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Introduction
In RAN1#88bis, the following working assumption on base graph size and set of supported Z values was reached:
Working Assumption: 
· The largest info block size supported by LDPC encoder Kmax and the largest shift size Zmax defined is {8448, 384} => Kbmax = 22
· To be confirmed automatically at RAN1#89 if no significant implementation or performance issues are identified. 
· The base graph supporting Kmax should support the following set of shift sizes Z, where
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· FFS by RAN1#89 whether some values can be removed from the above table. 
· FFS by RAN1#89 whether some of {272, 304, 336, 368} can be added to the above table. 

Conclusion: 
· Companies to submit almost-final proposals for one base graph by RAN1#89
· Fine-tuning still permitted until submission deadline for June adhoc. 
· Final base graph to be finalized by the June NR Ad-Hoc meeting


For the base graph design, it was agreed that the design will be selected from 3 alternatives:
· Alt 1:  One base graph covering ~1/5 <= R <= ~8/9;
· Alt 1a: Two nested base graphs;
· Alt 2: Two base graphs that are not nested; 
[bookmark: _GoBack]In this contribution we discuss the issues of LDPC code design.

Number of base graphs
As noted in ‎[1]  and ‎[2], there are latency and hardware utilization benefits stemming from increased parallelism and a reduced number of edges associated with using two base graphs for the NR data channel. Both Alt 1a and Alt 2 have the benefit of using a second base graph to cover the range of smaller K using smaller base matrix paired with a larger shift size. In contrast, Alt 1 is limited to use larger base matrix paired with smaller shift sizes. 
This is illustrated in Table 1 below, using typical short UL packet of transport block size K=400 bits as an example. Table 1 illustrates the phenomenon only. It is acknowledged that actual shift size used should round up to a valid size in the final shift size set.  

Table 1. Dimension of each LDPC design alternatives
	
	Kb for smaller K
	Shift size Z
	Shift size Z for K=400 bits

	Alt 1
	22
	Ceil(K/22)
	12

	Alt 1a
	16
	Ceil(K/16)
	25

	Alt 2
	10
	Ceil(K/10)
	40



[bookmark: _Toc481596650][bookmark: _Toc481597542][bookmark: _Toc481884907]The benefits of two base graphs are significant in the uplink, where short information block lengths dominate in terms of packet count.
As noted in the agreement, the additional complexity from defining a second base graph is not significant. Considering the less efficient hardware implementation and the inferior code performance, Alt 1 is not preferred. 
When considering two base graphs, both Alt 1a and Alt 2 are possible. Considering that info block sizes, supported code rates, set of shift values, and range of Kb,max for base graph #2 are similar for Alt 1a and Alt 2, the key difference between the two alternatives is whether base graph #2 is nested within base graph #1 or not. Enforcing the nesting criterion constrains the design space of Alt 1a for both base graph #1 and base graph #2. On the other hand, nesting or not has little impact on decoder implementation complexity. Hence Alt 2 is preferred over Alt 1a. We therefore have the following observation and proposal.
  
[bookmark: _Toc481596652][bookmark: _Toc481597544][bookmark: _Toc481884909]Enforcing nesting of base graph #2 within base graph #1 severely constrains the code design space while offering no significant benefits.
[bookmark: _Toc481596653][bookmark: _Toc481597545][bookmark: _Toc481597579][bookmark: _Toc481884914]Choose an LDPC code design based on Alt 2.
Rmin for base graph #1
In the agreement from RAN1#88bis it is left FFS whether Rmin for base graph #1 in Alt 1a and Alt2 should be ~1/3 or ~1/5. Note that due to the agreement in RAN1 NR Adoc on Nmax, extending base graph #1 down to Rmin ~ 1/5 does not increase the amount of hardware needed in the decoder, while offering performance benefits at rates lower than 1/3.
In Figure 1 we show BLER performance for the code in [3] for K = 1000 and QPSK modulation. The performance of the following two options are compared:
Option 1. Define Rmin =1/3. When a code rate lower than 1/3 is needed, e.g., ¼ or 1/5, then the lower code rate is achieved via repetition from rate 1/3.
Option 2. Define Rmin =1/5. Code extension is applied to the rate 1/3 matrix to provide a H matrix with mother code rate 1/5. For code rates 1/5<R<1/3, e.g., ¼ or 1/5, code extension is applied.
The simulation results show that for K =1000, it is possible to gain between 0.4 – 0.6 dB at BLER = 10-2 and 10-4 by adopting Option 2 rather than Option 1.

We therefore have the following proposal:

Significant performance gain can be achieved by extending basegraph #1 down to Rmin = 1/5 instead of using repetition from rate 1/3.

[bookmark: _Toc481884915]Base graph #1 should be extended down to Rmin ~=1/5.
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[bookmark: _Ref481884615]Figure 1: BLER performance comparison for extended base graph vs. repetition.
[bookmark: _Ref481597573]Set of shift values
Unlike the number of base graphs, the set of supported shift values affects implementation complexity. However, reducing the number of shift values results in more shortening being used for code block sizes that fall between the sizes Z*kb that are natively supported by the LDPC codes. Excessive shortening can have impact on the BLER performance, while moderate shortening has smaller effect. Therefore, the trade-off between implementation complexity and BLER performance needs to be taken into account when choosing the LDPC coding scheme.
[bookmark: _Toc481597547][bookmark: _Toc481597581][bookmark: _Toc481884917]Reduce the number of supported shift values to find an acceptable trade-off between performance and complexity.

Conclusion
In this contribution, LDPC code design issues are discussed. Based on the analysis, we have the following observations and proposals:
Observation 1	The benefits of two base graphs are significant in the uplink, where short information block lengths dominate in terms of packet count.
Observation 2	Enforcing nesting of base graph #2 within base graph #1 severely constrains the code design space while offering no significant benefits.
Observation 3	Significant performance gain can be achieved by extending basegraph #1 down to Rmin = 1/5 instead of using repetition from rate 1/3.

Proposal 1	Choose an LDPC code design based on Alt 2.
Proposal 2	Base graph #1 should be extended down to Rmin ~=1/5.
Proposal 3	Reduce the number of supported shift values to find an acceptable trade-off between performance and complexity.
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