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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The WID for Rel-17 enhancements for NB-IoT and LTE-MTC [1] includes an objective to support 16-QAM for unicast in UL and DL in NB-IoT.
· [bookmark: OLE_LINK11]Specify 16-QAM for unicast in UL and DL, including necessary changes to DL power allocation for NPDSCH and DL TBS. This is to be specified without a new NB-IoT UE category. For DL, increase in maximum TBS of e.g. 2x the Rel-16 maximum, and soft buffer size will be specified by modifying at least existing Category NB2. For UL, the maximum TBS is not increased. [NB-IoT] [RAN1, RAN4]
· Extend the NB-IoT channel quality reporting based on the framework of Rel-14—16, to support 16-QAM in DL. [NB-IoT] [RAN2, RAN1, RAN4] 
[bookmark: _Ref129681832]In this contribution we provide our views on channel quality reporting in NB-IoT to support 16QAM in DL.
[bookmark: OLE_LINK527][bookmark: OLE_LINK528]Channel quality reporting to support 16-QAM in DL
[bookmark: OLE_LINK12]In Rel-14, NB-IoT supports Msg3-based channel quality reporting on anchor carriers, which reports the minimum NPDCCH repetition level satisfying the block error rate of 1%. In Rel-16, for further enhancement of channel quality reporting in other cases, Msg3-based channel quality reporting on non-anchor carriers and in connected mode have been introduced, both of which are NPDCCH repetition level reporting. With such enhancements, it is more efficient for the DL scheduling of Msg4 initial and re-transmissions, and the subsequent transmissions in connected mode.
[bookmark: OLE_LINK175][bookmark: OLE_LINK26]Observation 1: In current NB-IoT, the channel quality reporting in Msg3 and connected mode are NPDCCH repetition level reporting.
[bookmark: OLE_LINK74]In Rel-17, 16-QAM will be introduced to improve the peak data rate. The target SNR for 16-QAM is higher than QPSK, thus it is more suitable to be used in good coverage case. According to current NB-IoT channel quality reporting, even if a UE is in good coverage or SINR, the UE can only report the minimum NPDCCH repetition number as the channel quality to eNB. Without finer channel quality information, the eNB could not schedule the appropriate modulation and TBS to ensure that the 16QAM-capable UE can achieve better downlink performance under different channel conditions. So the granularity of channel quality reporting based on NPDCCH repetition is too coarse for the UE that can be scheduled with 16-QAM in good coverage.
[bookmark: OLE_LINK9][bookmark: OLE_LINK156]Observation 2: For UE in good coverage and hence not needing repetition, the repetition-level based channel quality reporting does not convey sufficiently fine-grained channel quality information. 
[bookmark: OLE_LINK75]Proposal 1: Finer NB-IoT channel quality reporting is supported to provide sufficient channel quality information in good coverage, particularly for 16-QAM.
The repetition level channel quality reporting has been supported in both Msg3 for idle mode and MAC CE for connected mode. In order to support the finer channel quality reporting, two possible solutions can be:
· Alt 1: Introduce additional bits in Msg3 and MAC CE for the finer reporting.
· Alt 2: Re-purpose the channel quality reporting field in Msg3 and MAC CE for finer reporting.
When the UE expects to be scheduled for DL transmission with repetitions, it can report the NPDCCH repetition level, as per Rel-14 or Rel-16. The repetition level based reporting and finer channel quality reporting can complement each other and either one is provided in its appropriate coverage conditions. Therefore, Alt 2 is preferred, and the details can be further studied.
Proposal 2: Re-purpose the channel quality reporting field in Msg3 and MAC CE to support finer channel quality reporting.

Conclusions
In this contribution we provide our views on channel quality reporting in NB-IoT to support 16QAM in DL. The following proposals are made.
Observation 1: In current NB-IoT, the channel quality reporting in Msg3 and connected mode are NPDCCH repetition level reporting.
Observation 2: For UE in good coverage and hence not needing repetition, the repetition-level based channel quality reporting does not convey sufficiently fine-grained channel quality information. 
Proposal 1: Finer NB-IoT channel quality reporting is supported to provide sufficient channel quality information in good coverage, particularly for 16-QAM.
Proposal 2: Re-purpose the channel quality reporting field in Msg3 and MAC CE to support finer channel quality reporting.
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