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1 Introduction
In LTE-A, channel state information RS (CSI-RS) is planned to be 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, 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
Timing of CSI-RS and muting configuration transmission

Initially, when the UE performs system acquisition, it is not aware of whether E-UTRAN supports Rel-8/9 or Rel-10, therefore PSS/SSS/RSRP detection will definitely have to be based on CRS only. Furthermore, PSS, SSS and CRS will not be punctured by CSI-RS or muting, therefore there is no interaction with CSI-RS or muting. 
Since the MIB payload is limited, we propose that MIB should not carry any CSI-RS or muting related information. Although the number of CSI-RS ports could be carried in the MIB, that information alone without the detailed CSI-RS port configuration would have only very limited use. 

CSI-RS and muting configuration information could be added in SIB1 … SIB13.  This is not entirely necessary, since the eNB could make sure that SIBs are scheduled on subframes that do not carry CSI-RS or muting, which includes SF# {0, 4, 5, 9} for FDD or SF# {0, 1, 5, 6} for TDD, in which case the Rel-10 UEs capability to decode SIB would not be impacted by the lack of knowledge of CSI-RS or muting configuration. SIB1 is scheduled in SF#5 only, which we propose not to have CSI-RS or muting.  The other SIBs are scheduled fully dynamically, so the eNB has enough flexibility to schedule them around CSI-RS subframes.  
It could slightly increase eNB flexibility to add CSI-RS information in one of the SIBs.  If CSI-RS configuration is added in SIBx then the eNB should schedule transmissions of SIB1…SIBx on subframes without CSI-RS or muting but could schedule SIBx+1…SIB13 in subframes with CSI-RS or muting, assuming that only Rel-10 UEs are present. On the other hand, in order to protect SIB reception by legacy UEs, when they are present, there is a motivation for the eNB to avoid scheduling SIB transmission in subframes containing CSI-RS altogether. 

Furthermore, even if the CSI-RS information was included in the SIBs, the eNB would not be able to send rate matched messages until after the UE protocol revision number is known, i.e. UE capability information is received by E-UTRAN, which includes the IE accessStratumRelease indicating the protocol revision number the UE supports. 
Proposal 1: 

The eNB applies rate matching in PDSCH targeted to a Rel-10 UE only when both the following conditions are satisfied: 

1. The eNB can ascertain that the UE has read the CSI-RS configuration and muting info

2. The eNB can ascertain that the UE complies with Rel-10 or higher and that the UE supports rate matching for CSI-RS and/or muting (in case this feature is subsequently defined as optional or covered by a Feature Group Indicator bit)
For example, rate matching couldn’t be applied to message 4 in the access procedure because the UE release is not known to the eNB, even if CSI-RS and muting information was known to the UE because they were included in the SIBs. 

In spite of these, there is one advantage of including the CSI-RS and muting information in a SIB message, which is that changing the muting configuration can be accomplished without sending dedicated reconfiguration messages to every Rel-10 UE in the system. For this reason, we propose to include the CSI-RS and muting information in a SIB message. 
Proposal 2: 

· We propose to add CSI-RS and muting configuration information in a SIB message. 
· CSI-RS and muting information should also be added in mobility control messages, i.e. the connected mode UE should receive the target cells CSI-RS configuration as part of the handover command. 

2.2
Subframe restriction

With respect to CSI-RS and muting subframe restrictions, in our opinion, the CSI-RS subframe allocation should observe the following. 

1. We propose to exclude subframes that include PBCH, sync signals or paging within a radio frame from the CSI-RS subframe set, i.e. subframes {0, 4, 5, 9} in FDD mode and {0, 1, 5, 6} in TDD mode. An exception can be made for TDD by allowing CSI-RS transmission on subframe 5 not containing SIB1 if support of CSI-RS is desired for TDD configuration 0 and for relay configurations that have no DL access subframes outside the set of paging subframes.

2. To simplify the specification, we propose that DwPTS in TDD should not be used to carry CSI-RS.  Note that since the number of control symbols is limited to two in special subframes and the 3rd symbol carries the PSS, it would be possible to fit CSI-RS after the first three OFDM symbols; however, in our view, the number of different DwPTS configurations makes this option complicated.  
Proposal 3: 

We propose to exclude subframes {0, 4, 5, 9} in FDD mode and {0, 1, 5, 6} and DwPTS subframes in TDD mode.
2.3
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. 

If the subframe restriction described in Section 2.3 is agreed then the eNB can send messages in subframes {0, 4, 5, 9} in FDD mode and {0, 1, 5, 6} in TDD mode during reconfiguration periods.   
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 4: 
Rate matching should not be applied to messages scheduled in the common search space with DCI format 1A or 1C.  
2.4
Other exceptions

Rate matching should not be applied to messages that can be received by legacy UEs as well as Rel-10 UEs. 
Proposal 5: 

· Rate matching should not be applied to paging messages

· Rate matching should not be applied to SIBs even when they are sent outside of the paging subframes
2.4.1
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. 
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.  
Proposal 6:

Either the use of eMBMS subframes for CSI-RS transmission should be excluded or otherwise 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: 

The eNB applies rate matching in PDSCH targeted to a Rel-10 UE only when both the following conditions are satisfied: 

1. The eNB can ascertain that the UE has read the CSI-RS configuration and muting info

2. The eNB can ascertain that the UE complies with Rel-10 or higher and that the UE supports rate matching for the CSI-RS and/or muting (in case this feature is subsequently defined as optional or covered by a Feature Group Indicator bit)
Proposal 2: 

· We propose to add CSI-RS and muting configuration information in a SIB message. 

· CSI-RS and muting information should also be added in mobility control messages, i.e. the connected mode UE should receive the target cells CSI-RS configuration as part of the handover command. 
Proposal 3: 

We propose to exclude subframes {0, 4, 5, 9} in FDD mode and {0, 1, 5, 6} and DwPTS subframes in TDD mode.
Proposal 4: 

Rate matching should not be applied to messages scheduled in the common search space with DCI format 1A or 1C. 
Proposal 5: 

· Rate matching should not be applied to paging messages

· Rate matching should not be applied to SIBs even when they are sent outside of the paging subframes
Proposal 6:

Either the use eMBMS subframes for CSI-RS transmission should be excluded or otherwise 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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