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Introduction
In the RAN1 NR Ad-Hoc#2 meeting the following agreements on base graphs (BGs), PCMs and the usage scenarios of the two BGs were reached [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.
Agreement:
· 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. 
[bookmark: _GoBack]FFS whether some UE capabilities may be possible that do not require the implementation of both base graphs. 

In this contribution we discuss the remaining issues for the base graphs of NR LDPC codes, such as Kmin1 for base graph 1 (BG1), Kmax2 and maximum code rate for base graph 2 (BG2), and the switching threshold for the two base graphs (values of X, Y). 
Kmax1 for BG1 of NR LDPC codes
The agreed PCMs for BG1 and BG2 are simulated using sum-product algorithm with 50 iterations. More parameters are listed below:
· BG1:
· Code rates = 1/3~0.93
· CBS = 40~8448
· BG2:
· Code rates = 1/5~3/4
· CBS = 40~3840
The performance results of BG1 and BG2 are presented in Figure 1 and Figure 2.
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[bookmark: _Ref489539231]Fig.1	Performance of BG1 for CBS = 40~8448
In Figure 1, it is shown that for CBS larger than about 1500 bits, the performance of BG1 for both 1e-2 and 1e-4 BLER is quite smooth without any obvious spike. To determine Kmin1, we should focus on CBS smaller than 1600 bits.
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[bookmark: _Ref489539273]Fig.2	Performance of BG1 for CBS = 40~1600
Figure 2 zooms in on the BG1 results of Figure 1 for the CBS range of 40 to 1600 bits. The spike is defined as a point where more than 0.2 dB loss for BLER = 1e-2 and 0.4 dB loss for BLER = 1e-4 is observed, compared to the envelopes of curves. For BLER = 1e-2 and all code rates, the max CBS of  observed spikes is about 264 bits. For BLER = 1e-4, spikes appear at around 288-304 bits for code rates <= 8/9. For code rate >= 8/9, spikes are only observed for 1e-4 at CBS = ~1000 bits. Note that such short CBS implies no CB segmentation and the entire TBS is also around 1000 bits. The typical targeted BLER for a TB in eMBB scenario is 1e-2, rather than 1e-4. So those spikes at BLER=1e-4 do not impact eMBB performance.   Based on the above analysis, it is reasonable to set Kmin1 to around 312 bits.
Proposal 1: The minimum CBS supported by BG1 is around 312 bits.  
Switching threshold for BG1 and BG2
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Fig.3	Required Es/N0 vs. information block length for BG1 and BG2, code rate = 1/3
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Fig.4	Required Es/N0 vs. information block length for BG1 and BG2, code rate = 2/5
[image: ] 
Fig.5	Required Es/N0 vs. information block length for BG1 and BG2, code rate = 1/2
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Fig.6	Required Es/N0 vs. information block length for BG1 and BG2, code rate = 2/3
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Fig.7	Required Es/N0 vs. information block length for BG1 and BG2, code rate = 3/4
Figures 3 to 7 show the performance results of BG1 and BG2 for different code rates and information block lengths up to 3840 bits. From these results, one can conclude that BG2 cannot support code rates larger than 2/3 since severe error floors are observed for CB sizes larger than 800 bits and code rate = 3/4. It can be also observed that, the performance difference between BG1 and BG2 is very small for all considered code rates and CB sizes. 
Considering the evaluation results of the two base graphs, the current working assumption of X=2560 and Y=2/3 can be confirmed.   
Proposal 2: Confirm the working assumption in RAN1 NR Ad-Hoc#2 that the switching threshold for BG1 and BG2 should be: X = 2560 and Y = 2/3.
Determination of code rates for initial transmission
In the above section we discussed the usage scenarios of two BGs based on the threshold of CBS and code rate. Another remaining issue is that the code rate is slightly variable due to the actual physical resource allocation, even though TBS and MCS are fixed. Such variations can impact the choice of which base graph to be used when the actual code rate is close to the switching code rate threshold. This may lead to ambiguity on which base graph is used between UE and gNB, and would require additional efforts at both UE and gNB sides to resolve it. Since the final code rate is approximately determined by MCS and the CBS is known once the TBS is assigned, one simple way to avoid such ambiguity is to use MCS and TBS together to indicate which BG should be used.
Proposal 3: Usage of BG1 or BG2 is indicated by MCS level and TBS. 
Conclusions
This contribution describes the remaining issues of NR LDPC code for eMBB. The following conclusions are presented: 
Proposal 1: The minimum CBS supported by BG1 is around 312 bits.  
Proposal 2: Confirm the working assumption in RAN1 NR Ad-Hoc#2 that the switching threshold for BG1 and BG2 should be: X = 2560 and Y = 2/3.
Proposal 3: Usage of BG1 or BG2 is indicated by MCS level and TBS. 
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