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[bookmark: _Ref349588338]Introduction
In RAN1#94 Meeting, there are following agreements on MPDCCH performance improvement by using CRS for MTC [1]:
Agreement
CRS for improving channel estimation on USS MPDCCH is supported
[bookmark: _Toc521455643]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, some issues are discussed, including mapping relationship between MPDCCH DMRS port and CRS port, and power offset between MPDCCH DMRS port and CRS port.
Discussion
Mapping relationship between MPDCCH DMRS port and CRS port
In order to use CRS for improving channel estimation on MPDCCH, a mapping relationship between MPDCCH DMRS port and CRS port needs to be specified. One scheme is to use a one-to-one mapping, i.e., one MPDCCH DMRS port is mapped to one CRS port. In this case, the MPDCCH DMRS port and the mapped CRS port are exactly from the same antenna port. For the one-to-one mapping, precoding cannot be used on MPDCCH DMRS port as CRS. Another scheme is to use a one-to-multiple mapping, i.e., one MPDCCH DMRS port is mapped to multiple CRS ports. In this case, the MPDCCH DMRS port can be reconstructed by the mapped multiple CRS ports multiplying a precoder. For the one-to-multiple mapping, functionality of precoding on MPDCCH DMRS port can be reserved. However, the precoder needs to be known by UE to reconstruct the equivalent channel coefficient. The precoder can be implicitly determined according to a predefined precoder cycling, or explicitly indicated with a dedicated signalling. 
Observation #1: There may be one-to-one or one-to-multiple mapping relationship between MPDCCH DMRS port and CRS port.
For one-to-one mapping, the number of CRS ports should be 4, i.e., MPDCCH DMRS port {107, 108, 109, 110} is mapped to CRS port {0, 1, 2, 3} respectively. If the number of actually configured CRS ports is less than 4, either some MPDCCH ports haven’t corresponding CRS port, or some MPDCCH DMRS ports correspond the same CRS port. For the former, the overall MPDCCH performance improvement may be limited since only a part of MPDCCH DMRS ports can be assisted by using CRS. For the later, it is exactly multiple-to-one mapping, wherein the equivalent RS density can be further increased using multiple MPDCCH DMRS ports and one CRS port. However, antenna diversity gain and spatial multiplexing gain provided by isolated MPDCCH DMRS ports would disappear.  
For one-to-multiple mapping, the number of CRS ports should be larger than 1, i.e., the number of configured CRS ports may be 2 or 4. To provide antenna diversity gain as far as possible, all of the configured CRS ports should be used to reconstruct one MPDCCH DMRS port, and different precoders can be used for different MPDCCH DMRS ports.
Observation #2: Different mapping relationship may require different number of CRS ports.
As analysed above, there may be one-to-one mapping or one-to-multiple, and multiple-to-one mapping relationship between MPDCCH DMRS port and CRS port. Moreover, the applicable mapping relationship may be dependent on the number of actually configured CRS ports. Further study is needed to conclude which mapping relationship can be supported.
Proposal #1: Further study which mapping relationship can be supported.
Power offset between MPDCCH DMRS port and CRS port 
In order to use CRS for improving channel estimation on MPDCCH, the transmission power offset between MPDCCH DMRS port and CRS port should be known by UE. The power offset can be signalled or be set as a default value, e.g., 0dB offset. To provide flexibility, power offset should be signalled. It can be signalled via an UE-specific RRC signalling for USS MPDCCH and via a broadcast signalling for CSS MPDCCH.
Proposal #2: Power offset between MPDCCH DMRS port and CRS port should be signaled.
3. Conclusion
In this paper, we discussed some issues on MPDCCH performance improvement by using CRS, including mapping relationship and power offset. Based on above discussion, we have the following observations: 
Observation #1: There may be one-to-one or one-to-multiple mapping relationship between MPDCCH DMRS port and CRS port.
Observation #2: Different mapping relationship may require different number of CRS ports.
[bookmark: _GoBack]And proposals:
Proposal #1: Further study which mapping relationship can be supported.
Proposal #2: Power offset between MPDCCH DMRS port and CRS port should be signaled.
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