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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Based on the agreements achieved so far, this paper discusses the remaining issues on DCI design, channel quality reporting, downlink power allocation and uplink power control to support 16-QAM for DL and UL.
2. DCI design
In RAN1#106-e, the WA of the indication of UL 16-QAM was confirmed and the deployment of the carrier was agreed to be signaled by the legacy signaling in MIB or SIB. The working assumption and the agreement reached are copied below:
	Confirm the working assumption 
Working Assumption
For the indication of 16-QAM in uplink
· The “Modulation and coding scheme” field in DCI Format N0 is utilized as in legacy for scheduling QPSK.
· One reserved state in the “Modulation and coding scheme” field in DCI Format N0 is utilized to indicate the use of 16QAM.
· The “Repetition number” field in DCI Format N0 is utilized to indicate the TBS indices (i.e., I_TBS indices from 14 to 21) for 16-QAM in UL.

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.



One remaining issue is which reserved state in MCS field is used to indicate 16QAM. There are two reserved states in MCS field, i.e., “1110” and “1111” corresponding to [image: ] indexes of 14 and 15. Since the “1110” state in the MCS field for DCI format N0 scrambled by PUR-RNTI has already been utilized to indicate ACK or fallback for PUR transmission, the reserved state “1111” should be utilized for the indication of 16QAM in DCI format N0. To align the DL and UL 16QAM indication, the reserved state to indicate the use of 16QAM for NPDSCH can also be “1111”.
Proposal 1: The reserved state to indicate the use of 16QAM in DCI format N0 and DCI format N1 should be “1111”.

3. 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, and a conclusion has been reached that the channel quality report is not supported in Msg3 in connected mode in Rel-17. 
	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

Conclusion
The channel quality report is not supported in Msg3 in connected mode in Rel-17.



From performance perspective, the SNR corresponding to the CQI table should be evenly spaced, which can efficiently indicate the accurate channel quality. 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 (>>3dB), 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 only have is 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. Then, the newly defined CQI table can be the following table as an example. Considering the fallback to the legacy CQI table reporting, whether the legacy CQI table or the new CQI table is used can be explicitly indicated by the UE.





Table 2 An example for NB-IoT16QAM 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 2: Option 3 should be supported for CQI table for downlink 16-QAM CQI reporting, i.e., a new CQI table is defined for 16-QAM based on the eMTC table (CQI Tables in 36.213) as a starting point.

4. DL power allocation
In RAN1#106-e, the WA about DL power allocation for standalone and guard-band deployments has been confirmed that the NPDSCH EPRE to NRS EPRE in symbols without NRS is signaled optionally. Moreover, the signaling is UE-specific signaling. Furthermore, the working assumption about DL power allocation for inband deployment has been reached. The agreement and working assumption reached are copied below:
	Confirm working assumption
Working Assumption
For downlink power allocation to support 16QAM:
· For standalone and guard-band deployments:
· One power ratio is signaled optionally
· NPDSCH EPRE to NRS EPRE in symbols without NRS
· The same transmit power is assumed across different symbols.
· If the signalling is not indicated, the legacy power allocation is used.
· i.e., the ratio of NPDSCH EPRE to NRS EPRE is 0dB for one NRS antenna port, and -3dB for two NRS antenna ports
· UE specific signalling is used

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.



For in-band deployment, if there is power boosting for CRS, the constant transmit power for all symbols in NB-IoT carrier cannot be maintained, since the CRS in the blank LTE PRB has to be transmitted. Thus, the power ratio between NPDSCH EPRE and NRS EPRE in symbols with CRS should be additionally signaled explicitly. Furthermore, the signaling should be UE-specfific. Therefore, the working assumption of the DL power allocation should be confirmed.
Proposal 3: Confirm the WA of the DL power allocation for in-band deployments.
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.

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



For NB-IoT, the simplified term of  in LTE can be reused. We do not see any additional motivations or benefits to change the LTE uplink power control principle. For the calculation of  for and  for , where  is given by the parameter deltaMCS-Enabled provided by higher layers for each serving cell . Since there is no control data sent via subframe-PUSCH, thus , where  is the number of code blocks,  is the size for code block , and  is the number of resource elements determined as . 
For Option 2/Option 4, the configured  is not flexible compared with Option 1 since the BPRE is not taken in account, which is changed dynamically by scheduling. For Option 5, there is a fixed value with the denominator according to a fixed highest code rate. As any fixed offset can be reflected by P_0 through eNB configuration in the uplink power, we don’t see the necessity of the denominator in option 5.
Thus, Option 1 should be supported for uplink power control for 16QAM. 
Proposal 4：Option 1 should be supported for uplink power control for 16QAM.

6. 16QAM in PUR procedure
In PUR, the UL resource is preconfigured in connected mode before RRC release. And if the UE informs eNB of the capability on DL 16QAM, then eNB can configure 16-QAM for NPDSCH in PUR procedure to achieve a larger data rate. Furthermore, even if the channel condition becomes worse, the QPSK can still be scheduled since the NPDSCH in PUR procedure are dynamically scheduled. Thus, 16-QAM for NPDSCH in PUR procedure should be supported.
However, since CSI report for 16QAM is not supported in the idle mode, CSI report is not supported during PUR procedure. The eNB can evaluate the channel condition based on the long-term channel state information or the previous PUR configuration information. 
Proposal 5: Support 16-QAM for NPDSCH in PUR procedure.
· CSI report is not supported/expected during PUR procedure.


7. 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: The reserved state to indicate the use of 16QAM in DCI format N0 and DCI format N1 should be “1111”.
Proposal 2: Option 3 should be supported for CQI table for downlink 16-QAM CQI reporting, i.e., a new CQI table is defined for 16-QAM based on the eMTC table (CQI Tables in 36.213) as a starting point.
Proposal 3: Confirm the WA of the DL power allocation for in-band deployments.
[bookmark: _GoBack]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.
Proposal 4：Option 1 should be supported for uplink power control for 16QAM.
Proposal 5: Support 16-QAM for NPDSCH in PUR procedure.
· CSI report is not supported/expected during PUR procedure.
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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
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