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• C: BCH code defined by (ν, t, s), where

• ν: Galois-field extension degree
• t: error-correction capability
• s: shortening parameter

• ⇒ length n = 2ν − 1 − s, dimension k = 2ν − νt − 1 − s

• Staircase code rate R = 2k/n − 1 and FEC overhead OH = 1/R − 1

Problem Formulation

For fixed OH, find a “good” triple (ν, t, s).
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• m: number of constraint nodes per spatial position
• L: total number of spatial positions
• w: coupling width

• Key observation: staircase code contained in the ensemble for m = n/2,
L → ∞ and w = 2 assuming “structured” permutations π

• Asymptotic (m → ∞) ensemble behavior can be analyzed via density
evolution (DE) assuming extrinsic message passing (EMP)
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• Use decoding thresholds for parameter optimization
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table for all OHs in paper

• Result for OH = 33.33%: C2 defined by (ν, t, s) = (8, 3, 63).

On Parameter Optimization for Staircase Codes | Häger, Graell i Amat, Pfister, Alvarado, Brännström, Agrell 5 / 8



Staircase Codes Density Evolution Extended Code Construction Conclusions

Example (OH = 33.33%): Density Evolution and Thresholds

pre-FEC BER

p
o
st

-F
E

C
B

E
R

10
−7

10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

2.12.22.32.42.52.62.72.8

· 10
−2

11.1 11.0 10.9 10.8 10.7 10.6

Net Coding Gain [dB]

b
b

b
b

b

b

b

b

b

b

b
b

b

b
b
b
b

b
b

b

*

*

*

*
at 10

−7

threshold

C1 (param. from [*])

(param. opt.

with DE)

C2
staircase (EMP)b b

staircase (IMP) [*]*
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with DE)
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• Same parameter space as *[Zhang and Kschischang, JLT, 2014] → full
table for all OHs in paper

• Result for OH = 33.33%: C2 defined by (ν, t, s) = (8, 3, 63).
• Staircase codes with C1 and C2 have different slopes ⇒ DE gain prediction

not preserved

On Parameter Optimization for Staircase Codes | Häger, Graell i Amat, Pfister, Alvarado, Brännström, Agrell 5 / 8



Staircase Codes Density Evolution Extended Code Construction Conclusions

Staircase Array with Multiple Row/Column Constraints

On Parameter Optimization for Staircase Codes | Häger, Graell i Amat, Pfister, Alvarado, Brännström, Agrell 6 / 8



Staircase Codes Density Evolution Extended Code Construction Conclusions

Staircase Array with Multiple Row/Column Constraints

• “steepness” of BER curve determined by m, but fixed in the original
construction

On Parameter Optimization for Staircase Codes | Häger, Graell i Amat, Pfister, Alvarado, Brännström, Agrell 6 / 8



Staircase Codes Density Evolution Extended Code Construction Conclusions

Staircase Array with Multiple Row/Column Constraints

• “steepness” of BER curve determined by m, but fixed in the original
construction

• Ensemble analysis: m → ∞, staircase: m = n/2

On Parameter Optimization for Staircase Codes | Häger, Graell i Amat, Pfister, Alvarado, Brännström, Agrell 6 / 8



Staircase Codes Density Evolution Extended Code Construction Conclusions

Staircase Array with Multiple Row/Column Constraints

C2 length n = 192

. . .

96
2 bits per block

C1 length n = 360

. . .

180
2 bits per block

• “steepness” of BER curve determined by m, but fixed in the original
construction

• Ensemble analysis: m → ∞, staircase: m = n/2

On Parameter Optimization for Staircase Codes | Häger, Graell i Amat, Pfister, Alvarado, Brännström, Agrell 6 / 8



Staircase Codes Density Evolution Extended Code Construction Conclusions

Staircase Array with Multiple Row/Column Constraints

C2 length n = 192

. . .

96
2 bits per block

C1 length n = 360

. . .

180
2 bits per block

• “steepness” of BER curve determined by m, but fixed in the original
construction

• Ensemble analysis: m → ∞, staircase: m = n/2
• Allow for q > 1 code constraints in each row/column of the staircase array

On Parameter Optimization for Staircase Codes | Häger, Graell i Amat, Pfister, Alvarado, Brännström, Agrell 6 / 8



Staircase Codes Density Evolution Extended Code Construction Conclusions

Staircase Array with Multiple Row/Column Constraints

• “steepness” of BER curve determined by m, but fixed in the original
construction

• Ensemble analysis: m → ∞, staircase: m = n/2
• Allow for q > 1 code constraints in each row/column of the staircase array

On Parameter Optimization for Staircase Codes | Häger, Graell i Amat, Pfister, Alvarado, Brännström, Agrell 6 / 8



Staircase Codes Density Evolution Extended Code Construction Conclusions

Staircase Array with Multiple Row/Column Constraints

Example: n = 4, q = 2

• “steepness” of BER curve determined by m, but fixed in the original
construction

• Ensemble analysis: m → ∞, staircase: m = n/2
• Allow for q > 1 code constraints in each row/column of the staircase array

On Parameter Optimization for Staircase Codes | Häger, Graell i Amat, Pfister, Alvarado, Brännström, Agrell 6 / 8



Staircase Codes Density Evolution Extended Code Construction Conclusions

Staircase Array with Multiple Row/Column Constraints

Example: n = 4, q = 2

bit participates in

row constraint 1

• “steepness” of BER curve determined by m, but fixed in the original
construction

• Ensemble analysis: m → ∞, staircase: m = n/2
• Allow for q > 1 code constraints in each row/column of the staircase array

On Parameter Optimization for Staircase Codes | Häger, Graell i Amat, Pfister, Alvarado, Brännström, Agrell 6 / 8



Staircase Codes Density Evolution Extended Code Construction Conclusions

Staircase Array with Multiple Row/Column Constraints

Example: n = 4, q = 2

bit participates in

row constraint 1

row constraint 2

• “steepness” of BER curve determined by m, but fixed in the original
construction

• Ensemble analysis: m → ∞, staircase: m = n/2
• Allow for q > 1 code constraints in each row/column of the staircase array

On Parameter Optimization for Staircase Codes | Häger, Graell i Amat, Pfister, Alvarado, Brännström, Agrell 6 / 8



Staircase Codes Density Evolution Extended Code Construction Conclusions

Staircase Array with Multiple Row/Column Constraints

Example: n = 4, q = 2

bit participates in

row constraint 1

row constraint 2

column constraint 1

• “steepness” of BER curve determined by m, but fixed in the original
construction

• Ensemble analysis: m → ∞, staircase: m = n/2
• Allow for q > 1 code constraints in each row/column of the staircase array

On Parameter Optimization for Staircase Codes | Häger, Graell i Amat, Pfister, Alvarado, Brännström, Agrell 6 / 8



Staircase Codes Density Evolution Extended Code Construction Conclusions

Staircase Array with Multiple Row/Column Constraints

Example: n = 4, q = 2

bit participates in

row constraint 1

row constraint 2

column constraint 1

column constraint 2

• “steepness” of BER curve determined by m, but fixed in the original
construction

• Ensemble analysis: m → ∞, staircase: m = n/2
• Allow for q > 1 code constraints in each row/column of the staircase array

On Parameter Optimization for Staircase Codes | Häger, Graell i Amat, Pfister, Alvarado, Brännström, Agrell 6 / 8



Staircase Codes Density Evolution Extended Code Construction Conclusions

Staircase Array with Multiple Row/Column Constraints

Example: n = 4, q = 2

bit participates in

row constraint 1

row constraint 2

column constraint 1

column constraint 2

• “steepness” of BER curve determined by m, but fixed in the original
construction

• Ensemble analysis: m → ∞, staircase: m = n/2
• Allow for q > 1 code constraints in each row/column of the staircase array
• Protograph lifting (copy-and-permute) of the Tanner graph describing the

staircase code

On Parameter Optimization for Staircase Codes | Häger, Graell i Amat, Pfister, Alvarado, Brännström, Agrell 6 / 8



Staircase Codes Density Evolution Extended Code Construction Conclusions

Staircase Array with Multiple Row/Column Constraints

Example: n = 4, q = 2

bit participates in

row constraint 1

row constraint 2

column constraint 1

column constraint 2

• “steepness” of BER curve determined by m, but fixed in the original
construction

• Ensemble analysis: m → ∞, staircase: m = n/2
• Allow for q > 1 code constraints in each row/column of the staircase array
• Protograph lifting (copy-and-permute) of the Tanner graph describing the

staircase code
• The type of lifting preserves the staircase array structure and

time-invariant encoding/decoding operations
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• Extended staircase code based on C2 for q = 2

• Steeper waterfall performance at the expense of a larger staircase block
size 2 ·n/2 = 192
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• Extended staircase code based on C2 for q = 2

• Steeper waterfall performance at the expense of a larger staircase block
size 2 ·n/2 = 192

• Staircase code with C1 has block size n/2 = 180
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Conclusions

1. Density evolution can be used as an effective tool for finding good
staircase code parameters.

2. Extended staircase code construction can provide steeper waterfall
performance at the expense of a larger staircase block size.

Thank you!
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