
Institute of Space Internet

Soft-Ouput Decoding of Polar Codes

09 April 2026
2026 Munich Workshop on Shannon Coding Techniques

Peihong Yuan



Outline
• Background and Motivation

• Codebook Probability and Generalized Decoding 

• Polar Coding and SC Decoding

• Generalized Decoding of Polar-like Codes

• Bitwise Soft-Ouput of SC Decoding

• Conclusions

2



Outline
• Background and Motivation

• Codebook Probability and Generalized Decoding 

• Polar Coding and SC Decoding

• Generalized Decoding of Polar-like Codes

• Bitwise Soft-Ouput of SC Decoding

• Conclusions

3



Codeword Probability and Codebook Probability
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• Q is NOT aware of the codebook information

• P is aware of the codebook information

• Codebook probability



Codeword Probability and Codebook Probability

• Example: (3,1) REP code
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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.
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Forney’s Generalized Decoding
• Suboptimal criterion:

• The optimal decision exists for convolutional codes (BCJR-like)
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Polar and Polar-like Codes

• message bits

• frozen bits

• static

• dynamic
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Successive Cancellation (SC) Decoding

• Greedy search on the SC tree

• Improved SC-based Decoding

• SC List

• SC Stack/Sequential

• SC-Fano

• SC Ordered Search
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Forney’s Generalized Decoding
• Forney’s threshold test:

• For polar-like codes:

• Codebook probability of polar-like codes:
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Approximated Codebook Probability of Polar-like Codes

• Evaluate the reliability of the unvisited valid decoding paths (codewords)
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Blockwise Soft-Ouput
• Blockwise soft-output: the probability of the 

output decision being the transmitted codeword

• 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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Optimal Bitwise Soft-Output
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• Optimal bitwise soft-output based on trellis (BCJR)

• for convolutional codes 

• for block codes

• Optimal bitwise SO based on list



Approximated Bitwise Soft-Output
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• list-sum approximation

• list-max approximation (Pyndiah)

• SCL + Pyndiah



Proposed Bitwise Soft-Output

21

• Bitwise soft-output based on codebook probability

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



Iterative Decoding
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Iterative Decoding
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Iterative MIMO Detection
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compatible with fast/simplified SC



Quality of Bitwise Soft-Ouput
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• Hard decision BER

• Generalized mutual information

• Ensemble iterative decoding threshold



Hardware Consideration
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Conclusions
• 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

• Iterative MIMO detection
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