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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1 #98bis meeting, the following agreements were concluded on MPDCCH performance improvement [1].
Agreement
[bookmark: OLE_LINK70][bookmark: OLE_LINK71]Precoder cycling in time domain is done sequentially and in a cyclic manner 
· FFS whether it is combined with periodic pseudo random initialization
Agreement
Select one of the following in RAN1#99
· Alt1: For 2 Tx in the distributed transmission, fixed two precoders (0,1) are paired for every subframe and PRB.
· [bookmark: OLE_LINK58][bookmark: OLE_LINK59]Alt2: For 2 Tx in the distributed transmission, precoder set { (0,1), (1,0) } is used for precoder cycling 
Agreement
Select one of the following in RAN1#99
· Alt1: The predefined pairs of rank-1 precoders {12,13} and {14,15} can be cyclically used in the frequency domain
· Alt2: The predefined pairs of rank-1 precoders (12,13), (14,15), (15,12), (13,14) are used for precoder cycling in the frequency domain.
In this contribution, further considerations on MPDCCH performance improvement are provided.
[bookmark: _Ref481055071]Discussion
[bookmark: OLE_LINK225][bookmark: OLE_LINK226]Precoder cycling 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.
For 2TX, there are two alternatives as below:
· Alt1: For 2 Tx in the distributed transmission, fixed two precoders (0,1) are paired for every subframe and PRB.
· Alt2: For 2 Tx in the distributed transmission, precoder set { (0,1), (1,0) } is used for precoder cycling 
[bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK21][bookmark: OLE_LINK22]With alt 1, the precoders will be fixed, therefore, in repetitions the generated interference to neighbor cells will be the same. At the same time, the experienced interference may also be the same with fixed precoders. With alt 2, the precoder used is a cycling of (0,1) and (1,0), then compared with alt 1, the inter-cell interference can be more randomized. Therefore, for 2Tx, it is preferred that predefined pairs of rank-1 precoders {0,1} and {1,0} can be cyclically used in the frequency domain as shown in the Table below. 
[bookmark: OLE_LINK74][bookmark: OLE_LINK75]Table 1: codebook pair for 2Tx
	
	codebook pair

	0,1
	

,

	1,0
	

,



For 4TX, there are two alternatives as below:
· Alt1: The predefined pairs of rank-1 precoders {12,13} and {14,15} can be cyclically used in the frequency domain
· Alt2: The predefined pairs of rank-1 precoders (12,13), (14,15), (15,12), (13,14) are used for precoder cycling in the frequency domain.
As both alternatives have precoder cycling to some extent, they have similar effects on interference randomization. Alt 1 is more simpler compared with Alt 2, therefore, for 4Tx, it is preferred that predefined pairs of rank-1 precoders {12,13} and {14,15} can be cyclically used in the frequency domain.
[bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK106][bookmark: OLE_LINK111][bookmark: OLE_LINK23][bookmark: OLE_LINK15]Proposal 1: For 2 Tx, predefined pairs of rank-1 precoders {0,1} and {1,0} can be cyclically used in the frequency domain. 
[bookmark: _GoBack]Proposal 2: For 4Tx, predefined pairs of rank-1 precoders {12,13} and {14,15} can be cyclically used in the frequency domain.
Order of precoding cycling
In our view, adaptive adjustment based on the allocated number of PRBs and/or repetition numbers can randomize the precoding cycling in time domain to some extent, and avoid that the same precoding is used on the same PRB. For example, the number of allocated PRBs is M, and the repetition number of MPDCCH is N, and there are K codebooks can be utilized, and Ych is the frequency hopping granularity. The starting codebook in time domain will be updated every Max{1,(K/M)*Ych}subframes within whole N subframes.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25][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: For 2 Tx, predefined pairs of rank-1 precoders {0,1} and {1,0} can be cyclically used in the frequency domain. 
Proposal 2: For 4Tx, predefined pairs of rank-1 precoders {12,13} and {14,15} can be cyclically used in the frequency domain.
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
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