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1. [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
[bookmark: OLE_LINK4]In RAN1#106bis e-meeting, DL and UL 16QAM for NB-IoT was discussed. And the relevant working assumptions are given as below [1]:
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 
In this contribution, we discuss the remaining issues on 16QAM for NB-IoT.
2. [bookmark: OLE_LINK38][bookmark: OLE_LINK94][bookmark: OLE_LINK14][bookmark: OLE_LINK50][bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK37][bookmark: OLE_LINK95][bookmark: OLE_LINK13]Discussion
UL power control
For the new term  introduced for power control of NPUSCH, the following working assumption can be confirmed.
· 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.
Proposal 1: Confirm the working assumption for  introduced for power control of NPUSCH.
In order to avoid a large power jump between QPSK and 16QAM, the following three options are considered for UL power control in last meeting [2].
· [bookmark: OLE_LINK6]Option 1: The new term  can also be applied to QPSK when 16-QAM is configured
· Option 2: The new term  is not applied to QPSK when 16-QAM is configured, and an offset is applied on  to reduce the power difference between QPSK and 16-QAM. FFS: The details on the offset.
· Option 3: For NPUSCH with 16-QAM, the  is configured by a new parameter p0-NominalNPUSCH
According to the agreement, the new term is introduced for uplink power control to support NPUSCH using 16QAM. No clear requirements with respect to  are shown for NPUSCH using QPSK in NB-IoT. Hence, uplink power control should be consistent with legacy to avoid complexity increase when QPSK is used for UL transport block. 
[bookmark: _GoBack]Then, to reduce the power difference between QPSK and 16QAM, an additional offset could be applied on  for NPUSCH. This offset can be a default value or be configured by a UE-specific RRC parameter. However, RRC indication of offset may be more beneficial for power gap adjustment between QPSK and 16QAM since the value of  for a given TBS index with 16QAM depends on the number of RU for NPUSCH. From Table 1, it can be observed that the maximum power difference is larger than 1 dB between RU configurations. Meanwhile, the semi-static indication of offset can also be used to match the channel environment.
Table 1  for TBS 14 with 16QAM for NPUSCH
	I_RU
	0
	1
	2
	3
	4
	5
	6
	7

	Number of bits
	256
	552
	840
	1128
	1416
	1736
	2280
	-

	Value of 
	5.6
	6.3
	6.4
	6.5
	6.5
	6.7
	6.6
	-



Alternatively, for Option 3, it could be considered an offset is applied on the existing p0-NominalNPUSCH. The value of the offset is the same as Option 2 if 16QAM is used for UL transport block, 0 otherwise. Thus, the new parameter p0-NominalNPUSCH is defined as  with an offset.
Proposal 2: An offset can be applied on  or  to reduce the power difference between QPSK and 16QAM.
· The offset could be indicated by higher layers.
Considering that the higher layer indication of  is not so flexible and there are still some reserved bits in the DCI, it is recommended to use DCI indication to adjust the value of the increase or decrease of the uplink power dynamically. More specifically, the most significant bit of ‘subcarrier indication’ filed can be utilized to enable the dynamic power control. When this bit indicates dynamic power control is disabled, the following agreement is still workable.When this bit indicates dynamic power control is enabled, then similarly, the “Repetition number” field in DCI Format N0 is utilized to indicate the TBS indices for 16QAM and the MCS with 4 bits can be utilized to indicate a dynamic power offset. Based on the current power, the 4 bits power offset value can be dynamically indicated, e.g., [-8, 7].
Proposal 3: Closed-loop power control could be applied to dynamically indicate power offset for 16QAM. 
Channel quality Report
For CQI table for downlink 16-QAM, down-select from following options:
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
Between Option 1 and 2, Option 1 was considered as a compromise candidate table in last meeting. Then, CQI table for downlink 16QAM may be down-selected from Option 1 and 3. Comparing Option 1 and Option 3, both introduce a new table dedicated to channel quality report for NPDSCH. The switching of new table and legacy table needs to be considered when channel quality report is triggered. It can be performed via signaling or predefined restrictions. Since predefined restrictions will limit the usage scenarios of CQI tables, we recommend utilizing signaling to switch CQI tables. For example, the existing MAC CE can be reused to report 4-bit CQI for NPDSCH if the UE receives a NPDSCH CQI command and 4-bit number of repetitions for NPDCCH if the UE receives a NPDCCH CQI command. The details should be discussed by RAN2.
Observation 1: For channel quality report, the switching of new table and legacy table needs to be considered for both Option 1 and Option 3 since new CQI table is introduced for NPDSCH.
In aspect of CQI table design, Option 1 has some entries with PDCCH repetitions in the new CQI table. We understand that these entries cannot be used in channel quality report for NPDSCH. So this will lead to a performance loss on CQI report for NPDSCH and a waste of feedback overhead.
Observation 2: For channel quality report, Option 1 will lead to a performance loss on CQI report for NPDSCH and a waste of feedback overhead since some CQI entries with PDCCH repetitions cannot be used for NPDSCH.
Further, based on Option 3, new CQI table can be considered between the following two sub-options.
· [bookmark: OLE_LINK5]Option 3A: The TBS indices for 16QAM, TBS indices for QPSK without repetitions and TBS indices for QPSK with repetitions are mapped to CQI table.
In this CQI table, LTE/eMTC principles are reused for the CQI entries of 16QAM and QPSK without repetitions, i.e. the SNR gap of about 2dB is assumed between adjacent CQI entries. Then, we show the NPDSCH performance for different TBSs with QPSK and 16QAM. It can be observed that TBS 14, 17, 19, 21 are more appropriate for CQI entries with 16QAM than TBS 14, 16, 18, 20. This is because the SNR gap between TBS 14 and 16 is only 0.8 dB while that between TBS 14 and 17 is 1.9 dB for 16QAM. And the former can cover up to the channel state of TBS 21 for guard-band and standalone deployments and TBS 17 for in-band deployment. Furthermore, for QPSK without repetitions, TBS 0, 2, 4, 6, 8, 10, 12 have the SNR gap of 1.5-2.5 dB. They could be mapped to CQI entries in the new table. For QPSK with repetitions, TBS 0 with repetitions could be considered to extend the lower bound of SNR for CQI table. Thus, the details of CQI entries are given in Table 2.
The advantages of Option 3A are mainly large SNR range and moderate SNR interval in CQI table. Compared with Option 1, Option 3A can directly reflect the channel state and improve the performance for NPDSCH since QPSK with repetitions replace number of PDCCH repetitions for small CQI indices.
[image: CQI1027]
Figure 1 NPDSCH performance for different TBS with QPSK and 16QAM

Table 2: CQI table for 16QAM for standalone and guard-band deployments
	CQI index
	modulation
	TBS index
	Number of repetitions
	SNR at BLER of 10% (dB)
	SNR gap (dB)

	0
	out of range
	
	

	1
	QPSK
	0
	16
	-17.4
	-

	2
	QPSK
	0
	8
	-14.4
	3

	3
	QPSK
	0
	4
	-11.4
	3

	4
	QPSK
	0
	2
	-8.4
	3

	5
	QPSK
	0
	1
	-5.4
	3

	6
	QPSK
	2
	1
	-3.1
	2.3

	7
	QPSK
	4
	1
	-0.9
	2.2

	8
	QPSK
	6
	1
	1.0
	1.9

	9
	QPSK
	8
	1
	2.6
	1.6

	10
	QPSK
	10
	1
	4.1
	1.5

	11
	QPSK
	12
	1
	6.3
	2.2

	12
	16QAM
	14
	1
	8.9
	2.6

	13
	16QAM
	17
	1
	10.8
	1.9

	14
	16QAM
	19
	1
	12.4
	1.6

	15
	16QAM
	21
	1
	14.1
	1.7



· Option 3B: The continuous TBS indices for 16QAM and the interval TBS indices for QPSK are mapped to CQI table. 
Considering that 16QAM is usually configured in high SNR, it is beneficial for CQI reporting performance that large CQI indices correspond to continuous MCS levels with high spectral efficiency and small CQI indices correspond to interval MCS levels with low spectral efficiency. Therefore, Table 3 is given for channel quality report for NB-IoT 16QAM. Based on this CQI table, more transport block sizes can be selected and reported for NPDSCH. 
Table 3: CQI table for 16QAM for standalone and guard-band deployments
	CQI index
	modulation
	TBS index
	SNR at BLER of 10% (dB)

	0
	out of range
	

	1
	QPSK
	0
	-5.4

	2
	QPSK
	2
	-3.1

	3
	QPSK
	4
	-0.9

	4
	QPSK
	6
	1.0

	5
	QPSK
	8
	2.6

	6
	QPSK
	10
	4.1

	7
	QPSK
	12
	6.3

	8
	16QAM
	14
	8.9

	9
	16QAM
	15
	9.5

	10
	16QAM
	16
	9.7

	11
	16QAM
	17
	10.8

	12
	16QAM
	18
	11.7

	13
	16QAM
	19
	12.4

	14
	16QAM
	20
	13.0

	15
	16QAM
	21
	14.1



[bookmark: OLE_LINK7]Proposal 4: Table 2 or 3 can be adopted for channel quality report for NPDSCH.
For in-band deployment, CQI entries within TBS 0~17 in Table 2 or 3 can be used for channel quality report. Wherein, TBS 12 should correspond to 16QAM instead of QPSK.
3. Conclusion
In this contribution, we have discussed the remaining issues on 16QAM for NB-IoT. And the following observations and proposals are given:
Observation 1: For channel quality report, the switching of new table and legacy table needs to be considered for both Option 1 and Option 3 since new CQI table is introduced for NPDSCH.
Observation 2: For channel quality report, Option 1 will lead to a performance loss on CQI report for NPDSCH and a waste of feedback overhead since some CQI entries with PDCCH repetitions cannot be used for NPDSCH.
Proposal 1: Confirm the working assumption for  introduced for power control of NPUSCH.
Proposal 2: An offset can be applied on  or  to reduce the power difference between QPSK and 16QAM.
· The offset could be indicated by higher layers.
Proposal 3: Closed-loop power control could be applied to dynamically indicate power offset for 16QAM. 
Proposal 4: Table 2 or 3 can be adopted for channel quality report for NPDSCH.
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