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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.

Agreement in RAN1#89[1]:

· A capability is introduced for Rel-15 BL/CE UEs for the support of 64QAM.
· For Rel-15 BL/CE UEs, when 64QAM is enabled via higher layer configuration,

· When the DCI indicates no PDSCH repetition,

· The MCS field in DCI format 6-1A UE-specific search space is extended to 5 bits by reinterpreting the frequency hopping flag as the MSB

· The size of DCI format 6-1A is not changed.

· The modulation and TBS index table is reused from Table 7.1.7.1-1 in TS 36.213.

· The TBS is determined using Table 7.1.7.2.1-1 in TS 36.213 with the following restriction:

· The max TBS in Rel-14 is used wherever the TBS value in Table 7.1.7.2.1-1 exceeds the max TBS in Rel-14.
Agreement: in RAN1#90 [2]:
· The working assumption from RAN1#89 on the CQI table with DL 64QAM is confirmed.

Proposal:
· When the UE is configured with DL 64QAM and R_CSI > 1, and for CQI calculations, the UE uses the agreed 64QAM CQI table, but assumes R_CSI = 1 for the entries corresponding to 64QAM.
Email discussion until 6th Sep. about 64QAM CQI table of R1-1712802.

According to the specification TS36.213[3] “If the BL/CE UE is configured in CEModeA, and if the PDSCH is assigned by or semi-statically scheduled by a MPDCCH with DCI format 6-1A, the UE shall assume no PDSCH repetition if the higher layer parameter csi-NumRepetitionCE-r13 indicates one subframe.”, the parameter csi-NumRepetitionCE-r13 needs to be considered as well in DL 64QAM configuration.
In this contribution, we discuss the left issues for supporting 64QAM for efeMTC UEs.
2
DL 64QAM modulation configuration
Based on the discussion in previous meetings, the principle for DL 64QAM configuration is 64QAM is configured to a UE with no PDSCH repetitions. Currently two parameters can configure the PDSCH without repetition, e.g., csi-NumRepetitionCE-r13=1 or repetition number field in DCI format 6-1A. Now considering agreements in RAN1#88bis and #89 meeting, only DCI indicated PDSCH without repetition was agreed to trigger 64QAM modulation. As showing in table 1, when two parameters are configured by eNB, how to trigger DL 64QAM need to be clarified, and related UE behavior need to be defined.

Table 1: Possible 64QAM configuration

	
	DCI indicated PDSCH with repetition
	DCI indicated PDSCH without repetition

	csi-NumRepetitionCE-r13=1
	?
	64QAM

	csi-NumRepetitionCE-r13>1
	?
	64QAM?


As the (re)configuration of RRC parameter is not flexible or need more time than physical layer parameter update, so it’s natural to give RRC parameter csi-NumRepetitionCE-r13 higher priority than DCI indicated PDSCH repetition to determine the DL 64QAM configuration, this is also aligned with current specification
. Thus, if 64QAM is enabled by higher layer signaling and csi-NumRepetitionCE-r13=1, then DL 64QAM is applied regardless DCI indicated PDSCH with repetition or not.
In case of 64QAM is enabled by higher layer signaling and csi-NumRepetitionCE-r13>1, there are two possible understandings on this configuration 
· Understanding 1: it’s wrong network configuration if csi-NumRepetitionCE-r13>1
· Understanding 2: it’s valid configuration 

· DCI indicated PDSCH without repetition: 64QAM is applied
· DCI indicated PDSCH with repetition: fallback operation, e.g., the same as Rel.14 modulation scheme 

Comparing with two understandings, the first understanding may require RRC reconfiguring csi-NumRepetitionCE-r13/64QAM enable/disable if eMTC UE is moving or the channel get worse. The second understanding could avoid the unnecessary RRC reconfiguration, as it supports fallback operation, 64QAM is implicit disabled by configuring csi-NumRepetitionCE-r13>1 and DCI indicated PDSCH with repetition. And the second understanding provides the eNB additional flexibility to configure DL 64QAM, it’s up to eNB configure 64QAM via csi-NumRepetitionCE-r13=1

or csi-NumRepetitionCE-r13>1. Table 2 shows the updated 64QAM configuration.

Table 2: Determined 64QAM configuration

	
	DCI indicated PDSCH with repetition
	DCI indicated PDSCH without repetition

	csi-NumRepetitionCE-r13=1
	64QAM
	64QAM

	csi-NumRepetitionCE-r13>1
	16QAM or QPSK
	64QAM 


Proposal 1: If 64QAM is enabled by higher layer signaling and csi-NumRepetitionCE-r13=1, then DL 64QAM modulation scheme is applied; otherwise if csi-NumRepetitionCE-r13>1, 
· And if DCI indicates PDSCH without repetition, then DL 64QAM is applied;
· If DCI indicates PDSCH with repetition, then Rel.14 modulation scheme is applied.
If the proposal 1 is agreeable, RAN1#89 meeting agreements can be updated as below,
For Rel-15 BL/CE UEs, when 64QAM is enabled via higher layer configuration and csi-NumRepetitionCE-r13=1
· DCI field indicating number of repetitions is reserved

· The MCS field in DCI format 6-1A UE-specific search space is extended to 5 bits by reinterpreting the frequency hopping flag as the MSB

· The modulation and TBS index table is reused from Table 7.1.7.1-1 in TS 36.213.

· The TBS is determined using Table 7.1.7.2.1-1 in TS 36.213 with the following restriction:
· The max TBS in Rel-14 is used wherever the TBS value in Table 7.1.7.2.1-1 exceeds the max TBS in Rel-14

For Rel-15 BL/CE UEs, when 64QAM is enabled via higher layer configuration and csi-NumRepetitionCE-r13>1

· When the DCI indicates no PDSCH repetition 

· The MCS field in DCI format 6-1A UE-specific search space is extended to 5 bits by reinterpreting the frequency hopping flag as the MSB

· The modulation and TBS index table is reused from Table 7.1.7.1-1 in TS 36.213.

· The TBS is determined using Table 7.1.7.2.1-1 in TS 36.213 with the following restriction:
· The max TBS in Rel-14 is used wherever the TBS value in Table 7.1.7.2.1-1 exceeds the max TBS in Rel-14
· When the DCI indicates PDSCH with repetition 

· Rel-14 MCS table is used, e.g., 16QAM or QPSK modulation scheme
With above proposal, the agreed efeMTC CQI table may need to update to support csi-NumRepetitionCE-r13>1. Two possible approaches can be considered.
· Same CQI table is used as csi-NumRepetitionCE-r13=1, e.g., the CQI table agreed in RAN1#90
With this approach, considering the repeated CSI subframes, the 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.
· UE would assume csi-NumRepetitionCE-r13=1 for 64QAM entries, and csi-NumRepetitionCE-r13>1 is applied for 16QAM and QPSK entries
When UE calculates the CQI, csi-NumRepetitionCE-r13=1 is assumed for 64QAM entries. For this approach, the supported 64QAM peak date rate can be the same as csi-NumRepetitionCE-r13=1. however it would introduce larger code rate gap and SNR gap between 16QAM and 64QAM, as the fall back operation can be applied, the performance impact is acceptable.  
Proposal 2: If it is configured with csi-NumRepetitionCE-r13 >1, csi-NumRepetitionCE-r13=1 is assumed for 64QAM entries for CQI calculation; and for 16QAM and QPSK modulation schemes, the configured csi-NumRepetitionCE-r13 is used for CQI calculation.
3
Conclusion

In this contribution, further details related to supporting 64QAM and its standard impacts are discussed. The following proposals is made.

Proposal 1: If 64QAM is enabled by higher layer signaling and csi-NumRepetitionCE-r13=1, then DL 64QAM modulation scheme is applied; otherwise if csi-NumRepetitionCE-r13>1, 
· And if DCI indicates PDSCH without repetition, then DL 64QAM is applied;
· If DCI indicates PDSCH with repetition, then Rel.14 modulation scheme is applied.

Proposal 2: If it is configured with csi-NumRepetitionCE-r13 >1, csi-NumRepetitionCE-r13=1 is assumed for 64QAM entries for CQI calculation; and for 16QAM and QPSK modulation schemes, the configured csi-NumRepetitionCE-r13 is used for CQI calculation.
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