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1 Introduction
DL control signaling is essential for communication between eNB and UEs to enable CoMP operation.  It was agreed at RAN1 #69 that

· 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. 
And there is a Possible agreement for further discussion in RAN1 #70 on PDSCH rate-matching and DCI format [1]:
Possible agreement for further discussion: 

· For all the PRBs of the scheduled PDSCH, signaling provides the UE assumptions for PDSCH mapping and PDSCH detection:

· The PDSCH mapping follows the Rel-8 mapping around the signalled CRS REs instead of the serving cell’s CRS REs

· Signaling uses 2 bits in a DL DCI format that supports DL CoMP:

· Each state corresponds to a higher-layer list of parameters, consisting of:

· a number of CRS ports (0, 1, 2, 4)
· For number of CRS ports > 0, the CRS the frequency shift
· FFS for information handled under AI7.7
· FFS whether PDSCH starting symbol can be included in each state or just signaled by higher-layers
In this contribution, we will discuss our views on the signalling design of PDSCH rate matching. 
2 Discussions

The parameters of DL control signalling for CoMP have different time requirements.  RRC signalling can carry the parameters which are semi-static configured. Other parameters which have to change dynamically, e.g., configured according to channel condition, can be conveyed by L1/L2 signalling. For cases where multiple sets of parameters are configured, RRC signalling combined with DCI indexes could be used.
PDSCH rate-matching could be executed by knowing the following information:
1, starting OFDM symbol for mapping the PDSCH
2, CRS position and CRS frequency shift 
3, CRS port number

UE could decode data transmitted from different Transmission Points (TPs) by knowing the PDSCH starting OFDM symbol and CRS positions. In CoMP cases, multiple cells or TPs could be involved in a cooperative set, and UE could select different TPs for transmission. The selected TP(s) may change frequently and thus the punctured CRS RE changes accordingly. Therefore, firstly RRC signalling can be used to configure the semi-static parameters such as CRS information and OFDM starting symbol.  Secondly, DCI can indicate which set of parameters and TPs are used in the corresponding DL transmission. 
However, how many TPs/cells should be supported in DL signalling for CoMP is still an open question. As in the CoMP WID [2], joint transmission in Rel-11 is a design target in which UE will receive the signal from multiple cells simultaneously. Simulation results [3][4] show that CoMP JT with 3-cell cooperation has substantial performance gain. So signalling of CRS position indication should support cases that signalling carries 3 different CRS positions.
Proposal 1: PDSCH rate-matching related signaling should support indicating up to 3 cells CRS positions in Rel-11 CoMP operations. 
As discussed in RAN1 #70, 2 bit will be used for PDSCH rate matching which could represent up to 4 cases [1]. In a CoMP operation potentially involving 3 cells for transmission,  there are 7 possible combinations of cells/TPs for CoMP (joint) transmission (0),(1), (2), (0,1), (0,2), (1,2), (0,1,2). So the network should configure the 4 most useful and gainful combinations as the cases for DCI to indicate. Assuming that cell 0 is UE’s serving cell and others are coordinating points. (1, 2) could be excluded for the reason that serving cell is rarely worse than the other two. The network can choose 4 out of the 6 remaining combinations, and each DCI state can indicate one combination, as shown in Table I. Therefore, serving cell can set UE one configuration by RRC signalling, and then dynamically choose one through DCI format.
Table I RRC configurations and 2bit DCI index
	Configurations
	Bit field of PDSCH rate-matching indicator field
	Interpretation

	Configuration  1 
	00
	TP-0(serving cell)

PDSCH rate-matching around CRS of serving cell(TP-0)

	
	01
	TP-1

PDSCH rate-matching around CRS of TP-1 

	
	10
	TP-0 and TP-1:
PDSCH rate-matching around CRS of  TP-0 and TP-1 listed in signaled CRS information

	
	11
	TP-0, TP-1 and TP-2
PDSCH rate-matching around CRS of TP-0,TP-1 and TP-2

	Configuration 2

	00
	TP-0(serving cell)

	
	01
	TP-2 

	
	10
	TP-0 and TP-2

	
	11
	 TP-0, TP-1,TP-2

	Configuration 3

	00
	TP-0(serving cell)

	
	01
	TP-1

	
	10
	TP-2

	
	11
	Tp-0 and TP-1 

	Configuration 4

	00
	TP-0

	
	01
	TP-1

	
	10
	TP-2 

	
	11
	Tp-0 and  TP-2 
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Figure 1 The probability of different number TPs CoMP
Considering coordination RSRP threshold as 6 dB in UMi condition, almost 27% UEs were served by 2 TPs, and about 10% by 3-TP CoMP. 2 TPs coordination is the most common case in CoMP scenario and mostly happens at the edge between co-located 2 sectors. 
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Figure 2 UEs locate in different location in cell 0 
For example, as described in Figure 2, UE 0 and UE 1 locate in the serving cell (Cell 0). Serving cell could set suitable PDSCH rate-matching configuration according to their situation. Combination {cell 0, cell 2, cell (0 , 2), cell (0, 1, 2)} is more suitable for UE 0. As UE0 locates near to cell 2, cell 2 is more likely to have similar pathloss as Cell 0 but a different channel condition. So it is more likely to achieve a better performance through CoMP JT with Cell 0 and 2 or CoMP DSP between Cell 0 and Cell 2. In some cases, CoMP JT with cell 0, 1 and 2 can further improve the performance further. And it is the same with UE 1. Combination {cell 0, cell 1, cell (0,1), cell (0 , 1 , 2)} is more suitable for UE1. Cell 0 could transmit each configuration to the UE through RRC signaling, and determine the exact rate-matching pattern in each subframe via DCI format.
In the HetNet scenarios, there may be multiple transmission points around the UE. As given in Figure 3, TP 0 is the serving point. It is not only convenient to achieve CoMP DPS gain from the 3 points, but also benefit from JT by setting the best 2 point for joint transmission. So network could set configuration as {TP0, TP1, TP2, TP (0 , 1)} or {TP0, TP1, TP2, TP (0 , 2)}
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Figure 3 UE locates in HetNet
Proposal 2: Rel-11 indicates PDSCH mapping pattern by the combination of RRC signaling and PDCCH DCI signaling. 
Proposal 3: 2 DCI bits are used to indicate dynamically in each subframe the PDSCH rate matching pattern out of the four candidate rate-matching patterns configured via RRC signaling
3 Conclusions
In this contribution, we discussed the downlink signalling for PDSCH rate-matching in CoMP. Based on the above discussions, we have the following proposals:
Proposal 1: PDSCH rate-matching related signaling should support indicating up to 3 cells CRS positions in Rel-11 CoMP operations. 
Proposal 2: Rel-11 indicates PDSCH mapping pattern by the combination of RRC signaling and PDCCH DCI signaling. 
Proposal 3: 2 DCI bits are used to indicate dynamically in each subframe the PDSCH rate matching pattern out of the four candidate rate-matching patterns configured via RRC signaling
_____________________________________________________________________
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