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1. Introduction
In the RAN #80 meeting, Rel-16 MTC enhancements for LTE was approved as a work item [1]. 
Improved DL transmission efficiency and/or UE power consumption:
· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]
In this contribution, we discuss MPDCCH performance improvement by using CRS at least for connected mode.
2. Discussion
· Configuration  
Rel-16 UE capable of using CRS can be configured to use CRS for MPDCCH performance improvement at various stages from the cell access procedure to being in connected mode. If the UE is configure by broadcast signal (e.g., SIB or SI messages), UE can use CRS from the random access procedure. Configuration per CE mode/level can also be considered. The relationship between CRS and DMRS can be configured UE specifically. In this case, fallback operation needs to be defined. 
Proposal 1: Discuss when/how the Rel-16 UE capable of using CRS is configured to use CRS for MPDCCH performance improvement.
· Fallback operation
There may be cases that Rel-16 UE capable of using CRS for MPDCCH performance improvement cannot use the CRS when the UE, for example, encounters a subframe that the CRS cannot be expected, e.g., MBSFN subframe. In this case, fallback to DMRS-only channel estimation can be considered. Or if, for some reason, eNB wants to reconfigure a UE from DMRS-only to DMRS+CRS or vice versa, there is possibility of mismatch on the configuration. Therefore, we need to discuss whether the fallback operation is needed and how it is provided if needed.
Proposal 2: Discuss whether the fallback operation is needed and how it is provided if needed.
· PRB bundling
For MPDCCH performance improvement, we can also consider employing PRB bundling. Based on our previous simulation results [2], PRB bundling is useful in terms of M-PDCCH performance when medium/high coverage enhancement is required. In LTE-MTC context, it is beneficial if the PRG (Precoding RB Group) grid is always confined within a NB. 
Observation 1: PRB bundling is useful in terms of M-PDCCH performance when medium/high coverage enhancement is required.

3. Conclusion
In this contribution, we discussed MPDCCH performance improvement by using CRS at least for connected mode. Proposals are summarized as follows.

Proposal 1: Discuss when/how the Rel-16 UE capable of using CRS is configured to use CRS for MPDCCH performance improvement.
Proposal 2: Discuss whether the fallback operation is needed and how it is provided if needed.
Observation 1: PRB bundling is useful in terms of M-PDCCH performance when medium/high coverage enhancement is required.
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