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1
Introduction
In this contribution we present our views on Rel-11 CSI-RS configuration in support of downlink CoMP.  Besides the configuration of CSI-RS resources itself, we also propose feedback related signaling aspects.  With regard to transmission point or measurement set  selection we do not see a need to define CSI-RS based measurement procedures, as RSRP and/or uplink sounding already provide adequate support. 
Companion papers discuss CSI-RS based interference estimation in more detail [1].  Views on DM-RS configuration are provided in [2] and feedback related aspects are addressed in [3], [4]. 
2
Configuration of CSI-RS resources in Rel-11

The ability to configure multiple non-zero power CSI-RS resources was recognized as an important building block of CoMP functionality in Rel-11.  At RAN1#66bis a working assumption was agreed that formalized this understanding: 
Allow multiple non-zero-power CSI-RS resources to be configured to a Rel-11 UE by dedicated signalling at least for CSI feedback.
In this section we address several issues related to the configuration of CSI-RS resources.  How to use multiple CSI-RS resources for feedback reporting purposes is addressed in Section 3. 

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 to CSI feedback and TM9 operation.  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” [5] 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 1: 
· 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
CSI-RS scrambling sequence initialization in Rel-11
In Rel-10, the CSI-RS scrambling sequence is initialized by 
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 denotes the UE’s serving cell’s cell-ID [6].  Similar to the DM-RS, the CSI-RS scrambling is therefore tied to a UE’s serving cell-ID.  In Rel-11, it could be considered to relax this linkage  and allow this value to be semi-statically configured as part of the CSI-RS configuration.  Similar to the ongoing discussions on the DM-RS, this would lead to
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may take values of any configurable cell-ID and effectively acts as a “virtual cell-ID.”  

Besides increasing flexibility in Scn-4, the above would also enable aggregate feedback within a CSI-RS resource (as discussed in Section 2.1) without having to rely on zero-power CSI-RS resource configurations.  

3
CSI-RS based feedback reporting

CoMP feedback will be facilitated by allowing for multiple non-zero power CSI-RS resources.  Detailed signaling proposals will depend on the outcome of the discussions on feedback frameworks.  For example, as we pointed out in [3], the CSI-RS resources from non-serving points may be viewed as indicative of interference conditions (to facilitate coordinated scheduling) or of alternative serving hypotheses (to facilitate dynamic point selection). 
3.1
Dynamic selection of CSI-RS resources for feedback reporting

Regardless of the outcome of feedback related discussions, we propose to consider a combination of dynamic and semi-static signaling of CSI-RS resources.  For example, it seems beneficial to allow semi-statically configuring a set of CSI-RS resources among which a subset can be dynamically selected for purpose of CSI feedback reporting.

Dynamic triggering of certain CSI-RS resources for feedback reporting appears well suited for aperiodic feedback in which the dynamic signaling aspects could be incorporated into the grant that triggers the aperiodic report.  In this way, the network could request CSI information on a per-demand basis for multiple points without having to change the entire CSI-RS configuration. 

For periodic feedback, UE-based selection of CSI-RS resources could be envisioned.  For example, a UE may be signaled several CSI-RS resources among which it chooses a subset for feedback reporting.  A similar reporting procedure as for UE-subband selection in PUCCH 2-1 could be envisioned for this purpose. 

Proposal 1: 

· For aperiodic feedback, dynamic triggering of feedback reporting based on a subset of semi-statically configured CSI-RS resources should be considered
· For periodic feedback, UE-selection of which CSI-RS resources to report should be considered. 
3.2
CSI-RS based transmission point or measurement set selection

Several companies proposed to consider introducing CSI-RS based reporting procedures for transmission point or CoMP measurement set selection.  Effectively this would require to define new procedures for computing a metric similar to RSRP but based on CSI-RS instead of CRS. 

In our view, such additional procedures are unnecessary as the existing RSRP measurements and/or uplink sounding can already be used for this purpose.  For Scn-4, where the RSRP would be indicative of a composite channel and can therefore not be used for transmission point selection, proponents have argued in the past that SRS based transmission point selection provides adequate results [7].  Consequently, there seems to be no need for additional procedures in this area. 
Proposal 2: 

· Adequate methods are in place for transmission point or measurement set selection. Additional CSI-RS based measurement procedures are therefore not needed. 

4
Conclusions

In this paper we have considered CSI-RS configuration and signaling in support of downlink CoMP.  Our views and proposals can be summarized as follows: 
· 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. 
· For aperiodic feedback, dynamic triggering of feedback reporting based on a subset of semi-statically configured CSI-RS resources should be considered

· For periodic feedback, UE-selection of which CSI-RS resources to report should be considered. 

· Adequate methods are in place for transmission point or measurement set selection. Additional CSI-RS based measurement procedures therefore need not be defined. 
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