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1 Introduction
CSI-RS have been discussed in Rel-11 to support CoMP scenarios [1]: 
Non-zero-power and zero-power CSI-RS have been introduced in Rel-10 for CSI measurement and reporting perspectives. CSI-RS may be re-used for CoMP to identify and measure the downlink channel status of multiple transmission points. Points can be allocated orthogonal resources avoiding mutual interference between the CSI-RS transmissions. New types of CSI-RS configurations may be considered to facilitate CoMP CSI measurements. 
In this contribution, we will discuss a new type of CSI-RS configuration based on the requirement from CoMP scenarios and the related signalling support.
2 CSI-RS in Rel-10
In Rel-10, CSI-RS are configured by dedicated higher layer signalling, and the configuration is UE specific. More specifically, the CSI-RS resource, duty cycle and subframe offset can be configured per UE. However, there are some constraints when configuring a CSI-RS for a UE. 

Firstly, there is only one non-zero power CSI-RS configuration for the UE, which means only one non-zero power CSI-RS resource with one duty cycle and one subframe offset can be configured. 

Secondly, a cell-specific pseudo-random sequence is used to modulate each CSI-RS. In other words, a common cell-specific scrambling seed is used to modulate each CSI-RS port in Rel-10 even though different CSI-RS resources may be assigned to different UEs within a cell. This made sense in Rel-10 since all CSI-RS ports were assumed to be transmitted from the same cell for a UE.
3 New Configuration and signalling for CoMP Scenarios

There are four scenarios described in TR 36.819 [1]:
· Scenario 1: Homogeneous network with intra-site CoMP, as illustrated in Figure A.1-1
· Scenario 2: Homogeneous network with high Tx power RRHs, as illustrated in Figure A.1-2
· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have different cell IDs as the macro cell as illustrated in Figure A.1-3.
· Scenario 4: Heterogeneous network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell as illustrated in Figure A.1-4.
With the introduction of CoMP in Rel-11, a UE needs to perform channel measurements related to multiple transmission points. The number of transmission points in the measurement set depends on the deployment scenarios and propagation channel characteristics for each UE. The number of antennas at each transmission point may also vary. Therefore, limiting the non-zero power CSI-RS to a single configuration supporting only 1, 2, 4 or 8 CSI-RS ports as in Rel-10 seems too restrictive for CoMP. However, extending the number of ports within a single CSI-RS resource would incur large changes to the specifications. Hence, it seems easier and sufficient to allow multiple non-zero power CSI-RS resources to be configured to a UE by its serving cell, where each CSI-RS resource could be mapped by implementation to a single transmission point.
Proposal 1: Allow multiple non-zero power CSI-RS resources to be configured to a UE by its serving cell.
For configuration, one could inform a UE about the set of cells for which the UE would need to measure the CSI-RS, for example by indicating a list of cell identities. In this case, the UE would be configured with one CSI-RS resource for each of the cell that it needs to measure. For this approach, the UE would need to associate with each of the cells in order to receive the CSI-RS configuration for that cell. This method obviously incurs a much higher complexity than informing multiple CSI-RS resource by one cell. Moreover, informing a UE about the cell identity of other cells would not be applicable for all CoMP scenarios, in particular scenario 4 where transmission points share the same cell ID. Hence it is preferable to have a common CSI-RS configuration solution for both single share cell-IDs and multiple cell-IDs.
Note that with the multiple CSI-RS resources solution configured by one serving cell, a UE does not need to know how CSI-RS resources are mapped to actual antennas and transmission points or cells in order to be able to measure and report the channel corresponding to the configured CSI-RS ports. Also note that the Rel-10 transmission of CSI-RS specifies that the scrambling seed is based on the cell ID. This might impose some unnecessary limitations for certain CoMP scenarios in Rel-11. 
Therefore, an alternative approach is to allow flexible scrambling seeds association with the CSI-RS resources of a UE. Since the CSI-RS resources from neighbour cells may have scrambling seed determined by the IDs of neighbour cells, the CSI-RS configuration for a UE may be required to support more scrambling seeds for CSI-RS than the current default value related to the serving cell. Furthermore, using different scrambling seeds for patterns transmitted over the same time-frequency resource may provide more CSI-RS resources to be configured within a single subframe. When macro cells are equipped with 8 transmit antennas, only 5 CSI-RS orthogonal resources can be accommodated within one subframe. In scenario 2, this may impose too much constraint on the configuration of the CoMP measurement set, where a UE may need to measure the channel relative to more than 5 cells. Allowing flexible association of scrambling seed to CSI-RS resource may allow re-using resources within the same subframe in a semi-orthogonal manner. 
Proposal 2: flexible association of scrambling seed to CSI-RS resource should be supported.

It is proposed that CSI-RS ports may be configured for RSRP measurement by a UE. The configuration of CSI-RS for RSRP measurement may reflect the site information. For example, the eNB may inform multiple resource of CSI-RS, where each resource is corresponding to a site, having an independent RSRP measurement. 

Proposal 3: CSI-RS ports may be signalled to a UE for CSI-RSRP measurement. The configuration may need to inform several resources of CSI-RS for independent CSI-RSRP measurement of each resource.
4 Summary of the proposed CSI-RS signaling for CoMP in Rel-11
Based on above discussion, we need new configuration for a UE to support multiple CSI-RS resources with possible multiple scrambling seeds, and multiple CSI-RS resources for CSI-RSRP measurement. We need to define the higher layer signalling to support the new configuration. 

The CSI-RS configuration for CoMP UEs in Rel-11 is proposed to include multiple non-zero power CSI-RS resources, where each resource is associated with number of CSI-RS ports in this resource and intra-subframe CSI-RS resource location as in Rel-10, and with the following additional parameters:

· Scrambling seed, which applies to all CSI-RS ports within this  resource
· CSI/RSRP measurements indicator, conditioning CSI feedback and/or  CSI-RSRP report for this resource
Subframe offset and duty cycle may still be common to all non-zero CSI-RS and to the zero-power CSI-RS, as in Rel-10. However, another alternative using multiple duty cycles and subframe offsets for multiple CSI-RS resources could also be considered.  
The CSI and RSRP measurements flags indicate whether the UE should report CSI and/or CSI-RSRP for the CSI-RS ports in this resource. This allows to flexibly configuring the RSRP and CSI measurements set to be subsets or supersets of one another.
Proposal 4: Adopt the suggested higher layer signalling to support CSI-RS configuration. 
5 Conclusion
We have discussed the new configuration of CSI-RS for CoMP scenarios and the related signalling support. We propose the following proposals.

Proposal 1: Allow multiple non-zero power CSI-RS resources to be configured to a UE by its serving cell.
Proposal 2: flexible association of scrambling seed to CSI-RS resource should be supported.
Proposal 3: CSI-RS ports may be signalled to a UE for CSI-RSRP measurement, the configuration may need to inform several resources of CSI-RS for independent CSI-RSRP measurement.
Proposal 4: Adopt the suggested higher layer signalling to support CSI-RS configuration. For each configured CSI-RS resource, the following additional parameters should be signalled to the UE:
· Scrambling seed
· CSI/RSRP measurements indicator
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