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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 Release 11. Based on the approved TR [2], CoMP feature in Release 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 proper configuration of CoMP parameters and their changes due to mobility and traffic dynamics. In this contribution, we discuss DL control signaling framework that can be used for configuration of DL CoMP.
2. Discussion on the control signaling for DL CoMP
Effective realization of CoMP feature requires proper handling of various CoMP sets, configuration of relevant transmission points and defining uplink feedback mechanisms. Based on agreements in CoMP TR [2] the following CoMP sets should be considered:
· (CoMP) RRM Measurement Set

· CoMP (CSI) Measurement Set

· Cooperating Set

· Transmission Points Set
In principle, some of these sets can be configured as cell-specific and some as UE-specific. In addition, some sets can be configured or changed at the RRC level while others may be changed more dynamically at the MAC or PHY layers. More details on the functionalities required for DL control signaling for configuration of DL CoMP sets are provided below:
· CoMP RRM Measurement Set: is a set of points for which RRM type of measurement (e.g. RSRP) is performed. The RRM type of measurements is reported on the long-term basis and conveys information on the nearby transmission points to the UE. When there is no other initial information other than serving Cell ID, a cell-specific configuration of CoMP RRM measurement set should be used. CoMP RRM measurement set is not expected to change dynamically and therefore can be configured through RRC signaling, e.g. as part of CoMP initialization. Since control information on CoMP RRM measurement set should contain sufficient information for UE to evaluate candidate transmission nodes, a configuration of CSI-RS-resources should also be signaled (especially for scenario 4). Additionally some other cell specific parameters (e.g. frame configuration, CRS, MBSFN subframes, CFI) may also be provided for the UE to facilitate a more efficient operation of CoMP modes. The RRC measurement reports with CoMP RRM measurements results may be sent by the UE if a predefined event trigger criterion is met (e.g. when RSRP is within X dB range comparing to the best RSRP). It should be noted that alternative mechanisms to collect RRM type of measurements at the eNB can be used. For example eNB may configure periodical transmission from the UE (e.g. SRS, PUCCH). In this case the direct CoMP RRM reports from the UE are not needed, however some changes in SRS configuration may be needed to be used for more optimal support of CoMP.
Proposal 1: CoMP RRM measurement Set is cell specific and can be configured at RRC level. 

· CoMP CSI Measurement Set: is a subset of CoMP RRM Measurement Set, for which UE provides CSI feedback information. Since the CoMP CSI measurement set is expected to change more dynamically than CoMP RRM measurement set, e.g. due to users mobility and traffic dynamics,  activation of CoMP CSI Measurement Set can be performed through MAC layer signaling, i.e. using MAC CEs. The MAC layer signaling can be designed such that CSI feedback measurement for one or more CSI-RS-resources of CoMP RRM Measurement Set can be activated or deactivated at once. For example, MAC CE can carry a bitmap where bit positions map to the configured RRM Measurement Set according to their index.
Proposal 2: CoMP CSI Measurement Set is UE specific and may be dynamically set and changed at RRC or MAC layer.
· Cooperating Set: is a subset of CoMP CSI Measurement Set as determined by eNB’s scheduling decision. Since the cooperating set may include the nodes which don’t transmit PDSCH, the advantages of signaling the Cooperating Set is not clear. Hence, an indication of Cooperating Set to the UE may not be needed. 

Proposal 3: Cooperating set is determined by the eNB but may be transparent to the UE.
· Transmission Points Set: is a subset of Cooperating Set and defines the point(s) that transmits PDSCH to the UE. For DM-RS based transmission mode the Transmission Point Set may not be signaled to the UE due to transparency of the precoding, however for Scenarios 1-3 (employing distinct Cell IDs) an explicit indication of the transmission cell set may be useful. For example, for DPS CoMP scheme the explicit signaling of the transmitting cell may be needed to enable correct decoding of PDSCH (e.g. due to Cell ID dependent frequency shift for CRS, the order of PDSCH mapping within PRB may be different for different cells). The explicit indication of the transmitting cell can be supported, for example, by using cell indication field of DCI. Once the transmitting cell is indicated, the UE may use cell dependent information configured as a part of CoMP RRM Measurement Set configuration.
Proposal 4: For some CoMP schemes like DPS where UE need to be informed about the transmitting cells, a PHY layer approach, i.e. cell indication on PDCCH, can be used to dynamically allocate resources across such cells.

Table 1 summarizes the signaling requirement for different CoMP sets.

Table 1: DL control signaling of CoMP sets

	
	Signalling layer
	Type of information/parameter
	Examples of Information/parameters

	CoMP RRM measurements set
	RRC
	Cell specific or UE specific
	CSI-RS-resources for each cell and other parameters needed for RRM measurements and feedback

	CoMP CSI measurement set
	RRC/MAC
	UE specific
	Indexes of CSI-RS-resources to be used for feedback

	Cooperating set
	X2
	Transparent to UE
	TBD

	Transmitting set
	PHY
	UE specific
	May use cell indication of the transmitting (activated) cell, e.g. for DPS


Once the CoMP measurement set is defined and CoMP transmissions start, as the UE moves CoMP CSI measurement set and transmitting points set may change dynamically. Therefore, the signaling framework should also supports dynamic changes in CSI-RS measurements sets after CoMP transmissions starts.
Proposal 5: The MAC/RRC signalling used for CoMP configuration should take into account dynamic changes in UE-specific CoMP measurements set and transmission point set after CoMP transmissions start. 

To illustrate the management of CoMP sets a hybrid deployment of CoMP Scenarios 3 and 4 is considered. In this example, shown in Figure 1, the CoMP set includes 3 high TX power nodes (macro cells) and 12 low power nodes, where each 4 of them have the same Cell ID as the corresponding overlay high TX power node. It is assumed that UE is associated with high TX power node (with Cell ID 0) for which cell-specific CoMP RRM measurement set is defined. In this example the configured CoMP RRM measurement set for high TX power node with Cell ID 0 includes 3 high TX power nodes (macro cells) of the same eNB and 4 low power nodes of the same Cell ID as serving cell. The nodes of CoMP RRM measurement set are highlighted in yellow. As a part of CoMP RRM measurement configuration the CSI-RS parameters of the corresponding nodes are signaled using RRC messaging. Other parameters such as MBSFN subframe configuration, CFI, CRS, etc for other cells are also configured, e.g. through RRC. Once eNB receives the CoMP RRM measurements or SRS transmission from the UE, a COMP CSI measurement set is activated through an RRC/MAC mechanism, e.g. a MAC CE with bitmap, indicating CSI-RS-resources for which CSI measurements should be performed. The nodes of the configured CoMP CSI measurement set are highlighted in red. Once CSI feedback information is reported by the UE, the eNB makes scheduling decisions that define CoMP Cooperating Set. As also shown in Figure 1, this set includes high TX power node performing resource blanking and low TX power transmitting PDSCH. Finally, the transmitting cell is indicated in PDSCH scheduling grant to enable correct PDSCH demapping at the UE. 
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 Figure 1: Illustration of CoMP set management
3. Conclusions
In this contribution DL control signaling that can be used for configuration of DL CoMP set is discussed and the following proposals are made:

Proposal 1: CoMP RRM measurement Set is cell or UE specific and can be configured at RRC level. 

Proposal 2: CoMP CSI Measurement Set is UE specific and may be dynamically set and changed at RRC or MAC layer.
Proposal 3: Cooperating set is determined by the eNB but may be transparent to the UE.

Proposal 4: For some CoMP schemes like DPS where UE need to be informed about the transmitting cells, a PHY layer approach, i.e. cell indication on PDCCH, can be used to dynamically allocate resources across such cells.

Proposal 5: The MAC/RRC signalling used for CoMP configuration should take into account dynamic changes in UE-specific CoMP measurements set and transmission point set after CoMP transmissions start. 
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