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1. Introduction 
This document provides a summary of the contributions to RAN1#91 on PDSCH DL spectral efficiency for efeMTC. The main issues considered were:
· CQI table when 64QAM is introduced

The relevant part of the efeMTC WID [7] related to this agenda item is:
Improved spectral efficiency:

· Increased PDSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· Specify optional support for 64QAM for unicast PDSCH (no UE peak rate increase is intended).
2. CQI table with RCSI > 1

As per the agreement in RAN1#91, there are two choices for operation of the CQI table with RCSI > 1:

· Option A: For csi-NumRepetitionCE-r13 > 1, the UE assumes a CSI reference resource of 1 for 64QAM and csi-NumRepetitionCE-r13 > 1 for other modulation schemes.

· Option B: Redesign CQI table to have a more even spread of SNR values.

In the Tdocs submitted to RAN1#91, the following advantages and disadvantages of the options were identified:

Option A (reference resource of 1 for 64QAM, RCSI for QPSK, 16QAM)
Advantages

· smaller granularity of steps in CQI table [3]

· 1.7dB granularity outside CQI deadzone [6]

· simplest approach [5]

· least specification effort [5]

Disadvantages

· Gap in CQI table between 16QAM and 64QAM when RCSI > 1 [1][3][4][5][6]
· Frequent RRC reconfigurations to cover varying channel conditions in cell [1][6] 

· Operation with RCSI = 1 avoids the gap but then doesn’t allow PDSCH operation with repetitions due to text in TS36.213 section 8.3.2. [1]

Option B (redesign CQI table to have more even spread of SNR values)
Advantages:

· RRC reconfigurations not required in cell for varying channel conditions [1][5][6]

· Simpler eNodeB CQI operation with a single table [6]

Disadvantages:
· Specification impact and implementation cost of implementing new table [2][4][5]
· Granularity of CQI reports [3]

· Testing of extra CQI tables [3]
· CSI reference resource / RCSI is not configurable if repetition number is included in CQI table [3]

· Likelihood of reporting a CQI value in the dead zone is low [2] why?
· Likelihood of switching between 64QAM and 16AM is low [2] why?
· Likelihood of needing reconfiguration between RCSI = 1 and RCSI > 1 is low [4] why? 
Clarification: support of option A or option B does not revert the confirmed working assumption regarding the CQI table agreed in RAN1#89 Hangzhou (see section 7). There does not need to be a proposal about this clarification as the list of agreements is clear.
Our view is that the arguments for Option B are more compelling than the arguments for option A. In particular, not requiring RRC reconfigurations in Option B and avoidance of a CQI deadzone in option B are compelling. Hence it is proposed that:

Proposal 1: RAN1 adopts Option B: Redesign CQI table to have a more even spread of SNR values.

The benefit of not having to do RRC reconfigurations with the option B table is also useful when 64QAM is not configured, hence it is proposed that RAN1 shall consider using the new table for CQI reporting also when 64QAM is not configured [1][6]. This could be encapsulated in the following proposal:
Proposal 2: eNodeB can configure the UE to use option B CQI table irrespective of whether 64QAM is configured or not.
3. Design of Option B CQI Table

The following options for the design of the Option B CQI table were identified:
· 15 equally spaced CQI values from low code rate QPSK with REP32 to 64QAM high code rate [1][6]
· reporting granularity is 2.5dB [6]

· 15 equally spaced CQI values that do not include the lowest QPSK formats or the higher 64QAM formats [1]
· Larger CQI reporting gaps where CQI accuracy is low or CQI reports infrequently used [1][6]

· granularity of 2.1dB for the design in [6]
· Multiple CQI tables with evenly spread values, where there is one CQI table for each value of CQI [3][4][5]

There are differing views on whether option B relates to a single new CQI table or a set of new CQI tables, where a new CQI table exists for each value of RCSI. Hence RAN1 should decide how many CQI tables are considered in Option B:

Proposal 3: For option B:

· For csi-NumRepetitionCE-r13 = 1 the UE uses the agreed table. 

· For csi-NumRepetitionCE-r13 > 1, downselect between:

· Option B1: A single alternative CQI table is designed that covers the range of all repetition values, up to 64-QAM

· Option B2: Several alternatives CQI tables are designed, each one corresponding to a different csi-NumRepetitionCE-r13, each of the tables covering the range from corresponding repetition level for QPSK, up to 64-QAM
· RAN1 considers detailed entries in the CQI table in RAN1#92 Athens
4. CSI reference resource in the case of frequency hopping

In [5] it is pointed out that the CSI reference resource does not equal RCSI in the case of frequency hopping. For example: the CSI reference resource is of size 4 subframes when the UE is configured with csi-NumRepetitionCE-r13 = 1 and has MPDCCH hopping across 4 narrowbands. Two possible solutions are proposed:

Proposal 4: Downselect between the following functionalities when the UE is configured with both 64QAM and MPDCCH hopping:

· Option 1: UE CQI reporting behaviour is undefined when MPDCCH hopping is configured together with 64-QAM

· Option 2: When configured with MPDCCH hopping, wideband reports, and 64-QAM, the UE ignores the 64-QAM entries in the CQI table.
5. Conclusion

Based on a review of documents submitted to RAN1#91, the following proposals are made:
Proposal 1: RAN1 adopts Option B: Redesign CQI table to have a more even spread of SNR values.

Proposal 2: eNodeB can configure the UE to use option B CQI table(s) irrespective of whether 64QAM is configured or not.
Proposal 3: For option B:

· For csi-NumRepetitionCE-r13 = 1 the UE uses the agreed table. 

· For csi-NumRepetitionCE-r13 > 1, downselect between:

· Option B1: A single alternative CQI table is designed that covers the range of all repetition values, up to 64-QAM

· Option B2: Several alternatives CQI tables are designed, each one corresponding to a different csi-NumRepetitionCE-r13, each of the tables covering the range from corresponding repetition level for QPSK, up to 64-QAM
· RAN1 considers detailed entries in the CQI table(s) in RAN1#92 Athens
Proposal 4: Downselect between the following functionalities when the UE is configured with both 64QAM and MPDCCH hopping:

· Option 1: UE CQI reporting behaviour is undefined when MPDCCH hopping is configured together with 64-QAM

· Option 2: When configured with MPDCCH hopping, wideband reports, and 64-QAM, the UE ignores the 64-QAM entries in the CQI table.
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7. Appendix: Agreements from previous meetings

The following agreements related to PDSCH spectral efficiency were made in previous meetings:

RAN1#88bis: Spokane

Agreements:
· Support for 64QAM for non-repeated unicast PDSCH in connected mode in CE Mode A is introduced.
· The feature is enabled/disabled by eNB via UE-specific signaling.

· Unless enabled, UE shall assume no use of 64QAM.

· The MCS field in DCI format 6-1A is [FFS: 4 or 5 bits] in UE-specific search space.

· The max TBS for each UE category and max PDSCH channel bandwidth support is the same as Rel-14.

· This implies that N_soft is also the same as Rel-14.
· FFS details of MCS, TBS and CQI tables for the support of 64QAM.

RAN1#89: Hangzhou

Agreement:
· A capability is introduced for Rel-15 BL/CE UEs for the support of 64QAM.
· For Rel-15 BL/CE UEs, when 64QAM is enabled via higher layer configuration,

· When the DCI indicates no PDSCH repetition,

· The MCS field in DCI format 6-1A UE-specific search space is extended to 5 bits by reinterpreting the frequency hopping flag as the MSB

· The size of DCI format 6-1A is not changed.

· The modulation and TBS index table is reused from Table 7.1.7.1-1 in TS 36.213.

· The TBS is determined using Table 7.1.7.2.1-1 in TS 36.213 with the following restriction:

· The max TBS in Rel-14 is used wherever the TBS value in Table 7.1.7.2.1-1 exceeds the max TBS in Rel-14.
Working assumption: (confirmed at RAN1#90: Prague)

· For Rel-15 BL/CE UEs, when 64QAM is enabled via higher layer configuration,

· The CQI table is as below.
	CQI index
	modulation
	code rate x 1024 x 
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	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 
	378
	1.4766

	9
	16QAM 
	490
	1.9141

	10
	16QAM 
	616
	2.4063

	11
	64QAM
	466
	2.7305

	12
	64QAM
	567
	3.3223

	13
	64QAM
	666
	3.9023

	14
	64QAM
	772
	4.5234

	15
	64QAM
	873
	5.1152


RAN1#90: Prague
Agreement:
· The working assumption from RAN1#89 on the CQI table with DL 64QAM is confirmed.

RAN1#90bis: Prague#2

Agreement:
· RAN1 to design a solution to configure a UE with CSI reference resource comprising more than one subframe and 64QAM simultaneously.

· RAN1 to discuss the detailed solutions among the following options, where other options are not precluded:

· Option A: For csi-NumRepetitionCE-r13 > 1, the UE assumes a CSI reference resource of 1 for 64QAM and csi-NumRepetitionCE-r13 > 1 for other modulation schemes.

· Option B: Redesign CQI table to have a more even spread of SNR values.

