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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).
During previous RAN1 meetings, most details on the physical layer have been agreed for the introduction of non-repeated 64QAM CE Mode A. The only major outstanding issue in RAN1 relates to the CQI table when the UE is configured both with the possibility to use 64QAM and repetitions, albeit not simultaneously. The following working assumption was adopted in RAN1#91:
· Working assumption:
· When a UE is configured both with 64QAM and csi-NumRepetitionCE-r13 > 1,
· [bookmark: _GoBack]A single CQI table covers the range from QPSK with 32 times repetition up to 64QAM without repetition
· 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
In this contribution we propose that this working assumption is confirmed, and furthermore propose details for the CQI table and address the open issues on CQI table definition for 64QAM.  
[bookmark: _Ref178064866]Discussion
According to the first part of the working assumption from RAN1#91, a single CQI table that covers the range from QPSK with 32 times repetition up to 64QAM without repetition shall be defined. Compared to other presented alternatives, this has the advantages of being able to support a larger SNR range without requiring frequent RRC reconfigurations, while still enabling CQI reporting corresponding to a reasonably evenly spread range of SNR values. We therefore propose to confirm the following working assumption: 
[bookmark: _Toc498702704][bookmark: _Toc498702723][bookmark: _Toc498704599][bookmark: _Toc498704723][bookmark: _Toc498704755][bookmark: _Toc498705211][bookmark: _Toc498705784][bookmark: _Toc498705846][bookmark: _Toc505257389][bookmark: _Toc505258181][bookmark: _Toc505258297][bookmark: _Toc506474871][bookmark: _Toc506474957][bookmark: _Toc506475983][bookmark: _Toc506559596][bookmark: _Toc506563120][bookmark: _Toc506563218]RAN1 to confirm the working assumption on a new CQI table covering the range from QPSK with 32 times repetition up to 64QAM without repetition.
Still, there are several ways this can be accomplished, as discussed e.g. in [2]. In [3], a concrete proposal for a new CQI table was included, which aimed at defining a reporting granularity of ~2 dB in the “normal” operating range for CE Mode A. At lower SNR values, there is a coarser granularity of ~5 dB, which can be considered reflecting the reduced measurement accuracy at low SNR. Should a finer granularity be desired also at these low SNR levels, the network is still able to reconfigure the UE to follow the Rel-13 behavior. 
[bookmark: _Toc505257390][bookmark: _Toc505258182][bookmark: _Toc505258298][bookmark: _Toc506474872][bookmark: _Toc506474958][bookmark: _Toc506475984][bookmark: _Toc506559597][bookmark: _Toc506563121][bookmark: _Toc506563219]RAN1 adopts the CQI table proposed in [3].
According to the second part of the working assumption from RAN1, the new table shall be possible to use even if 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 csi-NumRepetitionCE-r13 or the highest 16QAM code rates without repetitions. Since a Rel-15 terminal that supports 64QAM will need to implement the new CQI table, it is natural to require that it can use the new table also when 64QAM is not configured. Furthermore, since the proposed new CQI table resolves some issues with the Rel-13 table, it is suggested that it shall be possible to configure also terminals not supporting 64QAM with the new table. Only entries corresponding to QPSK and 16QAM may then need to be supported, though nothing precludes that also the values corresponding to the higher SNR values would be reported. 
[bookmark: _Toc505258183][bookmark: _Toc505258299][bookmark: _Toc506474873][bookmark: _Toc506474959][bookmark: _Toc506475985][bookmark: _Toc506559598][bookmark: _Toc506563122][bookmark: _Toc506563220]Confirm the working assumption that an eNodeB can optionally configure the UE to use the new CQI table for 64QAM capable UE irrespective of whether 64QAM is configured or not.
[bookmark: _Toc505258184][bookmark: _Toc505258300][bookmark: _Toc506474874][bookmark: _Toc506474960][bookmark: _Toc506475986][bookmark: _Toc506559599][bookmark: _Toc506563123][bookmark: _Toc506563221]It is mandatory for a UE capable of 64QAM in CE mode A to support being configured with the new CQI table irrespective of whether 64QAM is configured or not.
[bookmark: _Toc505258185][bookmark: _Toc505258301][bookmark: _Toc506474875][bookmark: _Toc506474961][bookmark: _Toc506475987][bookmark: _Toc506559600][bookmark: _Toc506563124][bookmark: _Toc506563222]For UEs that do not support 64QAM in CE mode A, an optional capability is introduced to indicate support for the new CQI table, where entries corresponding to QPSK and 16QAM shall be supported.
Conclusion
We have the following proposals related to CSI reporting for 64QAM:
Proposal 1	RAN1 to confirm the working assumption on a new CQI table covering the range from QPSK with 32 times repetition up to 64QAM without repetition.
Proposal 2	RAN1 adopts the CQI table proposed in [3].
Proposal 3	Confirm the working assumption that an eNodeB can optionally configure the UE to use the new CQI table for 64QAM capable UE irrespective of whether 64QAM is configured or not.
Proposal 4	It is mandatory for a UE capable of 64QAM in CE mode A to support being configured with the new CQI table irrespective of whether 64QAM is configured or not.
Proposal 5	For UEs that do not support 64QAM in CE mode A, an optional capability is introduced to indicate support for the new CQI table, where entries corresponding to QPSK and 16QAM shall be supported.
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