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[bookmark: _Ref129681832]In RAN1 #94bis meeting, the following agreements were concluded on MPDCCH performance improvement [1].
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).
In this contribution, further considerations on MPDCCH performance improvement are provided.
[bookmark: _Ref481055071]Discussion
Mapping between CRS ports and DMRS ports of localized MPDCCH
For the mapping between CRS and DMRS of localized MPDCCH, it was agreed that predefined mapping and mapping based on CSI report can be supported.
For predefined mapping, the number of CRS ports and DMRS ports should be considered. For localized MPDCCH transmission, a single DMRS port is supported. If the number of CRS port is one, so one port CRS can correspond to one port DMRS. If the number of CRS port is two or four, two or four CRS ports can correspond to one DMRS port, and the mapping matrix can be predefined in the specification. 
For the mapping based on CSI report, the eNB can semi-statically adjust the mapping matrix. The specification can specify available matrix set, and informs the suitable mapping matrix to the UE by RRC signaling.
For predefined mapping or mapping based on CSI report, the mapping matrix can be changed in frequency domain and/or time domain. The eNB can configure the granularity in frequency domain and time domain for the matrix adjustment.
Proposal 1: The granularity of matrix adjustment can be configured in frequency domain and time domain. 
Mapping between CRS ports and DMRS ports of distributed MPDCCH
For the distributed MPDCCH transmission, two ports DMRS can be used, and the transmit diversity can be obtained by distributed transmission. Therefore, the predefined mapping between CRS ports and DMRS ports is preferred. If the number of CRS port is two, each CRS port can correspond to one each DMRS port.
If the number of CRS port is four, two CRS ports can correspond to one DMRS port. 
Proposal 2: If the number of CRS port is less than the number of DMRS port, the CRS should not be used for MPDCCH performance improvement.
 Power offset between CRS and DMRS
It is agreed in previous meeting, the power offset between CRS and DMRS antenna ports of MPDCCH is signaled by eNB. If the CRS is used for MPDCCH performance improvement for UEs in idle state, the power offset can be signaled by RRC common signaling. Otherwise, if the CRS is used for MPDCCH performance improvement for UEs in RRC connected state, the power offset can be signaled by RRC dedicated signaling.
Proposal 3: For CRS used for MPDCCH performance improvement for UEs in RRC idle state, the power offset is signaled by RRC common signaling. 
Proposal 4: For CRS used for MPDCCH performance improvement for UEs in RRC connected state, the power offset is signaled by RRC dedicated signaling. 
Conclusions
In this contribution, based on the agreement in previous meeting, further considerations on MPDCCH performance improvement are provided and following proposals are given:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: The granularity of matrix adjustment can be configured in frequency domain and time domain.
Proposal 2: If the number of CRS port is less than the number of DMRS port, the CRS should not be used for MPDCCH performance improvement.
Proposal 3: For CRS used for MPDCCH performance improvement for UEs in RRC idle state, the power offset is signaled by RRC common signaling. 
Proposal 4: For CRS used for MPDCCH performance improvement for UEs in RRC connected state, the power offset is signaled by RRC dedicated signaling. 
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