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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The remaining details of CQI table for supporting 64QAM was discussed in previous meetings. The agreements and working assumptions reached include:
Agreement in RAN1#90bis [1]:
· 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.
Working assumption in RAN1#91[2]:
· When a UE is configured both with 64QAM and csi-NumRepetitionCE-r13 > 1,
· A single CQI table covers the range from QPSK with 32 times repetition up to 64QAM without repetition
· eNodeB can optionally configure the UE to use the option B CQI table at least for 64QAM capable UE irrespective of whether 64QAM is configured or not

In this contribution, we discuss the CQI table solution for supporting 64-QAM when a CSI reference resource comprising more than one subframe is configured. 
Discussion
In Rel-13 eMTC, the number of subframes for CSI reference resource can be UE-specifically configured by RRC signaling through the parameter csi-NumRepetitionCE-r13. If csi-NumRepetitionCE-r13 is configured larger than 1, repetition for PDSCH is allowed. In Rel-15 eFeMTC, when 64-QAM is enabled via higher-layer configuration, 64-QAM is supported only for non-repeated unicast PDSCH in CE Mode A. So the issue arises and a solution for the CQI table needs to be defined, since the UE cannot feedback the CQI corresponding to 64-QAM after measuring the >1 subframe CSI reference resource.
Option A and option B as the solution were identified in RAN1 #90bis. Option A is simplest approach which requires the least specification effort. The main issue with this option is that there will be a gap of several dBs in the SNR values corresponding to the highest CQI value for 16-QAM and the lowest CQI value for 64-QAM when csi-NumRepetitionCE-r13 > 1. The drawback of option A is UEs with varying channel conditions would undergo frequent RRC reconfigurations to change the value of 
csi-NumRepetitionCE-r13. On this basis, option B was taken as a working assumption which can cover the SNR range, without requiring RRC reconfiguration. A single CQI table covering the range from QPSK with 32 times repetition up to 64-QAM without repetition was proposed in [3]. One alternative is the CQI table with the corresponding SNR values more evenly spread, but it would have larger SNR granularity. Another alternative to design the SNR granularity for option B is to increase the SNR spacing of the low CQI indices since these are inaccurate in any case, thus allowing for a finer granularity at higher CQI indices where the CQI reports are more accurate and hence have more meaning. 
Since not requiring RRC reconfiguration is useful also when 64-QAM is not configured, whether the legacy table or the new option B CQI table shall be used can be configured by eNB at least for 64-QAM capable UE irrespective of whether 64-QAM is configured or not.

Another issue to be considered is that the number of subframes of CSI reference resource for wideband reporting is never equal to 1 when MPDCCH hopping is enabled. According to TS 36.213:
Where for wideband CSI reports:


-	The set of BL/CE downlink or special subframes is the set of the last  subframes before n-nCQI_ref  used for MPDCCH monitoring by the BL/CE UE in each of the narrowbands where the BL/CE UE monitors MPDCCH, where  is the number of narrowbands where the BL/CE UE monitors MPDCCH.
Even if csi-NumRepetitionCE-r13, i.e. RCSI is configured to be 1, the subframe number of CSI reference resource equals to the number of narrowbands where the BL/CE UE monitors MPDCCH. It will be larger than 1 when MPDCCH hopping is enabled. When MPDCCH hopping is configured together with the new option B CQI table, one possible solution would be do not allow wideband reporting. However, it will have impact on all the reporting modes. Periodic CSI reporting would not be supported and Mode 2-0 for aperiodic CSI reporting should be changed. The alternative solution having the minimum specification impact is that the UE cannot report any CQI above the highest 16-QAM entry for wideband reporting when configured with MPDCCH hopping and the new option B CQI table.
Proposal: When configured with MPDCCH hopping and the new option B CQI table, the UE will not report any CQI above the highest 16-QAM entry in the CQI table for wideband reporting.
Conclusion
This contribution discusses the CQI table for 64QAM support when the CSI reference resource comprises more than one subframe, and proposes:
Proposal: When configured with MPDCCH hopping and the new option B CQI table, the UE will not report any CQI above the highest 16-QAM entry in the CQI table for wideband reporting.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref488246792][bookmark: _Ref497319610][bookmark: _Ref462670078][bookmark: _Ref471476177][bookmark: _Ref477185288][bookmark: _Ref480277729]“RAN1 Chairman’s Notes”, RAN1#90bis, Prague, Czech Republic, October 9th – 13th, 2017.
[bookmark: _Ref505001763]“RAN1 Chairman’s Notes”, RAN1#91, Reno, USA, November 27th  – December 1st, 2017.
[bookmark: _Ref505160298]R1-1720469, “CQI reporting for efeMTC supporting 64QAM”, Sony, RAN1 #91, Reno, USA, November 27th – December 1st, 2017.
image2.wmf
DL

ch,

hop

NB,

N


oleObject2.bin

image1.wmf
(

)

DL

ch,

hop

NB,

CSI

/

ceil

N

R


oleObject1.bin

