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1. Introduction
In last meeting, RAN1 has agreed on PDSCH RE mapping rules as follows [1]:

· Provide signalling to indicate the CRS position of at least one cell from which PDSCH transmission may occur

· Signalling identifies at least the frequency shift

· FFS for number of CRS antenna ports

· FFS for MBSFN subframes

· If the signalling is transmitted, PDSCH follows the Rel-10 rate-matching around the indicated CRS of a single cell; otherwise, the UE assumes the CRS positions of the serving cell

· FFS until RAN1#70 whether the signalling can also indicate up to 3 cells around whose combined CRS patterns the PDSCH is rate-matched. 
Based on the agreement, we discuss further on the PDSCH RE mapping for DL CoMP and required control signalling details in this paper. 
2. Discussions
It is decided to signal aggressor cells’ CRS information to UE in FeICIC agenda in previous meetings and the LS [2] sent from RAN1 to RAN2/4 clarifies that the “needed information” on CRS interference can be provided from the serving cell via higher layer signalling, i.e.:

· List of cell ID(s)
· Parameters for each cell in the list of cell ID(s):

· Number of CRS ports

· Subframes containing CRS in the data region (e.g. the cell MBSFN configuration)
RAN1 also agreed on signaling to indicate the CRS position of at least one cell from which PDSCH transmission may occur. The information is also on the CRS positions of neighboring cells in order to signal PDSCH RE mapping in DL CoMP. In other words, the information required for the purpose of indicating PDSCH RE mapping in DL CoMP is exactly the same in essence what needs to be signaled in order to provide aggressor cells CRS information, which is already agreed upon. Therefore, rather than introducing new signaling for the purpose of PDSCH RE mapping indication, it is desirable to reuse the information on CRS interference which is agreed in FeICIC agenda. 
Proposal 1: For the purpose of signaling PDSCH mapping in DL CoMP, it is desirable to reuse the information on CRS information agreed in FeICIC agenda.
Based on the CRS information for each cells, each state of PDSCH rate-matching indicator field in DCI is determined using bitmap of cells listed in the information. The bitmap indicates whether or not the specific cell’s CRS position is rate-matched: if it is set to true, the cell’s CRS positions is rate-matched and if it is set to false, the cell’s CRS positions is not rate-matched. For example, if CRS information of 3cells is signaled and 2 bits are assigned for PDSCH rate-matching indicator field in DCI, each state of DCI can be interpreted by higher layer signaling as follows:
 Table 1. 
	Bit field of PDSCH rate-matching indicator field
	Higher Layer signaling : CRS rate-matching position
	Interpretation



	00
	1000
	PDSCH rate-matching around CRS of serving cell
PDSCH EPRE to CRE EPRE ratio for this rate-matching pattern : ρB_00/ρA_00

	01
	0100
	PDSCH rate-matching around CRS of cell listed first in signaled CRS information
PDSCH EPRE to CRE EPRE ratio for this rate-matching pattern : ρB_01/ρA_01 

	10
	1010
	PDSCH rate-matching around CRS of serving cell and second cell listed in signaled CRS information
PDSCH EPRE to CRE EPRE ratio for this rate-matching pattern : ρB_10/ρA_10

	11
	0000
	PDSCH mapping without CRS rate-matching


By the combination of RRC and dynamic DCI signaling,  a serving cell is able to indicate which TPs are transmitting PDSCH dynamically as long as the overhead of dynamic signaling is not that a big burden in terms of physical signaling and specification efforts/complexities in designing/modification of DCIs. More specifically, the serving cell is able to signal which TP(s)’s CRS position is rate-matched for PDSCH mapping. As PDSCH transmitting TP may change, the PDSCH power ratio should also be signaled since the ratio of PDSCH EPRE to CRS EPRE ρB/ρA can be different for different cell, as mentioned in [3]. Hence, we propose that PDSCH rate-matching pattern should also provide PDSCH power ratio as described in Table 1. 
In addition, whether or not to support rate-matching around multiple cells’ CRS positions is still FFS. However, considering JT support and frequency selective DPS, rate-matching around up to 3 cells’ CRS positions should be supported. 

Proposal 2: If dynamic indication of PDSCH mapping pattern in combination of RRC and DCIs is introduced, the PDSCH mapping pattern should also provide ratio of PDSCH EPRE to CRS EPRE value. 

It should also be decided if DCI format 1A in CoMP mode, which could be TM9 or new TM if it is defined for CoMP, is able to support CoMP operation. In our view, it is beneficial that DCI format 1A supports CoMP as a compact mode. When DCI format 1A is transmitted  in CoMP mode in order to support CoMP operation, it should be transmitted in USS (UE-specific Search Space) and scheduled UEs by DCI format 1A in USS should demodulate PDSCH with UE-specific RS irrespective of MBSFN configuration. On the other hand, if DCI format 1A is transmitted in CoMP mode as a fallback mode, it should be transmitted in CSS (Common Search Space), the UE behavior is the same as existing release which is a fallback mode. In other words, DCI format 1A transmission should be confined only within CSS for fallback mode support. 
Proposal 3: DCI format 1A in CoMP mode should be able to support CoMP operation as a compact DCI format for CoMP. 
3. Conclusion
This contribution discusses required downlink control signaling for CoMP and proposes as follows: 
Proposal 1: For the purpose of signaling PDSCH mapping in DL CoMP, it is desirable to reuse the information on CRS information agreed in FeICIC agenda.

Proposal 2: If dynamic indication of PDSCH mapping pattern in combination of RRC and DCIs is introduced, the PDSCH mapping pattern should also provide ratio of PDSCH EPRE to CRS EPRE value. 

Proposal 3: DCI format 1A in CoMP mode should be able to support CoMP operation as a compact DCI format for CoMP. 
______________________________________________________________________
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