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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#106bis-e, the following agreements were made –
Working Assumption
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
Support 16-QAM for NPDSCH in PUR procedure
· CSI report is not supported/expected during PUR procedure.
 
Agreement
To support 16-QAM for NPDSCH and NPUSCH in PUR procedure,
· 16-QAM can be enabled/disabled by UE specific RRC signaling for NPDSCH and NPUSCH separately
·    The corresponding configurations and signaling details are up to RAN2
 
Agreement
The reserved state to indicate the use of 16QAM in DCI format N0 and DCI format N1 should be “1111”.
 
 Agreement
Confirm the following working assumption:
Working Assumption
For downlink power allocation to support 16QAM:
· For inband deployments, a power ratio is signaled in addition to the signalling for standalone and guard-band deployments which in this case applies to “symbols with NRS” and “symbols without NRS nor CRS”. 
· the power ratio between NPDSCH EPRE and NRS EPRE in symbols with CRS is signalled
· the signalling is UE specific
     Note: “symbols with NRS” and “symbols without NRS nor CRS” have the same power.


Agreement
For the UE configured with 16-QAM for NPDSCH, the deployment of the carrier is signaled by operationModeInfo in MIB or inbandCarrierInfo in SIB/UE specific signaling.

Note: Existing agreement from RAN1#106e is "For the UE configured with 16-QAM for NPDSCH, the deployment of the carrier is signaled by operationModeInfo in MIB or inbandCarrierInfo in SIB", which is replaced by the updated agreement above from RAN1#106bis-e.
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]Channel Quality Report
[bookmark: _Hlk66101531]It was agreed that channel quality can be reported in MAC CE. However, the CQI table has not been decided. Three different options have been listed –
· 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
The three options are discussed in more details below –
Option 1:
The first option is to introduced more than three new values by replacing some of the existing values. In this example, five existing candidates have been replaced to indicate also CSI reporting related to QPSK modulation. This provides much finer granularity between NPDCCH and NPDSCH reporting. The loss of NPDCCH CSI reporting for >64 repetitions is not expected to be an issue as those repetition values used for UE in poor SNR (<-15 dB) where 16-QAM would not be configured. This option is preferred over Option 2. However, there are still some loss of granularity in reporting both NPDCCH and NPDSCH CSI using a single table.
Option 2:
It is possible to reuse the existing table with additional entries added for 16-QAM while keeping all the existing entries. This means that we can add three new values to the existing table. However, this is not an efficient table when the UE is capable of 16-QAM since the gap between the value of NPDCCH repetition = 1 (candidateRep-A) to 16-QAM entries can be quite large. For instance, the majority of UEs have MCL that is better then 144 dB where NPDCCH repetition of 2 is needed. In addition, the step size of the existing table is 3dB, which is not as useful for NPDSCH MCS selection. Therefore, Option 2 is not preferred.
Option 3:
In 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. In this option, the UE could potential have the option to support both NPDCCH-based legacy table as well as the new CQI table. A bit in the MAC CE could be used to indicate the table being used by the UE. 
Based on the above discussion, our first preference is to define new CQI table as this option provides the most flexibility and includes largest number of NPDSCH-based CSI values. Our second preference to add more than three candidate values in the legacy table by replacing candidates with high repetition values.

Proposal 1: For 16-QAM CQI table, our preferences are
· First preference – 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
· Second preference – Option 1: More than three candidate values for 16-QAM are added in the legacy table by replacing candidates with high repetition values (e.g. candidateRep-J to candidateRep-L).  
In RAN1#106bis-e, a compromise was suggested where a table with more than three candidate values are added in the legacy table. There were several FFS points, including –
· Exact number of QPSK and 16-QAM entries
· Switching between legacy and new tables
· How to interpret the table (whether legacy or new)
Based on Proposal 1, we are fine to proceed with defining a hybrid table where some entries from the existing table are kept and some entries are replaced by QPSK and 16-QAM values. A suggestion for one such table is provided below –
	Reported value
	NPDCCH repetition level
	16-QAM

	noMeasurement
	No measurement reporting
	No measurement reporting

	candidateRep-A
	1
	N/A

	candidateRep-B
	2
	N/A

	candidateRep-C
	4
	N/A

	candidateRep-D
	8
	N/A

	candidateRep-E
	16
	N/A

	candidateRep-F
	32
	N/A

	candidateRep-G
	64
	N/A

	candidateRep-H
	1
	QPSK, TBS=0

	candidateRep-I
	1
	QPSK, TBS=3

	candidateRep-J
	1
	QPSK, TBS=6

	candidateRep-K
	1
	QPSK, TBS=9

	candidateRep-L
	1
	QPSK, TBS=12

	candidateRep-M
	1
	16-QAM, TBS=15

	candidateRep-N
	1
	16-QAM, TBS=18

	candidateRep-O
	1
	16-QAM, TBS=21


As noted in [2], switching between tables may be allowed. Our preference is for the eNB to configure the CQI table to be used when the UE is configured with 16-QAM. 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 can allow the eNB to switch the UE back to the new table when channel condition improves with minimum signaling overhead. The configuration can be via higher-layer signalling.
Proposal 2: The eNB can configure, via higher-layer signalling, the CQI table to be used by the UE when configured with 16-QAM.
Furthermore, it has been agreed that the channel quality report for 16-QAM is based on NPDSCH transport block that achieves an error probability not exceeding 10% BLER. For eMTC, the definition for CQI is given by –
A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1.
Note that, for Msg3-based NPDCCH channel quality reporting, the reference resource is defined in 36.133 according to –For channel quality reporting in the anchor carrier, the reported NPDCCH repetition level shall be derived from the channel quality measured in the period T1 or T2 in the carrier where the random access response is transmitted, where
-	T1 is the period before NPRACH transmission used for NRSRP measurement for enhanced coverage level estimation
-	T2 is the period from the beginning of the random access response to the beginning of PUSCH format 1 for DL channel quality reporting.
For channel quality reporting in the non-anchor carrier, the reported NPDCCH repetition level shall be derived from the channel quality measured in the period T2 in the carrier where UE monitors Random Access Response where T2 is defined above.


Similar to eMTC, it is proposed also to explicitly define CSI reference resource to be used for CQI measurement. The definition of the CSI reference resource can be left to RAN4.
Proposal 3: Define CSI reference resource to be used for 16-QAM CQI measurement. The definition can be up to RAN4.
Uplink Power Control
In RAN1#106bis-e, for uplink power control, it was agreed as a working assumption to reuse the LTE definition but simplified for NB-IoT. That is,  for  and  for , where  is given by higher layer parameter deltaMCS-Enabled, and  where K is the code block size. This means that uplink power control would be based on the same LTE principle and we therefore propose to confirm this working assumption.
Proposal 4: Confirm the working assumption to reuse LTE definition simplified for NB-IoT for the new power control term. 
There is an 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. This is to address large jump in uplink power allocation between QPSK and 16-QAM. Our preference is to also apply the term to QPSK when UE is configured with 16-QAM rather than introduce an additional term.

Proposal 5: 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 is 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 propose not to support close-loop power control for 16-QAM.
Proposal 6: Closed-loop power control for 16-QAM is not supported in Rel-17.
Conclusions
In this contribution, we consider 16-QAM support for NB-IoT and make the following proposals –
Proposal 1: For 16-QAM CQI table, our preferences are
· First preference – 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
· Second preference – Option 1: More than three candidate values for 16-QAM are added in the legacy table by replacing candidates with high repetition values (e.g. candidateRep-J to candidateRep-L).

Proposal 2: The eNB can configure, via higher-layer signalling, the CQI table to be used by the UE when configured with 16-QAM.
Proposal 3: Define CSI reference resource to be used for 16-QAM CQI measurement. The definition can be up to RAN4.
Proposal 4: Confirm the working assumption to reuse LTE definition simplified for NB-IoT for the new power control term. 
Proposal 5: The new uplink power control term  is also applied to QPSK when UE is configured with 16-QAM. 
Proposal 6: Closed-loop power control for 16-QAM is not supported in Rel-17.
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