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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
The Release-16 WID on additional enhancements for eMTC was approved in RAN#80. The WID included the following objectives:
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]
· 
The following agreements that are relevant to this document were made at RAN1#94bis in Chengdu:
Agreement
CRS for improving channel estimation on MPDCCH in idle mode is supported. FFS the details.

Agreement 
For localized MPDCCH, the following mappings are supported between CRS and DMRS:
· Predefined mapping
· Mapping based on CSI report
FFS the details.

Agreement
For distributed MPDCCH, mapping between CRS and DMRS is defined in specifications. 
· FFS the details (e.g. number of PRBs over which mapping applies, fixed or configurable)

Agreement
Power offset between CRS and DMRS antenna ports of MPDCCH is signaled by eNB. FFS the signaling details (e.g. provisioning for default power offset value).
[bookmark: _GoBack]This document considers the issue of the frequency domain extent over which the DMRS to CRS mapping applies, proposing that this mapping allows PRB bundling to be supported. 
2. Frequency domain extent of DMRS to CRS mapping

It has been agreed that there will be a definition of the relationship between the MPDCCH DMRS and CRS. This definition will presumably include some specification of the weight vector that is applied to CRS to correspond to the beamforming weight vectors applied to the MPDCCH DMRS.
In the Rel-13 eMTC work, most of the companies that simulated MPDCCH performance observed a performance gain when PRB bundling was applied to the MPDCCH, especially in a flat-fading channel such as EPA (example results from [2] are shown in Figure 1. The simulations assumptions are detailed in [2]). This PRB bundling allowed for improvement in channel estimation performance, in the same way that cross-subframe channel estimation provides a performance improvement.
[image: ]
[bookmark: _Ref525943251]Figure 1 – MPDCCH performance gain from cross-PRB channel estimation in EPA at REP64
The definition of the relationship between the MPDCCH DMRS and CRS should allow for PRB bundling. The relationship between MPDCCH DMRS and CRS should not be fixed across the whole narrowband (this reduces random beamforming diversity), but should be consistent across a sufficient number of PRBs to allow for cross-PRB channel estimation.
Proposal 1: the definition of the relationship between MPDCCH DMRS and CRS should allow for PRB bundling. 
3. Summary of Proposals
This document has considered MPDCCH performance improvement for MTC in Rel-16 and makes the following proposals:
Proposal 1: the definition of the relationship between MPDCCH DMRS and CRS should allow for PRB bundling.
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