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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN #80 meeting, the WI on Additional MTC enhancements was approved [1], and one objective is, to specify MPDCCH performance improvement.
	Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]
· [bookmark: _Hlk515907705]Specify quality report in MSG3 at least for EDT [RAN1, RAN2]
· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]


In this contribution, we provide our preliminary considerations on MPDCCH performance improvement.
Discussion
In Rel-13, it was agreed that MPDCCH demodulation is only based on DMRS. However, for BL/CE UEs, it 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 +DMRS, and the accuracy of channel estimation might be improved further.
In [2], the MPDCCH demodulation based on CRS + DMRS was analyzed, and simulation result was also provided. In [2], it stated that “a UE can wake up a bit earlier (e.g. before blind decoding an MDPCCH) and start tracking the channel using the CRS (note that this cannot be done by using DMRS, as they are only present when a transmission to a particular UE is performed)”. 
For BL UEs, CRS can only be received around the narrowband of MPDCCH reception, and the performance of channel estimation based on CRS for BL UEs may be minor. For non-BL UEs, it can receive the CRS on full system bandwidth, CRS may be useful for improving the accuracy of channel estimation especially for UEs in extreme coverage. 
As observed from the simulation result in [2], with fixed precoding, one dB gain can be obtained for CRS + DMRS demodulation over only DMRS-based demodulation. For UEs in extreme coverage, 1dB gain could reduce the repetition number to some extent, and correspondingly save control channel resource overhead and reduce UE’s power consumption. However, the ratio of UEs in extreme coverage may be very low, and the overall performance improvement may not be very remarkable. Moreover, the complexity of joint channel estimation for BL/CE UEs based on CRS and DMRS will be increased.
For UEs in RRC_CONNECTED mode, it knows the number of CRS ports and cyclic shift. It seems the impact on RAN1 specification is marginal. For RAN4, the demodulation performance based on CRS+DMRS may need to be defined.
If the channel condition is not changed rapidly, the precoding matrix used on MPDCCH can also be used to the subsequent PDSCH transmission due to the channel estimation could be improved based on CRS+DMRS from MPDCCH detection.

	Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, preliminary considerations on MPDCCH performance improvement are given. The channel estimation based on both CRS and DMRS for MPDCCH detection could be improved. However, further analyses on channel estimation complexity, RAN4 performance definition and overall performance benefit may be needed.
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