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Introduction

The high speeds and low latency expected in mmWave wiret@ssntinica-
tions will require strong error correcting codes and effitidgecoders. Channel
conditions can change widely due to factors such as beamnadigt, blockage,
and interference; so it will be necessary to probe the cHdrewpiently and adjust
the modulation, coding rate, and decoder to the currentitond. Furthermore,
some of the common assumptions might no longer be validcdiffing the gen-
eration and quantization of Log-Likelihood Ratios (LLRY tbe decoder.

To maximize throughput, the decoder will use all the infotiora available,
even corrupted data in packets that failed to decode. Weopsmcremental
redundancy (IR) instead of automatic repeat request (ARQrror control. The
choice of IR bits will be based on receiver feedback wheniptess

Low Density Parity Check (LDPC) codes offer good perforneacer a wide
range of rates and efficient parallel decoding. Quasi-c\ichPC codes (QC-
LDPC) are used in practice since they can be encoded and ettesthg feed-
back shift-registers [1]. The quantization of the LLR vaumas not been studied
when it is to be combined with IR and practical QC-LDPC codesr research
focuses on the design of LLR quantization and IR schemes @t.QPC codes
tailored towards mmWave conditions. This will require ablbration across mul-
tiple research areas: channel characterization for the gé&feration, mmWave
hardware for the decoder implementation, and networkimdhe feedback and
Incremental redundancy protocols.

Background

Two main areas will be addressed in this poster: quantizaml IR.
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Figure 1. QC-LDPC code parity-check (H) matrix 216x648 + B4 |

Feedback does not
Increase channel ca-
pacity, with random
codes of infinite length.
In practice, however,
feedback can help sig-
nificantly. To un-
derstand this, consider
a BI-AWGN channel
with ¢% = 0.25 and
a code of length 100
capable of correcting
5 errors. Since the
channel BER is2%,
we have FER =
5%. When the de-
coding fails, the wrong
bits are likely to have
small LLRs. Five in-
cremental redundanc
bits will barely in- yless Channel.
crease the error correc:
tion capability (Hamming bound), but if we retransmit theshin the center region
(3 bits in average), we are likely to correct the existingpesr
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Abstract

Quasi-Cyclic Low Density Parity Check (QC-LDPC) codes offevery good asymptotic performance over
a wide range of code rates and efficient parallel decoding, wth makes them one of the top candidates
for error correction in mmWave communications. However, it is necessary to investigate how practical
limitations will impact their performance, and research methods to overcome any degradation that might
appear. This poster focuses on the quantization of the LLR Vvaies at the decoder input and the effect of
Incremental redundancy with or without feedback.

The main results in this poster are: 1) spreading the quantiation thresholds beyond those maximizing
the channel capacity can lower the Frame Error Rate (FER) in he high-SNR regime, 2) QC-LDPC de-
coders correct error bursts better than random errors, 3) Zaoing small LLRs when the decoding fails can
help in the high SNR regime, 4) SNR can be estimated adaptiwebased on channel output distribution or
number of failed checks, 5) Feedback significantly enhancdke benefits of Incremental Redundancy (IR)
bits.

Quantization

The quantization of LLR values needs to strike a balanced®stvgpeed and precision. In theory the thresholds
should maximize the capacity of the DMC, but these are naagdvoptimal for a Min-Sum decoder with limited
precision and iterations. The left plot below shows thaeadmg these quantization thresholds by 10% reduces
FER both with and without IR. This could be related to the gmsient of LLR values or with the scaling of
extrinsic information in the Min-Sum decoder.

Increasing the number of quantization bits provides dighimg returns in raw BER. Incremental redundancy
can help bridge the gap left by a coarse A/D, as shown in tlin pigt below.
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Bits in the same circulant are far in the Tanner graph, soaetter to avoid interleaving and keep error bursts
In the same circulant. Zeroing small LLRs when decodingfedln also help: BER increases, but FER decreases.
Message passing decoders are sensible to the sign of the allBsy specially with few iterations. The left plot
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below illustrates this using an AWGN channel with 50 bit siief -3dB fading.

When SNR varies within a codeword, a sliding window local Sé#Rmation based on channel output dis-
tribution could improve performance. The right plot beldwows the results for an AWGN channel where each
circulant has uniformt 2dB noise.

. ¥igure 2. Quantization equivalence to a Discrete Memo-
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The quantization of the messages inside the decoder (alBs)Lhas also been studied, but it goes beyond the

AWGN + block fading channel
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Incremental redundancy

When a codeword fails to decode, we can request additiomay fmts (IR)
that will aid the decoder succeed. Codes are often puncinrthe first transmis-
sion [2] (then punctured bits can be sent as IR), or extendexhwieeded [5]. We
extend the H matrix as

DPO] H-DP

Hext[AOI

where 0 is aZxZ block of zeros, | is the identity matrix, and A is a cyclic ghif
of D so as to reuse the implementation used for the first treassom [4]. Other
extension and puncturing techniques can be found in [3].

Under the traditional ARQ paradigm there is a single bit edigack between
the receiver and the transmitter (ACK/NACK). With more feadk, the decoder
can specify which codeword segments are least reliableatdansmitter can fo-
cus the IR on those segments. This approach provides saymifi@ins, as shown
In the figure below. Retransmitting the same bits (chase aund) performs
worse than sending new redundancy, unless the retrandritiewere the least
reliable in the first transmission.
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The number of IR bits required depends on the codeword SNEh@sn be-
low. It can be estimated based on the number of failed chedHsif quantization
IS too coarse to use the channel outputs.
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Future research

Large antenna arrays in mmWave provide narrow beams wibmgtgains, but
beams could get misaligned and it is not possible to have fitie ddnverters
for each antenna element. Hence, we will seek trade-offgd®set beamforming,
spatial multiplexing, sampling rates, and A/D quantizers.
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