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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1 #94 meeting, the following agreements were concluded on MPDCCH performance improvement [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, further considerations on MPDCCH performance improvement are provided.
[bookmark: _Ref481055071]Discussion
How to Enable/disable “CRS for improving channel estimation on MPDCCH”
It agreed that “eNB enables/disables “CRS for improving channel estimation on MPDCCH” via dedicated or broadcasted RRC signaling”.  If DMRS transmission is based on codebook precoding matrix, the eNB can indicate precoding matrix relevant information to MTC UEs for improving channel estimation performance via CRS. If random DMRS transmission is based on non-codebook precoding matrix, it is hard for eNB to inform the instantaneous precoding matrix relevant information to MTC UEs by RRC signaling.
Therefore, an eNB can enable/disable “CRS for improving channel estimation on MPDCCH” via indicating codebook precoding matrix or non-codebook precoding matrix. If codebook precoding matrix is indicated, it means the eNB enables “CRS for improving channel estimation on MPDCCH”. Otherwise, eNB disables “CRS for improving channel estimation on MPDCCH”.
Proposal 1: eNB can enable/disable “CRS for improving channel estimation on MPDCCH” via indicating codebook precoding matrix or non-codebook precoding matrix.
If eNB enables “CRS for improving channel estimation on MPDCCH” by dedicated RRC signaling, the MPDCCH (associated with RAR or Paging) demodulation based on CRS may not be possible. 
For UEs in idle state, CRS for improving channel estimation could be applied on Type1-MPDCCH CSS (for Paging) and Type1-MPDCCH CSS (for Msg2/3/4 in random access procedure). Moreover, if eNB enables “CRS for improving channel estimation on MPDCCH”, UE can determine whether using it according to its capability. Therefore, it seems no flexibility loss if eNB enables “CRS for improving channel estimation on MPDCCH” by RRC broadcast signaling (e.g., SIB1 or SI).
Proposal 2: eNB can enable/disable “CRS for improving channel estimation on MPDCCH” via broadcasted RRC signaling.
Relation between the CRS ports and DMRS ports
If both CRS and DMRS are used for MPDCCH channel estimation, the relation between the CRS ports and DMRS ports should be defined. If the relation is predefined, the flexibility between CRS ports and DMRS ports will be reduced, which may have some limitations on the precoding matrix of MPDCCH. For providing more flexibility, the relation between the CRS ports and DMRS ports can be signaled by eNB. For MPDCCH detection in idle mode, a cell-specific relation can be supported. For MPDCCH detection in connected mode, UE-specific relation is preferred for flexible PMI usage for different UEs. 
Proposal 3: The relation between the CRS ports and DMRS ports is signaled by eNB.
The granularity of precoding in frequency and time domain should also be considered, which may have impact on the details of signaling indication. When MPDCCH frequency hopping is supported, the precoding matrix on different narrowband may be different. The relation indication will also inform UE about the precoding matrix for different narrowband.
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: eNB can enable/disable “CRS for improving channel estimation on MPDCCH” via indicating codebook precoding matrix or non-codebook precoding matrix.
Proposal 2: eNB can enable/disable “CRS for improving channel estimation on MPDCCH” via broadcasted RRC signaling.
Proposal 3: The relation between the CRS ports and DMRS ports is signaled by eNB.
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