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1 Introduction
From the RAN1 NR AdHoc #3 meeting, we have the following working assumption [1]:
Working Assumption:
· Use base graph #1 for combinations of block lengths K>308 and code rates (as defined in previous email discussion) R>2/3.
· Base graph #2 may be used for block lengths K≤308 and code rates R>2/3, but the scheduler should take into account that no base graph is optimized for this region of K and R and therefore allow extra link adaptation margin.
To be confirmed at RAN1#90bis.

In our previous contribution on this topic [2], only code rate 0.75 was considered. In this contribution, we present results for a broader range of code rates as well as higher order modulation. Based on these results, we propose that the working assumption is modified slightly.
2 [bookmark: _Ref494704927]Performance Comparison Between Base Graphs for Small Block Length and High Code Rate
In this section, we consider the selection of base graph for block lengths K<512 and code rates R>2/3. Neither base graph #1 nor base graph #2 is optimized for such combinations of K and R. If these combinations are needed, the best performing non-optimized base graph should be used.
We compare the performance of base graph #1 and base graph #2 for combinations of small K and high code rate R that the code was not designed for. Base graphs and shift coefficient designs are taken from [3]. For base graph #1, K<512 uses shift sizes Z<24 for which the shift coefficient designs of base graph #1 have not been optimized. On the other hand, base graph #2 has not been optimized for code rates R>2/3 and puncturing of all degree-1 variable nodes and partly puncturing of the last variable node belonging to the dual-diagonal part of the base graph may be needed to achieve code rates above 2/3.
2.1 Code Rate 0.75 and QPSK
Figure 1 and Figure 2 show the performance comparison between base graph #1 and base graph #2 for QPSK and a code rate of 0.75 and target BLER of  and , respectively. The results show that base graph #1 performs significantly worse than base graph #2 for information block lengths . On the other hand, for information block lengths , both base graphs have similar performance at BLER=  while base graph #2 shows some performance loss for some values of K at BLER=.
Observation 1 [bookmark: _Toc490074907][bookmark: _Toc490132933][bookmark: _Toc491061351][bookmark: _Toc491074594]At code rate 0.75 and QPSK, base graph #2 performs better than base graph #1 for information block lengths .
[bookmark: _Toc491074596][image: ]
[bookmark: _Ref491062043]Figure 1: SNR required to reach target BLER of  for QPSK and code rate R=3/4.
[bookmark: _Toc491074597][image: ]
[bookmark: _Ref491062046]Figure 2: SNR required to reach target BLER of  for QPSK and code rate R=3/4.
2.2 Code Rate 0.80 and QPSK
A performance comparison between base graph #1 and base graph #2 for a code rate of 0.80 is shown in Figure 3 (target BLER ) and in Figure 4 (target BLER ). For this code rate, we observe that base graph #1 is superior to base graph #2 for as for R = 0.75, but base graph #1 is also superior in the range .
Observation 2 At code rate 0.80 and QPSK, base graph #2 performs better than base graph #1 for information block lengths .
[image: ]
[bookmark: _Ref494652819]Figure 3: SNR required to reach target BLER of  for QPSK and code rate R=0.80.
[image: ]
[bookmark: _Ref494652854]Figure 4: SNR required to reach target BLER of  for QPSK and code rate R=0.80.
2.3 Code Rate 0.85 and QPSK
Figure 5 and Figure 6 show the performance comparison between base graph #1 and base graph #2 for QPSK and a code rate of 0.85 and target BLER of  and , respectively. For this code rate, the results show that base graph #1 has better performance for K>220, while base graph #2 has better performance for shorter block lengths.
Observation 3 At code rate 0.85 and QPSK, base graph #2 performs better than base graph #1 for information block lengths .
[image: ]
[bookmark: _Ref494653471]Figure 5: SNR required to reach target BLER of  for QPSK and code rate R=0.85.
[image: ]
[bookmark: _Ref494653506]Figure 6: SNR required to reach target BLER of  for QPSK and code rate R=0.85.
2.4 Code Rate 0.90 and 64QAM
A significant improvement in NR compared to LTE is that it is possible to allocate smaller chunks of time-frequency resources. With the use of mini-slots, it is possible to schedule very short TBs that may also have high MCS index if the channel quality is good. In this section, we therefore consider the performance of the different base graphs for short information block lengths, high code rate and 64QAM.
Figure 7 and Figure 8 show the performance of base graph #1 and base graph #2 for a code rate of 0.90 and 64QAM. For this high code rate base graph #2 outperforms base graph #1 only for very short information block lengths.
Observation 4 At code rate 0.90 and 64QAM, base graph #2 performs better than base graph #1 for information block lengths .
[image: ]
[bookmark: _Ref494703232]Figure 7: SNR required to reach target BLER of  for 64QAM and code rate R=0.90.
[image: ]
[bookmark: _Ref494703234]Figure 8: SNR required to reach target BLER of  for 64QAM and code rate R=0.90.
3 Selection of Base Graph
As has been observed in Section 2, the optimal switching point between base graph #1 and base graph #2 depends on the code rate and possibly the modulation. To keep specification and implementation complexity at a minimum, we anyhow suggest that the switching point between base graph #1 and base graph #2 is specified by the information block length K only and that it is independent of code rate and modulation. We believe that it is more likely that the very short block lengths that we consider here will be used with code rates just above 2/3 than with code rates in the order of 0.9. As a compromise, we therefore suggest that base graph #1 is used for information block lengths .
Based on the above results and discussion, we suggest that the current working assumption is modified and we have the following proposal:
Proposal 1 Modify the current working assumption to the following:
- Use base graph #1 for combinations of block lengths  and code rates .
- Use base graph #2 for combinations of block lengths  and code rates .
4 Conclusions
In this contribution we made the following observations:
Observation 1 At code rate 0.75 and QPSK, base graph #2 performs better than base graph #1 for information block lengths .
Observation 2 At code rate 0.80 and QPSK, base graph #2 performs better than base graph #1 for information block lengths .
Observation 3 At code rate 0.85 and QPSK, base graph #2 performs better than base graph #1 for information block lengths .
Observation 4 At code rate 0.90 and 64QAM, base graph #2 performs better than base graph #1 for information block lengths .
Based on the discussion in this contribution we propose the following:
1. [bookmark: _GoBack]Modify the current working assumption to the following:
- Use base graph #1 for combinations of block lengths  and code rates .
- Use base graph #2 for combinations of block lengths  and code rates .
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