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Introduction
[bookmark: _Hlk525462591]In Rel-17 WI for IoT enhancements [1], one objective is to specify 16-QAM support for NB-IoT as described below –
· 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. 
· [bookmark: _Hlk30097793]Extend the NB-IoT channel quality reporting based on the framework of Rel-14-16, to support 16-QAM in DL. 
In RAN1#107-e, the following agreements and conclusion were made –

Agreement
· The value range for the following RRC parameters is {-6, -4.77, -3, -1.77, 0, 1, 2, 3} dB
· Power ratio of NPDSCH EPRE to NRS EPRE in symbols without NRS for standalone and guard-band deployments, or in symbols without NRS nor CRS for in-band deployments.
· Power ratio of NPDSCH EPRE to NRS EPRE in symbols with CRS for in-band deployments.

Agreement
The following working assumption is confirmed.
For the new term  introduced for power control of NPUSCH,
· Reuse the LTE definition simplified for NB-IoT:  for  and  for , where  is given by higher layer parameter deltaMCS-Enabled, and  where K is the code block size.
· FFS: whether the new term applies to QPSK when configured with 16QAM, if it does not, whether an additional term is introduced to avoid jump between QPSK and 16QAM 

Agreement:
The following working assumption is confirmed with following modification
· The table is endorsed.

	Reported value
	NPDCCH repetition level
	NPDSCH transport block
 error probability not exceeding 0.1
	SNR

	
	
	Modulation
	Code rate x 1024
	Repetition
	Efficiency
	

	noMeasurement
	No measurement reporting
	Out of range
	

	candidateRep-A
	1
	QPSK (TBS index 4)
	221
	1
	0.4316
	-0.6 dB ([2])

	candidateRep-B
	2
	QPSK (TBS index 2)
	280
	1
	0.2737
	-3.6

	candidateRep-C
	4
	QPSK (TBS index 0)
	81
	1
	0.1579
	-6.6

	candidateRep-D
	8
	QPSK (TBS index 0)
	81
	2
	0.0789
	-9.6

	candidateRep-E
	16
	QPSK (TBS index 0)
	81
	4
	0.0395
	-12.6

	Working assumption
candidateRep-F
	32
	QPSK (TBS index 0)
	81
	8
	0.0198
	-15.6

	candidateRep-G
	1
	QPSK (TBS index 6)
	336.8
	1
	0.6579
	1.0 dB ([3])

	candidateRep-H
	
1

	QPSK (TBS index 8)
	453.6
	1
	0.8860
	2.6 dB ([3])

	candidateRep-I
	1
	QPSK (TBS index 10)
	579.4
	1
	1.1316
	4.1 dB ([3])

	candidateRep-J
	1
	QPSK (TBS index 12)
	759
	1
	1.4825
	6.3 dB ([3])

	candidateRep-K
	1
	16QAM (TBS index 14)
	487.3
	1
	1.9035
	8.9 dB ([3])

	candidateRep-L
	1
	16QAM (TBS index 16)
	541.2
	1
	2.1140
	9.7 dB ([3])

	candidateRep-M
	1
	16QAM (TBS index 18)
	658
	1
	2.5702
	11.7 dB ([3])

	candidateRep-N
	1
	16QAM (TBS index 20)
	783.7
	1
	3.0614
	13.0 dB ([3])

	candidateRep-O
	1
	16QAM (TBS index 21)
	837.6
	1
	3.2719
	14.1 dB ([3])



Conclusion
There’s no consensus on the introduction of CSI reference resource in NB-IoT in Rel-17, whether/how to introduce CSI reference resource is up to RAN4.

Agreement
LS on channel quality reporting for NB-IoT is endorsed in R1-2112971
In this contribution, we discuss remaining issues for 16-QAM support in unicast for DL and UL of NB-IoT.
[bookmark: _Hlk525462634][bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973]Remaining Issues
Channel quality report
One remaining issue leftover from the discussion in RAN1#107-e is the switching between CQI tables [2]. In RAN1#107-e, the following options were listed –
When 16-QAM is configured, the new CQI table is used. On use of legacy measurement reporting, down-select 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: if 16-QAM in DL is configured, then the UE should use the 16-QAM CQI table, otherwise the UE will use the legacy table.
Our preference is for the eNB to configure the CQI table to be used when the UE is configured with 16-QAM (i.e. Option 3 in the above list). This way, in case of degradation in the SNR, the eNB can switch the UE to the legacy table while still keeping the UE configured with 16-QAM. This also allows the eNB to switch the UE back to the new table when channel condition improves with minimum signaling overhead. It can also be used by the eNB to configure all 16-QAM capable UE for 16-QAM regardless of the channel condition. The configuration and reconfiguration can be via higher-layer signaling.
It should be noted that the 16-QAM CQI table captures estimated operating SNR range from -15 dB to 14 dB and supporting up to 32 repetitions on the NPDCCH. This is sufficient to capture the expected operating points for UE to be configured with 16-QAM even as channel variation varies. In case of significant degradation in channel condition, the eNB can then switch the UE to the legacy CQI table which can support much higher NPDCCH repetition values without having to switch the UE out of 16-QAM support. Therefore, our preferences are listed below –
Proposal 1: On the use of legacy measurement reporting table, our preferences are –
· 1st preference: The eNB can configure, via higher-layer signalling, the CQI table to be used by the UE when configured with 16-QAM.
· 2nd preference: If 16-QAM in DL is configured, then the UE should use the 16-QAM CQI table, otherwise the UE will use the legacy table.
Uplink power control
There is an FFS whether the new term applies to QPSK when configured with 16-QAM. If it does not, whether an additional offset term is introduced. This is to address large jump in uplink power allocation between QPSK and 16-QAM. Two options have been considered –
· Option 1: The term  can also be applied to NPUSCH with QPSK, when 16-QAM is configured.
· Option 2: An offset to  is configured from a set of {[1dB], [2dB], [4dB], [6dB]}, when 16-QAM is configured.
Since the LTE power control operation mode  has been adopted, our preference is that we should be consistent with the underlying principle of this mode, which is to adjust UL transmission power based on MCS. We should not have two separate behaviours for this mode based on whether 16-QAM or QPSK is used. It is true that QPSK UL power control will be different depending on whether deltaMCS is enabled, but that is how this operation mode was designed.  If the eNB does not wish to allow power to change with MCS, it can disable deltaMCS which is consistent with current LTE operation. Note that there is no need to increase UE Tx power when 16-QAM is used, so therefore if deltaMCS is used, power should depend on the MCS regardless of whether it’s QPSK or 16-QAM. Therefore, our preference is to also apply the term to QPSK when UE is configured with 16-QAM rather than introduce an additional offset term.
Proposal 2: The new uplink power control term  is also applied to QPSK when UE is configured with 16-QAM. 
In addition to open-loop power adjustment, there was also a proposal to introduce TPC command for closed-loop adjustment. However, closed-loop power control is not supported in NB-IoT and we do not see strong reason to introduce the feature in Rel-17 as this would require significant implemenation and testing efforts. Therefore, we do not support close-loop power control for 16-QAM.
Conclusions
In this contribution, we consider 16-QAM support for NB-IoT and make the following proposals –
Proposal 1: On the use of legacy measurement reporting table, our preferences are –
· 1st preference: The eNB can configure, via higher-layer signalling, the CQI table to be used by the UE when configured with 16-QAM.
· 2nd preference: If 16-QAM in DL is configured, then the UE should use the 16-QAM CQI table, otherwise the UE will use the legacy table.
Proposal 2: The new uplink power control term  is also applied to QPSK when UE is configured with 16-QAM. 
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