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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1 #97 meeting, the following agreements were achieved on MPDCCH performance improvement [1].
Agreement
[bookmark: OLE_LINK50][bookmark: OLE_LINK51]When CSI-based precoding is configured, use predefined precoding cycling as the fallback mechanisms.
1. FFS: Details on fallback mechanism
Agreement
For precoder cycling for distributed MPDCCH, select one options for precoding in RAN1#98
1. Option 1: Based on rank-1 precoders
1. 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. 
1. FFS: whether other granularities are supported or not.
In this contribution, further considerations on MPDCCH performance improvement are provided.
[bookmark: _Ref481055071]Discussion
Precoding based on CSI report
[bookmark: OLE_LINK188][bookmark: OLE_LINK189][bookmark: OLE_LINK197][bookmark: OLE_LINK198]The eNB may miss the CSI reported by the UE or not successfully obtain the CSI reporting. Therefore, the fallback mechanism should be supported. There are many different schemes on the fallback mechanism.
[bookmark: OLE_LINK63][bookmark: OLE_LINK64]In previous meeting, it is agreed that when CSI-based precoding is configured, predefined precoding cycling is used as the fallback mechanisms.
[bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK69][bookmark: OLE_LINK70]In [2], it is proposed that some MPDCCH candidates associated with a part of the UE-specific search space and/or particular time/frequency location(s) are reserved for precoder cycling, if CSI-based precoding is configured. 
[bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK71][bookmark: OLE_LINK72]In [3], it is proposed that the precoder cycling as a fallback mechanism and configuring 2 MPDCCH PRB sets, one for mapping based on CSI report and another for precoder cycling. 
[bookmark: OLE_LINK94][bookmark: OLE_LINK95][bookmark: OLE_LINK73][bookmark: OLE_LINK74]In [4], it is proposed that 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. 
[bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK96]In [5], it is proposed that UE monitors the other set of MPDCCH candidates assuming the mapping between DMRS and CRS ports is based on precoder cycling.
[bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK192][bookmark: OLE_LINK193][bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK79][bookmark: OLE_LINK80]The following table summarizes the view of different source on the details of predefined precoder cycling fallback mechanisms. In our view, the fallback mechanism based on a simple rule should be applied. For example, the predefined precoding cycling fallback for some MPDCCH candidates associated with some repetition levels can be considered.
Table 1: Methods for fallback mechanism
	Fallback mechanism
	Details

	MPDCCH candidates
	[bookmark: OLE_LINK67][bookmark: OLE_LINK68]Associated with partial USS

	
	Associated with particular time/frequency location

	
	MPDCCH PRB set

	
	MPDCCH repetition level

	MPDCCH ports
	a subset of the MPDCCH ports follows a preconfigured mapping with respect to CRS ports



[bookmark: OLE_LINK227][bookmark: OLE_LINK112]Proposal 1: The predefined precoder cycling fallback is applied on MPDCCH candidates associated with MPDCCH repetition levels.
[bookmark: OLE_LINK225][bookmark: OLE_LINK226]Precoder cycling granularity in frequency domain
In [5], it is proposed that the granularity of NGranu in frequency domain can be supported for precoder cycling:
· For localized MPDCCH with 2Tx antennas, NGranu =1 PRB for ceil(R0/Ych) = 1
· For localized MPDCCH with 4Tx antennas, NGranu =1 PRB for ceil(R0/Ych) = 1 and 2
· For distributed MPDCCH with 4Tx antennas, NGranu =1 PRB for ceil(R0/Ych) = 1
· For other cases, NGranu = the number of PRBs in MPDCCH-PRB-set(s)
[bookmark: OLE_LINK105][bookmark: OLE_LINK88][bookmark: OLE_LINK89]In our view, the above method may be a bit complicated. To simplify the implementation and provide flexibility on precoding cycling, we prefer that the configurable granularity in frequency domain should be supported for precoding cycling.
[bookmark: OLE_LINK106][bookmark: OLE_LINK111]Proposal 2: Configurable granularity in frequency domain is supported for precoding cycling. 
Order of precoder cycling
[bookmark: _Ref3971688][bookmark: _Ref3971693][bookmark: _Toc4773529]In [2], it is proposed that the assigned order and pattern of the used precoder 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. 
In [3], it is proposed that all the precoder index(es) in frequency domain increase(s) (or decrease(s)) by an offset value in time direction across time domain granularities. 
In [4], it is proposed that RAN1 downselects 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. 
[bookmark: OLE_LINK101][bookmark: OLE_LINK102][bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK103][bookmark: OLE_LINK104]In [5], it is proposed that the precoders #0 to N-1 in the precoder set are used sequentially and cyclically.

In [6], it is proposed that predefined precoding pattern can be supported for UEs in idle mode or connected mode.  For example, this could be predefined as a function of the narrowband.
[bookmark: OLE_LINK107][bookmark: OLE_LINK108]In our view, for simple implementation, the precoders #0 to N-1 in the precoder set are used sequentially and cyclically, but with adaptive adjustment based on the allocated number of PRBs and/or repetition numbers.
[bookmark: OLE_LINK109][bookmark: OLE_LINK110]Proposal 3: 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. 
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: The predefined precoder cycling fallback is applied on MPDCCH candidates associated with MPDCCH repetition levels.
Proposal 2: Configurable granularity in frequency domain is supported for precoding cycling. 
Proposal 3: 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: _Ref512327290][bookmark: _Ref493672055]References
1. [bookmark: _Ref520453307]RAN1 Chairman notes, RAN1 #97, Reno, USA, May 13 – 17, 2019
1. R1-1905961	MPDCCH performance improvement in LTE-MTC	Ericsson
1. R1-1906686	Discussion on MPDCCH performance improvement	LG Electronics
1. R1-1906996	Usage of CRS for MPDCCH	Qualcomm Incorporated
1. R1-1906500	Discussion on MPDCCH performance improvement	ZTE
1. R1-1906706	MPDCCH performance improvement	Nokia, Nokia Shanghai Bell
