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Introduction
[bookmark: _GoBack]In the RAN1 105-e meeting, as descripted in [1], the key part i.e. TBS table setting as well as the CQI report framework have completed. The related CQI remaining issues are CQI table design and whether to report CQI in Msg3 in connected state or not. The applicability to PUR also needs further discussion, specifically the CQI report method for NPDSCH in PUR procedure. In this paper, in addition to above mentioned issues, distinguishing the different ranges of TBS indices for SA/GB and IB are also analyzed.
Analysis and Discussion
Support 16-QAM for PUR
The related conclusion from RAN1 105-e meeting is copied here:
	Working Assumption
Support 16-QAM for NPUSCH in PUR procedure.
· FFS on support of 16-QAM for NPDSCH in PUR procedure.



According to discussion at last meeting, it seems there is no doubt 16QAM is beneficial to PUR, the controversial point is how to report CQI, especially for NPDSCH. From our viewpoint, PUR scenarios are stationary, the radio channel is stable enough during the PUR active period so that UE just needs to report only once per PUR procedure. UE can report CQI in PURConfigurationRequest which will be used by network to produce subsequent PUR configuration. Upon receiving the PUR configuration, UE can enter PUR mode and always uses the configuration during the PUR active period. The details of related RRC IEs need FFS in RAN2. 
Proposal 1: Support 16-QAM for NPUSCH/NPDSCH and UE can report CQI in PURConfigurationRequest.  
Proposal 2: The details of related RRC IEs need FFS in RAN2.	
TBS indices selection for SA/GB and IB
The related conclusion from RAN1 105-e meeting are copied here:
	Agreement:
For the indication of 16-QAM in downlink:
· The "Modulation and coding scheme" field in DCI Format N1 is utilized as in legacy for scheduling QPSK.
· One reserved state in the "Modulation and coding scheme" field in DCI Format N1 is utilized to indicate the use of 16QAM.
· The "Repetition number" field in DCI Format N1 is utilized to indicate the TBS indices for 16-QAM in DL when the reserved state in MCS field is indicated.
· FFS: The manner of distinguishing the different ranges of TBS indices for "Stand-alone/Guard-band" (i.e., I_TBS indices from 14 to 21) and "In-band" (i.e., I_TBS indices from 11 to 17) deployments



Regarding how to distinguish the different ranges of TBS indices for operation modes, we think that the most straightforward way is to add one extra column for In-band in the MCS-to-TBS mapping table. UE completely knows what operation mode it camps on upon successful MIB decoding. The MCS-to-TBS mapping table might be like Table1.
Table 1: Modulation and TBS index table for NPDSCH
	MCS Index
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	Modulation Order
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	TBS Index
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(In-band)

	0
	4
	14
	11

	1
	4
	15
	12

	2
	4
	16
	13

	3
	4
	17
	14

	4
	4
	18
	15

	5
	4
	19
	16

	6
	4
	20
	17

	7
	4
	21
	reserved



Proposal 3: Set two TBS indices columns in the MCS-to-TBS mapping table for SA/GB and IB respectively.
CQI report in Msg3 in connected mode
The related conclusion from RAN1 105-e meeting is copied here:
	Agreement: 
· When configured with downlink 16-QAM, the channel quality can be reported in MAC CE.
· FFS on support in Msg3 in connected mode




As we know, the MAC CE for channel quality report is command pair, UEs are allowed to report channel quality upon reception of Downlink Channel Quality Report Command MAC Control Element. This solution is not efficient when UEs want to send scheduling request for coming Uplink data transmission, this moment UEs actually know the channel quality and could directly report DCQR utilizing spare payload of Msg3 containing SR. Due to without DCQR request from network, UEs have to wait. Therefore, it’s worthwhile to change current MAC CE to allow UEs to report DCQR without the request from network. On the other hand, considering the CQI table is under discussing in RAN1, there could be two CQI tables for legacy QPSK and 16QAM respectively. For this two CQI tables situation, one spare bit of current DCQR CE can be utilized to distinguish them. Alternatively, reporting in Msg3 in connected state itself implies the CQI table is intended for 16QAM i.e. the reported is new CQI table. Anyway, analysis here is just an outline, the details need FFS in RAN2. 
Proposal 4: Support channel quality reporting in Msg3 in connected mode and the details need FFS in RAN2.
CQI table for downlink 16-QAM
[bookmark: _Toc23506461]In the RAN1 105-e meeting, some discussions on CQI table for downlink have been presented, the conclusion is copied here: 
	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



Option 1 and option 2 are based on the legacy CQI table and have less candidates due to limited spare entries. We think the most straightforward way is to introducing a new CQI table. Considering the backward compatible issue, the new CQI table should only be used when 16QAM is indicated in connected state, Thus both network and UEs know which CQI table should be used, there is no backward compatible issue. On the other hand, if we still use 4 bits for CQI reporting in new CQI table, there are up to 16 entries available which can cover all 16QAM TBS indices and partial QPSK TBS indices. It helps to keep the SNR smoother and facilitate falling back to QPSK when channel condition matches. Following two figures show that the SNR span from ITBS14 to ITBS21 is about 4.6 dB and 4.2 dB for ISF=4 and ISF=7 respectively. The minimum SNR gap is about 0.3dB. 
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Considering the granularity of NRS measurement could reach 0.25dB in good channel condition, we can set CQI indices for 16QAM to the same number of ITBS and cover partial CQI indices for QPSK to get smoother scheduling. The CQI table may be like Table2.
Table 2: 4-bit CQI Table for 16QAM
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK 
	40
	0.0781

	2
	QPSK 
	78
	0.1523

	3
	QPSK 
	120
	0.2344

	4
	QPSK
	193
	0.3770

	5
	QPSK 
	308
	0.6016

	6
	QPSK
	449
	0.8770

	7
	QPSK 
	602
	1.1758

	8
	16QAM 
	480
	1.8788

	9
	16QAM 
	524
	2.0472

	10
	16QAM 
	546
	2.1316

	11
	16QAM
	610
	2.3844

	12
	16QAM
	675
	2.6368

	13
	16QAM
	718
	2.8052

	14
	16QAM
	772
	3.0160

	15
	16QAM
	836
	3.2684



Proposal 5: A new 4-bit CQI table could be defined for 16-QAM.
Proposal 6: CQI for QPSK also needs to be included in the new CQI table.
Proposal 7: Introduce 8 CQI indices for 8 TBS indices for 16 QAM as Table 2.
Conclusions
We have following proposals:
Proposal 1: Support 16-QAM for NPUSCH/NPDSCH and UE can report CQI in PURConfigurationRequest.  
Proposal 2: The details of related RRC IEs need FFS in RAN2.
Proposal 3: Set two TBS indices columns in the MCS-to-TBS mapping table for SA/GB and IB respectively.
Proposal 4: Support channel quality reporting in Msg3 in connected mode and the details need FFS in RAN2.
Proposal 5: A new 4-bit CQI table could be defined for 16-QAM.
Proposal 6: CQI for QPSK also needs to be included in the new table.
Proposal 7: Introduce 8 CQI indices for 8 TBS indices for 16 QAM as Table 2.
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