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1	Introduction
The Rel-16 WI on “Additional MTC enhancements for LTE” [1][2] has the following objectives on stand-alone deployment for LTE-MTC:
	Improved DL transmission efficiency and/or UE power consumption:
· [bookmark: _Hlk515907705][…]
· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]
· […]




RAN1 discussed started the discussion on this objective in RAN1#84 and reached the following agreements: 
	Agreement
CRS for improving channel estimation on USS MPDCCH is supported

Agreement
The relation between the MPDCCH DMRS and CRS is defined for enabling improved channel estimation. FFS the details on specifying the relation (e.g., whether the ‘definition’ means predefined in specification or done by signalling, relation between the CRS ports and DMRS ports, power offset between DMRS-CRS). 

Agreement
eNB enables/disables “CRS for improving channel estimation on MPDCCH” via dedicated or broadcasted RRC signaling. FFS the details on the signaling.

Agreement 
CRS for improving channel estimation on Type0-MPDCCH CSS MPDCCH is supported.



In this contribution we briefly present initial thoughts and discussion from RAN2 point of view. 
[bookmark: _Ref178064866]2	Discussion
2.1	General observations
So far, the demodulation of MPDCCH is only based on DMRS. In the Rel-16 WI description objective it is explicitly mentioned that an improvement, where also CRS could be used for demodulation at least for connected mode, should be specified. Depending on how this improvement will be specified in detail, there can be gains in both high and low SNR levels, resulting in better MPDCCH performance reducing the number of repetitions needed for successful MPDCCH decoding and potentially less UE power consumption, provided that reception and processing of both DMRS and CRS doesn’t result in larger consumption compared to achieved gain in repetitions and acquisition time. 
[bookmark: _Toc525889324]Improving MPDCCH decoding performance may achieve low UE power consumption and efficient radio resource use for MPDCCH. 
In RAN1#94, it was agreed to introduce a relation between DMRS and CRS for enabling improved channel estimation. The details, however, are left for further discussion in RAN1. 
2.2		RAN2 impact
RAN1 started the discussion of this objective in RAN1#94, and most of the work is RAN1 and/or RAN4 related without much impact in RAN2. 
The work item objective primarily targets connected mode. It would be beneficial to have the improvement also for idle mode procedures such as paging, but the applicability to both idle and connected mode or connected mode alone will depend on details of how the feature will be specified. 
[bookmark: _Toc525889325]MPDCCH performance improvement could be helpful also for idle mode UEs. 
However, based on the RAN1 agreements so far, only USS and Type0-MPDCCH CSS are supported, meaning RAN1 agreed in RAN1#94 to support operation in connected mode, not excluding possible idle mode improvements, for example, for paging and RAR reception.
As the feature would be supported only by Rel-16 (and later) eNBs, and not all UEs are expected to support the improvement, configuration in system information and/or dedicated RRC signalling is needed, as also captured in the RAN1 agreements in RAN1#94: 
	Agreement
The relation between the MPDCCH DMRS and CRS is defined for enabling improved channel estimation. FFS the details on specifying the relation (e.g., whether the ‘definition’ means predefined in specification or done by signalling, relation between the CRS ports and DMRS ports, power offset between DMRS-CRS). 

Agreement
eNB enables/disables “CRS for improving channel estimation on MPDCCH” via dedicated or broadcasted RRC signaling. FFS the details on the signaling.




The contents of the signalling depend on how the details e.g. on relation between DMRS and CRS are specified, thus it is premature for RAN2 to define signalling details at this point. 
[bookmark: _Toc525889326]RAN2 is to define dedicated and/or broadcasted RRC signalling for MPDCCH performance improvements. The details are up to further discussion in RAN1/RAN4. 
[bookmark: _Toc525889327]Wait for further progress in other WGs before discussing the details of RRC signalling for MPDCCH performance improvements. 
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Conclusion
In the previous sections we made the following observations: 
Observation 1	Improving MPDCCH decoding performance may achieve low UE power consumption and efficient radio resource use for MPDCCH.
Observation 2	MPDCCH performance improvement could be helpful also for idle mode UEs.
Observation 3	RAN2 is to define dedicated and/or broadcasted RRC signalling for MPDCCH performance improvements. The details are up to further discussion in RAN1/RAN4.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Wait for further progress in other WGs before discussing the details of RRC signalling for MPDCCH performance improvements.
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