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1. Introduction
In RAN#75 a new work item RP-170732 “New WID on Even further enhanced MTC for LTE” was approved. One of the objectives of the work item is to define support for 64QAM in PDSCH. In RAN1#88b the following agreements were reached:
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.

In this contribution we present our views on further changes required to introduce 64QAM for eMTC.
2. Specification changes
[bookmark: _GoBack]Given the different UE capabilities/categories supported in eMTC, the easiest way to support 64QAM is to introduce a new bit in DCI (5 bit MCS) to support all the legacy LTE MCS/TBS. Although this may result in a large number of TBS entries being unusable for BL UEs due to TBS limitation, this does not add additional complexity to the specification and is forward compatible in case in future releases UEs with larger TBS are introduced. Also, the UEs that are configured with 64QAM are likely to operate in relatively good conditions, so an additional bit in DCI should not be problematic. This additional bit in the DCI would only be present in DCI 6-1A when configured with 64QAM.
Proposal 1: Add 1 bit to the MCS field in the DCI 6-1A in the USS when configured in “64-QAM mode”.

Since it was agreed that 64QAM is not supported for repeated PDSCH, we need to define the UE behaviour when the UE receives a grant with repetitions in this mode. The following options are possible:
1) The UE is not expected to receive 64QAM grant with R>1.
2) If the UE receives a grant with R>1 and the modulation scheme is 64QAM, the UE “overrides” the modulation scheme to 16QAM.
3) If the UE receives a grant with R>1, the UE interprets the MCS field according to the 16-QAM table.
Since in many cases it is desirable to be able to schedule a larger TBS in the case of repetitions, and also in Rel-14 the “modulation overriding” was agreed for PDSCH with repetitions, we propose to adopt solution 2. In this case, it would also be interesting to extend this method to the overriding of 16QAMQPSK:
Proposal 2: If the UE receives a grant with R>1 and the modulation scheme is 64QAM, the UE “overrides” the modulation scheme to 16QAM.
· Consider also overriding the modulation scheme to QPSK if the DCI indicates 16QAM and the UE is configured in 64QAM mode.

As per TBS and CQI table, the 64-QAM LTE tables can be taken as a baseline, and further modified if needed.

Proposal 3: Take the 64QAM MCS/CQI tables as a baseline for introduction of 64QAM in PDSCH.

3. Summary of proposals
Proposal 1: Add 1 bit to the MCS field in the DCI 6-1A in the USS when configured in “64-QAM mode”.
Proposal 2: If the UE receives a grant with R>1 and the modulation scheme is 64QAM, the UE “overrides” the modulation scheme to 16QAM.
· Consider also overriding the modulation scheme to QPSK if the DCI indicates 16QAM and the UE is configured in 64QAM mode.
Proposal 3: Take the 64QAM MCS/CQI tables as a baseline for introduction of 64QAM in PDSCH.

