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1	Introduction
In the Work Item (WI) on “Rel-17 enhancements for NB-IoT and LTE-MTC” [1], one of the objectives is to specify the following enhancement for NB-IoT:
	· [bookmark: _Hlk30583880][bookmark: _Hlk30584214]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]
· Extend the NB-IoT channel quality reporting based on the framework of Rel-14—16, to support 16-QAM in DL. [NB-IoT] [RAN2, RAN1, RAN4] 



In RAN1 #106bis-e, a set of agreements were made for both UL and DL [2]. In this contribution we address the remaining technical aspects towards the completion of this Rel-17 objective. In the sections below we treat UL and DL separately starting with the latter one.
2	Support of 16-QAM for unicast in DL
2.2	Channel Quality Reporting to support 16-QAM in DL
2.2.1	CQI mapping Table
In RAN1# 105-e, three options were listed towards deciding on the framework to be used for the CQI table for 16-QAM in downlink [3]:
	Agreement
For CQI table for downlink 16-QAM, down-select between following options in RAN1#106-e:
· 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




[bookmark: _Toc86954053]The CQI mapping table was discussed in both RAN1# 106-e and 106bis-e without reaching any additional progress. Option 1 subject to leave as FFS e.g., “the exact table entries” and “the mechanism to interpret Table 9.1.22.15-1 as per legacy or as per Rel-17” was proposed as a middle ground solution.
[bookmark: _Toc86954054]“Option 1” couldn’t be agreed “as a middle ground solution” because one company claimed that “Option 1” and “Option 2” are not in line with the “CQI reporting definition” agreed in RAN1# 104bis-e. Nonetheless, in our view the concern is not valid because:
· [bookmark: _Toc86954055]The “CQI reporting definition” was agreed in RAN1# 104bis-e, whereas the down-selection including Option1, Option2, and Option 3 was agreed in RAN1# 105-e upon knowing the “CQI reporting definition”. 
· [bookmark: _Toc86954056]Although the CQI report for 16-QAM is based “on NPDSCH transport block that achieves an error probability not exceeding 10% BLER”, the reports for 16-QAM can be incorporated into the NB-IoT’s legacy CQI Table through setting the “NPDCCH repetition level to 1” on those entries as e.g., in [4], [5].
[bookmark: _Toc86954057]Overall, a CQI report is a recommendation to hint around which I_TBS indices a scheduling seems to be suitable, nonetheless the ultimate scheduling is up to the eNodeB. Thus, although we believe Option 2 is sufficient to accomplish this task (which requires a minor specification impact), aiming at completing the standardization of 16-QAM we will focus on Option1’s middle ground solution.
In RAN1 #105-e, Option 1 was defined as follows [3]:
· Option 1: More than three candidate values for 16-QAM are added in the legacy table.
· FFS: Which of the legacy entries are removed

[bookmark: _Toc86954058]The CQI mapping table in TS 36.133 clause 9.1.22.15 currently utilizes 13 out of 16 entries [5], however due that Option 1 will utilize more than three reports for 16-QAM it be necessary to override some legacy QPSK entries.
[bookmark: _Toc86954059]The problem with overriding the legacy QPSK entries is that during the times 16-QAM is not suitable to be used, the overridden entries would be unusable, and the UE would have been left without the possibility of using the full-set of legacy QPSK reports.
[bookmark: _Toc86954060]One possible way of overriding legacy QPSK entries and still having them available when required, is through interpreting Table 9.1.22.15-1 as per legacy or as per Rel-17 depending on Rmax.
Below we provide an example for interpreting Table 9.1.22.15-1 as per legacy or as per Rel-17 depending on Rmax:
· A UE configured with 16-QAM should in principle be configured with a small Rmax (e.g., Rmax<= 16).
· If the UE is configured with 16-QAM and Rmax <= 16, then from the middle part of Table 9.1.22.15-1 (e.g., from candidateRep-G) till the bottom of the table, the entries will be interpreted as reports corresponding to re-designed QPSK reports and 16-QAM reports.















Table 1a: Interpretation of Table 9.1.22.15-1 when a UE is configured with 16-QAM and Rmax<= 16.
	Reported value
	NPDCCH repetition level
	16-QAM CQI index with NPDSCH transport block
 error probability not exceeding 0.1

	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
	1
	Guard-Band & Stand-Alone Deployments
	





QPSK
	ITBS = [0]

	In-Band Deployments
	





QPSK
	ITBS = [0]


	candidateRep-H
	
1

	
	
	ITBS = [3]

	
	
	ITBS = [2]


	candidateRep-I
	1
	
	
	ITBS = [6]

	
	
	ITBS = [4]


	candidateRep-J
	1
	
	
	ITBS = [9]

	
	
	ITBS = [8]


	candidateRep-K
	1
	
	
	ITBS = [12]

	
	
	ITBS = [10]


	candidateRep-L
	1
	
	



16-QAM
	ITBS = [16]

	
	



16-QAM
	ITBS = [12]


	candidateRep-M
	1
	
	
	ITBS = [18]

	
	
	ITBS = [14]


	candidateRep-N
	1
	
	
	ITBS = [20]

	
	
	ITBS = [16]


	candidateRep-O
	1
	
	
	ITBS = [21]

	
	
	ITBS = [17]




Note 1: When the UE reports for example candidateRep-L for guard-band and stand-alone deployments, the UE would be suggesting to the eNodeB that the radio conditions are suitable as to use a smaller or up to the largest transport block given by ITBS index 16, being up to the eNodeB to decide which transport block to schedule.
Note 2: For 16-QAM, the intention is to cover the full range of ITBS indices (14 to 21 and 11 to 17 depending on the deployment mode) using four candidate reports (i.e., candidateRep-L, candidateRep-M, candidateRep-N, or candidateRep-O). The brackets (i.e., “[]”) in Table 1a represent a placeholder to be confirmed.
· On the other hand, If the UE is configured with 16-QAM and Rmax > 16, then all report entries in Table 9.1.22.15-1 are fully interpreted as in legacy.
Table 1b: Interpretation of Table 9.1.22.15-1 as per legacy when a UE is configured with 16-QAM and Rmax > 16.
	Reported value
	NPDCCH repetition level

	noMeasurement
	No measurement reporting

	candidateRep-A
	1

	candidateRep-B
	2

	candidateRep-C
	4

	candidateRep-D
	8

	candidateRep-E
	16

	candidateRep-F
	32

	candidateRep-G
	64

	candidateRep-H
	128

	candidateRep-I
	256

	candidateRep-J
	512

	candidateRep-K
	1024

	candidateRep-L
	2048



[bookmark: _Toc86954081]For 16-QAM in DL, the CQI Table is based on Option 1 (middle ground solution). Table 9.1.22.15-1 is interpreted as per legacy or as per Rel-17 depending on Rmax. That is:
· [bookmark: _Toc86954082]A UE configured with 16-QAM should in principle be configured with a small Rmax (e.g., Rmax<= 16).
· [bookmark: _Toc86954083]If the UE is configured with 16-QAM and Rmax <= 16, then from the middle part of Table 9.1.22.15-1 (e.g., from candidateRep-G) till the bottom of the table the entries will be interpreted as reports corresponding to re-designed QPSK reports and 16-QAM reports.
	Reported value
	NPDCCH repetition level
	16-QAM CQI index with NPDSCH transport block
 error probability not exceeding 0.1

	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
	1
	Guard-Band & Stand-Alone Deployments
	





QPSK
	ITBS = [0]

	In-Band Deployments
	





QPSK
	ITBS = [0]


	candidateRep-H
	
1

	
	
	ITBS = [3]

	
	
	ITBS = [2]


	candidateRep-I
	1
	
	
	ITBS = [6]

	
	
	ITBS = [4]


	candidateRep-J
	1
	
	
	ITBS = [9]

	
	
	ITBS = [8]


	candidateRep-K
	1
	
	
	ITBS = [12]

	
	
	ITBS = [10]


	candidateRep-L
	1
	
	



16-QAM
	ITBS = [16]

	
	



16-QAM
	ITBS = [12]


	candidateRep-M
	1
	
	
	ITBS = [18]

	
	
	ITBS = [14]


	candidateRep-N
	1
	
	
	ITBS = [20]

	
	
	ITBS = [16]


	candidateRep-O
	1
	
	
	ITBS = [21]

	
	
	ITBS = [17]




· [bookmark: _Toc86954084]On the other hand, If the UE is configured with 16-QAM and Rmax > 16, then all report entries in Table 9.1.22.15-1 are fully interpreted as in legacy.
	Reported value
	NPDCCH repetition level

	noMeasurement
	No measurement reporting

	candidateRep-A
	1

	candidateRep-B
	2

	candidateRep-C
	4

	candidateRep-D
	8

	candidateRep-E
	16

	candidateRep-F
	32

	candidateRep-G
	64

	candidateRep-H
	128

	candidateRep-I
	256

	candidateRep-J
	512

	candidateRep-K
	1024

	candidateRep-L
	2048


2.2.2	CSI reference resource for CQI measurement
During RAN1# 105-e, it was proposed to “Define CSI reference resource to be used for 16-QAM CQI measurement” [6], however there are different views on it, for example during RAN1# 106bis-e the following comment was made: “This was discussed also in the past when CQI was first introduced, and the conclusion was no reference resource was to be defined. It is unclear what changed” in [7].
The statement about “no reference resource was to be defined”, most likely refers to the channel quality reporting in Rel-14, where the procedure was in IDLE mode (In the IDLE mode case, it is true that TS 36.133 doesn’t have a clear reference resource definition, especially for T1) [8]:
	TS 36.133 clause 6.6.2.6
	

	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.



On the other hand, in Rel-16 for channel quality reporting in CONNECTED mode, there is a clear definition including more details than the measurement period (see e.g., highlighted text).
	TS 36.133 clause 8.14.4
	

	The reported NPDCCH repetition level shall be derived from the channel quality measured over the NPDCCH period which carries the uplink grant of channel quality report for measurement of DL channel quality of the configured carrier



[bookmark: _Toc86954061]For the CSI reference resource, the comment about “no reference resource was to be defined”, most likely refers to the NB-IoT channel quality reporting in Rel-14, where the procedure was in IDLE mode. However, in Rel-16 for the channel quality reporting in CONNECTED mode there is a clearer definition.
[bookmark: _Hlk86147364]For the channel quality reporting, we propose to re-use the CONNECTED mode definition of the measurement period and reference resource as in TS 36.133 clause 8.14.4 just replacing “reported NPDCCH repetition level” by “channel quality reported value” as to make it applicable for 16-QAM in DL.
[bookmark: _Toc86954085]For the channel quality reporting of 16-QAM in DL, the CONNECTED mode definition as in TS 36.133 clause 8.14.4 is re-used just replacing “reported NPDCCH repetition level” by “channel quality reported value”:
· [bookmark: _Toc86954086]The channel quality reported value shall be derived from the channel quality measured over the NPDCCH period which carries the uplink grant of channel quality report for measurement of DL channel quality of the configured carrier.
3	Support of 16-QAM for unicast in UL
3.1	Additional power control parameter for 16-QAM in UL
In RAN1# 105-e, the following was reached [3]:
	Agreement
Introduce a new term in uplink power control of NPUSCH using 16-QAM. FFS on the details.




In RAN1# 106-e, the following options were considered [9]:
	Agreement
Down-select one option from Cat 1 as starting point
· Cat 1: Option 1, Option 2/Option 4, Option 5
FFS Cat 2: Option 3, for close-loop power control
· Option 1: 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.
· Option 2:  is given in table based on MCS index if enabled, 0 otherwise.
· Option 3: A TPC command is introduce to indicate the power offset for NPUSCH with 16-QAM.
· Option 4:  is configured by high layer parameter.
· Option 5: ΔTF =  for Ks = 1.25 or ΔTF = 0 for Ks = 0, where BPRE =.  is the highest code rate in the TBS/MCS table used for the Modulation Scheme, and  is the number of bits per M-ary symbol of the Modulation Scheme.




In RAN1# 106bis-e [2], the following Working Assumption was reached:
	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 




[bookmark: _Toc86954062]For the new term to be introduced into UE’s transmit power control equation, even if ΔTF as in LTE were applied for NB-IoT, still there will be an issue to be solved which has to do with preventing a large power difference with respect to QPSK. 
Table 2 as in [4], shows the estimates of ΔTF obtained using the methodology under Working Assumption:
Table 2: ΔTF for 16-QAM as in [4], calculated using the methodology under Working Assumption
	MCS
	

	0 – 13
	0

	14
	6.4

	15
	7.1

	16
	7.7

	17
	8.6

	18
	9.7

	19
	10.7

	20
	11.7

	21
	12.8



[bookmark: _Toc86954063]The results in [4] refer to ΔTF estimates obtained using the methodology under Working Assumption, where there is a large power difference of ⁓6.4dB even between adjacent ITBS rows for QPSK and 16-QAM.
[bookmark: _Toc86954064]To prevent a large power difference between QPSK and 16-QAM derived from ΔTF, the following options were preliminary discussed as to solve the issue:
· [bookmark: _Toc86954065]Apply the methodology under Working Assumption (i.e., ΔTF) also to QPSK:
[bookmark: _Toc86954066]If ΔTF is applied to QPSK, then the QPSK UL power control behavior will be different with and without 16-QAM configured and because of that is not a preferred solution.
· [bookmark: _Toc86954067]Use P0_Nominal to reduce the difference: 
[bookmark: _Toc86954068]If P0_Nominal were used to adjust ΔTF, then we will end up modifying P0_Nominal’s range which is not the intention, since this solution can be seen the other way around where ΔTF is shifting P0_Nominal.
· [bookmark: _Toc86954069]Apply an offset on the ΔTF for 16-QAM:
[bookmark: _Toc86954070]This solution won’t lead to different behaviors nor impacts some other existing parameter. It acts directly on ΔTF as to alleviate large power difference between QPSK and 16-QAM.
[bookmark: _Hlk86179293][bookmark: _Toc86954071]To prevent a large power difference between QPSK and 16-QAM derived from ΔTF, applying an offset on ΔTF seems to be the most feasible solution to avoid undesired side-effects. 
The offset can be determined through calculating ΔTF for QPSK where the breaking point occurs (i.e., last ITBS row for QPSK) which leads to ⁓5.9dB. Table 3 shows ΔTF estimates obtained using the methodology under Working Assumption upon applying an Offset = 5.9dB to prevent large power differences between QPSK and 16-QAM:
Table 3: ΔTF for 16-QAM as in [4], calculated using the methodology under Working Assumption once an offset equal to 5.9dB was applied to avoid large power differences between QPSK and 16-QAM
	MCS
	

	0 – 13
	0

	14
	6.4 – offset = 0.5

	15
	7.1 – offset = 1.2

	16
	7.7 – offset = 1.8

	17
	8.6 – offset = 2.7

	18
	9.7 – offset = 3.8

	19
	10.7 – offset = 4.8

	20
	11.7 – offset = 5.8

	21
	12.8 – offset = 6.9


Note: offset = 5.9dB, the offset was determined calculating ΔTF for QPSK where the breaking point occurs (i.e., last ITBS row for QPSK).
[bookmark: _Toc86954087]For the new term in the UE’s transmit power control equation, an offset is applied on the estimated ΔTF for 16-QAM to prevent a large power difference between QPSK and 16-QAM
· [bookmark: _Toc86954088]Alternative 1: The offset is determined through calculating ΔTF for the QPSK at the breaking point (i.e., last ITBS row for QPSK). The Offset = [5.9dB].
· [bookmark: _Toc86954089]Alternative 2: The offset is indicated through a 2-bit higher layer parameter referring to one of the following values in the set: {[1dB], [2dB], [4dB], [6dB]} “and if this field is absent or if , then 0dB will be used”

4	Other topics
4.1	Applicability of 16-QAM for both FDD and TDD 
There is an open issue on whether the support of 16-QAM is applicable for both “FDD and TDD” or only FDD. R1-2112363 addresses this topic.
[bookmark: _Toc86954072]One open issue is whether the support of 16-QAM is applicable for both “FDD and TDD” or only FDD. 
[bookmark: _Toc86954073][bookmark: _Toc86950862]The support of 16-QAM has been developed under the context of FDD. Supporting 16-QAM for TDD has been found to result in specification impacts, and therefore 16-QAM should only be supported for FDD operation.
[bookmark: _Toc86954074]The foreseen RAN1 impacts from supporting 16-QAM for TDD NB-IoT are:
· [bookmark: _Toc86950863][bookmark: _Toc86954075]In legacy TDD NB-IoT, NPDSCH can be transmitted on DwPTS.
· [bookmark: _Toc86950864][bookmark: _Toc86954076]For NPDSCH without repetition, rate matching is used for the Resource Element (RE) mapping into the special subframe.
· [bookmark: _Toc86950865][bookmark: _Toc86954077][bookmark: _Toc86950866]The RE mapping on special subframes including rate matching aspects would have to be discussed for supporting 16-QAM in TDD NB-IoT.
[bookmark: _Toc86954078]The foreseen RAN4 impacts from supporting 16-QAM for TDD NB-IoT are:
· [bookmark: _Toc86950867][bookmark: _Toc86954079]Define dedicated UE demodulation requirements for 16QAM in TDD NB-IoT in TS 36.101.
· [bookmark: _Toc86950868][bookmark: _Toc86954080]Define a BS conformance test (Test Model) for 16-QAM in TDD NB-IoT in TS 36.141.
[bookmark: _Toc86954090]Conclusion: In Rel-16, 16-QAM for unicast in UL and DL for NB-IoT is only supported for FDD operation.
5	Conclusion
In the previous sections we made the following observations for the support of 16-QAM for unicast in UL and DL for NB-IoT:
Observation 1	The CQI mapping table was discussed in both RAN1# 106-e and 106bis-e without reaching any additional progress. Option 1 subject to leave as FFS e.g., “the exact table entries” and “the mechanism to interpret Table 9.1.22.15-1 as per legacy or as per Rel-17” was proposed as a middle ground solution.
Observation 2	“Option 1” couldn’t be agreed “as a middle ground solution” because one company claimed that “Option 1” and “Option 2” are not in line with the “CQI reporting definition” agreed in RAN1# 104bis-e. Nonetheless, in our view the concern is not valid because:
	The “CQI reporting definition” was agreed in RAN1# 104bis-e, whereas the down-selection including Option1, Option2, and Option 3 was agreed in RAN1# 105-e upon knowing the “CQI reporting definition”.
	Although the CQI report for 16-QAM is based “on NPDSCH transport block that achieves an error probability not exceeding 10% BLER”, the reports for 16-QAM can be incorporated into the NB-IoT’s legacy CQI Table through setting the “NPDCCH repetition level to 1” on those entries as e.g., in [4], [5].
Observation 3	Overall, a CQI report is a recommendation to hint around which I_TBS indices a scheduling seems to be suitable, nonetheless the ultimate scheduling is up to the eNodeB. Thus, although we believe Option 2 is sufficient to accomplish this task (which requires a minor specification impact), aiming at completing the standardization of 16-QAM we will focus on Option1’s middle ground solution.
Observation 4	The CQI mapping table in TS 36.133 clause 9.1.22.15 currently utilizes 13 out of 16 entries [5], however due that Option 1 will utilize more than three reports for 16-QAM it be necessary to override some legacy QPSK entries.
Observation 5	The problem with overriding the legacy QPSK entries is that during the times 16-QAM is not suitable to be used, the overridden entries would be unusable, and the UE would have been left without the possibility of using the full-set of legacy QPSK reports.
Observation 6	One possible way of overriding legacy QPSK entries and still having them available when required, is through interpreting Table 9.1.22.15-1 as per legacy or as per Rel-17 depending on Rmax.
Observation 7	For the CSI reference resource, the comment about “no reference resource was to be defined”, most likely refers to the NB-IoT channel quality reporting in Rel-14, where the procedure was in IDLE mode. However, in Rel-16 for the channel quality reporting in CONNECTED mode there is a clearer definition.
Observation 8	For the new term to be introduced into UE’s transmit power control equation, even if ΔTF as in LTE were applied for NB-IoT, still there will be an issue to be solved which has to do with preventing a large power difference with respect to QPSK.
Observation 9	The results in [4] refer to ΔTF estimates obtained using the methodology under Working Assumption, where there is a large power difference of ⁓6.4dB even between adjacent ITBS rows for QPSK and 16-QAM.
Observation 10	To prevent a large power difference between QPSK and 16-QAM derived from ΔTF, the following options were preliminary discussed as to solve the issue:
	Apply the methodology under Working Assumption (i.e., ΔTF) also to QPSK:
If ΔTF is applied to QPSK, then the QPSK UL power control behavior will be different with and without 16-QAM configured and because of that is not a preferred solution.
	Use P0_Nominal to reduce the difference:
If P0_Nominal were used to adjust ΔTF, then we will end up modifying P0_Nominal’s range which is not the intention, since this solution can be seen the other way around where ΔTF is shifting P0_Nominal.
	Apply an offset on the ΔTF for 16-QAM:
This solution won’t lead to different behaviors nor impacts some other existing parameter. It acts directly on ΔTF as to alleviate large power difference between QPSK and 16-QAM.
Observation 11	To prevent a large power difference between QPSK and 16-QAM derived from ΔTF, applying an offset on ΔTF seems to be the most feasible solution to avoid undesired side-effects.
Observation 12	One open issue is whether the support of 16-QAM is applicable for both “FDD and TDD” or only FDD.
Observation 13	The support of 16-QAM has been developed under the context of FDD. Supporting 16-QAM for TDD has been found to result in specification impacts, and therefore 16-QAM should only be supported for FDD operation.
Observation 14	The foreseen RAN1 impacts from supporting 16-QAM for TDD NB-IoT are:
	In legacy TDD NB-IoT, NPDSCH can be transmitted on DwPTS.
	For NPDSCH without repetition, rate matching is used for the Resource Element (RE) mapping into the special subframe.
	The RE mapping on special subframes including rate matching aspects would have to be discussed for supporting 16-QAM in TDD NB-IoT.
Observation 15	The foreseen RAN4 impacts from supporting 16-QAM for TDD NB-IoT are:
	Define dedicated UE demodulation requirements for 16QAM in TDD NB-IoT in TS 36.101.
	Define a BS conformance test (Test Model) for 16-QAM in TDD NB-IoT in TS 36.141.
 
Based on the discussion in the previous sections we propose the following:

Proposal 1	For 16-QAM in DL, the CQI Table is based on Option 1 (middle ground solution). Table 9.1.22.15-1 is interpreted as per legacy or as per Rel-17 depending on Rmax. That is:
	A UE configured with 16-QAM should in principle be configured with a small Rmax (e.g., Rmax<= 16).
	If the UE is configured with 16-QAM and Rmax <= 16, then from the middle part of Table 9.1.22.15-1 (e.g., from candidateRep-G) till the bottom of the table the entries will be interpreted as reports corresponding to re-designed QPSK reports and 16-QAM reports.
	Reported value
	NPDCCH repetition level
	16-QAM CQI index with NPDSCH transport block
 error probability not exceeding 0.1

	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
	1
	Guard-Band & Stand-Alone Deployments
	





QPSK
	ITBS = [0]

	In-Band Deployments
	





QPSK
	ITBS = [0]


	candidateRep-H
	
1

	
	
	ITBS = [3]

	
	
	ITBS = [2]


	candidateRep-I
	1
	
	
	ITBS = [6]

	
	
	ITBS = [4]


	candidateRep-J
	1
	
	
	ITBS = [9]

	
	
	ITBS = [8]


	candidateRep-K
	1
	
	
	ITBS = [12]

	
	
	ITBS = [10]


	candidateRep-L
	1
	
	



16-QAM
	ITBS = [16]

	
	



16-QAM
	ITBS = [12]


	candidateRep-M
	1
	
	
	ITBS = [18]

	
	
	ITBS = [14]


	candidateRep-N
	1
	
	
	ITBS = [20]

	
	
	ITBS = [16]


	candidateRep-O
	1
	
	
	ITBS = [21]

	
	
	ITBS = [17]




	On the other hand, If the UE is configured with 16-QAM and Rmax > 16, then all report entries in Table 9.1.22.15-1 are fully interpreted as in legacy.
	Reported value
	NPDCCH repetition level

	noMeasurement
	No measurement reporting

	candidateRep-A
	1

	candidateRep-B
	2

	candidateRep-C
	4

	candidateRep-D
	8

	candidateRep-E
	16

	candidateRep-F
	32

	candidateRep-G
	64

	candidateRep-H
	128

	candidateRep-I
	256

	candidateRep-J
	512

	candidateRep-K
	1024

	candidateRep-L
	2048



Proposal 2	For the channel quality reporting of 16-QAM in DL, the CONNECTED mode definition as in TS 36.133 clause 8.14.4 is re-used just replacing “reported NPDCCH repetition level” by “channel quality reported value”:
	The channel quality reported value shall be derived from the channel quality measured over the NPDCCH period which carries the uplink grant of channel quality report for measurement of DL channel quality of the configured carrier.
Proposal 3	For the new term in the UE’s transmit power control equation, an offset is applied on the estimated ΔTF for 16-QAM to prevent a large power difference between QPSK and 16-QAM
	Alternative 1: The offset is determined through calculating ΔTF for the QPSK at the breaking point (i.e., last ITBS row for QPSK). The Offset = [5.9dB].
	Alternative 2: The offset is indicated through a 2-bit higher layer parameter referring to one of the following values in the set: {[1dB], [2dB], [4dB], [6dB]} “and if this field is absent or if , then 0dB will be used”
Proposal 4	Conclusion: In Rel-16, 16-QAM for unicast in UL and DL for NB-IoT is only supported for FDD operation.
[bookmark: _In-sequence_SDU_delivery]
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