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1 
Introduction
It has been concluded in the CoMP Study Item phase [1] that:
Following the observations on CoMP performance benefits, which are based on the evaluations of coherent joint transmission, coordinated scheduling/beamforming, dynamic point selection, and dynamic point blanking, the work for specifying CoMP support in Rel-11 should focus on

-
Joint transmission

-
Dynamic point selection, including dynamic point blanking

-
Coordinated scheduling/beamforming, including dynamic point blanking

One working assumption was agreed in the RAN1 #66bis meeting for CSI-RS in rel-11: 

· 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 contribution we discuss potential updates to the CSI-RS design especially issues concerning CSI-RS sequences and mapping to physical resources. Further considerations related the performance of different feedback types is available in [feedback paper].
2 
Transmission of CSI-RS
One of the design objectives of Rel-10 CSI-RS design was to insure forward compatibility so that potential CoMP features introduced in later releases could be supported without requiring non-backwards compatible changes to the design. 
The final design agreed is very flexible and versatile. Basically CSI-RS pattern can cover 40 RE/sub-frame/PRB, equivalently, 40 ports have been defined for FDD, thus 5 reuse patterns have been defined for 8 Tx, and 10 reuse patterns have been defined for 4 Tx, and 20 reuse patterns have been defined for 2 Tx. Also TDM resource allocation through subframe offset can be used to create even higher reuse factors, e.g. if the duty cycle is 10ms, then in theory, there are 10 offsets to be used. Therefore, around 50/100/200/200 reuse patterns can be found from time and frequency domain for 8/4/2/1 number of transmit antenna (CSI-RS ports). Such frequency reuse number is very big already. Furthermore, CSI-RS is not dedicated to any UE, therefore, frequency reuse is mainly used to separate Tx points. With UE specific multiple CSI-RS resource configurations, it is allowed to build multiple mutually orthogonal CSI-RS within one cell using the different CSI-RS patterns. The large number of combinations of CSI-RS patterns and subframe offsets makes Rel-10 CSI-RS design suitable also for supporting Rel-11 CoMP measurements.

Observation 1: Even considering the needs of CoMP scenario 4 the R10 CSI-RS design should provide sufficient orthogonal resources with multiple UE specific CSI-RS configuration supported. 
Another way to allow more spatial reuse for scenario 4 is to create more quasi-orthogonal resources, a typical way is to make the CSI-RS sequence cell agnostic, in another word, within one cell it is possible to transmit different CSI-RS sequence in the same CSI-RS resource. By doing so, multiple CSI-RS sequences within one cell are corresponding to multiple mutually quasi-orthogonal resources. The drawback of such design is that its non-backwards compatible, as Rel.10 can only recognize the cell specific CSI-RS sequence, and CSI-RS is typical shared by multiple UEs. And more importantly, the benefit is not very significant especially considering there is already enough number of orthogonal frequency reuse pattern existed in Rel.10 CSI-RS design. 
Observation 2: Rel-10 CSI-RS design provides enough flexibility on the transmission of CSI-RS ports for supporting all relevant CoMP schemes in scenario 1-4.
Proposal 1: No need to make CSI-RS sequence generation cell agnostic, current Rel.10 cell-specific sequence generation should be maintained as it is. 
Meanwhile, we also realize that enhancements related to CSI measurements are needed for Rel-11 CoMP but these enhancements are related to how to handle the UE specific configuration of CSI measurements and not related to the transmission of CSI-RS, see the discussion in the next section.
3 
Configuration of CSI-RS based channel measurements
The CSI-RS working assumption agreed in RAN1#66bis is related to how configuration of CSI-RS based channel measurements should be handled

· Allow multiple non-zero-power CSI-RS resources to be configured to a Rel-11 UE by dedicated signalling at least for CSI feedback.
The definition of CSI-RS resource was also agreed during RAN1#66bis as follows:

Definition: “CSI-RS resource” here refers to a combination of “resourceConfig” and “subframeConfig” which are configured by higher layers. 

So a CSI-RS resource is essentially the definition of the set of CSI-RS ports used for a CSI-RS measurement (or PDSCH puncturing).

Having more non-zero-power CSI-RS resources configured allows the UE to potentially make multiple CSI measurements in parallel or to measure a combination of CSI-RS ports not supported in Rel-10. Still, with the current definition, the CSI-RS resource could only come from own cell because there is no reference to which cell is included to the definition of the CSI-RS resource. That means any inter-cell CoMP schemes are not supported. Including indication of which cell the CSI-RS resource is belonging to, will enable the UE to derive the CSI-RS sequence and make an actual measurement using that resource (current CSI-RS sequence generator is using cell id as input). This leads us the following proposal:
Proposal 2: The definition of CSI-RS resource should include an indication of which cell and thus implicitly indicate which sequence is used to transmit the CSI-RS resource.
Allowing for CSI feedback from multiple CSI-RS resources potentially from neighbor cells we need also to consider whether the implicit PDSCH muting on non-zero power CSI-RS resources should be carried over to R11 without changes. In Rel-10 PDSCH is by default punctured on CSI-RS resources, this really the only option because the eNB is transmitting the CSI-RS ports. However when multiple CSI-RS resources are configured, potentially from different cells or different transmission points, it may not be always needed to puncture the PDSCH transmission on these REs. Whether PDSCH is muted or not on the REs taken up by a non-zero-power CSI-RS resource could be included in the configuration of the resource.
Proposal 3: Consider the need for allowing configuration of a non-zero-power CSI-RS resource which does not imply PDSCH puncturing on the referenced REs.

In Rel-10 a CSI-RS resource corresponds to one CSI measurement. It seems natural to maintain such a principle for Rel-11 design as a CSI measurement can to some extent be implicitly defined when the CSI-RS resource is known.
The possibility of supporting aggregating CSI-RS resources to do a CSI measurement across multiple CSI-RS resources has been discussed extensively in previous meetings. Resource aggregation is mainly needed for support of fully flexible joint transmission where a CSI-RS resource from one transmission point needs to be aggregated with a different resource depending on the exact neighbor point in the CoMP measurement set.
Observation 3: Supporting configuration of one CSI measurement across multiple CSI-RS resources requires significantly more complex measurement configuration signaling.

For coordinated scheduling and dynamic point selection CSI-RS resource aggregation is not needed because per point feedback is sufficient and defining a CSI-RS resource for each point is already supported. Moreover simple joint transmission can be operated with per point feedback if inter-point phase is not required and we rely on eNB CQI calibration and prediction to estimate the joint transmission CQI. In the end it's a question of UE feedback complexity versus system performance and it is important to evaluate carefully whether such significant increase in complexity could be justified by the performance gain. For further considerations on this issue see the paper [cqi feedback paper]
Proposal 4: Support for aggregated feedback leads to significant increase in system complexity and should be justified by substantial performance improvements.
3 CSI measurement configuration for intra-cell CoMP
One issue related to CoMP scenario 4 is that UE mobility among transmission points under the same cell id is not supported by the traditional LTE mobility mechanisms. On the other hand clusters of transmission points under same cell id are not expected to be very large for some time to come nor are they expected to appear very often. There is thus no need to reconsider LTE mobility and the use of cells as the main unit for mobility management. Rather there is a need to find a simple solution with limited standard impact for the case where a few transmission points are regrouped under the same cell id.
One solution already proposed by a number of companies is to rely on eNB measurements of uplink transmissions to track the UE mobility. This is a feasible approach which can be implemented without further changes to the standard. As the eNB is anyway in control of when and where uplink transmissions happens it would also be possible to ensure that uplink transmissions are done often enough that connection can be maintained without problems.
Proposal 5: Intra-cell mobility among transmission points under the same cell id to be handled in standard transparent way by eNB measurements of uplink transmissions from the UE.
Moreover when UEs are moving among transmission points under the same cell id, the mobility related signalling  is mainly needed to  reconfigure the CSI measurement so that CSI from the best transmission point is always available. 

In one example, to manage such mobility related CSI measurement reconfiguration, the eNB configures a relatively large measurement set and requires the UE to select a feedback set, e.g. UE to feedback some Transmission Set Indicator to inform eNB that one or more elements in the measurement set has been selected. That can help eNB to ensure optimal performance for downlink transmission.
Proposal 6: Consider supporting UE selected feedback set to assist the eNB in reconfiguring CSI measurements.
4 
Conclusion
In this paper, we provide our considerations for CSI-RS for CoMP in rel-11 and we have the following proposals:
Proposal 1: No need to make CSI-RS sequence generation cell agnostic, current Rel.10 cell-specific sequence generation should be maintained as it is. 
Proposal 2: The definition of CSI-RS resource should include an indication of which cell and thus which sequence is used to transmit the CSI-RS resource.
Proposal 3: Consider the need for allowing configuration of a non-zero-power CSI-RS resource which does not imply PDSCH puncturing on the referenced REs.

Proposal 4: Support for aggregated feedback leads to significant increase in system complexity and should be justified by substantial performance improvements.
Proposal 5: Intra-cell mobility among transmission points under the same cell id to be handled in standard transparent way by eNB measurements of uplink transmissions from the UE.

Proposal 6: Consider supporting UE selected feedback set to assist the eNB in reconfiguring CSI measurements.
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