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1 Introduction 
DL control signaling is essential for communication between eNB and UEs to enable CoMP operation.  DL control signaling includes RRC signaling, MAC protocol, and physical layer signaling, such as broadcast and PDCCH. This contribution provides our initial view on downlink control signalling for CoMP transmission. More detailed discussion is still ongoing from different aspects of CoMP operation which will eventually impact control signalling design, for example, CoMP measurement set management, periodic and aperiodic feedback, etc.  
2 Discussions

DL control signaling for CoMP could be designed in different protocol layers depending on the time sensitivity of the control signaling information. If the DL control information needs to be sent in a timely manner to dynamically configure the CoMP system parameters, the signaling needs to be in physical layer.  If the control signaling would change the CoMP configuration without urgency, the signaling could be included in the higher layer signaling.   
2.1 Alternatives in Design principles of CoMP control signalling design for CoMP
The semi-static aspects of control signaling for CoMP system configuration can be included in higher layer RRC signalling.  CoMP system parameters that need to be adapted dynamically should have control signaling in the DCI for UE specific parameters or in the broadcast channel for cell specific control information. 
For physical layer control signaling, the payload size should be minimized. DL control signaling in the DCI should generally be designed as a pointer to one of a set of parameters configured by higher signaling. The downlink control information that needs to be signalled to the UE is summarized in the following table: 
Table 1 DL control signalling for CoMP
	Parameter
	DL Control Signalling 

	PDSCH starting position
	RRC or DCI or Hybrid - FFS  

	Transmitting cell indication 
	RRC or DCI or Hybrid - FFS

	CoMP resource management set  (for RSRP-type measurements)
	RRC signalling  

	CoMP measurement set (for CSI feedback)
	RRC signalling

	CoMP cooperating set (to configure the set of pointers for the dynamic transmitting cell indication; this may or may not include the full Cell ID, but should include at least enough information to enable the UE to determine the CRS pattern)
	RRC signalling

	CSI feedback mode 
	RRC signalling 

	DMRS configuration
	RRC signalling [1]


System parameters, such as CoMP measurement set, reporting set and cooperating set, are configured/reconfigured by RRC signalling [2].  
2.2 Signalling for CRS Patterns
The CRS patterns in a CoMP cooperating set have to be indicated to the UE for rate matching around collided CRS REs. Since a CoMP measurement set will probably be 2 or 3 CSI-RS resources, the actual CoMP cooperating set with 1, 2 or 3 TPs could be selected for each UE according to different CoMP implementations.  The CRS pattern of each cooperating TP can be conveyed by higher-layer signalling semi-statically. 
In order to flexibly support dynamic CRS patterns for all CoMP schemes, a 3-bit signaling would need to be defined in the DCI formats as shown in Table 2: 

Table 2 Signalling for CRS Patterns by DCI only
	TP Indication
	Description

	’000’
	No TP is selected

	‘001’
	The 1st TP is selected as cooperating set 

	‘010’
	The 2nd TP is selected as cooperating set

	‘011’
	The 3rd TP is selected as cooperating set

	‘100’
	The 1st and 2nd TPs are selected as cooperating set

	‘101’
	The 1st and 3rd TPs are selected as cooperating set

	‘110’
	The 2nd and 3rd TPs are selected as cooperating set

	‘111’
	All three TPs are selected as cooperating set


Alternatively, instead of explicitly signalling every TP of a CoMP transmission in DCI, a hybrid RRC and DCI signal could be useful to reduce overhead and support dynamic CoMP switching with a certain performance trade-off. For example, considering 4 pre-configured sets of transmission points, then 2 bits in the DCI would be sufficient to indicate the actual combination dynamically. The patterns could for example be {(TP1), (TP1, TP2), (TP1, TP3), (TP1, TP2, TP3)}.
Table 3 Signalling for CRS Patterns by Hybrid Indication

	TP Indication
	Description

	’00’
	CRS Pattern # 1 configured by RRC

	‘01’
	CRS Pattern # 2 configured by RRC

	‘10’
	CRS Pattern # 3 configured by RRC

	‘11’
	CRS Pattern # 4 configured by RRC


2.3 Signalling for PDSCH Starting Point
The PDSCH starting symbol needs to be indicated to the UE in a timely manner. When PDSCH is transmitted from multiple cells (JT) or one cell selected from multiple cells (DPS), the PDSCH starting symbol index conveyed by PCFICH is only valid for the serving cell of a UE.  A simple solution is to assume that all PDSCH starting points for cooperating TPs have been aligned by the network implementation, so that the starting symbol of PDSCH CoMP transmission would be determined to avoid collision with any PDCCH regions in the CSI measurement set. 

However such an assumption might lead to a certain constraint of network deployment in which the size of the PDCCH region can no longer be adapted subframe-by-subframe based on the number of scheduled UEs in each cell. It will degrade the spectral efficiency by limiting RE availability for the PDSCH region compared to the baseline of Rel 10.  For example, assume that the first 2 OFDM symbols are the PDCCH region for the UE and the 2nd symbol is collided with the PDSCH region due to DPS or JT. The simple solution is to forbid the usage of the 2nd OFDM symbol so that the PDSCH starting points can be aligned and PDSCH starts from the 3rd symbol. 

Therefore to support dynamic switching among multiple CoMP transmission points, the PDSCH starting symbol needs to be explicitly and dynamically signalled to the UE because of various control region sizes for the cooperating TPs. Therefore it should be signalled in the DCI corresponding to CoMP transmission in the current subframe. 
If only semi-static switching is desired between possible CoMP transmission points/schemes, the PDSCH starting symbol could be indicated to the UE by a hybrid RRC and DCI signalling. Two preconfigured starting positions could be signalled to the UE by RRC signalling and only 1-bit in DCI would be sufficient to indicate to the UE the choice of starting position for the current subframe. Alternatively, one preconfigured starting position could be signalled to the UE by RRC. Then only 1-bit in DCI could indicate to the UE whether to assume the preconfigured starting position or follow the information from the PCFICH. 
2.4 Aperiodic feedback triggering for CoMP operations

Another component of the DCI signalling is the aperiodic CSI feedback triggers. Aperiodic CSI reporting is a good candidate for CoMP feedback due to the fact that the PUSCH has sufficient capacity for larger amounts of feedback. The CSI request field should be enhanced in order to support multiple CSI feedbacks of CoMP configured with up to 3 CSI-RS resources; as shown in Table 4, a similar approach can be used as that used for CA, where some sets of cells for feedback are preconfigured by RRC signalling, and DCI indicates which of these sets should be triggered. 

Table 4 CSI request field for aperiodic feedback triggering in CoMP operations

	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for a single CSI-RS resource

	‘10’
	Aperiodic CSI report is triggered for a 1st set of CSI-RS resources configured by higher layers

	‘11’
	Aperiodic CSI report is triggered for a 2nd set of CSI-RS resources configured by higher layers


· Since the maximum size of the CoMP measurement set will probably be 2 or 3 CSI-RS resources, a CSI-RS resource indication set can be defined for each UE, and be sorted according to specific TPs with descending RSRP values in CoMP measurement set. In the example in table 2, a 2-bit CSI request field is defined in the uplink DCI format. 
3 Conclusions
In this contribution, we have discussed the split of CoMP control signalling between RRC and DCI. Based on current assumptions about CoMP operation, the information that needs to be included in the DCI is as follows:  
· Transmitting set indication for CRS patterns. The signalling with DCI only or with hybrid RRC and DCI can be adopted to convey such information in order to indicate CRS patterns within a cooperating set. 

· PDSCH starting point.  A DCI signalling or a hybrid RRC and DCI signalling can be adopted to convey such information in order to support dynamic switching and semi-static switching among CoMP transmission points/schemes. 
· CSI request field for aperiodic feedback triggering. A hybrid RRC and DCI signal can be adopted to convey which TPs in the CoMP measurement set the UE should provide CSI feedback for.
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�I decided in the end to delete this, because it’s not just the UE’s own PDCCH that would have to be decoded and cancelled, but also all the PDCCHs of all the other UEs, which cannot be decoded. 





