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1 Introduction

In RAN1#68bis, detailed parameters of CSI-RS configuration with UE-specific scrambling sequence were agreed as follows:
· Configuration of multiple non-zero-power CSI-RS resources includes at least:
· AntennaPortsCount
· ResourceConfig
· SubframeConfig
· Pc
· Parameter X to derive scrambling initialization
· These parameters are configured per CSI-RS resource

There are a few open issues to further study as follows:
· FFS whether some parameters can be configured per CSI-RS port considering the decision of supporting coherent joint transmission by the aggregated CSI feedback corresponding to multiple TPs in one CSI-RS resource
· FFS: UE specific RRC signalling for CSI-RS restriction is configurable per CSI-RS resource
· FFS: Signaling of the bandwidth information for CSI-RS

This paper discusses the remaining issues for CSI-RS for CoMP.
2 Remaining Issues of CSI-RS 

2.1 Consideration of CSI-RS parameters per antenna port
The agreement is that all parameters, including AntennaPortsCount, ResourceConfig, SubframeConfig, Pc, and parameter X to derive scrambling initialization, in a CSI-RS configuration are per CSI-RS resource.  The proposal to support configuration of these parameters with finer resolution, i.e. per antenna port, is based on the assumption that to support coherent JT with aggregated CSI feedback, one CSI-RS resource would be configured across multiple TPs. However, the received powers might be quite different among TPs, due to different transmit powers and propagation losses.  With UE mobility, the propagation losses will further vary in time.  Thus, the CSI measurements from the combined channel which UEs would observe would contain not only the channel variation in phase but also variation in power between measured Tx antennas.   The evaluation results in DL MIMO enhancement in [3] show that the system performance would not be optimized with Rel-10 codebook when the measured channel includes unbalanced power from different Tx antennas.  (The proposed MIMO enhancement in [3] with the inclusion of a power factor in the precoding showed a potential performance gain up to 17% over the Rel-10 codebook in the power imbalanced scenario.)  Configuration of CSI-RS parameters per antenna port would not solve the power imbalance issue since the UE would not decode the PDSCH independently per antenna port.  PMI codebook enhancement is needed to support aggregated CSI feedback. Therefore we propose: 
Proposal 1: CSI-RS configuration parameters per antenna port are not supported in Rel-11.

2.2 Signaling for CSI-RS Subframe Configuration with Restrictions

Each CSI-RS resource is configured by higher layers.  Multiple non-zero power CSI-RS resources with arbitrary configuration are supported in Rel-11.   The subframes configured to transmit multiple CSI-RS resources could reuse the same CSI reference signal subframe configuration of the serving cell.  However, the restrictions of dropping the CSI-RS transmission for collision avoidance of other signals are based on the cell configuration in the following

· in the special subframe(s) in case of frame structure type 2,

· in subframes where transmission of a CSI-RS would collide with transmission of synchronization signals, PBCH, or SystemInformationBlockType1 messages,

· in subframes configured for transmission of paging messages.

When arbitrary CSI-RS resources are configured, the UE needs to know in which subframes the CSI-RS would be transmitted in order to perform CSI measurements and PDSCH rate matching around CSI-RS REs.  Since the configurations of DL control channels are independent at each cell, some alternatives as shown in [1] could be considered for the UE to ascertain if each CSI-RS is transmitted in a given subframe:
· The UE could be signalled the associated PCID, the subframe offset with respect to the serving cell, the subframe configuration for TDD, and the DL paging channel configuration for each non-zero power CSI-RS resource  – The UE would then know exactly if each CSI-RS is transmitted in the given subframe.   
· The UE could be signalled a bitmap indicating in which subframes each non-zero-power CSI-RS resource is (or is not) transmitted. (In this case the UE would not know the reason for the non-transmission in any given subframe, but this information is not needed anyway.) The signalling overhead would probably also be lower than signalling all the information listed above.  

· The UE could assume that all configured non-zero power CSI-RS are transmitted with same subframe restrictions as the serving cell – This alternative would require minimal specification support.  It would be easier for the E-UTRAN to configure the CSI-RS, but the E-UTRAN would need to coordinate the configuration of CSI-RS, TDD subframes, and other DL control channels, which could be challenging.  
Proposal 2: Higher layer signalling during CSI-RS configuration is used to indicate the subframes in which the configured non-zero power and zero power CSI-RS resources would not exist.    
2.3  CSI-RS Bandwidth
Configuration of multiple non-zero power CSI-RS resources with arbitrary allocation might contain CSI-RS resources with different BW if one of the configured CSI-RS resources is from a neighboring cell with different system bandwidth.  Since UEs only read the PBCH from serving cell, it would assume the configured CSI-RS resources have the same system BW as the serving cell.  It is necessary to inform UEs through higher layer signalling if the bandwidth of any of configured CSI-RS resources is different than the system BW of serving cell.  
Proposal 3:  If the bandwidth of any of configured CSI-RS resources is different than the system BW of serving cell, the BW of the CSI-RS resource should be included in the CSI-RS configuration. 

3 Conclusions
The remaining issues of CSI-RS configurations are discussed, considering possible configuration of one CSI-RS resource cross multiple TPs, collisions with other DL channels, and different BW among multiple CSI-RS resources.  Our proposals are as follows,   
Proposal 1: CSI-RS configuration parameters per antenna port are not supported in Rel-11.

Proposal 2: Higher layer sSignalling during CSI-RS configuration is used to indicate the subframes in which the configured non-zero power and zero power CSI-RS resources would drop not existduring CSI-RS configuration.    Proposal 3:  If the bandwidth of any of configured CSI-RS resources is different than the system BW of serving cell, the BW of the CSI-RS resource should be included in the CSI-RS configuration. 
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