List ML LML-FER BIAWGN L.-SCL PM-FER
-a 3Q-BiIAWGN L3-SCL + In-List ML + EPMU LML-FER BiIAWGN L.-SCL ML-LB

FER vs. Ev/N, for (a) R = 1/2 Polar code and (b) R = 37/256 Reed-Muller code
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