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Last 5 Years: Probabilistic Shaping Revival
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Now Commercialized:
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Key to Success: Layered Architecture 

for Linear FEC Codes

 2015: Probabilistic Amplitude Shaping [1]:

shaped amplitude bits (and un-shaped sign bits for parities)

 1981: Reverse concatenation [2]:

constrained bits (and un-constrained bits for parities)

[1]

[2]
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What if there are no un-constrained bits?

 Several interesting use cases:

 On-Off Keying (OOK)  Balazs’ talk on Thursday 5:30pm, [4]

 High FEC overhead

 Multiuser system (e.g., dirty paper coding)

 ...

 We do not consider Polar coding (a very nice solution)

 Thomas Wiegart’s poster

[3]
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What if there are no un-constrained 

bits?

 We are interested in a general architecture like PAS that 

integrates with (decoding of) 

 LDPC codes

 Turbo product-codes

 Algebraic codes

 … 
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Linear Layered Probabilistic Shaping:

Outline

 It’s an encoding problem!

 Systematic encoding revisited:

 2-step approach

 PAS encoding

 Shaped parity bits

 Rate matching

 Application: dirty paper coding

 Conclusions
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It’s an Encoding Problem!
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By all-zero codeword/

scrambling trick:

• Evaluate the decoder for 

shaped codewords

• Design codes for shaped 

codewords

Questions:

• What is the overall rate?

• What FEC rate is achievable?
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It’s an Encoding Problem!

By [4]:

 Achievable FEC rate is 1 − 𝑅fec < H(𝑋|𝑌)

 Overall rate is 𝑅 = 𝐻 𝑋 − 1 − 𝑅fec
+

 Ideal code achives 𝑅∗ = I(𝑋; 𝑌)

[4] 
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Systematic Encoding in 2 steps

 Parity check matrix

 Systematic encoding:
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PAS Encoding
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LLPS Encoding
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Enabling Component: Syndrome 

Distribution Matcher (SDM)
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• SDM has input 𝒔 and output

• Two immediate implementations:

• Calculate offline and store size 2𝑚 LUT (memory limited). 

• Calculate online size 2ℓ coset (time limited).

• Research efficient algorithms for when neither 𝑚 nor ℓ are small.  



HUAWEI TECHNOLOGIES CO., LTD.

35pt  

32pt  

) :18pt  

Rate Matching
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• Ideal components:

• Rate

Any rate 0 ≤ 𝑅 ≤ 𝑅fec
Possible!!
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• Channel

• LLPS-DPC Encoder

Dirty Paper Coding
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 𝑖th channel use:

 Achievable rate by [4,6]:

 Optimized distribution:

[5]

[6] 

Achievable Rate
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Dirty Paper Coding
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• Rate 0.5, block length ≈ 1000
Wimax LDPC codes

• ℓ = 16
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Conclusions

 Summary:

 Layered PS architecture for linear codes.

 Extending PAS by not requiring un-constrained bits.

 Syndrome distribution matching as enabling component

 Next steps: 

 efficient SDM algorithms

 Applications
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