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1. 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]

· 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]

MPDCCH performance improvement was discussed in RAN1#94 in Gothenburg and the following agreements were made:

· 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 signaling. FFS the details on the signaling.
· CRS for improving channel estimation on Type0-MPDCCH CSS MPDCCH is supported.

The feature lead document for MPDCCH performance improvement is provided in [2].
This document considers issues of:

· The relation between the MPDCCH and CRS, in particular the number of PRBs over which this definition is valid

· The assumed relative transmit power between MPDCCH DMRS and CRS
2. Relation between MPDCCH DMRS and CRS
As agreed, there needs to 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 [3] are shown in Figure 1. The simulations assumptions are detailed in [3]). This PRB bundling allowed for improvement in channel estimation performance, in the same way that cross-subframe channel estimation provides a performance improvement.
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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. Power ratio between CRS and MPDCCH DMRS
In order to perform simulations of MPDCCH performance improvement through the use of CRS, there need to be common assumptions on the power ratio between CRS and DMRS.
In an OFDM symbol, every time an RE on antenna port 0 transmits a CRS, there is no transmission from antenna port 1 on that RE. The converse is also true (when AP1 is active, AP0 is inactive). This also has the consequence that every time there is a CRS transmission in an RE on an antenna port, there is a corresponding RE on which there is no CRS transmission on that antenna port. This has the consequence that the CRS power on an RE can “borrow” the power from the corresponding unused RE. Hence the power per antenna port on a CRS RE is 3dB greater than the power on a PDSCH RE. Also the power per physical antenna in a CRS RE is 3dB greater than the power per physical antenna in a DMRS RE.

In order to have comparable simulations, it is important that companies have a common understanding of RS power. Hence we would like simulation assumptions in RAN1 to include that the power per physical antenna in a CRS RE is 3dB greater than the power per physical antenna in a DMRS RE.
Proposal 2: simulation assumptions include that the power per physical antenna in a CRS RE is 3dB greater than the power per physical antenna in a DMRS RE.
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Figure 2 – Mechanism by which CRS RE power per physical antenna is 3dB greater than DMRS RE power per physical antenna

4. 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. 

Proposal 2: simulation assumptions include that the power per physical antenna in a CRS RE is 3dB greater than the power per physical antenna in a DMRS RE.
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