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1. Introduction

In RAN#53 the study item for Coordinated Multi-Point (CoMP) was completed and the corresponding CoMP WI [1] was approved as one of priority features for Rel-11. Based on the approved TR [2], CoMP feature in Rel-11 should support all CoMP scenarios and DPS, JT, CS/CB CoMP schemes. One of the key aspects of CoMP standardization is the control and signalling mechanisms needed for CoMP configuration. Different levels of control signalling may be considered for CoMP including RRC, MAC and PHY layers messages. 
As PHY layer signalling has direct impact on UE implementation the issue of DCI to support CoMP should be considered with high importance. In this contribution we discuss our views on usage of DCI for DL CoMP.
2. Discussion on DCI content for CoMP schemes
There are two areas where DCI content may be considered, namely aperiodic triggering and transmitting cell indication as described in the following:
Aperiodic feedback triggering:
As discussed in [3] aperiodic feedback should be supported for CoMP as it offers higher payload size and enables CSI feedback triggering on per demand basis. Typically aperiodic triggering is carried out by means of physical layer signaling, i.e. using DCI. To facilitate aperiodic feedback for multiple CSI-RS resources in CoMP measurement set a special ‘CoMP CSI request’ field can be introduced.
For example, if there are two CSI-RS resources in the CoMP Measurement set, a 2 bit “CoMP CSI Request” can be used to select one, the other or both CSI-RS resources to be used for feedback. In case of more than 2 CSI-RS resources in the CoMP measurements set a grouping approach can be used, where grouping of CSI-RSs are defined through RRC signaling and used in DCI. In this case, the example of 2 bits ‘CoMP CSI request’ field can be more generically  shown in Table 1 assuming 2 groups of CSI-RS resources in the CoMP measurement set are configured. In this case CSI-RS feedback can be requested for one, the other or both CSI-RS resource groups. 
Table 1: Example of DCI field for aperiodic feedback triggering
	CoMP CSI request field
	Feedback triggering on


	00
	Reserved 

	01
	CSI-RS resource group 1

	10
	CSI-RS resource group 2

	11
	CSI-RS resource group 1 and 2


The principle above of requesting CSI feedback for multiple CSI-RS resources is similar to aperiodic CSI feedback triggering for the group of different carriers in CA. The difference is that CSI-RS resource (or set of CSI-RS resources) in CoMP measurement set is triggered for CSI feedback instead of serving cells in CA.
Proposal #1: ‘CoMP CSI request’ field is needed in DCI to enable aperiodic triggering of CSI feedback for DL CoMP.
Transmitting cell indication:
Transmitting cell(s) indication in DCI can be useful to handle CRS to PDSCH collision problem in JP (JT and DPS) CoMP schemes on dynamic basis. More specifically for JT CoMP the set of transmitting cells can be signaled in DCI to indicate the instantaneous rate matching pattern when RE muting scheme is used to mitigate CRS to PDSCH collision. The transmitting cells indication is also needed for other CRS to PDSCH collision mitigation techniques such as CRS cancelation receiver [4].
The explicit transmission cell indication in DCI can be used to fully avoid the need of REs muting in DPS CoMP scheme, and therefore substantially increasing efficiency of DPS scheme in CoMP scenarios 1, 2, 3. The importance of using such signaling for DPS becomes especially important if TM4 based CoMP scheme is adopted. In addition to the CRS to PDSCH collision avoidance, the knowledge of the transmitting cell in this case is also used to indicate the specific CRS that should be used for demodulation. To facilitate dynamic transmitting cell indication, a special ‘CoMP CIF’ field in DCI can be introduced. 
The example of 2 bits ‘CoMP CIF’ signaling is shown in Table 2 assuming up to 4 possible transmitting cells by cell index as configured by RRC.

Table 2: Example of DCI field for transmitting cell indication in CoMP
	CoMP CIF 
	Transmitting cell

	00
	Cell0

	01
	Cell1

	10
	Cell2

	11
	Cell3


The principle of indicating the transmitting cell is similar to cross-carrier scheduling in CA, where CIF field is used for scheduling on one of the activated carriers. The difference is that in DL CoMP the cross cell scheduling is performed on the cells of the same frequency.
Proposal #2: A ‘CoMP CIF’ type of the field is needed in DCI to dynamically indicate transmitting cell for DL CoMP.
In principle to avoid DCI format changes, the ‘CSI request’ and ‘CIF’ fields introduced for carrier aggregation can be reused for DL CoMP. However such reuse may imply that CA will not be used with DL CoMP simultaneously, which is not desirable as CA and CoMP are complimentary enhancements (e.g. cell edge throughput and peak throughput improvement). In order to address the issue of CA and DL CoMP co-existence, different design options (e.g. [5]) can be further evaluated and considered once RAN1 decide to introduce ‘CoMP CI request’ and ‘CoMP CIF’ type of the fields. 
Conclusions

In this contribution we have discussed physical layer signaling to support DL CoMP. It has been observed that DCI signaling requirement for DL CoMP and CA share some similarities. In particular it has been found that ‘CSI request’ and ‘CIF’ type of the fields should be introduced for DL CoMP to facilitate support of aperiodic CSI feedback triggering and dynamic indication of the transmitting cells for CRS to PDSCH collision avoidance techniques and TM4 based CoMP schemes. The proposals can be summarized as follows:
Proposal #1: ‘CoMP CSI request’ field is needed in DCI to enable aperiodic triggering of CSI feedback.

Proposal #2: ‘CoMP CIF’ field is needed in DCI to enable dynamic transmitting cell indication for DL CoMP.

In principle to avoid DCI format changes, the ‘CSI request’ and ‘CIF’ fields introduced for carrier aggregation can be reused for DL CoMP. However such reuse may imply that CA will not be used with DL CoMP simultaneously, which is not desirable as CA and CoMP are complimentary enhancements (e.g. cell edge throughput and peak throughput improvement). In order to address the issue of CA and DL CoMP co-existence, different design options (e.g. [5]) can be further evaluated and considered once RAN1 decide to introduce ‘CoMP CSI request’ and ‘CoMP CIF’ type of the fields. 
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