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1 Background
A new work item on additional enhancements for NB-IoT and LTE-MTC was approved in [1]. One of the objectives is to introduce 16-QAM for 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]

In RAN1#104b-e, the following was agreed:

Agreement
Confirm the working assumption that the following TBS indices are introduced for downlink with modification in RED:
	

	


	
	0
	1
	2
	3
	4
	5
	6
	7

	14
	256
	552
	840
	1128
	1416
	1736
	2280
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2472
	3112

	16
	328296
	632
	968
	1288
	1608
	1928
	2600
	3240

	17
	336
	696
	1064
	1416
	1800
	2152
	2856
	3624

	18
	376
	776
	1160
	1544
	1992
	2344
	3112
	4008

	19
	408
	840
	1288
	1736
	2152
	2600
	3496
	4264

	20
	440
	904
	1384
	1864
	2344
	2792
	3752
	4584

	21
	488
	1000
	1480
	1992
	2472
	2984
	4008
	4968



Agreement
Confirm the working assumption:
· For standalone and guardband deployments, the downlink TBS entries between 14 (TBS of 2856 for I_SF=7) and 21 are used for 16QAM.

Agreement
For both uplink and downlink
· 16-QAM is not applied to C-RNTI from CSS.
· 16-QAM is not applied to EDT.

Working Assumption
[bookmark: _Hlk71636963]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.

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

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.

For future meeting:
· Additional power control parameter for 16-QAM (e.g. similar to ΔTF)
· Applicability of 16QAM for PUR and multi-TB scheduling


2 Downlink aspects
2.1 Rules of applicability

One of the remaining issues from the last meeting was whether 16-QAM is supported for multi-TB scheduling and PUR. 
For PUR, it is technically possible to support 16-QAM for DL (by including a corresponding flag in PUR-Config), but its usefulness is expected to be reduced. Thus, we propose to not support DL 16-QAM during PUR. Note that is similar to the decision in Rel-16 eMTC of not supporting DL 64-QAM during PUR.
Proposal 1: Do not support DL 16-QAM during PUR procedure.
For multi-TB scheduling, although the usefulness of the feature together with 16-QAM is expected to be limited, we do not see any specification impact to support these two features together. Therefore, we propose to support 16-QAM with multi-TB.
Proposal 2: Support DL 16-QAM for multi-TB scheduling.

2.2 DCI design

One remaining issue is how to indicate the new TBS entries. There are essentially two options:
· Increase the MCS field size: This has the drawback of increased overhead in DCI.
· “Downsample” the MCS table when configured with 16-QAM.
In our view, given the limitations for the use of 16-QAM (no repetitions), it would be beneficial to indicate 16-QAM allocations by the current 4-bit MCS table. Similar to what was done in eMTC for 64-QAM, the MCS field and repetition number may be jointly encoded. Therefore, we make the following proposal:
Proposal 3: Confirm the working assumption: The DCI size is not increased to support 16-QAM in downlink.
Regarding TBS determination, since it was agree that 16-QAM is only supported for single repetition, we can jointly use the MCS and repetition fields to indicate 16QAM while, at the same time, indicating all the legacy values. This is because the legacy MCS table has 2 unused values. One particular implementation of this method is to use one reserved value in the TBS table to indicate the new entries, and then have the repetition number indicate which one of the new entries are used.
Proposal 4: For MCS/repetition indication in DCI for DL 16-QAM:
	- {repetition, MCS} are indicated by 8 bits (a combination of the MCS field and repetition field)
NOTE: a particular implementation of this method is Option 3.

2.3 Downlink power allocation

In LTE, the mechanism for defining the power level for PDSCH has considered the impact of a single type of reference signal, i.e., CRS. LTE defined power parameters  for PDSCH in the two types of symbols (symbols without CRS and symbols with CRS), respectively In NB-IoT, we need to define three different power parameters for NPDSCH in the three types of symbols, that we denote as follows:
· : Applicable to NPDSCH in symbols with NRS.
· : Applicable to NPDSCH in symbols with CRS (required for in-band NB-IoT only).
· : Applicable to NPDSCH in symbols without NRS and CRS.
Figure 1 shows a pictorial representation of the three different power levels and the associated OFDM symbols for in-band NB-IoT.
[image: ]
Figure 1 Power levels for three types of NPDSCH symbols for in-band NB-IoT
We should follow a similar approach as in LTE Rel-8 to determine the power ratios, in this case two ratios need to be signaled (the third one is obtained assuming constant power per OFDM symbol). In our view, the use case for signaling 3 separate ratios is dubious, since in this case different OFDM symbols would have different total power and, therefore, the coverage will be reduced. Note that this is also the approached we followed when we defined RSS power in eMTC.
With respect to selecting among Option 2 and Option 3 in the previous meeting, these options can be seen to be mathematically equivalent. Signaling the ratio between NRS and NPDSCH in symbols without NRS has probably a more clear interpretation. 
Currently, the NRS to CRS power offset is only signaled for the case of same-PCI in nrs-CRS-PowerOffset. For the case of different PCI, this parameter was not needed (this parameter is only used for joint channel estimation, which is only feasible for the same PCI case). For determining the power ratio for 16-QAM, however, this value is needed.
Thus, we make the following proposal:
Proposal 5: For downlink power allocation to support 16QAM:
· For standalone and guard-band deployments:
· Option 3: the power ratio of NPDSCH EPRE to NRS EPRE in symbols without NRS is signaled, and the UE calculates the power ratio of NPDSCH EPRE to NRS EPRE in symbols with NRS assuming the same transmit power of different symbols.
· For in-band deployments, the power ratio of NRS EPRE to CRS EPRE is signaled in addition to the signaling for standalone and guard-band deployments:
· For the case of in-band same PCI, legacy parameter nrs-CRS-PowerOffset is used.
· For the case of in-band different PCI, a new parameter is introduced.

Regarding whether the parameters above are signaled through unicast or broadcast RRC, we think unicast RRC is more appropriate for the following reasons:
· Only UEs configured with 16-QAM will make use of this parameter, and 16-QAM is enabled through unicast RRC.
· Assuming different carriers may have different power ratios, this parameter needs to be UE-specific (since the unicast carrier configuration is UE-specific).
Therefore, we make the following proposal:
Proposal 6: The signaling related to downlink power allocation to support 16-QAM is UE-specific.

3 Uplink aspects
3.1 Design principles and differences with downlink

The concepts discussed in Section 2 are in general also applicable to uplink 16-QAM. For UL 16-QAM .
Proposal 7: Support UL 16-QAM during PUR procedure. Include the corresponding configuration flag in PUR-Config.
Proposal 8: Enabling UL 16-QAM does not change the DCI size.
Proposal 9: Confirm the working assumption: The DCI size is not increased to support 16-QAM in uplink.
Regarding TBS determination, one difference is that, for UL 16QAM, one of the reserved values is already used for PUR to indicate “ACK/fallback”. Thus, if we do something similar to Option 3, the reserved value should be “15” instead of “14”.
Proposal 10: For MCS/repetition indication in DCI for UL 16-QAM:
	- {repetition, MCS} are indicated by 8 bits (a combination of the MCS field and repetition field)
NOTE: a particular implementation of this method is Option 3. Note that, for Option 3, the “reserved MCS value” cannot be “14” if UL 16-QAM is supported for PUR, since this value is use for PUR ACK.

Additionally, the UE may be required to increase its transmit power when transmitting 16-QAM (this is the case in legacy LTE). We propose to add an additional power control parameter (similar to ) for 16-QAM operation. If we do not introduce this parameter, the UE may use the same transmit power for low MCS (e.g. QPSK) or high MCS (e.g. 16-QAM), which may be inefficient.
Proposal 11: RAN1 to introduce an additional power control parameter to allow for increased power with 16-QAM (e.g. similar to )

4 CQI feedback
In Rel-16, the following agreement was made regarding CQI reporting:
	Agreement
For channel quality report in connected mode other than Msg3, RAN1 assumes the following aspects are decided by RAN2 and RAN4.
· number of candidate values for channel quality reports
· mapping value of reported channel quality
· report in RRC message or MAC CE




RAN1 already decided in RAN1#104-b that the reporting is based on 10% PDSCH BLER. Thus, we propose that the remaining issues of this sub-objective are handled by RAN2 and RAN4. We would like to note that the legacy reporting uses 4 bits, out of which only 13 entries are used (12 for CQI reporting, one for “no measurements”). Thus, we can use the remaining 3 values to indicate NPDSCH-based CQI.

Proposal 12: For NPDSCH-based CQI, RAN1 assumes that RAN2 / RAN4 will decide on the candidate values for channel quality report.

5 Conclusion
In this contribution we presented our views on supporting 16-QAM for NB-IoT. We made the following proposals:
Proposal 1: Do not support DL 16-QAM during PUR procedure.

Proposal 2: Support DL 16-QAM for multi-TB scheduling.

Proposal 3: Confirm the working assumption: The DCI size is not increased to support 16-QAM in downlink.

Proposal 4: For MCS/repetition indication in DCI for DL 16-QAM:
	- {repetition, MCS} are indicated by 8 bits (a combination of the MCS field and repetition field)
NOTE: a particular implementation of this method is Option 3.

Proposal 5: For downlink power allocation to support 16QAM:
· For standalone and guard-band deployments:
· Option 3: the power ratio of NPDSCH EPRE to NRS EPRE in symbols without NRS is signaled, and the UE calculates the power ratio of NPDSCH EPRE to NRS EPRE in symbols with NRS assuming the same transmit power of different symbols.
· For in-band deployments, the power ratio of NRS EPRE to CRS EPRE is signaled in addition to the signaling for standalone and guard-band deployments:
· For the case of in-band same PCI, legacy parameter nrs-CRS-PowerOffset is used.
· For the case of in-band different PCI, a new parameter is introduced.

Proposal 6: The signaling related to downlink power allocation to support 16-QAM is UE-specific.

Proposal 7: Support UL 16-QAM during PUR procedure. Include the corresponding configuration flag in PUR-Config.

Proposal 8: Enabling UL 16-QAM does not change the DCI size.

Proposal 9: Confirm the working assumption: The DCI size is not increased to support 16-QAM in uplink.

Proposal 10: For MCS/repetition indication in DCI for UL 16-QAM:
	- {repetition, MCS} are indicated by 8 bits (a combination of the MCS field and repetition field)
NOTE: a particular implementation of this method is Option 3. Note that, for Option 3, the “reserved MCS value” cannot be “14”, since this value is use for PUR ACK

Proposal 11: RAN1 to introduce an additional power control parameter to allow for increased power with 16-QAM (e.g. similar to )

Proposal 12: For NPDSCH-based CQI, RAN1 assumes that RAN2 / RAN4 will decide on the candidate values for channel quality report.
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