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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Based on the agreements achieved so far, this paper discusses DCI design, downlink power allocation and channel quality reporting to support 16-QAM for DL and UL.
2. DCI design
In RAN1#104bis-e, the working assumption has been achieved that the DCI size is not increased to support 16-QAM in uplink and downlink, and five options of DL 16QAM indication are agreed for down-selection. The working assumption and the agreement reached are copied below:
	Working Assumption
The DCI size is not increased to support 16-QAM in uplink and downlink.
Agreement
The following options on the indication of downlink 16-QAM can be considered:
· Option 1: MCS field is increased to 5 bits to indicate modulation and TBS, and repetition field is reduced to 3 bits to indicate the repetition number;
· Option 2: MCS field is 4 bits to indicate TBS, and repetition field is reduced to 3 bits to indicate the repetition number;
· 1 bit is used to indicate legacy QPSK or 16QAM
· Option 3: MCS field is 4 bits to indicate modulation and TBS
· A reserved state of MCS field indicates use of 16QAM, 
· Repetition field indicates 16QAM MCS if 16QAM is indicated to be used.
· Option 4: MCS is 4 bits, 
· If repetition is indicated as one, 16QAM and QPSK can be indicated by MCS field;
· If repetition is indicated larger than one, the legacy QPSK MCS can be indicated by MCS field.
· Option 5: {repetition, MCS} are indicated by 8 bits (a combination of the MCS field and repetition field)
· Note: other options are not precluded.




Considering that DCI size may be related to the performance of NPDCCH decoding, so it is proposed to avoid increasing the DCI size by reinterpretation of unused fields or spare states for 16 QAM indication.
Proposal 1: Confirm the working assumption that the DCI size is not increased to support 16-QAM in uplink and downlink.
16-QAM is suitable to be used for a UE in good coverage as higher SNR is required than QPSK. However, if the channel condition becomes worse, it may not be able to use 16-QAM. Then, it is necessary to allow eNB to fallback to legacy Rel-16 scheduling. To sustain the performance in such scenarios, it is beneficial to be able to schedule any Rel-16 QPSK TBS and repetition numbers for this UE to guarantee the performance. Thus, the flexibility of scheduling Rel-16 QPSK TBS and repetition numbers should be maintained even if 16-QAM is enabled. And the DCI design for 16-QAM should support such a fallback to provide flexibilities for eNB scheduling. 
For Option 1 and Option 2, the flexibility of repetition number will be reduced to a half when scheduling QPSK. For Option 4, the flexibility of repetition number when scheduling QPSK is also reduced. Thus, the Option 3 provides the best flexibility in scheduling, which has no impacts on QPSK scheduling and lead to the best system performance in different channel conditions. Furthermore, the indication of UL 16-QAM can employ the same method.
Proposal 2: Support Option 3 for the indication of DL 16-QAM. 

3. Application in PUR and Multi-TB scheduling
In RAN1#104bis-e, the agreement has been reached that the applicability of 16-QAM in C-RNTI from CSS and EDT is not supported, as copied below.
	Agreement
For both uplink and downlink
· 16-QAM is not applied to C-RNTI from CSS.
· 16-QAM is not applied to EDT.




The applicability of 16QAM for PUR and multi-TB scheduling still needs further study. In PUR, the UL resource is preconfigured in connected mode, where UE can inform gNB the support of 16-QAM. Thus, eNB can configure 16-QAM for suitable UEs in PUR data transmission. There’s no further specification efforts to support 16-QAM for PUR. Therefore, we have the following proposal.
Proposal 3: 16-QAM is supported for PUR.
Considering the intention of 16-QAM is to achieve higher peak data rate, the application of 16-QAM in multi-TB scheduling should be supported. Furthermore, since the indication of multi-TB is not related to  the MCS and repetition field in DCI, the support of 16QAM in multi-TB scheduling has no additional impacts on the DCI design for 16QAM.
Proposal 4: 16-QAM is supported for multi-TB scheduling.

4. DL power allocation
In RAN1#104bis-e, it has been agreed that the NPDSCH EPRE in symbols with NRS can be different or same with the NPDSCH EPRE in symbols without CRS and NRS. The agreement reached is copied below:
	Agreement
For downlink power allocation to support 16QAM:
· For standalone and guard-band deployments:
· Option 1: Two power ratios are signaled
· NPDSCH EPRE to NRS EPRE in symbols with NRS
· NPDSCH EPRE to NRS EPRE in symbols without NRS
· Option 2: the power ratio of NPDSCH EPRE to NRS EPRE in symbols with NRS is signaled, assuming the same transmit power of different symbols.
· Option 3: the power ratio of NPDSCH EPRE to NRS EPRE in symbols without NRS is signaled, assuming the same transmit power of different symbols.
· If the signaling(s) is(are) not indicated, the legacy power allocation is used.
· i.e., the ratio of NPDSCH EPRE to NRS EPRE is 0dB for one NRS antenna port, and -3dB for two NRS antenna ports
· For inband deployments, the power ratio of NRS EPRE to CRS EPRE is signaled in addition to the signaling for standalone and guard-band deployments.
· FFS to reuse the existing parameter nrs-CRS-PowerOffset.
· FFS: Whether UE specific or cell-specific or carrier-specific signaling is used



[bookmark: OLE_LINK14]In LTE, DL power allocation is supported for 16-QAM and other higher modulations. The related configuration parameter includes a UE-specific parameter PA and a cell-specific parameter PB. The UE-specific parameter PA is used to determine the ratio of PDSCH EPRE to CRS EPRE for OFDM symbols not containing CRS. PA and the cell-specific parameter PB can be used to determine the ratio of PDSCH EPRE to CRS EPRE for OFDM symbols containing CRS. For 16-QAM in NB-IoT, the signaling for power allocation can be similar to that of LTE.
Similar to LTE, for guard-band or standalone deployment mode, a UE-specific parameter  can be used to determine the ratio of PDSCH EPRE to NRS EPRE for OFDM symbols not containing NRS. A carrier-specific parameter  can be used to determine the ratio of PDSCH EPRE to NRS EPRE for OFDM symbols containing NRS. If the NPDSCH EPRE in symbols with NRS is the same with the NPDSCH EPRE in symbols without NRS and there is no power boosting for 16-QAM, the legacy power ratio of NPDSCH EPRE to NRS EPRE can reuse the legacy value. If there is power boosting for 16-QAM, option 1 is used to signal both ratios explicitly since the limitation of constant symbol transmit power has no benefits for the eNB scheduling and can obtain the full flexibility for eNB scheduling. And in LTE, there is no limitation with the constant transmit power for different symbols and this principle should be followed for 16-QAM NB-IoT.
For in-band deployment mode, the UE-specific parameter is used to determine the ratio of PDSCH EPRE to NRS EPRE for OFDM symbols not containing NRS and CRS. The carrier-specific parameter is used to determine the ratio of PDSCH EPRE to NRS EPRE for OFDM symbols containing NRS. Additionally, a cell-specific parameter is used to determine the ratio of PDSCH EPRE to NRS EPRE for OFDM symbols containing CRS. Similar as the principle of LTE, ,  and  should be sigalled explicitly with no limitation with the constant transmit power. 
If the NPDSCH EPRE in symbols with NRS is the same with the NPDSCH EPRE in symbols without NRS and there is no power boosting for 16-QAM, only  should be signaled. And if NRS-CRS-PowerOffset is reused and the legacy values LTE PDSCH EPRE to CRS EPRE for OFDM symbols containing CRS can be reused,  is not needed to be signaled.
Proposal 5: Support option 1 for guard-band and standalone deployments as the DL power allocation signaling method.

5. Channel quality reporting to support 16-QAM in DL
[bookmark: OLE_LINK527][bookmark: OLE_LINK528]In RAN1#104bis-e, it has been reached that the channel quality report for 16-QAM is based on NPDSCH transport block with the target error probability BLER≤10%. The agreement reached is copied below:
	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



The NPDCCH 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.
· Alt 3: Reuse the channel quality report table in Msg3 for finer reporting
When the UE expects to be scheduled with 16-QAM, it can ensure that the NPDCCH repetition level is equal to 1 and the channel quality reporting field in Msg3 can be reinterpreted to report the NPDSCH MCS. For Alt-3, there are only 3 reserved states in the legacy channel quality reporting field, which may not be sufficient for the reporting of NPDSCH MCS. Therefore, Alt 2 is preferred, and the details can be FFS.
Proposal 6: Re-purpose the channel quality reporting field in Msg3 and MAC CE to support CQI reporting for 16-QAM.

6. Conclusion
In this contribution, our views on support of 16-QAM for unicast in UL and DL in NB-IoT are provided. The following proposals are made.
Proposal 1: Confirm the working assumption that the DCI size is not increased to support 16-QAM in uplink and downlink.
Proposal 2: Support Option 3 for the indication of DL 16-QAM.
Proposal 3: 16-QAM is supported for PUR.
Proposal 4: 16-QAM is supported for multi-TB scheduling.
Proposal 5: Support option 1 for guard-band and standalone deployments DL power allocation signaling method.
Proposal 6: Re-purpose the channel quality reporting field in Msg3 and MAC CE to support CQI reporting for 16-QAM.
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