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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1 #98 meeting, the following agreements were concluded on MPDCCH performance improvement [1].
Agreement
A fixed subset of the candidates in the MPDCCH search space(s) are reserved for the precoder cycling fallback. The subset of candidates is designed in such a way that the UE complexity is taken into account for the following aspects:
· Number of channel estimations
· LLR storage
· Blind decodes are not increased
For comparable performance, the alternative with the smaller complexity will be selected.
Agreement
Rank-1 precoder is used for precoder cycling in distributed MPDCCH. 
· [bookmark: OLE_LINK20][bookmark: OLE_LINK19][bookmark: OLE_LINK18]FFS whether and how predefined pairs of Rank-1 precoders specified.

Agreement
[bookmark: OLE_LINK6]The precoder set for 4Tx is the set of rank-1 precoders with indices 12, 13, 14, and 15

Agreement
[bookmark: OLE_LINK10][bookmark: OLE_LINK9]For both distributed and localized MPDCCH, the granularity of precoding in the frequency domain is only 1 PRB. 

Agreement
Select one of the following alternatives (to be done in RAN1#98bis):
Precoder cycling in time domain is done
1. Alt1: In a pseudo-random manner
1. Alt2: Sequentially and in a cyclic manner
In this contribution, further considerations on MPDCCH performance improvement are provided.
[bookmark: _Ref481055071]Discussion
[bookmark: OLE_LINK225][bookmark: OLE_LINK226]Precoder cycling granularity in frequency domain
[bookmark: OLE_LINK222][bookmark: OLE_LINK223][bookmark: OLE_LINK224][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK11][bookmark: OLE_LINK12]For distributed MPDCCH, two DMRS ports are used. Each RB uses two rank-1 precoders. As agreed in previous several meetings, the precoder set for 4Tx is the set of rank-1 precoders with indices 12, 13, 14, and 15, and the precoder set for 2Tx is the set of rank-1 precoders with indices 0, 1. Moreover, for both distributed and localized MPDCCH, the granularity of precoding in the frequency domain is only 1 PRB.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK21][bookmark: OLE_LINK22]In our view, the performance of predefined pairs of Rank-1 precoders could be similar as random pairs of Rank-1 precoders. For 2Tx, predefined pairs of rank-1 precoders {0,1} and {1,0} can be cyclically used in the frequency domain. For 4Tx, predefined pairs of rank-1 precoders {12,13} and {14,15} can be cyclically used in the frequency domain
[bookmark: OLE_LINK106][bookmark: OLE_LINK111][bookmark: OLE_LINK23][bookmark: OLE_LINK15]Proposal 1: Predefined pairs of Rank-1 precoders is supported. 
Order of precoding cycling
[bookmark: _Ref3971688][bookmark: _Ref3971693][bookmark: _Toc4773529]In [2], it is 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. 
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 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. 
[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 simplicity of 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_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK109][bookmark: OLE_LINK110]Proposal 2: 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: Predefined pairs of Rank-1 precoders is supported. 
Proposal 2: 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. 
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