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1. Introduction 
The WID on DL COMP [1] captured the following aspects to be studied in LTE Rel.11: 
· 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

· PDCCH extension and other enhancements on downlink control signalling
· UE feedback scheme and related measurements

· individual per-point CSI feedback with or without complementary inter-point feedback as baseline. Aggregated CoMP feedback is not precluded. 

· potential enhancement of SRS for CSI measurement at eNodeB exploiting channel reciprocity 

· all schemes will be developed assuming that the UE reports CSI feedback based on the assumption of single-user transmission. This assumption causes no restriction on the SU/MU scheduling decision at the eNB when the PDSCH is demodulated based on UE-specific RS.
CSI measurement/feedback is essential in CoMP. This contribution provides our current views on reference signals for DL CoMP. 
2. CSI measurement signal 
2.1. Measurement mechanism 

Rel.11 CoMP is expected to rely on DMRS beamforming similar to TM9. As TM9 uses CSI-RS, it is natural to reuse the same measurement framework for CoMP as well. For Rel.10 TM9 feedback, UE is configured by higher-layer with a set of CSI-RS parameters, including CSI-RS antenna ports number, CSI-RS pattern index, duty cycle, subframe offset and transmit power. For multi-point CoMP feedback, a straightforward extension would be to configure multiple CSI-RS measurement subsets, each corresponding to a different RRH point. For each point, the CSI-RS parameters should be independently configured. The CSI-RS scrambling for each point may also need to be signaled, e.g. in Scenario 3 with different cell-ID. 
The next logical question is whether the CSI-RS/RRH subset selection should be semi-static or dynamic. The trade-off can be described as follows:
· Alt-1: Dynamic is expected to be better but costly in terms of signalling requirements. For instance, a new DL grant mechanism which signals the CSI-RS/RRH subset is needed. Dynamic also allows the possibility for the UE to recommend the CSI-RS/RRH subset – this leads to a new CSI feedback mechanism as well. 
· Alt-2: Semi-static is the simplest. In this case, Rel.10 mechanism can be re-used. To signal the RRH subset, some additional RRC-signalling capability is needed. 

· Alt2-1: The UE may not need to know which RRH subset is used – especially if the CSI-RS is UE-specific That is, the RRH subset is transparent to all the UEs.  

· Alt2-2: Alternatively, all the UEs may know all the RRHs and hence the UE needs to know the RRH subset. Then the RRH subset is RRC-signalled. This may lead to some further complication. 

Hence, Alt2-1 seems to be preferred.
· Alt-3: Combination of dynamic and semi-static signalling. The higher-layer RRC signaling configures a “semi-static” set of CSI-RS/RRH sets. Then, dynamic signalling is used to select a smaller subset from the semi-static subset, for which CSI is reported. This is analogous to Rel.10 PUSCH feedback for DL carrier aggregation, wherein an UL grant triggers PUSCH report for a selected set of CCs.
Since the RRH units are well distributed across the cell, it is expected that semi-static signaling of the RRH subset is sufficient in most scenarios encountered in practice. This is especially true when the cell is sufficiently large and/or the UE moves at a reasonable speed. An exception to this would be the high-speed train scenario where RRHs are deployed along a subway tunnel to provide reasonable coverage for a UE inside the subway. In this case, the UE moves at a very high speed (~350 kmph) and the RRH subset may change rapidly. 

2.2. Potential Rel.11 spec support

Related to CSI feedback enhancements, another enhancement opportunity comes for precoding. For instance, it was stipulated that a large number of RRH units (significantly larger than 8) can be used within one macro-cell. Furthermore, significant gain imbalance across RRHs is present which may imply that non-constant-modulus codebook could be beneficial. Hence, this may give rise to the need for some new precoding feedback codebooks.  For this matter, the following should be noted: 

· For most foreseeable applications, it is difficult to see why a subset of >8 RRHs is needed from coverage and capacity perspective. Considering the above, a maximum subset size of 8 should be large enough which is already well-supported in Rel.10.

· Having resolved the maximum size, the subset sizes should also be considered. 

a. For subset size of 1, 2, 4, and 8, Rel.8/9/10 codebooks can be reused. 

b. If other subset size is considered (e.g. 3, 5, 6, 7), we need to define new codebooks for those sizes. But it is unclear if we need such subset sizes. 

· While some gain imbalance may present, large gain imbalance can always be avoided via the RRH subset selection mechanism. Such gain imbalance is typically a long-term phenomena and hence can be well-compensated using a semi-static subset selection. Besides, it is unclear if allowing such large imbalance across the selected RRH units indeed offers significant performance gain in typical scenarios/configurations. Hence, the justification for non-constant-modulus codebooks is rather weak. 

Based on the above discussion, it seems that some codebook enhancement is needed only when RRH subset sizes other than 1, 2, 4, or 8 are needed. In this case, new codebook(s) need to be defined for the new RRH subset sizes (which correspond to the new number of CSI-RS antenna ports). 

3. DMRS 

The configuration of DMRS antenna ports is closely related to DL control signaling design for CoMP. This is discussed in a companion contribution [2].
4. Conclusions

In this contribution we discussed various issues related to reference signal configurations for Rel.11 CoMP. Our current views are summarized below:
· CoMP measurement set should include multiple CSI-RS subsets, each corresponding to a different RRH point. For a given UE, the eNB chooses a subset of all the available RRH units. Consequently, such RRH subset (a subset of all available RRH units) is UE-specific
· Using a semi-static configuration (via RRC) is preferred considering the trade-off between flexibility and complexity. One notable exception to this would be the high-speed train scenario.   

· CSI-RS parameter (port number, subframe offset, duty cycle, pattern index, and transmit power) is independently configured for each point. 
· There is no need to define new CSI-RS subset size (and hence codebooks), since sufficiently diverse subset sizes {1, 2, 4, 8} are supported in Rel.8/9/10. The justification for non-constant-modulus codebook due to the presence of gain imbalance is weak since RRH subset selection is possible. 
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