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1 Introduction
In LTE-A, channel state information RS (CSI-RS) is used for channel measurements in order to derive feedback on channel quality and spatial properties as needed. 
In addition, it was agreed that muting would be specified in order to support future compatibility for CoMP. 

A characteristic common feature of CSI-RS and muting is that the PDSCH transmission for Rel-10 UEs will be rate matched around the CSI-RS and/or muted tones.  This will introduce some constraints on the CSI-RS and muting configuration signaling in eMBMS subframes, which will be discussed in this document.  
2 Discussion
For the purposes of this discussion, CSI-RS and muting can be used interchangeably, since we are only concerned with the impact of rate matching, which is equally applicable to both cases. 

2.1
Signaling of CSI-RS / muting configuration

An advantage of including the CSI-RS and muting information in a SIB message is that signaling of the CSI-RS / muting configuration can be accomplished without sending dedicated messages to every Rel-10 UE in the system. For this reason, we proposed in [16] to include the CSI-RS and muting information in a SIB message. 

Proposal: 

We propose to add CSI-RS and muting configuration information in SIB2. 
We note however that the discussion and decision on this topic should happen in RAN2. 
2.2
Fallback operation

When the CSI-RS configuration or muting configuration changes, it is possible that the rate matching assumption between the UE and eNB falls out of sync.  Since incorrect rate matching assumption can prevent from decoding the PDSCH even in high SNR conditions, this is a situation where the DL communication can be interrupted. 

The eNB can still send messages in subframes containing SIB1 (once every 20ms) and in cell-specific paging subframes.   
In addition, we propose that rate matching should not be applied to messages scheduled in the common search space.  This enables the eNB to always be able to send a message to a given UE.   
Proposal 1: 
Rate matching should not be applied to messages scheduled in the common search space with DCI format 1A or 1C in subframes with CS-RS or muting.  

2.2
CSI-RS and muting in MBSFN and eMBMS subframes

There could be reasons for configuring CSI-RS subframes to avoid some MBSFN subframes (depending on future uses of MBSFN subframes). In most cases, this could be achieved with configuring CSI-RS periodicity and subframe offset to avoid MBSFN subframe occasions. It should be further considered whether collisions due to possibly different periodicity need special handling. 
In addition, MBSFN subframes that are used for eMBMS services should not contain CSI-RS. Since in eMBMS subframes the UE is receiving multicast transmission from multiple cells, a CSI-RS transmission would reduce SNR on more REs than in unicast transmissions.  This is because SNR would be reduced by CSI-RS transmission by the serving as well as neighboring cells. In addition, the rate matching around all CSI-RS REs is not well defined in the multi-cell transmission case, unless whole OFDM symbols containing CSI-RS are rate matched around.  
For the cases of CSI-RS subframe coinciding with an eMBMS subframe, the following UE behavior options could be specified: 

1. UE assumes that CSI-RS is not present and eMBMS data is present without rate matching

· Similar to how cell-specific paging subframes are handled when collision with CSI-RS happens. 

· Problems are created for UEs that don’t receive eMBMS or are not eMBMS capable. These UEs don’t read SIB13, therefore they are not aware of the presence of eMBMS and they will measure noise on CSI-RS REs and will send back erroneous CSI feedback. 

2. UE assumes that CSI-RS is present and eMBMS data is rate matched around it. 

· Needs changes in the specification

· Difficulty with rate matching coordinated among neighbor cells for maintaining SFN

· eMBMS reception by Rel-9 UEs is broken
3.  UE assumes that CSI-RS is present and it punctures eMBMS data 

· Reduced performance

· SFN condition is not maintained even for the REs in which UE receives data from some of the cells

· UE implementation changes are required to mitigate some of the losses

4. UE behavior is not specified for collisions when UE is configured for eMBMS reception
· Expectation is that the eNB avoids collisions of eMBMS and CSI-RS/muting with appropriate configuration

· No UE implementation change is needed

We propose adopting the last (#4) option. 
Proposal 2:

The UE behavior in eMBMS subframes containing CSI-RS should be left unspecified when the UE is configured for eMBMS reception. 
3
Conclusions
In this contribution, we provided proposals for some of the remaining of the CSI-RS and muting applicability and the applicability of the related rate matching. The key proposals are summarized below:
Proposal 1: 

In order to facilitate receiving messages during CSI-RS or muting reconfiguration periods, rate matching should not be applied to messages scheduled in the common search space with DCI format 1A or 1C. 
Proposal 2:

The UE behavior in eMBMS subframes containing CSI-RS should be left unspecified when the UE is configured for eMBMS reception. 
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