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1. Introduction

In RAN#53 plenary meeting, the work item proposal for CoMP in Rel-11 has been agreed [1]. In the proposal, the following is one of objectives related to downlink reference signals enhancements for DL CoMP: 

- Specification in support of DL CoMP operation potentially including: 

▪ Enhancements and requirements on downlink reference signals 

▫ enhancements to improve interference measurements

▫ enhancements to identify and measure the downlink channel status of multiple transmission points
▫ consider performance requirements for flexible mapping of antenna ports to transmission points

In the e-mail discussion after RAN1#66 meeting, a TR for CoMP was agreed [2]. And the downlink reference signals enhancements for DL CoMP are captured in the TR as follows:

- 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. Enhancements to CSI-RS for improved interference and/or timing estimation are not precluded.

- The reference signals for interference measurements for DL CoMP feedback may be considered.

- Enhancement of existing DMRS may be considered, e.g.

▪ DMRS orthogonality enhancement
- Consider performance requirements on CSI-RS and DM-RS to ensure flexible mapping of antenna ports to transmission points. 
One of the issues in above objectives is CSI-RS configuration for transmission point(s) (TPs) association in Rel-11. For CSI measurement and reporting in CoMP environment with multiple TPs, current non-zero-power and zero-power CSI-RS defined in Rel-10 can be re-used. However, there could be some needs to enhance CSI-RS configuration for transmission point(s) (TPs) association. In this contribution, we present some discussions on the issue.

2. CSI-RS configuration for transmission point(s) (TPs) association
Considering both transmission and receptions, there are two possible operations for CoMP: joint-point operation where the CoMP UE would not distinguish the signals from different transmission points, or per-point operation where the CoMP UE can distinguish the signals from different transmission points. In the two operations, the unified measurement and feedback would be carried out for multiple TPs, or separated measurement and feedback would be carried out for each TP. It means that ‘aggregated CSI-RS configuration with non-zero transmission power for multiple TPs’ or ‘single CSI-RS configuration with non-zero transmission power for each TP’ can be signaled to an UE as described in Figure 1 and [3], [4].

In the ‘aggregated CSI-RS configuration with non-zero transmission power for multiple TPs’, more than one CSI-RS configurations with non-zero transmission power for multiple TPs are aggregated by the nested design of Rel-10 CSI-RS configuration, and the configuration is signaled to UE. Therefore, only one CSI-RS configuration for non-zero transmission power is informed to UE, and there are no changes on CSI-RS configuration in the specification. Furthermore, there could be no additional signaling overhead on CSI-RS configuration with non-zero transmission power by comparison with Rel-10. However, the maximal antenna ports could be limited (more than total 8 antenna ports could not be possible), and there could be some restrictions to aggregate CSI-RS configurations for multiple TPs (the aggregation of CSI-RS configuration should be performed within the nested structure of CSI-RS design).

The ‘single CSI-RS configuration with non-zero transmission power for each TP’ has pros and cons which are opposite to the above ‘aggregated CSI-RS configuration with non-zero transmission power for multiple TPs’. 
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Figure 1: Example of the CSI-RS configuration for TPs association

If we only focus on using each CSI-RS configuration, the ‘single CSI-RS configuration with non-zero transmission power for each TP’ could not be different from CSI-RS configurations defined in Rel-10. However, the ‘aggregated CSI-RS configuration with non-zero transmission power for multiple TPs’ could be different.
For example, as described in Figure 2 (4 Tx macro and 2 Tx RRH are assumed), the aggregated CSI-RS configuration corresponding to total 6 antenna ports could be needed (only two TPs are assumed for simplicity in Figure 2, but total 6 CSI-RS antenna ports for more than two TPs are also possible, e.g. 2+2+1+1 CSI-RS antenna ports for 4 TPs). However, the CSI-RS configuration for 6 antenna ports is not defined in Rel-10 CSI-RS design. Therefore, 3 alternatives would be considered as follows.
Alt 1: Introducing of new CSI-RS configurations with non-zero transmission power
   As described in Figure 2, new CSI-RS configurations with non-zero transmission power (e.g. CSI-RS pattern for total 6 CSI-RS antenna ports) can be introduced. These patterns could be configured from the current CSI-RS patterns which are designed for 4 CSI-RS antenna ports or 8 CSI-RS antenna ports, if the 6 antenna ports pattern is designed as the nested structure of the current CSI-RS pattern. The remaining code-points of current table to indicate the mapping of RE from CSI-RS configurations could be used to inform the new configurations. However, it could cause several specification issues on configuration and mapping of CSI-RS.
Alt 2: Additional definition for zero-power CSI-RS 
As described in Figure 2 and [4], current CSI-RS configuration with non-zero transmission power and zero-power CSI-RS could be signaled together to indicate CSI-RS patterns which are not defined in Rel-10 (e.g. CSI-RS pattern for total 6 CSI-RS antenna ports). If we use this scheme, new CSI-RS configurations with non-zero transmission power are not needed. However, additional definition for zero-power CSI-RS could be needed because current zero-power CSI-RS defined in Rel-10 is configured based on CSI-RS patterns for only 4 CSI-RS antenna ports and it has not priority to non-zero power CSI-RS. Therefore, to apply this alternative, additional zero-power CSI-RS based on CSI-RS patterns for 2 CSI-RS antenna ports could be needed, and for some cases, zero-power CSI-RS should have priority to non-zero power CSI-RS. It could cause some specification issues on zero-power CSI-RS and need some additional signaling overhead.

Alt 3: No changes of current CSI-RS configurations with non-zero and zero power transmission power 
Not to impose any specification issues or additional signaling overhead, no changes of current CSI-RS configurations for non-zero or zero power transmission power can be considered. But, there could be some restrictions to aggregate CSI-RS configurations for multiple TPs (the aggregation of CSI-RS configuration should be performed for only total 2, 4 or 8 antenna ports within the nested structure of CSI-RS design).
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Figure 2: Example of the aggregated CSI-RS configuration for multiple TPs

3. Conclusion
In this contribution, we discussed CSI-RS configuration for multiple transmission point(s) (TPs) association in Rel-11. The ‘aggregated CSI-RS configuration’ with non-zero transmission power for multiple TPs to carry out measurement and feedback for multiple TPs could be different from CSI-RS configurations defined in Rel-10. Therefore, for above, 3 alternatives could be possible as follows:

- Alt 1: Introducing of new CSI-RS configurations with non-zero transmission power
- Alt 2: Additional definition for zero-power CSI-RS 
- Alt 3: No changes of current CSI-RS configurations with non-zero and zero power transmission power 
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