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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#104-e, the following was agreed:

Agreement
DL 16-QAM is applicable for NPDSCH scheduled from a DCI with CRC scrambled by C-RNTI.
· At least C-RNTI from USS is supported, FFS if 16-QAM is applied to C-RNTI from CSS.
· FFS: Applicability of 16-QAM for PUR.
Agreement
Repetition is not used for 16-QAM in uplink.

Agreement
UL 16-QAM is applicable for NPUSCH scheduled from a DCI with CRC scrambled by C-RNTI.
· At least C-RNTI from USS is supported, FFS if 16-QAM is applied to C-RNTI from CSS.
· FFS: Applicability of 16-QAM for PUR or EDT.
Agreement
The soft buffer size for Cat. NB2 UEs supporting 16QAM for downlink is 12800 bits.

Working Assumption
The previous working assumption on the following TBS indices for downlink is updated with following modifications:
	

	


	
	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
	[328, 296]
	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, 2536]
	2984
	4008
	4968



Agreement
I_SF>7 is not supported in Rel-17.

Agreement
Confirm the following working assumption:
· The following TBS indices are introduced for uplink
	I_TBS
	I_RU

	
	0
	1
	2
	3
	4
	5
	6
	7

	14
	256
	552
	840
	1128
	1416
	1736
	2280
	

	15
	280
	600
	904
	1224
	1544
	1800
	2472
	

	16
	328
	632
	968
	1288
	1608
	1928
	2536
	

	17
	336
	696
	1064
	1416
	1800
	2152
	
	

	18
	376
	776
	1160
	1544
	1992
	2344
	
	

	19
	408
	840
	1288
	1736
	2152
	2536
	
	

	20
	440
	904
	1384
	1864
	2344
	
	
	

	21
	488
	1000
	1480
	1992
	2536
	
	
	



Agreement
The following working assumption is confirmed with following modifications:
· For inband deployments, the downlink TBS entries between 11 (TBS of 2024 for I_SF=7) and [17] are used for 16QAM.
Agreement
Repetition of 2 is NOT supported for 16-QAM in downlink.

Agreement
On the breaking point between QPSK and 16QAM for NPUSCH, the UL TBS entries only between 14 and 21 are used for 16QAM if 16QAM is configured.

Agreement
16-QAM can be used for 3 and 6 subcarriers NPUSCH format 1

Agreement
The NPDSCH EPRE in symbols with NRS can be different and can be the same with the NPDSCH EPRE in symbols without CRS and NRS.
· FFS on signaling details
· FFS for the handling on whether the PCI is different or the same


2 Downlink aspects
2.1 Confirmation of MCS/TBS table

In RAN1#103-e, a working assumption was made regarding the design of the MCS/TBS table. In RAN1#104-e, the working assumption was updated. 
Given the extensive evaluations performed so far (see evaluations in [2]), we propose to confirm the working assumption in RAN#104-e:
Proposal 1: Confirm the working assumption for the DL TBS table from RAN1#104-e.

2.2 Rules of applicability

After 16-QAM is enabled, the UE will operate in “16-QAM mode” (i.e., will interpret the scheduling information accordingly). The applicability of 16-QAM should be restricted to C-RNTI NPDSCH –it should not be applicable for RA-RNTI PDSCH, as previously agreed. 
For the case of C-RNTI NPDSCH from CSS, there would be limited benefits of supporting 16-QAM, and in some cases may not be possible at all (e.g. if the DCI size is different for 16-QAM UEs). Thus, we propose to not support DL 16-QAM for C-RNTI scheduled from CSS. This also allows to keep some fallback operation between UE and eNB.
Proposal 2: DL 16-QAM is not applicable to C-RNTI scheduled from CSS.
In the previous meeting, it was also discussed whether to support 16-QAM in EDT and PUR. Supporting 16-QAM in EDT would require substantial effort, e.g. splitting the PRACH resources (since the eNB does not know the UE capability or release during EDT procedure).
Proposal 3: Do not support DL 16-QAM during EDT.
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.
Proposal 4: Do not support DL 16-QAM during PUR procedure.

2.3 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 may be interpreted differently depending on the indicated number of repetitions. Therefore, we make the following proposals:
Proposal 5: Enabling DL 16-QAM does not change the DCI size.

Proposal 6: If the “repetition number” field in DCI indicates 1 repetition, the MCS field indicates an entry in the DL 16-QAM MCS table. If the “repetition number” field indicates more than 1 repetition, the MCS field indicates an entry of the legacy QPSK table.
	- FFS: Details of the 16-QAM MCS table

2.4 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

The power levels can be derived formulaically (just by adjusting the EPRE to make sure the power is constant across all OFDM symbols). Note that, for the purpose of determining the power ratios, the UE needs to be aware of the NRS/CRS relative power level even for the case of different PCIs.

Proposal 7: The UE derives the values of , ,  implicitly based on
· Power boost value for NRS
· NRS and CRS relative power level.
· Number of NRS and CRS ports.

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, with the difference that it may be beneficial to support UL 16-QAM during PUR for UEs in good coverage conditions.
Proposal 8: UL 16-QAM is not applicable to C-RNTI scheduled from CSS.
Proposal 9: Do not support UL 16-QAM during EDT.
Proposal 10: Support UL 16-QAM during PUR procedure. Include the corresponding configuration flag in PUR-Config.
Proposal 11: Enabling UL 16-QAM does not change the DCI size.

One difference with respect to the DL design is that the uplink scheduling is even more constrained with 16-QAM, since single tone is not supported for 16-QAM. Thus, the determination of the MCS/TBS may further depend on the resource allocation field.
Proposal 12: If the “repetition number” field in DCI indicates 1 repetition and the “subcarrier indication” field indicates more than one subcarrier, the MCS field indicates an entry in the UL 16-QAM MCS table. If the “repetition number” field indicates more than 1 repetition, the MCS field indicates an entry of the legacy UL MCS table.
	- FFS: Details of the UL 16-QAM MCS table

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.
Proposal 13: RAN1 to consider adding an additional power control parameter to allow for increased power with 16-QAM (e.g. similar to )


4 Conclusion
In this contribution we presented our views on supporting 16-QAM for NB-IoT. We made the following proposals:

Proposal 1: Confirm the working assumption for the DL TBS table from RAN1#104-e.

Proposal 2: DL 16-QAM is not applicable to C-RNTI scheduled from CSS.

Proposal 3: Do not support DL 16-QAM during EDT.

Proposal 4: Do not support DL 16-QAM during PUR procedure.

Proposal 5: Enabling DL 16-QAM does not change the DCI size.

Proposal 6: If the “repetition number” field in DCI indicates 1 repetition, the MCS field indicates an entry in the DL 16-QAM MCS table. If the “repetition number” field indicates more than 1 repetition, the MCS field indicates an entry of the legacy QPSK table.
	- FFS: Details of the 16-QAM MCS table

Proposal 7: The UE derives the values of , ,  implicitly based on
· Power boost value for NRS
· NRS and CRS relative power level.
· Number of NRS and CRS ports.

Proposal 8: UL 16-QAM is not applicable to C-RNTI scheduled from CSS.

Proposal 9: Do not support UL 16-QAM during EDT.

Proposal 10: Support UL 16-QAM during PUR procedure.

Proposal 11: Enabling UL 16-QAM does not change the DCI size.

Proposal 12: If the “repetition number” field in DCI indicates 1 repetition and the “subcarrier indication” field indicates more than one subcarrier, the MCS field indicates an entry in the UL 16-QAM MCS table. If the “repetition number” field indicates more than 1 repetition, the MCS field indicates an entry of the legacy UL MCS table.
	- FFS: Details of the UL 16-QAM MCS table

Proposal 13: RAN1 to consider adding an additional power control parameter to allow for increased power with 16-QAM (e.g. similar to )
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