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Introduction
The following tdoc provides a summary of the open issues and proposals based submitted tdoc’s to the “MPDCCH performance improvement” agenda item for RAN1#94. The following is the WID objective:
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 MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]
The WID states “Specify MPDCCH performance improvement by using CRS at least for connected mode”. This section includes issues related to using CRS for MPDCCH performance improvement.
Using CRS for improving channel estimation on USS MPDCCH
Companies basically have the common view that CRS+DMRS would be beneficial for improving channel estimation performance on USS MPDCCH. 
Proposal 1: CRS for improving channel estimation on USS MPDCCH is supported
Supported by: Ericsson, Huawei, HiSilicon, LGE, Nokia, Sony, ZTE, Qualcomm, Intel, Samsung
Re-use of DMRS REs for MPDCCH REs
Sony and ZTE proposed that DMRS REs can be used for MPDCCH mapping in view of the channel estimation of MPDCCH can be based on CRS. Ericsson thought significant specification impact would be expected for using DMRS REs on MPDCCH.
Proposal 2: For further study on the impact of “Re-use of DMRS REs for MPDCCH REs”
Relation between the MPDCCH DMRS and CRS
Issue: If CRS+DMRS are also used for MPDCCH channel estimation, the relation between the MPDCCH DMRS and CRS should be defined. At least, the following solutions can be considered:
· Explicit relationship configured by RRC
· Predefined the relation
[bookmark: _Toc521455643]Proposal 3: The relation between the MPDCCH DMRS and CRS is defined for enabling improved channel estimation. FFS the details on specifying the relation. 
Supported by: Ericsson, LGE, Nokia, Sony, ZTE, Huawei, HiSilicon, Qualcomm, Samsung 
Relation between the CRS ports and DMRS ports
Issue: If CRS+DMRS are also used for MPDCCH channel estimation, the relation between the CRS ports and DMRS ports should be defined. The relation can be configured in cell-specific manner or predefined. Qualcomm proposed that “A given CRS port is the same as a given MPDCCH port” or “A set of CRS ports are linearly combined into a given MPDCCH port”.
Proposal 4: The relation between the CRS ports and DMRS ports is defined. FFS the details. 
Supported by: Ericsson, Nokia, Qualcomm, Samsung, Huawei, HiSilicon
Enable/disable “CRS for improving channel estimation on MPDCCH”
Issue: The feature of CRS for improving channel estimation on MPDCCH should be optional. Some companies proposed the eNB can enable/disable the feature by RRC signaling. At least, the following options can be considered for enabling/disabling “CRS for improving channel estimation on MPDCCH”:
· Dedicated RRC signaling
· SIB/SI signaling
· Per CEL configuration
Proposal 5: eNB enables/disables “CRS for improving channel estimation on MPDCCH” via RRC signaling. FFS the details on the signaling.
Supported by: Ericsson, Nokia, Qualcomm, Samsung, Huawei, HiSilicon
CRS for improving channel estimation on Type0-MPDCCH CSS MPDCCH
Issue: Whether CRS for improving channel estimation on Type0-MPDCCH CSS MPDCCH is supported. Ericsson and Qualcomm proposed that CRS for improving channel estimation can be applied on Type0-MPDCCH CSS.
Proposal 6: CRS for improving channel estimation on Type0-MPDCCH CSS MPDCCH is supported.
Supported by: Ericsson, Qualcomm, Intel (possibly)
CRS for improving channel estimation on Type1-MPDCCH CSS MPDCCH and Type2-MPDCCH CSS MPDCCH
Issue: For UEs in idle state, whether CRS for improving channel estimation can be applied on Type1-MPDCCH CSS (for paging) and Type1-MPDCCH CSS (for Msg2/3/4 in random access procedure). 
Ericsson, Qualcomm, Sony and ZTE proposed that CRS for improving channel estimation on Type1-MPDCCH CSS MPDCCH and Type2-MPDCCH CSS MPDCCH can be supported via SIB/SI indication. Samsung is FFS on this point. Nokia does not support point. 
Proposal 7: FFS on CRS for improving channel estimation on Type1-MPDCCH CSS MPDCCH and Type2-MPDCCH CSS MPDCCH.
Power offset between CRS and DMRS antenna ports of MPDCCH
Issue: If the joint CRS and DMRS-based operation for MPDCCH is enabled, the power offset between CRS and DMRS antenna ports is needed to match each other CRS-based channel estimates and DMRS-based channel estimates.
Intel, Samsung and ZTE proposed that power offset between CRS and DMRS antenna ports of MPDCCH is indicated to the UE by RRC.
Proposal 8: Power offset between CRS and DMRS antenna ports of MPDCCH is indicated to the UE by RRC 
Supported by: Intel, Samsung, ZTE
SFBC on MPDCCH
Issue: If MPDCCH demodulation is based on CRS, whether SFBC is supported on MPDCCH.
Nokia and ZTE proposed SFBC can be supported on MPDCCH. However, some limitations of applying SFBC on MPDCCH may be expected. 
Proposal 9: Whether MPDCCH transmission using SFBC is FFS.
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