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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#95. 

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 #94bis meeting:
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).

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.
CRS and MPDCCH DMRS mapping for distributed MPDCCH
[bookmark: _Toc528937846]Ericsson, Intel, LGE, Qualcomm, Nokia, ZTE and Samsung proposed that predefined mapping between CRS and MPDCCH DMRS can be supported. Moreover, Intel, LGE, Qualcomm, Huawei, HiSilicon, Nokia, Samsung and ZTE proposed that the predefined mapping can be updated in the time and/or frequency domain. 

Intel, LGE, Qualcomm and Nokia proposed that the predefined mapping can be based on precoder cycling across different PRBs and subframes. ZTE proposed that predefined codebook order can be updated per X consecutive subframes. Samsung proposed that the number of PRBs using the same precoder and number of subframes using the same precoder can be configurable.

For the further details, LGE also supports antenna port cycling, QC proposed to support different CRS-DMRS port mapping, and ZTE proposed two codebooks corresponding to two DMRS ports can be updated.
Based on above views, following proposals can be considered:
Proposal 1: For distributed MPDCCH, predefined mapping between CRS and MPDCCH DMRS is supported.
Proposal 2: For distributed MPDCCH, the predefined mapping is based on precoder cycling across different PRBs and subframes. FFS the details.
CRS and MPDCCH DMRS mapping for localized MPDCCH
[bookmark: _Toc528937847]For predefined mapping, Ericsson, Intel, ZTE proposed precoder cycling can be used.
For CRS and DMRS mappings based on PMI from CSI reports, Intel and Qualcomm proposed that PMI from its latest CSI feedback is used.

Qualcomm further proposed partial MPDCCH ports follow the latest reported CSI report, other MPDCCH ports follow a preconfigured mapping with respect to CRS ports.
[bookmark: _GoBack]
Based on above views, following proposals can be considered:
Proposal 3: For localized MPDCCH, the predefined mapping is based on precoder cycling across different PRBs and subframes. FFS the details.
Proposal 4: For localized MPDCCH, CRS and DMRS mappings based on UE’s latest CSI feedback is supported.
Set of precoders
Samsung proposed a set of precoders is defined to support predefined mapping. Intel, Ericsson, LGE and Samsung proposed to reuse existing LTE Rel-8 codebooks for precoding of MPDCCH. Further, Intel proposed to enable codebook subset restriction indication as part of UE-specific configuration for saving RRC signaling overhead.
Proposal 5: Reuse existing LTE Rel-8 codebooks for precoding of MPDCCH is the starting point.
Power offset between CRS and DMRS antenna ports of MPDCCH
For UE in Idle mode, Intel, Nokia, Huawei, HiSilicon, LGE and Samsung proposed that power offset between CRS and DMRS antenna ports of MPDCCH is indicated by SIB.
For UE in Connected mode, Intel, Nokia, Huawei, HiSilicon, LGE and Samsung proposed that power offset between CRS and DMRS antenna ports of MPDCCH is indicated by UE specific RRC signaling.
For default power offset, Intel proposed it can be signaled in SI, but Samsung proposed a predefined value (e.g., 0dB) can be assumed.
Proposal 6: For UE in Idle mode, power offset between CRS and DMRS antenna ports of MPDCCH is indicated by SIB.
Proposal 7: For UE in Connected mode, power offset between CRS and DMRS antenna ports of MPDCCH is indicated by UE-specific RRC signaling.
Configuration
For UE in Idle mode (i.e. type-1 CSS MPDCCH and type 2 CSS MPDCCH), Qualcomm, LGE, Intel and Nokia proposed that the configuration of CRS for MPDCCH performance improvement is indicated via SIB/SI.
Qualcomm, LGE, Intel, Nokia proposed that for MPDCCH of UE in connected mode (i.e. UE-specific MPDCCH and type 0 CSS MPDCCH), the configuration of CRS for MPDCCH performance improvement is indicated via UE-specific RRC signalling.
Nokia also proposed antenna port mapping between DMRS and CRS by SIB (for UE in Idle mode) or dedicated RRC (for UE in Connected mode).
Based on above views, following proposals can be considered:
Proposal 8: For UE in Idle mode, the configuration of CRS for MPDCCH performance improvement is indicated via SIB/SI. FFS the details of configuration.
Proposal 9: For UE in Connected mode, the configuration of CRS for MPDCCH performance improvement is indicated via UE-specific RRC signalling. FFS the details of configuration. 
PRB bundling
Sony and Samsung proposed that the definition of the relationship between MPDCCH DMRS and CRS should allow PRB bundling.
Invalid CRS subframe
LGE proposed study how to define the UE behavior for UE using CRS for MPDCCH performance improvement encounters a subframe that the CRS cannot be expected, e.g., MBSFN subframe.
Simulation assumption
Ericsson proposed that DL MIMO for non-BL UEs as a starting point for evaluations. Repetition levels in the upper range MPDCCH, details on the used precoder mapping scheme, method for performing channel estimation, “Warm start” of channel estimates using CRS from earlier subframes can be considered.
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