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Introduction
In RAN1 NR AH#2 meeting, the following agreements were made [1]:
Agreement: 
Final parity check matrices for NR LDPC base graph #1 and #2 are agreed as in excel files R1-1711982_BG1.xlsx and R1-1711982_BG2.xlsx in R1-1711982.
· Base graph #1 is used for the initial transmission and subsequent re-transmissions of the same TB when
· CBS > X or code rate of the initial transmission > Y
· Base graph #2 is used for the initial transmission and subsequent re-transmissions of the same TB when
· CBS <= X and code rate of the initial transmission <= Y
· Working assumption : X = 2560 and Y = 0.67
· FFS after PCM decisions if X can be extended to 3840 and/or Y can be extended to 0.75
To be checked how the receiver knows in each case the code rate of the initial transmission, and how exactly it is defined. 
FFS whether some UE capabilities may be possible that do not require the implementation of both base graphs. 
In this contribution, we would like to discuss the performance of LDPC codes with higher order modulation schemes, performance of BG#1 with higher code rate, usage scenarios for BG#2 and LDPC for URLLC.
Performance of LDPC Codes with Higher Order Modulation 
Final LDPC PCM’s of BG#1 and BG#2 have been agreed in last meeting. Only QPSK modulation scheme is used in the evaluation and decision process. However, higher order modulation schemes would be used in practical NR systems. Therefore, we check LDPC codes performance with higher order modulation schemes under AWGN channel for data channel. 
Figs. 1 to 6 show the performance of LDPC BG#1 and BG#2 with 16QAM, 64QAM, or 256QAM and large CBS. There is no error floor near BLER 1e-4, therefore, LDPC BG#1 and BG#2 can properly operate with higher order modulation schemes. 
Observation 1: Final LDPC BG#1 and BG#2 can properly operate with higher order modulation schemes.
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Figure 1: Performance of LDPC BG#1 with 16QAM.
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Figure 2: Performance of LDPC BG#1 with 64QAM.
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Figure 3: Performance of LDPC BG#1 with 256QAM.
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Figure 4: Performance of LDPC BG#2 with 16QAM.
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Figure 5: Performance of LDPC BG#2 with 64QAM.
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Figure 6: Performance of LDPC BG#2 with 256QAM.
Performance of Base Graph #1 with Higher Code Rate
In LTE, the supported CR can be up to 0.93. Therefore, NR LDPC code should also support CR at least up to 0.93. In evaluation process, LDPC BG#1 performance was only checked with CR up to 8/9. We would like to further check the performance of LDPC BG#1 with CR up to 0.93.
In Figs. 7 and 8, CB granularity performance comparison between LDPC BG#1 and BG#2 with BLER 1e-2 and 1e-4 are shown. The curves in pink are performance of BG#1 with extended CR 11/12 and 12/13. The curves in blue are performance of BG#1 evaluated for NR. The curves in green are performance of BG#2 evaluated for NR. The curve in red is performance of BG#2 with extended CR 3/4 or extended CBS to 3840.
It is obvious that the curve of required SNR of BLER at 1e-2 with CR 11/12 or 12/13 is smooth within all CBS’s. However, there are some spikes in the curve of required SNR of BLER at 1e-4 with CR 12/13 and CBS < 1000. It seems that the probability to use CBS less than 1000 within BLER 1e-4 is small and it can regard BG#1 with CR 12/13 operable. If about 1 dB SNR degradation at these CBS’s is not acceptable, one solution can be asking the shift coefficient table own companies revise the shift coefficient table to solve the spike problem.  
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Figure 7: CB granularity performance comparison between LDPC BG#1 and BG#2 with BLER=1e-2
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Figure 8: CB granularity performance comparison between LDPC BG#1 and BG#2 with BLER=1e-4.
Observation 2: Final LDPC BG#1 can support higher CR up to 12/13. 

Usage Scenario of Base Graph #2
LDPC BG#2 was agreed to be used for the initial transmission and subsequent re-transmissions of the same TB when CBS <= 2560 and CR of the initial transmission <= 2/3. URLLC is one of use cases for NR with critical latency and reliability requirements. Inherently LDPC BG#2 with higher decoding parallelism under smaller Kb would be beneficial for lower decoding latency and processing time. To shorten the 3GPP design process and schedule, it would be better to use an agreed coding scheme for URLLC. Therefore, LDPC BG#2 can be one possible coding scheme for URLLC. 
To enlarge the CBS to 3840 and the CR to 3/4 can extend the use scenario for LDPC BG#2 without large impact on eMBB coding schemes and CB segmentation. CBS would be larger than 8446/2 = 4223, if CB segmentation is performed. No CB segmentation will be applied for BG#2, i.e., a TB contains only one CB. Besides, the target scenario for LDPC BG#1 is high throughput not small CBS. 
[bookmark: _Ref481740162][bookmark: _Ref481880095]Selection of Maximum CBS
To extend CBS from 2560 to 3840, 4 shift coefficient tables (a = 3, 5, 9, 11) might need to be re-designed. We suggest the final shift coefficient tables can be re-designed by the own companies, if CBS extension is agreed. Figs. 7 and 8 show CB granularity performance of LDPC BG#2 is better than that of LDPC BG#1 with CBS less than 3840. It means BG#2 is more suitable than BG#1 for CBS less than 3840. Therefore, we propose CBS range should be extended to 3840 for LDPC BG#2.
Observation 3: The extended PCM of BG#2 shows better performance than that of BG#1 for CBS up to 3840.
Proposal 1: CBS up to 3840 should be supported by BG#2.
Proposal 2: Shift coefficient tables can be re-designed by the own companies for CBS extension.

[bookmark: _Ref474149036]Selection of Maximum Code Rate
As shown in Figs. 7 and 8, CB granularity performance of LDPC BG#2 is better than that of LDPC BG#1 with CR 3/4 at BLER 1e-2. There are some spikes over the curve of LDPC BG#2 and the performance of BG#2 is worse than that of BG#1 with CR 3/4 at BLER 1e-4. However, considering initial transmission and small CB number, performance at BLER 1e-4 is less important when compared with performance at BLER 1e-2. About 0.5 dB SNR degradation can be tolerant for BG#2 at BLER 1e-4. Therefore, we propose supported CR for BG#2 can be extended to 3/4. 
Observation 4: BG#2’s performance of CR=3/4 at BLER 1e-2 is better than BG#1’s. 
Proposal 3: CR up to 3/4 should be supported by BG#2.

LDPC Codes for URLLC
URLLC is one of use cases for NR with critical latency and reliability requirements. Sharing one agreed coding scheme for eMBB and URLLC can ease the implementation complexity and effort for UE and gNB and also shorten the standardization process. With the nature of smaller Kb and row orthogonality, LDPC BG#2 has the benefit of lower decoding latency and processing time. Therefore, LDPC BG#2 can be the candidate coding scheme for URLLC.
[bookmark: _GoBack]Based on 3GPP TS 38.913, the BLER performance requirement for URLLC is 1e-5. In Figs. 9 to 12, BLER performance of BG#2 with different CBS’s and CR’s is shown. The waterfall behaviour of BG2 BLER performance is well preserved down to BLER 1e-5 and no error floor at BLER 1e-6 for different CBS’s. Therefore, LDPC BG#2 can support URLLC use case with CR > 1/5.
Proposal 4: BG2 should be a candidate of URLLC channel coding scheme.
Proposal 5: FFS: how to extend BG#2 for supporting CR<1/5. 
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Figure 9: BLER performance of LDPC BG#2 with CBS 40.
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Figure 10: BLER performance of LDPC BG#2 with CBS 248.
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Figure 11: BLER performance of LDPC BG#2 with CBS 1120.
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Figure 12: BLER performance of LDPC BG#2 with CBS 2560.
Conclusion
The following summarizes the observations and proposals in this contribution.
Observation 1: Final LDPC BG#1 and BG#2 can properly operate with higher order modulation schemes.
Observation 2: Final LDPC BG#1 can support higher CR up to 12/13. 
Observation 3: The extended PCM of BG#2 shows better performance than that of BG#1 for CBS up to 3840.
Observation 4: BG#2’s performance of CR=3/4 at BLER 1e-2 is better than BG#1’s. 
Proposal 1: CBS up to 3840 should be supported by BG#2.
Proposal 2: Shift coefficient tables can be re-designed by the own companies for CBS extension.
Proposal 3: CR up to 3/4 should be supported by BG#2.
Proposal 4: BG#2 should be a candidate of URLLC channel coding scheme.
Proposal 5: FFS: how to extend BG#2 for supporting CR<1/5. 
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