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1. Introduction 
In January Adhoc, RAN1 made agreement about maximum lift (or shift) sizes for LDPC code design and conclusion about criteria for LDPC matrices performance comparison:
Agreement: 
· The largest info block size supported by LDPC encoder Kmax and the largest shift size Zmax defined for a H matrix are selected from the following set of {Kmax, Zmax} pairs: 
· {8192, 256}, {8192, 512}, {8192, 1024},
· {FFS near 8192, 320}, {FFS near 8192, 384}
· The exact {Kmax, Zmax} pair to be selected from the above 5 at RAN1#88

Conclusion:
· Evaluations at BLER of a single code block = 1e-2 (for performance comparison between codes) and 1e-4 (for the purpose of comparing the error floor performance of the codes)

In this document, we discuss the lift size set granularity. 
2. Discussion on lift sizes set for LDPC design

There are multiple ways to select lift sizes for LDPC design. One option is to support very fine granularity (1-bit) or the other option is to support a coarse granularity of lift sizes, and use zero-padding to cover all other supported block sizes. We think the latter is a more efficient way for NR LDPC design. 

The granularity of lift values can be selected from a set of decimated values between the smallest and largest supported lift sizes. For example, for design with one base matrix with maximum lift size of 256, supported lift sizes could be {2:2:8, 8:4:32, 32:8:64, 64:16:128, 128:32:256}. At least, at higher end of lift values, this implies requiring support of up to 20% zero padding. We think this aspect should be considered in the design of the base matrix to ensure that the performance is not degraded even with reasonably high amount of zero-padding. Since the lift size granularity and zero-padding amount are interrelated, these two should be considered together in the overall design. It is clear however that 1-bit granularity is not essential as shown in [2], where coarser granularity was demonstrated to provide smooth performance results.

Observation 1: 1-bit lift size granularity is not essential to ensure consistent performance for LDPC.

Some further decimation in support of lift values can be considered if it can provide benefits in decoder implementations, e.g., {2 4 8 16 32 64 128 256} – in such cases, a very large zero-padding amount may have to be supported, but as long as it is feasible, such choice of lift values need not be precluded. As shown in [1] and further in [2], with suitable shift size selection/zero-padding, the desired range of block sizes can be supported. We propose to consider lift value granularity that is a power of 2, and the lift value granularity to be at least 8 or larger for the higher range of lift sizes, as it can provide benefits for implementation without any performance impact. We think, for a maximum lift value Zmax = 256, a maximum lift size granularity up to 32 (i.e. 2L, L=5) can be supported. 

Proposal 1: Supported lift size granularity is 2L, where L ≥3, at least for higher range of lift values.

The selection technique for lift sizes can be determined by using the expression C*2L, where Zmin<={2L * C}<=Zmax, L={1,2,3,4,5} and C is a set of integers. The choosing of Cmax can depend on maximum zero-padding size. For example, for lift sizes selection for large information block lengths e.g. from 1024 to 8192, Kb = 32 and Cmax=13 the maximum zero-padding amount is 4Z (12.5%) and obtained set of lift sizes Z = {32:4:56, 56:8:112, 112:16:224, 224:32:256}. At the lower range of block sizes, a finer lift granularity may be needed, though these can still be in steps of 2 and/or 4.

In Table 1, base matrices for different cases are shown, where the maximum lift sizes with different values were demonstrated – and the design can be modified to reflect any lift size/block size agreed by RAN1. Note that our preferred value for maximum lift size is 256 (or 320) [4]. 
Table 1. Base matrix parameters for different cases
	Mother code rate
	Base matrix
	Information block size
	Note

	1/3
	5 x 29 (@rate-6/7) extended to 49x73 (@rate-1/3)
1 column puncturing
	24z
	Base matrix 1
k=24, m1 = 5, m2 = 44.
Zmax=256/320
From [2]

	1/5
	6 x 38 (@ r-8/9) extended to 130x162 (@r-1/5)
2-column puncturing
	32z
	Base matrix 2
K=32, m1 = 4, m2 = 126
Zmax=192* 
From [3]

	1/6
	17 x 25 (@r1/3) extended to 41x49 (@r1/6)
1 column puncturing
	8z
	Base matrix 3
K = 8, m1 = 17, m2 = 24
Zmax=125
From [1]



In  our previous contribution [2], we had shown the performance of a design that is used in conjunction with zero-padding/matrix scaling technique to support different block size from a single parity-check matrix with a maximum lift size Zmax =320 (from [2]), with BLER 10%, 1% and 1e-3 reported in [2]. Figures 1 (in Annex A) shows BLER results for 1e-4 for a selected set of block sizes, indicating good and smooth performance. This indicates that with suitable parameter set selection (Zmax = 320), it is feasible to design good LDPC codes with low error floors, while taking into account, zero-padding and coarse lifting granularity.
Proposal 2: Parity-check matrix scaling is supported for LDPC to obtain the parity-check matrix for a lift value z1 from the parity-check matrix for another lift value z2 (z2 >z1). 
Proposal 3: Zero-padding in conjunction with coarse lift sizes is supported for LDPC for efficient block size support. 
3. Conclusion
In this contribution, we discussed lift size design and granularity. Also performance results of matrices with proposed granularity were presented.
Observation 1: 1-bit lift size granularity is not essential to ensure consistent performance for LDPC.

Proposal 1: Supported lift size granularity is 2L, where L ≥3, at least for higher range of lift values.

Proposal 2: Parity-check matrix scaling is supported for LDPC to obtain parity-check matrix for a lift value z1 from parity-check matrix for another lift value z2 (z2 >z1). 

Proposal 3: Zero-padding in conjunction with coarse lift sizes is supported for LDPC for efficient block size support. 
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Annex A
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Figure 1. Performance of matrix from [2] at BLER 1e-4. OMS with 25 iterations.
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