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« Background and Motivation

» Codebook Probability and Generalized Decoding



Codeword Probability and Codebook Probability

« Qis NOT aware of the codebook information

N
Qenysy (VYY) £ 1] Py (bily:)
=1

 Pis aware of the codebook information

Qonpyy (WY [y"
Z PchyN (bN|yN) — 1. PCN|YN (bN|yN) — © gc (3(JN) )




« Example: (3,1) REP code

i=1]i=2]i=3
Pco,y,(0ly) | 04 | 02 | 05
Po,v,(lly;) | 06 | 0.8 | 0.5
Qcs)y:(000]y*) = 0.04
Qcsjys(001)y°) = 0.04
Qc31y:(010]y®) = 0.16
Qcspys(011]y®) = 0.16
Qcejys(100]y°) = 0.06
Qo3 ys(101]y°) = 0.06
Qcsjys(110]y°) = 0.24
Qcs|ys(111 y°) = 0.24
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Codeword Probability and Codebook Probability

Qc(¥®) = Qesyys(000]y°) + Qesjys (111[y®) = 0.28
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Forney’s Generalized Decoding

» How reliable is the decision, even the maximum likelihood (ML) decision? How about CRC?

» Optimal threshold test after decoding, T controls the optimal tradeoff BLER and UER.

IEEE TRANSACTIONS ON INFORMATION THEORY, VOL. 1T-14, No. 2, MARCH 1968 100 _ _
Exponential Error Bounds for Erasure, List, o1k .
and Decision Feedback Schemes g ]
—2 =
G. DAVID FORNEY, JR., MEMBER, IEEE 10 g - =
K 1073 E |

Corollary: Let the decision regions R,, be defined by :, -
5 | M 107 ¢ =
yeRy iff i Xn) 5 o0 N, (11) CHE E
Z Pr(YJ xm') 10—5 - _
m’#m E =

where N is the code length and T is an arbitrary param- 10-6 |
eter. Then there is no other set of decision regions which e T—5 g
gives both a lower Pr (%,) and a lower Pr (E,) than this 1T | S s s &
set does. | | E
i | 2 3 4 5 6

E,/Ny in dB



Forney’s Generalized Decoding

» Suboptimal criterion:

A suboptimum criterion of some practical utility comes
from the observation that the probability Pr (y, X..) of
the second most likely code word x,,; is usually much larger
than that of all the rest, excluding the first, so that the
criterion

o0 PI(Y, Xu) -
yeR,, iff Pr(y. x.) > exp NT (11a)

is a fairly good approximation to (11) for erasure schemes.

» The optimal decision exists for convolutional codes (BCJR-like)

A Reliability Output Viterbi Algorithm
with Applications to Hybrid ARQ

Arvind R. Raghavan, Member, IEEE,
and Carl W. Baum, Member, IEEE
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* Polar Coding and SC Decoding



Polar and Polar-like Codes

Channel polarization: A method for constructing
capacity-achieving codes for symmetric binary-input
memoryless channels

Erdal Arikan, Senior Member, IEEE

0 @ e d— a — n

0 T G‘Q\‘ ® C — Y « message bits

0 © l @ 3 — V3 |
\f l « frozen bits

W1 ® Ca — Y4

Wy o A I Cs — Vs * static

Wo T )\ ! C6 — Ve * dynamic

w3 ® . 7 — yr

Wa T ¢ Cs — Y8




Successive Cancellation (SC) Decoding

« Greedy search on the SC tree

* Improved SC-based Decoding
« SC List

« SC Stack/Sequential

« SC-Fano

e« SC Ordered Search
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» Generalized Decoding of Polar-like Codes
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Forney’s Generalized Decoding

* Forney’s threshold test:
pywio~ (y [eV) 2T
D oevecPynion (YN [eN) T 14 2NT
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» For polar-like codes:

» Codebook probability of polar-like codes:

Qe (?JN) = Qu (?JN) = Z QUN|YN (’UN|?JN)

vNel
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Approximated Codebook Probability of Polar-like Codes

« Evaluate the reliability of the unvisited valid decoding paths (codewords)

Quopy~ (2lyN) =1

frozen

(b) all unv131ted valid TEaVes: =000 i vl e s

N message
E QUN|YN |y Z Z QUN|YN Ny ) 5
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(a) all visited leaves b ~~ o frozen

(c) all valid leaves underneath node a*

visited leaf: 0100 unvisited subtrees invalid subtrees
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Approximated Codebook Probability of Polar-like Codes

« Evaluate the reliability of the unvisited valid decoding paths (codewords)

Quopy~ (2lyN) =1

frozen

(b) all unvisited valid leaves

Z CQUN|YN (UleN) + Z Z QUNlYN (?)leN) message
’UNEV a’iew 'UNGH

(a) all visited leaves ~" -
(c) all valid leaves underneath node a*
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Approximated Codebook Probability of Polar-like Codes

« Evaluate the reliability of the unvisited valid decoding paths (codewords)

QUO]YN (g|yN) =1
U (yN) ~S QE} (y Z QU”IYN (U IyN) frozen

vNEV

e ol
sum of prob. for all visited leaves
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approx. sum of prob. for all unvisited valid leaves
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visited leaf: 0100 unvisited subtrees invalid subtrees
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Blockwise Soft-Ouput

» Blockwise soft-output: the probability of the
output decision being the transmitted codeword
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« Listwise soft-output: the probability of
the transmitted codeword is in the list
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Generalized Decoding (Joint Error Correction and Detection)
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Fig. 4: BLER(solid), UER(dashed), MDR(dotted) vs. Ey/Np over the bi-
AWGN channel for the (64, 42) dynamic RM code compared to a (64,42+6)
static 5G polar code with an outer CRC-6 0x30. SCL with L = 4, threshold
e=10.1

Fig. 5: BLER(solid), UER(dashed), MDR(dotted) vs. E; /Ny over the bi-
AWGN channel for the (64, 42) dynamic RM code compared to a (64,42 +
11) static 5G polar code with an outer CRC-11 0x710. SCL with L = 8,
threshold € = 0.005 17



 Bitwise Soft-Ouput of SC Decoding
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Optimal Bitwise Soft-Output

dhannel observation a posteriori probability
(intrinsic information) log-likelihood ratio
L " . AP Optimal Decoding of Linear Codes for Minimizing Symbol
= 1y vy n soft-input i=1,. . n El'l'Ol' Rate
soft-output
(SISO) decoder L. R. BAHL, J. COCKE, F. JELINEK, AnD J. RAVIV
I ssoemcosoos > - » If
[ n ) g = Lyaemy n
a priori information extrinsic information
{ 1 1 0o 1 o ]
. . . . H :
« Optimal bitwise soft-output based on trellis (BCJR) oo oo

+ for convolutional codes O (N - 2™)

- for block codes O (N . 2N—K)

» Optimal bitwise SO based on list

Yeimo,evec Qompy (¥ [y

N _
Zci:]_ ,CN eC QC N |YN (C ly ) Fig. 4. Parity check matrix and trellis diagram for (5,3) block code.
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Approximated Bitwise Soft-Output

* list-sum approximation

N |, N
g — log >oeimoever Qovpyn (e |yY)
’ Zcizl,cNEE QCN|YN (CN IyN )

* list-max approximation (Pyndiah)

N N s - 46, NO. 8, AUGUST 1998 1003
glistmax _ 160 MaXe,=0,cN e @O |y N (c |y ) Near-Optimum Decoding of Product
? max,—1 NerQcnyn (e |yV) Codes: Block Turbo Codes

Ramesh Mahendra Pyndiah, Member, IEEE

« SCL + Pyndiah

2004 IEEE TRANSACTIONS ON SIGNAL PROCESSING, VOL. 68, 2020

Practical Product Code Construction of Polar Codes

Carlo Condo “, Senior Member, IEEE, Valerio Bioglio"”, Member, IEEE,
Hartmut Hafermann ", Senior Member, IEEE, and Ingmar Land, Senior Member, IEEE

20



Proposed Bitwise Soft-Output

 Bitwise soft-output based on codebook probability

» Codebook probability dynamically adjust the weight
between list observation and channel observation

/ log ci=0,cNeLl
APP,i R
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Iterative Decoding
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Fig. 6. BLER(solid), BER(dashed) vs. E/Ng over the biAWGN channel Fig. 7. BLER(solid), BER(dashed) vs. Ey/No over the biAWGN channel
for the (1024, 676) product code based on (32, 26) static RM codes. for the (4096, 1764) product code based on (64,42) dynamic RM codes. 2,



Iterative Decoding
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lterative MIMO Detection

Soft-Output Fast Successive-Cancellation List

compatible with fast/simplified SC
Decoder for Polar Codes

Li Shen!, Yongpeng Wu!, Yin Xu', Xiaohu You?, Xigi Gao?, and Wenjun Zhang! [ ' ' '

—p— BP [17]
1 ; : 3 5 1 i ; ; Py SCAN [18]
Department of Electronic Engineering, Shanghai Jiao Tong University, Shanghai, China 10295 Soft List [22]
ZNational Mobile Communications Research Laboratory, Southeast University, Nanjing, China ' GO 3C /;SN 23]
E-mail: {shen-1, yongpeng.wu, xuyin, zhangwenjun} @sjtu.edu.cn, {xhyu, xqgao} @seu.edu.cn P)_rn diah [26]
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Fig. 3. BER performance of various soft-output polar decoders for a
(512, 256) polar code.
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Quality of Bitwise Soft-Ouput

. . TABLE I
SOft—Informatlon POSt—PI'OC@S Slng fOI' BER OF (32, 26) STATIC RM CODES WITH DIFFERENT SISO DECODERS.
Chase-Pyndiah Decoding Based on | B, /No [ oas [ 1as 2 dB 3 dB 4 dB 5 dB
Generalized Mutual Information SO-SCL (L=4) | 0093712 | 0061758 | 0032229 | 0.011629 | 0.0027179 | 0.00037739

list-max (L = 4) 0.102810 0.066558 0.034110 0.011980 0.0027626 0.00038120
BER list-sum (L = 4) 0.097503 0.063655 0.032938 0.011685 0.0027188 0.00037792

Andreas StraBhofer(, Diego Lentner*®, Gianluigi Liva’®, and Alexandre Graell i Amat?
*“Institute for Communications Engineering, Technical University of Munich, Munich, Germany

nstitute of Communications and Navigation German Aerospace Center (DLR), Wessling, German; SCL (L =4) 0.102810 0.066558 0.034110 0.011980 0.0027626 0.00038120
{Chalmers University of Technology, Gothenburg, Sweden
MAP 0.093537 0.061489 0.032149 0.011582 0.0027080 0.00037664
. . TABLE 11
* Hard decision BER 1-GMI OF (32, 26) STATIC RM CODES WITH DIFFERENT SISO DECODERS.
Ey/No | oas | 14B 2 dB 3 dB 4dB 5 dB
° General |Zed m utual Informatlon SO-SCL (L = 4) 0.66733 0.76970 0.87071 0.95215 0.98799 0.99838
1-GMI list-max (L = 4) 0.66553 0.76758 0.86867 0.95092 0.98767 0.99834
list-sum (L = 4) 0.66452 0.76677 0.86838 0.95109 0.98772 0.99836
° Ensemble Iteratlve decodlng threshold BCIR 0.67231 0.77658 0.87690 0.95403 0.98829 0.99842
TABLE III
ITERATIVE DECODING THRESHOLDS FOR THE GLDPC CODE ENSEMBLE WITH (32, 26) STATIC RM COMPONENT CODES.
Algorithm BCJR SO-SCL (L = 2/4/8) list-max (L = 2/4/8) list-sum (L = 2/4/8)
(Eben}* 1.48 1.69 1.58 1.52 2.26 1.88 1.65 2.26 1.86 1.60
TABLE IV
ITERATIVE DECODING THRESHOLDS FOR THE GLDPC CODE ENSEMBLE WITH (64, 57) STATIC RM COMPONENT CODES.
Algorithm BCIR SO-SCL (L = 2/4/8) list-max (L = 2/4/8) list-sum (L = 2/4/8)
(Eb/'Nu}* 2.31 2.68 2.54 2.44 3.10 2.76 2.54 3.10 2.75 2.50
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Hardware Consideration

f(z) £log (1+€7) |

CN (a,b) = sign (a) - sign (b) - min (|al, [6]) + f (~[a +b]) — f (~[a —b])
M (u') =M (W) 4+ f(—(1-2%) - o) T = min (T,p + Ngz - In2) — f (= |p+ Ngz - In2 = T))

3.5 ‘ ‘ 100 ———7
— log(1 + €%) =
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3 —
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» Conclusions
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» Approximated codebook probability of polar-like codes

 Joint error correction and detection (via blockwise soft-ouput)
» Optimal tradeoff between BLER and UER

« Controllable misdetection rate

* Bitwise soft-ouput
» Decoding of GLDPC/product codes

» |terative MIMO detection
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Thank You!

Peihong Yuan

phyuan@fudan.edu.cn

Institute of Space Internet




