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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Based on the agreements achieved so far, this paper discusses the remaining issues on channel quality reporting and uplink power control to support 16-QAM for DL and UL.
2. Channel quality reporting
[bookmark: OLE_LINK527][bookmark: OLE_LINK528]In previous meetings, it’s agreed to select one from three options for the CQI table. 
	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.


From performance perspective, the SNR corresponding to the CQI table should be evenly spaced, which can efficiently indicate the accurate channel quality in UE reporting. The SNR for selected entries from legacy CQI table and 16QAM MCS is evaluated, according to simulation assumptions listed in Table 3 in Appendix. The selected entry from legacy CQI table is that with the highest SNR, i.e., the one corresponding to NPDCCH repetition one. And the selected entry for 16-QAM is that with the lowest SNR, i.e., the one corresponding to TBS index 14. The target BLER is 1% for the legacy NPDCCH CQI reporting and 10% for the NPDSCH CQI reporting. The simulation results are summarized in Table 1. 
Table 1 The simulation results of selected entries from legacy CQI table and TBS for 16-QAM
	
	SNR
	Target BLER

	NPDCCH Repetition 1
	-0.6dB
	1%

	NPDSCH TBS index 14 with 16QAM
	9.2dB
	10%


It can be observed that the SNR gap between the NPDCCH repetition 1 and 16QAM MCS is very large (9.8 dB), and the entries for QPSK CQI reporting and 16QAM CQI reporting cannot be evenly distributed. 
Observation 1: The SNR gap between the legacy entry with largest SNR (NPDCCH repetition 1) and the 16-QAM TBS with smallest SNR (TBS index 14 with 16QAM) is significant (>>3dB).
The CQI table should be able to accommodate the change in channel quality of the UEs. When the channel conditions of a UE configured with 16-QAM becomes a little bit worse, e.g., 7dB, then the performance of 16QAM is worse than QPSK and the eNB should schedule QPSK for the UE. However, if just NPDCCH repetition 1 can be reported by the 16-QAM UE, the channel state that the eNB can have is only that SNR > -0.6dB and thus cannot schedule the suitable QPSK MCS corresponding to the high SNR e.g., 7dB. As a result, the performance is degraded significantly. Consequently, QPSK MCS is required considering the transition between -0.6dB and 9.2dB for the channel condition of the 16-QAM NB-IoT UE. 
Obviously, option 3 has equally spaced CQI entries, and it is able to accommodate the transition region between the legacy CQI table and 16-QAM TBS. Thus, it can provide efficient support for downlink 16-QAM.
However, Option 1 and Option 2 cannot have equally spaced entries, nor can they cover the transition region between legacy table and 16-QAM. Moreover, for Option 1, UE has to calculate the CQI assuming two different channels, i.e., NPDCCH and NPDSCH, which increases UE complexity. Therefore, option 3 is preferred in terms of performance and UE complexity.
For Option 3, the eMTC CQI table can be used as a start point. To obtain the evenly spaced SNR between different CQI index, the even values of TBS indices can be selected as the CQI index of 16QAM CQI table. Then, the newly defined CQI table can be the following table as an example, which contains seven QPSK TBS entries and four 16QAM TBS indices. 
For the concern of compatible issues, the use of legacy CQI table or the new CQI table can be reported by UE in MAC CE. Then for bad channel quality that NPDCCH needs large number of repetitions, the legacy CQI table can be used to indicate the required NPDCCH repetitions. And for good channel quality, the new table can be used. In this way, the change of channel quality can also be accommodated.
Table 2 An example for NB-IoT 16QAM CQI table
	CQI index
	modulation
	TBS index

	0
	QPSK 
	0

	1
	QPSK 
	2

	2
	QPSK 
	4

	3
	QPSK
	6

	4
	QPSK 
	8

	5
	QPSK
	10

	6
	QPSK 
	12

	8
	16QAM 
	14

	9
	16QAM 
	16

	10
	16QAM 
	18

	11
	  16QAM 
	20

	12
	Reserved
	Reserved

	13
	Reserved
	Reserved

	14
	Reserved 
	Reserved

	15
	Reserved 
	Reserved


                       
Proposal 1: Option 3 should be supported for CQI table for downlink 16-QAM CQI reporting.
Proposal 2: The use of legacy table or the new CQI table is indicated in MAC CE.
Proposal 3: Seven QPSK TBS indices and four 16QAM TBS indices should be utilized in the 16QAM CQI table.

3. Uplink power control
In RAN1#106bis-e, the agreement has been reached to downselect one option on the open loop uplink power control, as copied below.
	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 




For NB-IoT, the simplified term of  in LTE can be reused. The LTE uplink power control principle can be followed for NB-IoT 16QAM. Thus, the working assumption for uplink power control should be confirmed.
Proposal 4：Confirm the working assumption of the new term  introduced for power control of NPUSCH for 16QAM.
To eliminate the power gap between 16QAM and QPSK when the new term is introduced, it can also be applied to QPSK when 16-QAM is configured. 
[bookmark: _GoBack]Proposal 5：The new power control term can be applied to QPSK when configured with 16QAM.

4. The remaining issues of DL power control
In RAN1#106-e, the agreement has been reached that NPDSCH EPRE to NRS EPRE in symbols without NRS is signaled if the legacy power allocation is not used. The legacy ratio value is 0dB for one NRS antenna port and -3dB for two NRS antenna ports. In LTE, PDSCH EPRE to CRS EPRE in symbols without CRS is defined as Pa with value range of {-6, -4.77, -3, -1.77, 0, 1, 2, 3}dB.
Then the ratio of NPDSCH EPRE to NRS EPRE in symbols without NRS can follow the LTE values as {-6, -4.77, -3, -1.77, 0, 1, 2, 3}dB.
Proposal 6: The value range for RRC parameter power ratio of NPDSCH EPRE to NRS EPRE in symbols without NRS should be {-6, -4.77, -3, -1.77, 0, 1, 2, 3} dB.

5. Conclusion
In this contribution, our views on support of 16-QAM for unicast in UL and . DL in NB-IoT are provided. The following observations and proposals are made.
Observation 1: The SNR gap between the legacy entry with largest SNR (NPDCCH repetition 1) and the 16-QAM TBS with smallest SNR (TBS index 14 with 16QAM) is significant (>>3dB).
Proposal 1: Option 3 should be supported for CQI table for downlink 16-QAM CQI reporting.
Proposal 2: The use of legacy table or the new CQI table is indicated in MAC CE.
Proposal 3: Seven QPSK TBS indices and four 16QAM TBS indices should be utilized in the 16QAM CQI table.
Proposal 4：Confirm the working assumption of the new term  introduced for power control of NPUSCH for 16QAM.
Proposal 5：The new power control term can be applied to QPSK when configured with 16QAM.
Proposal 6: The value range for RRC parameter power ratio of NPDSCH EPRE to NRS EPRE in symbols without NRS should be {-6, -4.77, -3, -1.77, 0, 1, 2, 3} dB.
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Appendix
             Table 3 The simulation assumptions of NPDCCH repetition 1

	Parameter
	Value/Description

	Number of antennas
	1T, 1R

	Channel model 
	AWGN

	Frequency Resource
	12-tone

	Number of repetitions
	1

	Modulation Order
	QPSK, 16-QAM

	Noise Estimation
	Ideal

	Channel Estimation
	Realistic

	DCI Size
	23 bits

	NPDCCH Target BLER
	1%

	NPDSCH Target BLER
	10%

	             Deployment Mode
	Standalone/Guard-band




