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In the RAN#88 plenary meeting, an updated work item for Rel.17 eMTC/NBIoT was approved. The objective is to specify the following enhancements to NB-IoT.
· 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] 

In this contribution, some remaining issues of 16QAM support for NPDSCH and NPUSCH, especially CQI reporting, and UL power allocation design are presented.
Discussion
CQI Reporting to support 16-QAM in DL
In the discussion of RAN1-107 meeting, a combined CQI reporting table based on NPDCCH and NPDSCH performance metric was agreed to support of DL 16-QAM.
For the remaining issue of the switching between the legacy table and the new CQI table, several options were discussed in last meeting. 
When 16QAM is configured, the new CQI table is used. FFS on use of legacy measurement reporting down-selected from following options:
· Option 1: UE indicates the use of legacy or new CQI table via MAC CE.
· Option 2: eNB indicates the use of legacy or new CQI table via MAC CE.
· Option 3: eNB configures the use of legacy or new CQI table via RRC configuration
· Option 4: if Rmax<=16, the new CQI table is used, otherwise, the legacy CQI table is used.
· Option 5: The legacy CQI table is not needed.
As agreed in RAN1-107 meeting, the new table only supports medium and high CQI entries (e.g., lowest CQI entry of NPDSCH MCS 0, repetition number of 8). However, for UE with DL 16QAM configured, all legacy MCS and repetition number are supported (e.g., MCS 0, repetition number of 2048/1024/512/256/128….). If UE with DL 16QAM configured only supports new table, it is not aligned for the supported MCS & repetition number and the reported CQI entries, that is, it is hard for eNB to schedule the UE with low MCS & large repetition number based on the reported CQI entries.
So CQI table switching is needed to cover all SNR ranges/ supported MCS& repetition number with suitable UE reporting, and it is better to be controlled by eNB. Based on that, option 2 and option 3 can be considered. If we consider the signaling overhead for the table switching indication, option 4 can also be a choice since Rmax is widely used to judge the channel condition in previous release.
Proposal 1: When 16QAM is configured, the new CQI table is used. UE determines the legacy or new CQI table based on Rmax, or eNB indicates the use of legacy or new CQI table via MAC CE or RRC configuration.
Uplink power control
For the additional power control parameter for 16-QAM (e.g. similar to ΔTF), RRC parameter is configured to increase the power of higher modulation in LTE. Similar as defined in LTE,  is determined as:
[bookmark: _Hlk85609561][bookmark: _Hlk85609476]  for  and  for , where  is given by higher layers parameter.
·  where  is the code block size and  is the number of resource elements determined as  where , ,   are defined in TS36.211, and  is defined in section 16.5.1.1 in TS36.213.

For the remaining issue of a large “jump between QPSK and 16-QAM”, the following solutions were proposed in the last meeting
· Option 1: The new term  can also be applied to QPSK when 16-QAM is configured
· Option 2: The new term  is not applied to QPSK when 16-QAM is configured, and an offset is applied on  to reduce the power difference between QPSK and 16-QAM. FFS: The details on the offset.
· Option 3: For NPUSCH with 16-QAM, the  is configured by a new parameter p0-NominalNPUSCH

For option 1, it is more straightforward without further standard impact. Since we agreed to follow the legacy behavior, we should follow all procedures (e.g., adopting the term regardless of the modulation). 
For option 2, we don’t think we have clear mind to give the exact offset value. It needs further evaluation and check.
For option 3, we don’t think we should give network an artificial barrier, which makes the network confused and set the initial power level with great care.

Proposal 2: The new term  introduced for power control of NPUSCH applies to QPSK and 16QAM when configured with 16QAM.

Configuration of DL 16QAM in connected mode and idle mode
For the configuration of DL 16QAM in connected mode and idle mode, separate RRC parameters are configured to UE(e.g., npdsch-16QAM-Config and pur-DL-16QAM-Config).  In idle mode, CSI reporting is not supported in PUR procedure, and if UE is configured with DL 16QAM in idle mode (e.g., pur-DL-16QAM-Config) and not configured with DL 16QAM in connected, there is no CQI reporting for DL 16QAM. It is hard for eNB to schedule the MCS& repetition for DL 16QAM in PUR procedure. So, we prefer to conclude that DL 16QAM in PUR is configured in condition that DL 16QAM in connected mode is configured, which facilitates eNB scheduling for PUR procedure at least based on the CQI reporting in connected mode.
Proposal 3: DL 16QAM in PUR is configured only in condition that DL 16QAM in connected mode is configured
Agreement
For 16-QAM in NB-IoT, separate UE-specific RRC signaling for UL and DL are supported:
· 16QAM for UL is configured by UE-specific RRC signaling.
· 16QAM for DL is configured by UE-specific RRC signaling.
 Agreement
Support 16-QAM for NPDSCH in PUR procedure
· CSI report is not supported/expected during PUR procedure.
 Agreement
To support 16-QAM for NPDSCH and NPUSCH in PUR procedure,
· 16-QAM can be enabled/disabled by UE specific RRC signaling for NPDSCH and NPUSCH separately
·    The corresponding configurations and signaling details are up to RAN2
 
Conclusions
In this contribution, considerations of 16QAM support for NPDSCH and NPUSCH are provided. The following proposals are given.
Proposal 1: When 16QAM is configured, the new CQI table is used. UE determines the legacy or new CQI table based on Rmax, or eNB indicates the use of legacy or new CQI table via MAC CE or RRC configuration.
Proposal 2: The new term  introduced for power control of NPUSCH applies to QPSK and 16QAM when configured with 16QAM.
Proposal 3: DL 16QAM in PUR is configured only in condition that DL 16QAM in connected mode is configured.
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