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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 sets and associated parameters as well as their changes due to mobility and traffic dynamics. 

During RAN1#68bis, additional agreements were made and terminologies adopted, which may pave the way to develop next level details on DL control signalling requirements across RAN1 and RAN2. More specifically it was agreed that:
· CoMP Measurement Set may not be a subset of CoMP Resource Management Set.
· Interference Measurement Resources (IMRs) are configured for CSI-RSs in the CoMP measurement set. IMRs are one for all non-zero Power CSI-RSs or one for each.

· Number of active non-zero power CSI-RSs in CoMP measurement set is less than or equal to 2 or 3.
Further discussions on signalling requirements are needed to help RAN2 with development of most efficient designs. Towards this goal, in this contribution, we discuss DL control signalling framework that can be used for configuration of DL CoMP.

2
Discussion on the control signalling 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 Resource Management Set 
· CoMP 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 layer. 

More details on the functionalities required for DL control signalling for configuration of DL CoMP sets are provided below:

CoMP Resource Management Set: is a set of points for which CSI-RS based signal quality measurements (e.g. RSRP) are performed for CoMP. Such CSI-RS based measurements combined with other measurements (e.g. CRS based RRM measurement, UL SRS measurement etc.) can be used to determine the nearby transmission points to the UE.
CoMP Resource Management Set depend on how transmission points are configured in the deployment, so it  may be cell specific or at least not likely to change often and therefore can be configured through RRC signalling.  Such configuration can be realized using separate RRC signalling as part of CoMP initialization or as an extension of the existing RRM measurement configuration, in which CSI-RS resources are recognized as additional measurement objects. Details of such realization as well as measurement triggers and reporting options are expected to be discussed in RAN2.

Proposal 1: CoMP Resource Management Set may be cell or UE specific and can be configured at RRC level. 

The configuration of CoMP Resource Management Set should include basic configuration of non-zero power CSI-RS-resources associated with all candidate transmission points. However configuration of interference measurement resources (IMR’s) and feedback channels may be included or deferred to later phase for CoMP measurement set only.
. 
[image: image1.emf]CoMP Resource

Management Set

Other Candidate 

Cells/CSI-RSs 

CoMP Measurement Set

(2-3 Active CSI-RS’s)

CSI-RS Based 

RRM 

Measurement

Other 

Measurements:

CRS, SRS etc. 

CoMP Measurement 

Set Reconfiguration

eNB 

Decision


Figure 1: CoMP Resource Measurement Set and CoMP Measurement Set

CoMP Measurement Set: is a set of CSI-RSs for which UE can provide CSI feedback information to support downlink scheduling.  This set should be determined by eNB based on various factors, including but limited to CSI-RS based signal quality measurements on CoMP Resource Management Set, other CRS based RRM or SRS measurements and even traffic loading across transmission points etc. 

Proposal 2: Determination of CoMP Measurement Set based on RRM measurements, CSI-RS based signal quality measurements and other factors is eNB implementation. 

Once CoMP measurement set is determined it should be signalled to the UE.  In addition, if not provided in previous configuration, CoMP Measurement Set signalling should include any additional configuration needed for CSI-RS feedback, including Interference Measurement Resources (IMRs) and feedback channels.  This set is UE specific and is expected to change more dynamically than CoMP Resource Management set, e.g. due to traffic dynamics or users mobility. In order to accommodate frequent changes of CoMP measurement set MAC or DCI signalling should be considered for dynamic activation/deactivation of CoMP measurement set.
Proposal 3: CoMP Measurement Set is configured by RRC and may be dynamically activated or deactivated by MAC or DCI signalling.

Cooperating Set: is a subset of CoMP 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 signalling the Cooperating Set is not clear. Hence, an indication of Cooperating Set to the UE may not be needed. 

Proposal 4: 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 signalled to the UE due to transparency of the precoding, however for Scenarios 1-3 (employing distinct PCIs) an explicit indication of the transmission cell set may be useful. For example, for DPS CoMP scheme the explicit signalling of the transmitting cell may be needed to enable correct decoding of PDSCH (e.g. due to Cell ID dependent CRS frequency shift, 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 [3]. Once the transmitting cell is indicated, the UE may use cell specific information configured by RRC to derive the desired rate matching pattern. Some reuse of FeICIC signalling currently discussed by RAN1 may be desirable to minimize the specification changes. 
Proposal 5: For some CoMP schemes like DPS where UE need to be informed about the transmitting cell, a DCI based approach, i.e. cell indication on PDCCH, can be used to dynamically allocate resources across such cells and avoid collision with CRS. RRC signalling of FeICIC used to indicate cell specific information may be reused to minimize the specification changes.
Table 1 summarizes the signalling requirement for different CoMP sets.

Table 1: DL control signaling of CoMP sets

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

	CoMP Resource Measurement Set
	RRC
	Cell specific or UE specific
	Measurement Configuration for CSI-RS based RRM measurement 

	CoMP measurement set
	RRC/MAC
	UE specific
	CSI-RS, IRM and Feedback Configuration  along with CSI-RS Index’s to be Reported

	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 Measurement Set and transmitting points set may change dynamically. Therefore, the signalling framework should also support dynamic changes in CSI-RS measurements sets after CoMP transmissions starts.
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 Resource Management Set may be cell or UE specific and can be configured at RRC level. 

Proposal 2: Determination of CoMP Measurement Set based on RRM measurement and other factors is eNB implementation. 

Proposal 3: CoMP Measurement Set is configured by RRC and may be dynamically activated or deactivated by MAC or DCI signalling.
Proposal 4: Cooperating set is determined by the eNB, but may be transparent to the UE.

Proposal 5: For some CoMP schemes like DPS where UE need to be informed about the transmitting cell, a DCI based approach, i.e. cell indication on PDCCH, can be used to dynamically allocate resources across such cells and avoid collision of PDSCH with CRS. RRC signalling of FeICIC used to indicate cell specific information may be reused to minimize specification changes.
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