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1 Introduction

The WID of Rel-16 MTC enhancements for LTE were approved in RAN#80. The WIDs have been revised for several times and the lasted ones are approved in RAN#83 [1]. The following objective is included in the WID:

	Improved DL transmission efficiency and/or UE power consumption:

· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]


In RAN1 #95~#96 meeting, based on the contributions, the following agreements have been achieved:
	RAN1#95 agreements:
· 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.
· 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

· 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.

RAN1#96 agreements:
· 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.

· 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 no

RAN1#96 bis agreements:
· When CSI-based precoding is configured:

--The UE monitors a set of MPDCCH candidates assuming the mapping between DMRS and CRS ports is based on a previously reported PMI. 

--FFS details, including delay for applicability of PMI.

· A fallback mechanism is supported. The details of the fallback mechanism are FFS.

· The precoding cycling in time domain has a granularity of YCH (granularity of frequency hopping) only.

· Precoder cycling can be used even in case frequency hopping is not used as long as YCH is configured




In RAN2 #104 meeting, based on the contributions, the following agreements have been achieved:
	· CRS for improving channel estimation on MPDCCH is configured via SIB2.This agreement can be revisited if RAN2 identifies that it would be more reasonable to configure it via SIB1-BR.

· It is FFS whether configuration would implicitly mean to enable the feature.

· UEs report capability to indicate support of using CRS for improving MPDCCH channel estimation.

· It is FFS if enabling/disabling is needed for the UE.


In this paper, we will discuss the remaining issues for this topic and give our proposals. 
2. Discussion

In the previous meeting, it has been agreed that MPDCCH performance improvement by using CRS is supported and the CRS for improving channel estimation on MPDCCH is configured via SIB2.  

According to RAN1 discussion, we understand the power offset between CRS and DMRS antenna ports of MPDCCH should be configured through SIB2. By using the configured CRS information, detection for CRS and further the accuracy of channel estimation on MPDCCH would be improved.
Proposal 1: For improving MPDCCH performance in common search space, the power offset between CRS and DMRS antenna ports of MPDCCH should be configured through SIB2.
In previous meeting, there has some discussion but no consistent understand about whether CRS need to be configured via dedicated signaling. As RAN1 already has agreement that “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”, we think it’s straightforward to support such UE-specific configuration.

Generally, we understand CRS configuration via SIB2 is used by all the UEs to improve channel estimation on MPDCCH in the common search space, while CRS configuration via dedicated signaling would be used by a certain UE to improve channel estimation on MPDCCH in the UE-specific search space and may be different for different UEs. Also, the CRS configuration for connected mode may be different from that broadcasted in SIB2. 

Proposal 2: For improving MPDCCH performance in UE-specific search space, it should be allowed to configure the power offset between CRS and DMRS antenna ports of MPDCCH through dedicated signaling.

As mentioned above, the CRS configuration for connected mode may be different from that broadcasted in SIB2. In another word, for a UE in connected mode, the broadcasted CRS configuration may be not suitable for using in UE-specific search space. Therefore, we think only after the UE gets the dedicated CRS configuration, it can start to use CRS for improving MPDCCH evaluation in connected mode. Here the CRS configuration via dedicated signaling can also be seen as an enable indication to trigger the UE to use CRS in connected mode.

Proposal 3: The CRS configuration provided through dedicated signaling can be seen as enable indication for triggering the UE to use CRS in connected mode. 

Proposal 3a: An explicit disable indication or taking without CRS configuration as implicit disable indication can be further discussed.

In order to help eNB to decide whether a certain UE can be configured with dedicated CRS, it’s obvious a UE capability would be needed. 

Proposal 4: UE capability of supporting MPDCCH performance improvement by using CRS need to be defined.

3. Conclusions

In this contribution, we make the following observations and proposals:

Proposal 1: For improving MPDCCH performance in common search space, the power offset between CRS and DMRS antenna ports of MPDCCH should be configured through SIB2.
Proposal 2: For improving MPDCCH performance in UE-specific search space, it should be allowed to configure the power offset between CRS and DMRS antenna ports of MPDCCH through dedicated signaling.

Proposal 3: The CRS configuration provided through dedicated signaling can be seen as enable indication for triggering the UE to use CRS in connected mode. 

Proposal 3a: An explicit disable indication or taking without CRS configuration as implicit disable indication can be further discussed.

Proposal 4: UE capability of supporting MPDCCH performance improvement by using CRS need to be defined.
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