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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK4]In RAN1#107 e-meeting, the agreements related to CQI table and uplink power control were reached for 16QAM in NB-IoT [1]. And some remaining issues is given as below [2]:
· 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 
· When 16QAM is configured, the new CQI table is used. On use of legacy measurement reporting down-selected 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 16QAM in DL is configured, then the UE should use the 16QAM CQI table, otherwise the UE will use the legacy table.
In this contribution, we provide our considerations on these remaining issues. 
2. [bookmark: OLE_LINK2][bookmark: OLE_LINK38][bookmark: OLE_LINK1][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK37][bookmark: OLE_LINK95][bookmark: OLE_LINK94][bookmark: OLE_LINK50]Discussion
Uplink power control
According to the conclusions in last meeting, the following options can be down-selected to reduce power difference between QPSK and 16QAM when the new term  is configured. 
[bookmark: OLE_LINK6]Option 1: The new term  is also applied to QPSK.
Option 2: An additional term is introduced to avoid jump between QPSK and 16QAM 
For these two options, we have the following considerations:
Firstly, legacy QPSK MCS does not need a new term to enhance power in uplink. The purpose of introducing the new term for uplink power control is to support 16QAM MCS. The relevant agreement was reached in RAN1#105 meeting as below:
· Introduce a new term in uplink power control of NPUSCH using 16-QAM. FFS on the details.
Therefore, there is no clear requirements on the new term  for NPUSCH using QPSK. Then, uplink power control should be consistent with legacy to avoid complexity increase when QPSK is used for UL transport block. 
Observation 1: For legacy QPSK, there is no clear requirements to introduce the new term  for uplink power control in NB-IoT. 
Secondly, the new term  will lead to a performance loss on NPUSCH using some legacy QPSK MCSs. In the contribution [2], it can be observed that QPSK with TBS 1-6 has a negative power offset if  is applied to QPSK.  Since closed-loop power control is not supported in NB-IoT, UL power cannot be adjusted dynamically via DCI. Thus, when 16QAM is configured, QPSK TBS 1-6 may be scheduled for NPUSCH due to channel degradation. In this case, UL power reduction caused by  will result in a performance loss. The parameter deltaMCS and P0 cannot adjust UL power in time since they are semi-statically configured by higher layer.
[bookmark: OLE_LINK7]Observation 2: For NPUSCH with QPSK and TBS 1-6, uplink power reduction caused by  will lead to a performance loss if  is applied to QPSK.
Further, in order to avoid power jump between QPSK and 16QAM, Option 2 can be adopted in NB-IoT. That is, an additional offset is applied on  to reduce power increments for 16QAM. This offset can be a default value or be configured by a UE-specific RRC parameter. However, RRC indication of the offset may be more beneficial for power gap adjustment between QPSK and 16QAM since  for a given TBS has different values which depend on I_RU configurations for NPUSCH. From Table 1, it can be observed that the maximum power difference is larger than 1 dB between RU configurations. Hence, RRC parameter could be considered to indicate the additional offset from a set, e.g. {-6, -3, 0, 3} dB. Meanwhile, the semi-static indication of the offset can also be used to match different channel conditions.
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
	-



[bookmark: OLE_LINK5]Proposal 1: An offset can be applied on  to reduce the power difference between QPSK and 16QAM.
· The offset could be indicated by higher layers.
Switching of CQI table
Option 3 uses RRC parameter to indicate the use of legacy or new CQI table when 16QAM is configured for NB-IoT. Then, two configuration cases can be foreseen for 16QAM, namely 16QAM is configured with new CQI table and 16QAM is configured with legacy CQI table. Obviously, the second configuration case is unreasonable since 16QAM and legacy CQI table should not be configured synchronously by RRC parameters. 
Option 4 uses a predefined threshold of Rmax to switch CQI tables. This approach limits the usage scenarios of CQI tables. The definition of Rmax is the configurable maximum number of NPDCCH repetitions, but not the actual number of NPDCCH repetitions. If Rmax is larger than or equal to 16 but the actual number of repetitions R is less than 16 (e.g. R=1), the use of new CQI table is restricted. This will result in lower CQI reporting performance. 
Option 5 recommends that new CQI table is used if DL 16QAM is configured and legacy CQI table is used otherwise.  One reason for Option 5 is that switching of CQI tables follow LTE/eMTC approaches, i.e. CQI table matches MCS table. Whereas, CQI tables are only used for PDSCH channel quality report in LTE/eMTC. Taking eMTC as an example, only 64QAM MCS table can be used for PDSCH if 64QAM is configured and 16QAM MCS table is used otherwise. So CQI table needs to match MCS table in LTE/eMTC. But in NB-IoT, legacy and new CQI tables can be applied for NPDCCH and NPDSCH channel quality report. Both tables are available even if DL 16QAM is configured. These two tables have different coverage of number of NPDCCH repetitions which is applied for different channel states. Legacy table should not be precluded when DL 16QAM is enabled since large number of NPDCCH repetitions may be used in some cases. Moreover, considering that 16QAM feature is compatible with all QPSK MCS and number of repetitions, 16QAM can remain enabled to reduce RRC reconfiguration and flexibly schedule modulation modes. In this case, switching of CQI tables is necessary.
Additionally, Option 3, 4 and 5 all use RRC parameters to indicate the use of legacy or new CQI table. Then, a large delay may lead to untimely switching of CQI tables.
Option 1 and 2 switch CQI tables more flexibly via MAC CE. Further, UE-based table selection has better measurement accuracy than eNB-based table selection since the UE can use appropriate CQI table according to real-time channel state. Therefore, comparing the above five options, Option 1 provides the best CQI reporting performance. And it can be adopted to support channel quality report for 16QAM in NB-IoT.
Proposal 2: When DL 16QAM is configured, UE indicates the use of legacy or new CQI table via MAC CE.
3. Conclusion
[bookmark: _GoBack]In this contribution, we have discussed the remaining issue on uplink power control and channel quality report for 16QAM in NB-IoT. And the following observations and proposals are given:
Observation 1: For legacy QPSK, there is no clear requirements to introduce the new term  for uplink power control in NB-IoT. 
Observation 2: For NPUSCH with QPSK and TBS 1-6, uplink power reduction caused by  will lead to a performance loss if  is applied to QPSK.
Proposal 1: An offset can be applied on  to reduce the power difference between QPSK and 16QAM.
· The offset could be indicated by higher layers.
Proposal 2: When DL 16QAM is configured, UE indicates the use of legacy or new CQI table via MAC CE.
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