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1
Introduction
In this contribution we discuss aspects related to downlink reference signals for CoMP operation.  While Rel-10 already provides a solid framework of reference signals for CoMP and MIMO operation, there are a few issues that should be kept in mind, especially when it comes to Scenario 3 vs. 4 comparisons and operation with transmission modes (TMs) other than TM9. 
Other companion papers provide a high-level proposal on DL-CoMP schemes [1] as well as views on CSI feedback in support of CoMP/MIMO [2] and downlink control signaling [3].  For brevity, we will abbreviate “Scenario” as “Scn” in the following. 

2
Discussion
In our view, Rel-10 reference signals provide a solid framework for potential Rel-11 CoMP operation.  The fact that CSI-RS and DM-RS can be configured in a UE-transparent fashion enables flexible CoMP schemes that are transparent to the UE.  This enables flexible switching between CoMP and non-CoMP transmission schemes which is desirable from a system perspective.  Moreover, such a transparent UE design has already been an important design principle during CoMP and MIMO studies in the Rel-10 timeframe and in our view should continue to serve as guidance going forward. 
2.1
Transparency of CSI feedback to cell-ID configuration

An issue that has come up frequently in past discussions relates to differences between Scn-3 and Scn-4 when it comes CSI feedback and TM9 operation.  Most recently this topic has been a subject of discussion in the post-RAN1#66 email discussion on CSI feedback enhancements.  Despite the fact that the outcome of this discussion was that “performance of any feedback scheme is the same in CoMP scenario 3 and CoMP scenario 4 assuming Rel-11 allows the necessary specification support” [4] we would like to clarify some issues that were raised as part of this discussion. 
In our view, it is important to note that the cell-ID agnostic nature of CSI feedback in TM9 not only applies to per-point feedback but also to aggregate feedback.  Specifically, in the latter case it was mentioned that since the CSI-RS scrambling sequence is a function of the cell-ID, configuring aggregate feedback in Scn-3 may not be possible without specification change.  
We disagree with this assertion as it is important keep in mind that it has not been precluded that points may transmit CSI-RS signals that are scrambled with a cell-ID different from the one generally associated with that point.  In fact, this is analogous to the fact that RAN1 has certainly not precluded that a point may scramble PDSCH with a cell-ID other than its own (as would be needed for basic JT-operation). 
To support aggregated feedback in Scn-3, the configuration shown in Figure 1 may be used.  A UE1 that is associated with Cell 1 would be configured with a CSI-RS pattern that spans the antennas of both Cell 1 and Cell 2.  Cell 2 would transmit CSI-RS according to this configuration scrambled with the cell-ID of Cell 1 (note that the existing patterns and configurations of Rel-10 can be fully reused).  In order to avoid issues for UEs that are associated with Cell 2 (such as UE2 in the figure), Cell 2 would configure a zero-power CSI-RS pattern (occupying the same REs as the one used by Cell 1). 

It should be noted that the above behavior is consistent with Rel-10 specification and strictly speaking no change is necessary to enable the above operation.  It may be worthwhile to add a sentence in the specification though to clarify the above behavior and avoid any potential confusion.  
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Figure 1: Configuring aggregate feedback in Scn-3.
Observation: 
· CSI feedback in CoMP scenarios is transparent to the cell-ID configuration. 
· Both per-point as well as aggregate feedback can be supported transparently in Scn-3 and Scn-4 thanks to the UE-specific nature of CSI-RS and DM-RS. 
2.2
CoMP operation based on the CRS
While CoMP schemes are expected to generally build on the availability of CSI-RS and DM-RS, CoMP operation in transmission modes other than TM9 can also be envisioned.  In fact, we have observed in our evaluations that there is little gain associated with CoMP beam steering algorithms.  Consequently, the codebook-based precoding that has been supported in LTE as of Rel-8, is a viable alternative for CoMP schemes that focus on scheduling coordination.  It is especially attractive for 2Tx antenna setups in which the additional overhead of DM-RS may be avoided.  This would reduce the system overhead by approximately 10% which is non-negligible, especially considering the relatively small CoMP gains observed so far.  In line with the above CRS-based demodulation schemes, it may be worthwhile to consider CSI-RS based interference estimation algorithms in Rel-11.  
Proposal: 
· CoMP operation based on the CRS should also be investigated as it supports coordinated scheduling while benefiting from reduced overhead in typical 2Tx antenna deployments. 
3
Conclusions

In conclusion, this contribution has addressed aspects related to downlink reference signals for CoMP operation.  Our views and proposals can be summarized as follows: 
· CSI feedback in CoMP scenarios is transparent to the cell-ID configuration. Specifically, both per-point as well as aggregate feedback can be supported transparently in Scn-3 and Scn-4 thanks to the UE-specific nature of CSI-RS and DM-RS. 

· CoMP operation based on the CRS should also be investigated as it supports coordinated scheduling while benefiting from reduced overhead in typical 2Tx antenna deployments. 
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