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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution gives our further considerations on several issues regarding Rel-17 NB-IoT and eMTC enhancements. The RAN2 and RAN4 agreements related to RAN1 objectives are also presented in Appendices for reference.
2. Support of NB-IoT 16-QAM for TDD and FDD
In discussion of UE features, one issue was raised on whether the objective of NB-IoT 16-QAM can apply to TDD.
From WID point of view, there is no limitation on the utilization of this objective regarding FDD or TDD. 
· 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] 
Observation 1: There is no limitation of NB-IoT 16-QAM regarding FDD and TDD in WID.
In RAN1 discussion, there’s no limitation in agreements/working assumptions/conclusions regarding FDD and TDD either. And we didn’t see any critical issue or impact when supporting 16-QAM in both TDD and FDD.
Observation 2: There is no limitation of NB-IoT 16-QAM regarding FDD and TDD in RAN1 agreements/working assumptions/conclusions.
In addition, there’s no concern raised on in other working groups regarding the use of 16-QAM for FDD and TDD. Therefore, there is no need to further discuss whether any limitation on use of 16-QAM is introduced.
3. RAN4 work on channel quality report of NB-IoT 16-QAM
As shown in work plan [1], RAN4 will start the discussion on channel quality reporting for 16-QAM in November meeting. RAN4 discussion will include measurement report accuracy and measurement report mapping, which are specified in RAN4 spec. The measurement report mapping is being discussed in RAN1, with three options for down-selection. The related RAN1 agreements are as following:
Agreement
If 16-QAM is configured for NPDSCH, the channel quality report for 16-QAM is based on NPDSCH transport block that achieves an error probability not exceeding 10% BLER.
Agreement
· When configured with downlink 16-QAM, the channel quality can be reported in MAC CE.
· FFS on support in Msg3 in connected mode
Agreement
For CQI table for downlink 16-QAM, down-select between following options in RAN1#106-e:
· Option 1: More than three candidate values for 16-QAM are added in the legacy table.
· FFS: Which of the legacy entries are removed
· Option 2: Three candidate values for 16-QAM are added in the legacy table.
· Option 3: A new CQI table is defined for 16-QAM based on the eMTC table (CQI Tables in 36.213) as a starting point
Conclusion 
The channel quality report is not supported in Msg3 in connected mode in Rel-17.
RAN4 discussion will be based on the RAN1 inputs including the agreements above and the MCS for 16-QAM. 
Observation 3: RAN4 will start discussion on channel quality report, which would need RAN1 input.

4. Combination of legacy features and max DL TBS of 1736 bits
There was discussion in RRC parameters on support of max DL TBS of 1736 bits with legacy features. RAN1 has achieved the following conclusion, while the other eMTC features should be subject to UEs in connected mode, as this is for UEs in CE mode A.
Conclusion
It is RAN1 assumption that 1736 DL TBS feature is compatible with all other eMTC features applicable for HD-FDD Cat. M1 UEs in CE mode A. It is assumed that there’s no change to DCI formats, TBS tables and CQI tables.
For UEs in idle mode, RAN2 has made the following agreement as in Appendix A:
· Max DL TBS of 1736 bits can be supported for PUR. 
· FFS EDT support.
Therefore, based on the above conclusion and agreements, the support of max DL TBS of 1736 bits with other idle mode legacy features can be discussed in RAN2.
Observation 4: Based on conclusions and agreements in RAN1/2 so far, max DL TBS of 1736 bits can be supported together with legacy features used in CONNECTED mode without spec impacts, and with PUR.

5. Conclusion
In this contribution, we give further considerations on several issues regarding Rel-17 NB-IoT and eMTC enhancements. The following observations and proposals are made.
Observation 1: There is no limitation of NB-IoT 16-QAM regarding FDD and TDD in WID.
Observation 2: There is no limitation of NB-IoT 16-QAM regarding FDD and TDD in RAN1 agreements/working assumptions/conclusions.
Observation 3: RAN4 will start discussion on channel quality report, which would need RAN1 input.
Observation 4: Based on conclusions and agreements in RAN1/2 so far, max DL TBS of 1736 bits can be supported together with legacy features used in CONNECTED mode without spec impacts, and with PUR.
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Appendix A: RAN2 agreements related to RAN1 objectives
NB-IoT: 16-QAM for unicast in UL and DL
RAN2#113bis-e agreements:
· Working assumption: For the UE supporting 16-QAM, the L2 buffer size is 12000 bytes. 
· Working assumption: Support of 16-QAM has separate UE capabilities for DL and UL
RAN2#115-e agreements:
· Confirm the working assumption: The support of 16-QAM uses separate UE capabilities for DL and UL.
· 16QAM is configured via dedicated signaling separately for UL and DL.
· A NPUSCH 16QAM activation indication is needed in PUR configuration.
eMTC: 14-HARQ processes in DL, for HD-FDD Cat M1 UEs
RAN2#113bis-e agreements:
· 14 HARQ activation is configured by dedicated RRC signalling.
· Working assumption: No change to current L2 buffer size requirement
RAN2#115-e agreements:
· Confirm the working assumption: No change to current L2 buffer size requirement for HD-FDD Cat M1 UEs supporting 14 HARQ processes in DL.
eMTC: maximum DL TBS of 1736 bits
RAN2#113bis-e agreements:
· DL TBS of 1736 bits is configured by dedicated RRC signalling.
· FFS: Whether to update L2 buffer size requirement
RAN2#115-e agreements:
· The table 4.1A-1 in TS 36.306 for DL Category M1 needs to be updated to indicate 1736 bits TBS and 43008 soft channel bits.
· Max DL TBS of 1736 bits can be supported for PUR. 
· FFS EDT support.

Appendix B: RAN4 agreements related to RAN1 objectives
For NB-IoT 16-QAM
In RAN4#98b-e meeting, 
R4-2105432	Way forward on BS RF requirements for R17 NB-IoT 16QAM	Huawei, HiSilicon, Ericsson
The following issues have been identified:
1. NB-IoT RB power dynamic range for in-band or guard band operation or NB-IoT operation in NR in-band
RAN4 will decide whether to use the same QPSK requirements for 16QAM.
2. EVM limit for 16QAM DL
RAN4 will decide whether to define 12.5% as the limit
3. 16QAM FRC for BS Rx Characteristics
RAN4 will decide whether new 16QAM FRC is needed for NB-IoT BS RF tests. 
R4-2105433	Way forward on UE RF requirements for R17 NB-IoT 16QAM	 Nokia
On EVM limit
· RAN4 will decide whether to set the limit to 12.5%.
On In-band Emission limit
· RAN4 will decide whether to change the current IBE mask and include the EVM limit.
On MPR simulation assumptions
· I/Q image: 25 dB, Carrier leakage: 25 dBc, CIM3: 60 dB
· PA calibration point: MPR=0 for single-tone (worst case among 3.75 kHz pi/2 BPSK and pi/4 QPSK, 15 kHz pi/2 BPSK and pi/4 QPSK)
· Whether to include EVM limit: Yes. Companies should declare which option(s) below is(are) used
· Option 1: 12.5%.
· Option 2: Other values which should be clearly stated.
· Whether to include IBE mask: Yes. Companies should declare which option(s) below is(are) used 
· Option 1: Use the existing NB-IoT IBE mask (=).
· Option 2: Include the EVM limit in the IBE mask ().
· Option 3: Other options are not precluded but should be clearly stated.
· Whether to include 12-tone: Yes. Simulate allocations of 3, 6, and 12 tones.
· Power classes to be considered: 3, 5
· Power class 6 is optional for simulation results in RAN4#99-e.
In RAN4#100-e,
WF R4-2114943
Reuse the existing NB-IoT RB power dynamic range requirements for 16QAM for in-band or guard band operation or NB-IoT operation in NR in-band. And no changes to the specifications, nor new test cases for 16QAM RB power dynamic range are needed.
· The EVM limit for 16QAM uplink is to set to 12.5%. 
· The IBE mask of NB-IoT is modified as in the CR of R4-2114002 
· The MPR for 16QAM PC3 and PC5 is agreed as the moderator’s proposal. FFS MPR for PC6.

