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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#94bis. 

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]

The following is the agreements on MPDCCH performance improvement concluded at RAN1 #94 meeting:
Agreement
· CRS for improving channel estimation on USS MPDCCH is supported
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.

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.
Signaling on enabling/disabling “CRS for improving channel estimation on MPDCCH” for USS MPDCCH and Type0-MPDCCH CSS MPDCCH
Issue: In RAN1 #94 meeting, it was agreed that eNB enables/disables “CRS for improving channel estimation on MPDCCH” via dedicated or broadcasted RRC signaling. However, the signaling details are not determined.

[bookmark: _Toc525914273]Ericsson proposed the signaling mechanisms and details are FFS and not decided until physical layer details have been decided. Intel, Qualcomm and LGE proposed that “CRS for improving channel estimation on MPDCCH”CRS is enabled/disabled via dedicated UE-specific RRC signaling.
According to the majority views, the following proposal could be considered.
Proposal 1: For USS MPDCCH and Type0-MPDCCH CSS MPDCCH, “CRS for improving channel estimation on MPDCCH”CRS is enabled/disabled via dedicated UE-specific RRC signaling.
CRS for improving channel estimation on MPDCCH in idle mode
Issue: For UEs in idle state, whether CRS for improving channel estimation on MPDCCH can be supported for paging or for Msg2/3/4 in random access procedure. 

Ericsson, Qualcomm, ZTE, Nokia, LGE, Huawei and HiSilicon proposed that MPDCCH performance improvement by using DMRS + CRS can be beneficial and supported for UEs in idle mode.
Intel proposed the use of CRS + DMRS for MPDCCH demodulation is restricted to the agreed cases of UESS and Type-0 CSS for MPDCCH.
According to the majority views, the following proposal could be considered.
Proposal 2: CRS for improving channel estimation on MPDCCH in idle mode is supported. FFS the details.
CRS and DMRS mapping for localized MPDCCH
Issue: The relationship between CRS and DMRS mapping for localized MPDCCH is predefined or based on closed loop.
[bookmark: _Toc525914271]Ericsson, ZTE and Nokia proposed CRS and DMRS mappings based on CSI report from UE can be considered for localized MPDCCH transmission. Qualcomm proposed the usage of CRS for MPDCCH should enable closed loop (beamforming) and open loop (precoder cycling) operations at the eNB. 
According to the majority views, the following proposal could be considered.
Proposal 3: 
For localized MPDCCH, the following mappings are supported between CRS and DMRS:
          - Predefined mapping
          - Mapping based on CSI report
FFS the details.
[bookmark: _GoBack]CRS and DMRS mapping for distributed MPDCCH
Issue: The relationship between CRS and DMRS mapping for distributed is predefined or based on UE’s reporting.
[bookmark: _Toc525914270]For distributed MPDCCH transmission, Ericsson and Nokia proposed fixed mapping between MPDCCH DMRS ports and CRS ports can be considered. ZTE proposed predefined precoding update granularity and usage order of precoding matrix could be applied for open-loop in order to acquire precoding information. Qualcomm proposed to enable open loop operation, linkage between CRS/MPDCCH ports may change across time/frequency and reducing precoding granularity in time domain. Sony proposed the relationship between MPDCCH DMRS and CRS should not be fixed across the whole narrowband. 
According to the majority views, the following proposal could be considered.
Proposal 4: For distributed MPDCCH, predefined mapping between CRS and DMRS is supported. FFS the details.
Power offset between CRS and DMRS antenna ports of MPDCCH
Issue: In RAN1 #94 meeting, it agreed that the power offset between CRS and DMRS antenna ports is defined. However, the details on specifying the relation is FFS.

Intel, Samsung, ZTE, Nokia, Samsung, Huawei and HiSilicon proposed that power offset between CRS and DMRS antenna ports of MPDCCH can be signaled by eNB. Intel and Samsung further proposed the power offset can be signalled via an UE-specific RRC signalling for USS MPDCCH.

Sony proposed 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.

According to the majority views, the following proposal could be considered.
Proposal 5: Power offset between CRS and DMRS antenna ports of MPDCCH is signaled by eNB. FFS the signaling details. 
PRB bundling
Issue: Whether channel estimation across frequency domain can be supported for improving channel estimation.

Sony and Nokia proposed PRB bundling is supported, which can help improve channel estimation performance for UEs in limited coverage. 
Proposal 6: PRB bundling is supported for MPDCCH performance improvement. 
Invalid CRS subframe
Issue: For MPDCCH performance improvement based on CRS, what is the UE behavior on subframes without CRS (e.g., MBSFN subframe)
LGE proposed that “when the Rel-16 UE capable of using CRS for MPDCCH performance improvement and higher layer configured to use CRS for MPDCCH performance improvement encounters a subframe that the CRS cannot be expected, e.g., MBSFN subframe, the UE is not expected to use the CRS for MPDCCH performance improvement”.
In view of one company proposed this issue, the following proposal is suggested.
Proposal 7: Further discussion on this issue is needed
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