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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#98. 

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).

The following is the agreements on MPDCCH performance improvement concluded at RAN1 #95 meeting:

Agreement 
For distributed MPDCCH, predefined mapping between CRS ports and MPDCCH DMRS ports is supported.

Agreement 
For localized/distributed MPDCCH, the predefined mapping between CRS ports and MPDCCH ports is based on precoder cycling across time and frequency domain. FFS the details.

Agreement
Reuse existing LTE Rel-8 codebooks for precoding of MPDCCH is the starting point.
· Unless performance gains are idenfied further optimization on top of Rel-8 codebook will not be introduced

Agreement
For UE in Connected/Idle mode, the power offset between CRS and DMRS antenna ports of MPDCCH is indicated by SIB.

Agreement
· For UE in Idle mode, the configuration of CRS for MPDCCH performance improvement is indicated via SIB/SI. FFS the details of configuration.
· 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.
The following is the agreements on MPDCCH performance improvement concluded at RAN1 #96 meeting:
Agreement
Precoding cycling in time domain with a granularity of YCH is supported. FFS whether futher values are supported in which case the granularity is configurable.

Agreement
For precoding cycling, the precoder set consists of [2 or 4] existing precoders for 2Tx antennas and 4 existing precoders for 4Tx antennas. 
FFS: The precoder set is configured or not. 

[bookmark: OLE_LINK8][bookmark: OLE_LINK9]The following is the agreements on MPDCCH performance improvement concluded at RAN1 #96bis meeting:
Agreement
[bookmark: OLE_LINK199][bookmark: OLE_LINK200]When CSI-based precoding is configured:
1. The UE monitors a set of MPDCCH candidates assuming the mapping between DMRS and CRS ports is based on a previously reported PMI. 
0. FFS details, including delay for applicability of PMI.
1. A fallback mechanism is supported. The details of the fallback mechanism are FFS.

Agreement
For precoding cycling for 2Tx antennas, predefine one precoder set which consists of 2 existing precoders.  FFS: Which of the two precoder among the existing 2TX precoders are used.

Agreement
For precoding cycling for 4Tx antennas, predefine one precoder set which consists of 4 existing precoders.  FFS: Which of the four precoder among the existing 4TX precoders are used.

Agreement
The precoding cycling in time domain has a granularity of YCH (granularity of frequency hopping) only.
1. Precoder cycling can be used even in case frequency hopping is not used as long as YCH is configured

The following is the agreements on MPDCCH performance improvement concluded at RAN1 #97 meeting:
[bookmark: OLE_LINK4][bookmark: OLE_LINK6]Agreement
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]When CSI-based precoding is configured, use predefined precoding cycling as the fallback mechanisms.
· FFS: Details on fallback mechanism

Agreement
For precoder cycling for distributed MPDCCH, select one options for precoding in RAN1#98
· Option 1: Based on rank-1 precoders
· Option 2: Based on rank-2 precoders
Companies are encouraged to submit simulation results.

Agreement
Precoders with indices 0, 1 consist of the precoder set for 2Tx

Agreement
If n is the last subframe in which PMI is reported, the reported precoder is applied to a set of MPDCCH candidates for mapping between CRS port and MPDCCH DMRS port in subframe n+4 

Agreement
For precoder cycling, at least the granularity of 1 PRB in frequency domain is supported. 
· FFS: whether other granularities are supported or not.


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.
Fallback mechanisms for precoding based on CSI report
[bookmark: OLE_LINK188][bookmark: OLE_LINK189]As agreed in previous meeting, when CSI-based precoding is configured, using precoding cycling as the fallback mechanisms and the details of the fallback mechanism are FFS.
Huawei proposed the predefined precoder cycling fallback is applied on MPDCCH candidates associated with MPDCCH repetition levels.
Ericsson proposed that MPDCCH-Type0 common search space for precoder cycling as a fallback when CSI-based precoder has been configured.
[bookmark: OLE_LINK57][bookmark: OLE_LINK55][bookmark: OLE_LINK56]Nokia proposed to use predefined precoding cycling on some MPDCCH candidates as the fallback mechanism.
LGE proposed configuring 2 MPDCCH PRB sets, one for mapping based on CSI report and another for precoder cycling. 
[bookmark: OLE_LINK175][bookmark: OLE_LINK176]Qualcomm proposed a subset of the MPDCCH ports follows the latest reported CSI report, and a subset of the MPDCCH ports follows a preconfigured mapping with respect to CRS ports. 
ZTE proposed higher aggregation level(s) are used for precoder cycling and remaining aggregation levels are used for CSI-based precoding.
The majority view on this point is to use predefined precoding cycling on some MPDCCH candidates as the fallback mechanism. The details, including to determine MPDCCH candidates apply fallback mechanism from search space, PRB sets, repetition level, aggregation level or different antenna ports.
[bookmark: OLE_LINK62][bookmark: OLE_LINK63]In view of the occurrence of fallback mechanism is not very frequent, the fallback mechanism should not require large overhead. So reserving some MPDCCH candidates for fallback is good enough, and eNB can configure the number and location of reserved MPDCCH candidates.
Proposal 1: A fixed subset of the candidates in the MPDCCH search space(s) are reserved for the precoder cycling fallback.
The subset of candidates are designed in such a way that the UE complexity in the following aspects is not increased:
· Channel estimation.
· LLR storage.
· Blind decodes.

Rank for distributed MPDCCH
[bookmark: OLE_LINK64][bookmark: OLE_LINK65]ZTE ,Nokia and Qualcomm proposed rank-1 precoder should be used for precoder cycling in distributed MPDCCH for saving UE complexity and common mechanism as localized MPDCCH.
Proposal 2: Rank-1 precoder is used for precoder cycling in distributed MPDCCH. FFS whether predefined pairs of Rank-1 precoders are used.
Precoder set for precoding cycling with 4 Tx antennas
Nokia, Qualcomm and Ericsson proposed the subset of Rel-8 codebook precoders codebook indices {12,13,14,15} is used. 
ZTE proposed precoder sets for 4Tx antennas, precoder set consists of four rank-1 precoders {0, 1, 2, 3}.
In view of the majority view on this point, the precoder set consists of the following codebook indices {12,13,14,15}, and no significant performance difference on the precoder sets with {0,1,2,3}, so it is proposed:
[bookmark: OLE_LINK222][bookmark: OLE_LINK223][bookmark: OLE_LINK224]Proposal 3: The precoder set for 4Tx includes precoders with indices 12, 13, 14, and 15.

Precoder cycling granularity in frequency domain
[bookmark: OLE_LINK68][bookmark: OLE_LINK69]Huawei proposed the configurable granularity in frequency domain is supported for precoding cycling.
Ericsson and Nokia proposed that precoding cycling in frequency domain is with a granularity of only 1 PRB.
LGE proposed at least N=2 PRBs supported for localized MPDCCH transmission.
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK43][bookmark: OLE_LINK44]Qualcomm proposed that at least for localized MPDCCH, the granularity of precoding in the frequency domain is 1 PRB.  Introduction of PRB bundling for distributed MPDCCH should be contingent on showing gains with respect to a baseline that includes DMRS + wideband CRS channel estimation.
ZTE proposed the frequency granularity determined according to R0/Ych and the number of the precoders in the precoder set, and R0 is related to the range value of Rmax.
To move forward, the following is proposed based on majority view:
[bookmark: OLE_LINK78][bookmark: OLE_LINK79]Proposal 4: At least for localized MPDCCH, the granularity of precoding in the frequency domain is only 1 PRB. FFS for distributed MPDCCH.
Order of precoding cycling
[bookmark: _Ref3971688][bookmark: _Ref3971693][bookmark: _Toc4773529][bookmark: OLE_LINK109][bookmark: OLE_LINK110]Huawei proposed that the precoders #0 to #N-1 in the precoder set are used sequentially and cyclically, with adaptive adjustment based on the allocated number of PRBs and/or repetition numbers.
[bookmark: OLE_LINK76][bookmark: OLE_LINK77]Ericsson proposed that the assigned order and pattern of the used precoder shall be changed after a given number of subframes/ PRBs/ repetitions within an MPDCCH packet, and between every MPDCCH packet, for example by initiating the precoder cycling in a pseudo-random manner.
[bookmark: _GoBack]Nokia proposed the eNB can signal only the starting subframe for precoder initialization. Alternately, this could be predefined as a function of the narrowband.
Qualcomm proposed that RAN1 to downselect between:
- Option 1: The sequence of precoders is selected based on the output of a binary pseudo-random sequence.
- Option 2: The sequence of precoders is defined in a deterministic manner. 
LGE proposed all the precoder index(es) in frequency domain increase(s) (or decrease(s)) by an offset value in time direction across time domain granularities. 
ZTE proposed that the precoders #0 to N-1 in the precoder set are used sequentially and cyclically.
[bookmark: OLE_LINK80][bookmark: OLE_LINK81]In view of the majority views are to define a pattern of precoder cycling in time domain in a pseudo-random manner, it is recommended to support this firstly, and further details are FFS.
Proposal 5: Define a pseudo-random pattern of precoder cycling in time domain.
Power offset between CRS and DMRS antenna ports of MPDCCH
ZTE proposed UE-specific RRC signaling is also considered to indicate the power offset between CRS and DMRS ports in connected mode.
MBSFN subframe
LGE proposed the port relation between CRS and DMRS configured for Rel-16 UEs capable of using CRS for MPDCCH performance improvement applies to MBSFN subframe(s) available for MPDCCH/PDSCH transmission. 
TDD
For TDD, Qualcomm proposed a subset of the MPDCCH ports do not have mapping to CRS ports, and a subset of the MPDCCH ports follow a preconfigured mapping with respect to CRS ports.
RE based precoding cycling
ZTE proposed that PRB based precoder cycling for DMRS and RE based precoder cycling for MPDCCH can be considered for the localized MPDCCH with low aggregation level in one PRB.
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