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1
Introduction
This contribution provides our views on downlink control signaling aspects for CoMP.  While the details of control signaling will depend on the outcome of ongoing discussions on CSI feedback, we believe it is important to build on the proven design principles of previous releases that targeted a UE-transparent operation to the maximum extent. 
Feedback-related topics are discussed in [1]-[5].  Other companion papers address interference measurement [6], CSI-RS RSRP [7], [8], as well as downlink reference signals [9].
2
Signaling changes to support CoMP
Although some aspects of the feedback design still remain to be agreed, the overall CoMP framework is taking shape and allows for initial discussions regarding CoMP control signaling. 

2.1
DCI formats

In our view, it is important to proceed based on the proven design principles of previous releases, which strove for transparency and limited the number of DCI formats to the smallest number possible.  A good example for this design guideline is Rel-10 MU-MIMO operation.  The co-scheduling of multiple UEs on the same time/frequency resources can be entirely transparent to the UE, and a single DCI format supports the corresponding TM9 transmission mode. 

We envision that similar design principles will also prove valuable in Rel-11.  At this point, based on recent agreements on CoMP feedback and reference signals, it does not seem necessary to introduce a new DCI format.  However, if the addition of a new DCI format is found necessary, a single new DCI format should be targeted. 
Proposal 1: 

· Reuse DCI format 2C without any changes

· If addition of a new DCI format is necessary, a single new DCI format should be targeted for CoMP operation
2.2
CSI-RS resource related signaling

In spite of ongoing discussions on defining a CoMP feedback framework, several working assumptions have been made at previous meetings that may have implications on the downlink control signaling.  Most of the issues discussed so far primarily impact RRC configuration, such as being able to configure a “virtual cell-ID” in place of a UE’s actual serving cell for purpose of DM-RS and/or CSI-RS scrambling.  Such changes appear straightforward and are not expected to have notable control signaling implications. 

In addition to changing semi-statically configured parameters, we anticipate that CoMP feedback may benefit from adding a limited amount of dynamic signaling.  For example, with regard to CSI feedback, we see some benefits in being able to semi-statically configure a set of CSI-RS resources among which feedback reports can be dynamically triggered.  Such functionality may be especially useful in the context of aperiodic feedback reporting. Note that this is already possible with reusing the 2-bit report triggering format in DCI 0/4.
Proposal 2: 

· Signaling related to new CSI-RS resource configurations are expected to mainly impact RRC and should therefore not have a major impact on downlink control signaling

· A limited amount of dynamic signaling should be considered to complement semi-static configurations.  For example, for aperiodic feedback dynamic triggering of feedback reporting based on a subset of semi-statically configured CSI-RS resources should be considered based on reusing the existing 2-bit trigger. 
2.3
CRS-based CoMP operation

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 evaluations that there is little gain associated with CoMP beam steering algorithms [10].  Consequently, the codebook-based precoding, which 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 thus 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 Rel-10, CSI-RS was introduced in TM9 but it is not available for any of the other transmission modes.  In Rel-11, it is beneficial to consider decoupling CSI-RS from TM9 with the objective of allowing CSI-RS based feedback for TMs other than TM9.  In particular, it seems desirable to allow CSI-RS based feedback but CRS-based demodulation, for example by reusing TM4 procedures except for CSI feedback.  
Supporting CSI-RS based feedback but CRS based demodulation need not have a significant control signaling impact.  For example, if coordinated scheduling is targeted based on the existing Rel-10 codebooks as discussed above, no impact on control signaling is expected.  For other CoMP schemes, some changes to downlink control signaling would be needed to inform the UE which cell’s CRS (or which combination of CRSs) to use for demodulation.  The impact associated with such additional control signaling is limited though and the specifics of the signaling could be aligned with carrier aggregation.  Further, it is not necessary that all types of CoMP schemes support CRS-based demodulations as DM-RS based CoMP transmission would also be available.  This could further limit the specification impact.  
Proposal 3: 
· Support CRS-based demodulation for CoMP as an attractive way of reducing system overhead, especially for 2Tx antenna deployments

· Consider CSI-RS based feedback reporting but CRS-based demodulation to benefit from Rel-11 enhancements such as improved interference estimation.  Except for feedback, reuse TM4 procedures.  
3
CoMP transmission mode

In Rel-11 the specification of CoMP is bringing changes primarily to CSI feedback reporting.  The framework of per-CSI-RS-resource feedback and the introduction of the concept of interference measurement resource (IMR) may be considered as cornerstones of CoMP operation. 
Supporting the above concepts in Rel-11 specification may be accomplished in two ways: 
· Alt-1: Modify TM9 operation to include the above concept, e.g., by introducing additional configuration parameters. 

· Alt-2: Introduce a new transmission mode, TM10.  Do not modify TM9 operation. 

In our view Alt-2 is easier to implement from a specification viewpoint and avoids any potential confusion between Rel-10 TM9 and Rel-11 CoMP operation. 

Proposal 4: 

· Introduce a new transmission mode, TM10, to support CoMP in Rel-11. 

4
Conclusions

In this contribution, we have discussed control signaling aspects and made the following observations and proposals: 
DCI formats

· Reuse DCI format 2C without any changes

· If addition of a new DCI format is necessary, a single new DCI format should be targeted for CoMP operation

CSI-RS resource related signaling

· Signaling related to new CSI-RS resource configurations are expected to mainly impact RRC and should therefore not have a major impact on downlink control signaling

· A limited amount of dynamic signaling should be considered to complement semi-static configurations.  For example, for aperiodic feedback dynamic triggering of feedback reporting based on a subset of semi-statically configured CSI-RS resources should be considered based on reusing the existing 2-bit trigger. 

CRS-based CoMP operation

· Support CRS-based demodulation for CoMP as an attractive way of reducing system overhead, especially for 2Tx antenna deployments

· Consider CSI-RS based feedback reporting but CRS-based demodulation to benefit from Rel-11 enhancements such as improved interference estimation.  Except for feedback, reuse TM4 procedures.  

CoMP transmission mode

· Introduce a new transmission mode, TM10, to support CoMP in Rel-11. 
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