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1
Introduction
To support DL 64QAM modulation scheme for unicast PDSCH, some agreements were made in RAN1# 88bis, #89 and #90 meetings. And the followings were agreed in RAN1#90bis meeting [1].
Agreement:
· RAN1 to design a solution to configure a UE with CSI reference resource comprising more than one subframe and 64QAM simultaneously.

· RAN1 to discuss the detailed solutions among the following options, where other options are not precluded:

· Option A: For csi-NumRepetitionCE-r13 > 1, the UE assumes a CSI reference resource of 1 for 64QAM and csi-NumRepetitionCE-r13 > 1 for other modulation schemes.

· Option B: Redesign CQI table to have a more even spread of SNR values.

In this contribution, we discuss the left issues for supporting 64QAM for efeMTC UEs.
2
Discussion on CQI computation
Based on the discussion in previous meetings, it is allowed to configure a UE with CSI reference resource comprising more than one subframe and 64QAM simultaneously. If DCI indicates PDSCH without repetition, then 64QAM modulation scheme is applied; otherwise Rel.14 modulation schemes are applied, e.g., 16QAM or QPSK. As CSI reference subframe is larger than one, it’s beneficial to compute the CQI for QPSK/16QAM with repetition, but it’s not accurate for 64QAM modulation. Two options of CQI computation were discussion in last RAN1 meeting.
· Option A: For csi-NumRepetitionCE-r13 > 1, the UE assumes a CSI reference resource of 1 for 64QAM and csi-NumRepetitionCE-r13 > 1 for other modulation schemes
For this option, when UE calculates the CQI, csi-NumRepetitionCE-r13=1 is assumed for 64QAM entries. Thus, the supported 64QAM peak date rate is the same as csi-NumRepetitionCE-r13=1. However it could introduce larger code rate gap and SNR gap between 16QAM and 64QAM, the gap is relying on how many subframes are configured for CSI reference resource, if the configured subframe is less, e.g., 2 or 4 subframes, then the gap is relative smaller. In practical, if 64QAM is enabled via higher layer signalling, which means the UE is in the good coverage, thus the subframes used for CSI reference resource don't need to be configured larger. 
In short, with this option, the 16QAM/QPSK CQI computation and performance are not optimized. While the 64QAM performance is the same as the performance with csi-NumRepetitionCE-r13=1.
· Option B: Redesign CQI table to have a more even spread of SNR values
This option is to optimize the CQI computing of 16QAM/QPSK, thus the performance of 16QAM and QPSK can be improved, but side effect is the performances of 64QAM of some CQI entries are worse than the performance of 64QAM with csi-NumRepetitionCE-r13=1. Another issue is the CSI reference resource subframe can be configured in range of {1, 2, 4, 8, 16, 32}, multiple related CQI tables need to be defined. Considering additional Rel.13 CQI table, UE maintained the CQI tables are doubled. The UE implementation complexity and standard impacts could be the concern for this option. 

Another possible option is Option C.

· Option C: Same CQI table is used as csi-NumRepetitionCE-r13=1
With this option, considering the repeated CSI subframes, the actual 64QAM code rate for the case csi-NumRepetitionCE-r13>1 is lower than the 64QAM code rate for csi-NumRepetitionCE-r13=1. Thus, the 64QAM supported peak date rate for csi-NumRepetitionCE-r13>1 would be lower, and its performance is lower than LTE as well. It’s not desirable to design the eMTC 64QAM with different performance.

Based on above analysis, considering the performance impacts, UE implementation complexity and standard effort, the following proposal is made.
Proposal 1: For CQI computation, Option A is preferred, e.g., For csi-NumRepetitionCE-r13 > 1, the UE assumes a CSI reference resource of 1 for 64QAM and csi-NumRepetitionCE-r13 > 1 for other modulation schemes.
3
Conclusion

In this contribution, the CQI computation to supporting 64QAM and its standard impacts are discussed. The following proposal is made.

Proposal 1: For CQI computation, Option A is preferred, e.g., For csi-NumRepetitionCE-r13 > 1, the UE assumes a CSI reference resource of 1 for 64QAM and csi-NumRepetitionCE-r13 > 1 for other modulation schemes.
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