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Introduction
The Rel-15 WI on “Even further enhanced MTC for LTE” [1] has the following WI objective for machine-type communications for BL/CE UEs:
· Increased PDSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· Specify optional support for 64QAM for unicast PDSCH (no UE peak rate increase is intended).
RAN1#88bis and RAN1#89 made the following 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 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.
· 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.

RAN1#90 also agreed on following the working assumption on the CQI table from RAN1#89:
· 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



However, since 64QAM has been agreed to be supported only without repetitions, the above table is applicable only when the CSI reference resource . It has also been concluded that it is according to the current standard not allowed to use repetitions for PDSCH when . To resolve this, RAN1#90bis agreed on the following:
· 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.

This contribution further addresses the open issues on CQI table definition for 64QAM.  
[bookmark: _Ref178064866]Discussion
The different options for the details of the CQI table for 64QAM have already been addressed in RAN1, including their pros and cons, see e.g. [2]. It was for example observed that Option A has the disadvantage that there is a discontinuity in the CQI table when . There will be a gap of several dBs in the SNR values corresponding to the highest CQI value for 16QAM and the lowest CQI value for 64QAM, which is undesired. For  there is no such gap, but when  is configured there is the disadvantage that it not possible to use repetitions for QPSK or 16QAM due to the following paragraph in 36.213 section 8.3.2:
If the BL/CE UE is configured in CEModeA, and if the PDSCH is assigned by or semi-statically scheduled by a MPDCCH with DCI format 6-1A, the UE shall assume no PDSCH repetition if the higher layer parameter csi-NumRepetitionCE-r13 indicates one subframe.
Therefore, there is a risk that terminals with varying channel conditions may undergo frequent RRC reconfigurations. Option B does not have this inherent disadvantage. We therefore propose that Option B is used for defining a new CQI table for 64QAM. 
[bookmark: _Toc498702704][bookmark: _Toc498702723][bookmark: _Toc498704599][bookmark: _Toc498704723][bookmark: _Toc498704755][bookmark: _Toc498705211][bookmark: _Toc498705784][bookmark: _Toc498705846]Option B is adopted. A new CQI table shall be defined for 64QAM in order to avoid frequent RRC reconfigurations and enable CQI reporting with more even spread SNR without gaps.
There are different ways in which the details in the table can be defined. Some options were presented in [2], which was based on calculated efficiency values, and [3], which was based on simulations. Common to the proposals, there is a trade-off between covered operating range and reporting granularity. The following main options can be identified:
i) Spread the 15 CQI values evenly over the full operating range from QPSK with low code rate and maximum number or repetitions, to 64QAM with high code rate and without repetitions. According to simulation results presented in [3], this will result in a reporting granularity corresponding to ~2.5 dB.
ii) Spread the 15 CQI value evenly, but avoid entries with the lowest code rates and repetitions for QPSK and/or the highest code rates for 64QAM. Thereby the reporting granularity can be made smaller.
iii) Introduce a larger gap in some areas and smaller in others. For example, it may be beneficial to have better resolution in typical operating areas and lower resolution in areas used less frequently and/or where reporting accuracy anyway is low. For example, the step sizes can be larger at the edges of the table and smaller in the middle. 
We believe that option ii) can be a good alternative, aiming for ~2 dB reporting granularity and excluding the highest 64QAM code rates and the lowest QPSK code rates. However, we are open to other options as long as they enable essentially continuous CQI reporting without having to do frequent RRC reconfigurations. 
In [2], we proposed that the new CQI table can be adopted also when 64QAM is not configured. This would overcome the inherent limitation of the current Rel-13 table that you need to choose between covering the lowest SNR values by configuring a high RCSI , or the highest 16QAM code rates without repetitions. A more evenly spread CQI table will overcome this, and in addition potentially provide some more entries corresponding to the ones that are currently unused in the Rel-13 table. Whether the legacy table or a new one shall be used may for example be indicated with an RRC configuration parameter and corresponding UE capability. 
[bookmark: _Toc494484370][bookmark: _Toc494484560][bookmark: _Toc494484608][bookmark: _Toc498702707][bookmark: _Toc498702725][bookmark: _Toc498704601][bookmark: _Toc498704725][bookmark: _Toc498704756][bookmark: _Toc498705212][bookmark: _Toc498705785][bookmark: _Toc498705847]RAN1 shall consider using the new table for CQI reporting also when 64QAM is not configured.
Conclusion
We have the following proposals related to CSI reporting for 64QAM:
Proposal 1	Option B is adopted. A new CQI table shall be defined for 64QAM in order to avoid frequent RRC reconfigurations and enable CQI reporting with more even spread SNR without gaps.
Proposal 2	RAN1 shall consider using the new table for CQI reporting also when 64QAM is not configured.
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