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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1 #96bis meeting, the following agreements were concluded on MPDCCH performance improvement [1].
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
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: _Toc4773522][bookmark: OLE_LINK171][bookmark: OLE_LINK172][bookmark: OLE_LINK177][bookmark: OLE_LINK178][bookmark: OLE_LINK173][bookmark: OLE_LINK174][bookmark: OLE_LINK175][bookmark: OLE_LINK176]In [2], it is proposed 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. In [3], it is proposed that UE can attempt multiple hypothesis tests for the different precoders. Moreover, for UEs in connected mode, if the UE is configured to use mapping based on CSI report, UE uses the latest reported CSI for mapping. In [4], it is proposed that when the UE is configured with a transmission mode assuming PMI report, the UE may assume that the PMI from its latest CSI feedback is used. Moreover, there are fallback MPDCCH candidates which do not have mapping of CRS and MPDCCH DMRS ports. In [5], it is supported the precoder cycling as a fallback mechanism and it is provided an example of configuring 2 MPDCCH PRB sets, one for mapping based on CSI report and another for precoder cycling. In [6], it is 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. In [7], it is considered indicating the precoder via the existing DCI signaling or determining the precoder based on PMI delay.
[bookmark: OLE_LINK185][bookmark: OLE_LINK186][bookmark: OLE_LINK187][bookmark: OLE_LINK192][bookmark: OLE_LINK193][bookmark: OLE_LINK194][bookmark: OLE_LINK195][bookmark: OLE_LINK196]The following table summarizes the view of different sources. Several companies proposed to use the precoding cycling as the fallback mechanism. In our view, the fallback mechanism based on precoding cycling is feasible. However, a simple rule should be applied. On the other hand, considering that the probability of eNB missing the CSI reported by the UE is very low, hypothesis test for the different precoders can also be considered.
Table 1: Methods for fallback mechanism
	Fallback mechanism
	Details

	Precoder cycling
	Partial UE-specific search space and/or particular time/frequency location

	
	MPDCCH PRB set

	
	The delay of PMI reporting is more than or equal to Ndelay ms

	MPDCCH ports
	Preconfigured mapping with respect to CRS ports

	MPDCCH candidates
	No mapping of CRS and MPDCCH DMRS ports

	Hypothesis tests
	[bookmark: OLE_LINK190][bookmark: OLE_LINK191]Test for the different precoders

	DCI signaling
	



[bookmark: OLE_LINK227]Proposal 1: When CSI-based precoding is configured, the following fallback mechanisms can be considered:
· based on precoding cycling 
· based on hypothesis test for the different precoders
Precoders set
[bookmark: _Toc4773520][bookmark: OLE_LINK205][bookmark: OLE_LINK206][bookmark: OLE_LINK216][bookmark: OLE_LINK217][bookmark: OLE_LINK218]In [2], it is showed that for the case of four CRS ports, the subset of Rel-8 codebook precoders with indices 12, 13, 14, and 15 show the BLER performance fairly close to that of the best. Therefore, the precoders with indices 12, 13, 14, and 15 can consist of the precoder set for 4Tx.
[bookmark: OLE_LINK219][bookmark: OLE_LINK220][bookmark: OLE_LINK221]For 2Tx antennas, with two existing precoders with the opposite vector directions, the 2 precoders cycling and 4 precoders cycling have the same performance [7]. Based on these results, precoders with indices 0, 1 can consist of the precoder set for 2Tx.
[bookmark: OLE_LINK225][bookmark: OLE_LINK226][bookmark: OLE_LINK222][bookmark: OLE_LINK223][bookmark: OLE_LINK224]Proposal 2: Precoders with indices 12, 13, 14, and 15 can consist of the precoder set for 4Tx.
[bookmark: OLE_LINK228][bookmark: OLE_LINK229][bookmark: OLE_LINK230]Proposal 3: Precoders with indices 0, 1 can consist of the precoder set for 2Tx.
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: OLE_LINK231][bookmark: OLE_LINK232][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: When CSI-based precoding is configured, the following fallback mechanisms can be considered:
· based on precoding cycling 
· based on hypothesis test for the different precoders
Proposal 2: Precoders with indices 12, 13, 14, and 15 can consist of the precoder set for 4Tx.
Proposal 3: Precoders with indices 0, 1 can consist of the precoder set for 2Tx.
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