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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
This document is the feature summary for the 64QAM for efeMTC topic. Based on the inputs, the following proposals are made:
Proposed agreement:
Confirm working assumption:
· When a UE is configured both with 64QAM and csi-NumRepetitionCE-r13 > 1,
· A single CQI table covers the range from QPSK with 32 times repetition up to 64QAM without repetition
 The following CQI table is adopted:
	CQI index
	modulation
	code rate x 1024 
	Repetition

	0
	Out of range

	1
	QPSK 
	56
	32

	2
	QPSK 
	207
	16

	3
	QPSK 
	266
	4

	4
	QPSK
	195
	2

	5
	QPSK 
	142
	1

	6
	QPSK
	266
	1

	7
	QPSK 
	453
	1

	8
	QPSK
	637
	1

	9
	16QAM
	423
	1

	10
	16QAM 
	557
	1

	11
	16QAM
	696
	1

	12
	16QAM
	845
	1

	13
	64QAM
	651
	1

	14
	64QAM
	780
	1

	15
	64QAM
	888
	1



Proposed agreement:
Confirm working assumption: 
· eNodeB can optionally configure the UE to use the option B CQI table at least for 64QAM capable UE irrespective of whether 64QAM is configured or not
with addition of following sub-bullet
· when 64QAM is not configured, only QPSK and 16QAM entries are reported by UE
Proposed agreement:
When configured with MPDCCH hopping and the new option B CQI table, the UE will not report any CQI above the highest 16-QAM entry in the CQI table for wideband reporting.
2. Single CQI Table
The following summarises views on confirming working assumptions on a single CQI table covering QPSK with 32 times repetition up to 64QAM.
Working assumption on single CQI table from RAN1#91
· When a UE is configured both with 64QAM and csi-NumRepetitionCE-r13 > 1,
· A single CQI table covers the range from QPSK with 32 times repetition up to 64QAM without repetition

Supporting companies: Ericsson [1], Sony [3], HW [2] (not explicitly stated), Qualcomm [5]

Working assumption on use of single CQI irrespective of whether 64QAM is configured RAN1#91
· eNodeB can optionally configure the UE to use the option B CQI table at least for 64QAM capable UE irrespective of whether 64QAM is configured or not

Qualcomm state that this table should have entries from QPSK REP32 up to 16QAM with no repetition (instead of 64QAM).
UE capability
· 64QAM-capable UE is capable of using the new CQI table when 64QAM is configured: mandatory
· Supporting companies: Sony, [-Ericsson [1]
· 64QAM-capable UE is capable of using the new CQI table when 64QAM is not configured: mandatory
· Supporting companies: Sony, Ericsson [1]
· Non-64QAM-capable UE is capable of using the new CQI table (only QPSK, 16QAM entries): optional
· Supporting companies: Sony, Ericsson [1], Qualcomm [5]
 
Nokia [4] want RAN1 to clarify when the Option B CQI table is used. The table below is a proposed clarification.
	
	
	Option B applicability at UE and eNodeB

	csi-NumRepetitionCE-r13 
	UE configured with 64QAM
	64QAM capable UE
	UE not 64QAM capable

	1
	Yes
	eNB: optional
UE: mandatoryApplies if configured by eNB
	N/A

	1
	No
	eNB: optional
UE: mandatoryApplies if configured by eNB
	eNB: optional
UE: optionalApplies if UE supports & eNB configures

	>1
	Yes
	eNB: mandatoryMust configure
UE: mandatoryMust apply
	N/A

	>1
	no
	eNB: optional
UE: mandatoryApplies if configured by eNB
	eNB: optional
[bookmark: _GoBack]UE: Applies if UE supports & eNB configuresoptional


 
3. Detailed Single CQI Table
Identified options:
· CQI table with evenly spaced entries
· Supporting companies:
· CQI table with more widely spaced entries at low SINR
· Supporting companies: Ericsson [1], Sony [3], HW [2] (not explicitly stated)
4. CQI reporting when frequency hopping is applied
The following proposals are made:
HW [2]. Proposal: When configured with MPDCCH hopping and the new option B CQI table, the UE will not report any CQI above the highest 16-QAM entry in the CQI table for wideband reporting.
Qualcomm [5]. Proposal 3: When configured with MPDCCH hopping, wideband reports, and 64-QAM, the UE ignores the 64-QAM entries in the CQI table.
These proposals appear to be equivalent.
5.   Conclusion
Based on the Tdocs submitted for RAN1#92, the following proposals are made:
Proposed agreement:
Confirm working assumption:
· When a UE is configured both with 64QAM and csi-NumRepetitionCE-r13 > 1,
· A single CQI table covers the range from QPSK with 32 times repetition up to 64QAM without repetition
 The following CQI table is adopted:
	CQI index
	modulation
	code rate x 1024 
	Repetition

	0
	Out of range

	1
	QPSK 
	56
	32

	2
	QPSK 
	207
	16

	3
	QPSK 
	266
	4

	4
	QPSK
	195
	2

	5
	QPSK 
	142
	1

	6
	QPSK
	266
	1

	7
	QPSK 
	453
	1

	8
	QPSK
	637
	1

	9
	16QAM
	423
	1

	10
	16QAM 
	557
	1

	11
	16QAM
	696
	1

	12
	16QAM
	845
	1

	13
	64QAM
	651
	1

	14
	64QAM
	780
	1

	15
	64QAM
	888
	1



Proposed agreement:
Confirm working assumption: 
· eNodeB can optionally configure the UE to use the option B CQI table at least for 64QAM capable UE irrespective of whether 64QAM is configured or not
with addition of following sub-bullet
· when 64QAM is not configured, only QPSK and 16QAM entries are reported by UE
Proposed agreement:
When configured with MPDCCH hopping and the new option B CQI table, the UE will not report any CQI above the highest 16-QAM entry in the CQI table for wideband reporting.
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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 
	efficiency x 

	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.

RAN1#91: Reno
Working assumption
· When a UE is configured both with 64QAM and csi-NumRepetitionCE-r13 > 1,
· A single CQI table covers the range from QPSK with 32 times repetition up to 64QAM without repetition

Working assumption
· eNodeB can optionally configure the UE to use the option B CQI table at least for 64QAM capable UE irrespective of whether 64QAM is configured or not
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