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1 Introduction
A new WID on Rel-16 MTC enhancement for LTE was approved at RAN#80 [1]. One of the objective is to specify MPDCCH performance improvement by using CRS in eMTC:

Improved DL transmission efficiency and/or UE power consumption
· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]
Additionally, in RAN1#94 meeting, following agreements were made:
	Agreement for eMTC
CRS for improving channel estimation on USS MPDCCH is supported.
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). 
eNB enables/disables “CRS for improving channel estimation on MPDCCH” via dedicated or broadcasted RRC signalling. FFS the details on the signalling.
CRS for improving channel estimation on Type0-MPDCCH CSS MPDCCH is supported.




In this document, we will discuss the issue in general from RAN2 point of view.
2 Discussion
In Rel-13, it was agreed that MPDCCH demodulation is only based on DMRS. However, BL/CE UEs can also receive CRS, and it is possible to use CRS for improving channel estimation. If fixed precoding is used, the channel can be estimated based on CRS and DMRS, and the accuracy of channel estimation might be improved further.

For BL UEs, CRS can only be received around the narrowband of MPDCCH reception, and the performance improvement of channel estimation based on CRS for BL UEs may be minor. For non-BL UEs, since it is possible to receive the CRS on full system bandwidth; CRS may be useful for improving the accuracy of channel estimation especially for UEs in extreme coverage. 

Regarding the RRC state: not only UEs in connected mode, but also UEs in idle mode can use CRS for improving channel estimation on MPDCCH. UEs in idle mode monitor MPDCCH for receiving Paging message or random access response. According to RAN1 agreement, the relation between the MPDCCH DMRS and CRS will be defined for enabling improved channel estimation. However, the details on the relation are still FFS. In order to improve channel estimation by using CRS, there may be some predefined configuration or explicit signalling configuration between eNB and the UE.
Observation1: UEs in idle mode can also use CRS for improving channel estimation on MPDCCH.
If UEs in idle mode also use CRS for improving channel estimation on MPDCCH, there is no doubt that the eNB should enable “CRS for improving channel estimation on MPDCCH” via broadcasted RRC signalling. Then to avoid the signalling overhead of enabling the feature via dedicated RRC signalling, the eNB can enable the feature via broadcasted RRC signalling for both UEs in idle mode and UEs in connected mode.
Proposal1: eNB enables CRS for improving channel estimation on MPDCCH via broadcasted RRC signalling for both UEs in idle mode and UEs in connected mode.
For UEs in connected mode, after enabling, the UE should use CRS for improving channel estimation on MPDCCH. If the eNB is aware of the UE capability of supporting the feature, the eNB may use less MPDCCH repetitions since the UE can decode MPDCCH using fewer repetitions after improving channel estimation using CRS. Therefore, we propose that the UE reports it capability of supporting using CRS for improving channel estimation on MPDCCH.
Proposal2: The UE in connected mode reports its capability of supporting using CRS for improving channel estimation on MPDCCH.
3 Conclusion 
In this paper, we discussed MPDCCH performance improvement in general and made following observations and proposals:
Observation1: UEs in idle mode can also use CRS for improving channel estimation on MPDCCH.
Proposal1: eNB enables CRS for improving channel estimation on MPDCCH via broadcasted RRC signalling for both UEs in idle mode and UEs in connected mode.
Proposal2: The UE in connected mode reports its capability of supporting using CRS for improving channel estimation on MPDCCH.
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