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1 Introduction
Rel-17 WID for NB-IoT enhancements includes support of 16QAM modulation scheme for UL and DL to improve throughput performance of NB-IoT UE. One of the objective for support of new modulation scheme is to extend the CQI report to include additional information for the same.  Moreover, applicability of the extended MCS for small data transmission related features is also important to be considered.  In this discussion paper we provide our analysis on the remaining issues for 16QAM support and also applicability for different data transmission procedures.
 
2	Discussion 
16QAM modulation scheme is only applicable for the UE in good coverage conditions. The CQI-NPDCCH-NB parameter allows indication of repetition values upto 2048. This larger number of code points needed as the CQI-NPDCCH Report should support indication of CQI level in terms of required repetitions upto maximum coverage level. For the RACH Resource set configuration corresponds to normal coverage level are configured with lower number of repetition values. In this case the code-points corresponds to repetition level beyond Rmax value of the selected coverage level are not applicable for NPDCCH-CQI. These code points can be used for other purpose.
Observation 1: Higher values of NDPCCH-CQI-NB are not applicable when the UE send Msg3 using RACH Resources corresponds to normal coverage.
UE capable of 16QAM can send the NPDCCH-CQI code points which are mapped to repetition value beyond Rmax of the coverage level to indicate that the UE is capable of 16QAM and also in better coverage condition to use 16QAM for Msg4. So it is possible to provide CQI extension in Msg3 for 16QAM. 
Proposal 1: CQI Reporting extension for 16 QAM in msg3 is supported.
Proposal 2: Unused code points of NPDCCH-CQI-NB in msg3 can be used to extend UE reporting CQI for 16QAM.
For the UE report CQI value corresponds to 16QAM the network may need to configure RSRP threshold where this new MCS is applicable. This parameter needs to be included in system information.
Proposal 3: System Information message to include RSRP Threshold for 16QAM CQI Report in Msg3.
In last RAN2 meeting it was agreed to postpone the discussion on support for 16QAM to EDT procedure based on RAN1 agreements. There may be some RAN1 impacts for supporting 16QAM in uplink (MO-EDT) due to support of multiple TBS sizes within the same pool. Having TBS size of different MCS may lead to some issues in supporting TBS detection at base station. But it is possible to support 16QAM for MT-EDT if the Msg3 can report CQI corresponds to 16QAM.  This support enables MT-EDT transmission to make use of higher modulation scheme without connection establishment.
Proposal 4: If CQI Reporting on Msg3 is agreed, RAN2 consider supporting 16 QAM for MT EDT. 


For connected mode reporting the existing CQI report structure can be extended to support additional CQI values for 16QAM. The reserved bits of the MAC CE can be used to interpret the CQI values as whether it is meant for NPDCCH or 16-QAM CQI. Here also it possible to reuse the current CQI code-points based on the Rmax value of the UE specific search space.
Proposal 5: For connected mode CQI Reporting for 16 QAM use of R bits or unused code-points of NPDCCH-CQI can be considered. 

3	Summary
In this document we analyse the CQI reporting for 16 QAM during initial access and connected mode operation. Based on the analysis we make following observations and proposals.
Observation 1: Higher values of NDPCCH-CQI-NB are not applicable when the UE send Msg3 using RACH Resources corresponds to normal coverage.
Proposal 1: CQI Reporting extension for 16 QAM in msg3 is supported.
Proposal 2: Unused code points of NPDCCH-CQI-NB in msg3 can be used to extend UE reporting CQI for 16QAM.
Proposal 3: System Information message to include RSRP Threshold for 16QAM CQI Report in Msg3.
Proposal 4: If CQI Reporting on Msg3 is agreed, RAN2 consider supporting 16 QAM for MT EDT. 
Proposal 5: For connected mode CQI Reporting for 16 QAM use of R bits or unused code-points of NPDCCH-CQI can be considered. 
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