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1 Introduction

The introduction of DL and UL CoMP in Rel-11 necessitates updates to the DL DCI formats to ensure proper and optimized rate matching of a CoMP PDSCH. Information should be conveyed to the UE for correct PDSCH mapping, i.e., rate matching around CRS.

Furthermore, RAN1 had agreed on the following signalling of PDSCH mapping in RAN1#69 meeting:
· 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. 
This contribution discusses the signaling aspect of PDSCH mapping for CoMP. Section 2 discusses the remaining issues after RAN1#69 while Section 3 provides the signaling details for correct PDSCH mapping, involving a combination of signaling by RRC and DCI. Section 3 also discusses requirements related to the quality of channel estimation and PDSCH decoding, and proposes to convey information about the reference channel and interference along with the information about PDSCH mapping.
2 Remaining issues about signalling of PDSCH mapping for CoMP
The available resource elements for PDSCH mapping depend on:
· the starting OFDM symbol for mapping the PDSCH
· the CRS positions of the transmission points involved in the PDSCH transmission, including the number of CRS ports (accounting for MBSFN subframes) and the frequency shift of the CRS
The control regions of cells involved in the CoMP measurement set of one UE may have different sizes. Control regions are typically configured independently in different cells according to the expected traffic load of each cell. While it may be possible to configure the same control region size for cooperative cells, Rel-11 should still support the possibility of having different control region sizes. While the traffic of CoMP UEs can be pooled among cooperative cells, non-CoMP UEs will contribute to different traffic loads in different cells. If dynamic signalling overhead is deemed too large to convey the starting OFDM symbol for mapping the PDSCH, it could be signalled by higher-layers to support semi-static point selection.

Proposal 1: at least semi-static signalling of the starting OFDM symbol for mapping the PDSCH should be supported for CoMP.
It is widely accepted that the frequency shift of the CRS should be signalled to the UE in order to facilitate rate matching for PDSCH. Moreover, the number of CRS ports needs to be informed to UE for the same purpose. The first reason is that UE may be scheduled in MBSFN subframes, which do not have CRS in the data region. The second reason is that macro cell may have a different number of CRS ports than the picocell. For example, the picocell has one transmission antenna and the macrocell has more than one transmission antenna. Then the macrocell should have more than 1 CRS port (for better performance), but the picocell can only have 1 CRS port. Therefore, considering the above two reasons, the number of CRS ports should be informed to UE for rate matching of PDSCH.
Figure 1 shows one example for the case of different number of CRS ports between macro cell and picocell. In this figure, macro cell A has four antennas and transmits 2 or 4 CRS ports, while picocell C only has one antenna and can only transmit 1 CRS port. Therefore, when UE implements DPS (dynamic point selection) transmission between macro cell A and picocell C, the number of actual CRS ports should be informed to UE according to real data transmission point.
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Figure 1. Different number of CRS ports between macrocell and picocell
Observation: signalling of the number of CRS ports is necessary in addition to signalling the frequency shift of the CRS. The number of CRS ports should include 0 ports for scheduling in MBSFN subframe.
3 Signalling details for PDSCH mapping for CoMP
In this section, a signalling method for PDSCH mapping is presented providing the exact signaling details for correct PDSCH mapping, involving a combination of signaling by RRC and DCI. 
The possible CRS positions for a cell are summarized in Table 1. Four bits would be needed with dynamic signalling only. However, since the actual number of TPs involved in the CoMP Measurement Set will be much lower than the total number of possibilities, RRC signalling of a limited number of combinations that correspond to the actual TPs in the CoMP Measurement Set can reduce the number of bits required for dynamic signalling. Therefore, a combination of RRC signalling and dynamic signalling is proposed.
Table 1. Indexing of CRS positions
	CRS position index
	Number of CRS ports 
	Frequency shift of CRS 

	0000
	0
	n.a.

	0001
	1 
	0 

	0010
	1 
	1 

	0011
	1 
	2 

	0100
	1 
	3 

	0101
	1 
	4 

	0110
	1 
	5 

	0111
	2 
	0 

	1000
	2 
	1 

	1001
	2 
	2 

	1010
	4 
	0 

	1011
	4 
	1 

	1100
	4 
	2 

	1101
	Reserved
	reserved

	1110
	Reserved
	reserved

	1111
	Reserved
	reserved


A simple way of dynamically indicating the information needed to support PDSCH mapping to resource elements is to define a CoMP indicator field (CIF) similar to the CIF used for carrier aggregation in DL DCI formats, indicating which of the UE-specifically RRC-configured TP groups (TPG) are involved in the transmission of the PDSCH. Based on this information and pre-defined PDSCH mapping rules, the UE can determine how the PDSCH is mapped.
In addition to being informed about the positions of the CRS, a Rel-11 UE relying on MMSE channel estimation over DMRS also requires being informed about a reference signal for estimating the power delay profile used in the parameters of the Wiener filter. CRS cannot always be used as a reference since different TPs may belong to the same cell. CSI-RS are the only available reference that can be linked to each TP in the CoMP measurement set in every scenario. Likewise, it is beneficial to inform the UE about a reference interference assumption for improving the quality of the MMSE filter used for channel estimation and for improving the quality of the log-likelihood ratios. The indication of a reference CSI-RS resource and IMR can be obtained from the index of a CSI process, where by definition a CSI process is the associated of one NZP CSI-RS resource and one IMR. This information can be conveyed for each TPG.
An example of RRC configuration of TPGs to support signalling for PDSCH mapping and PDSCH demodulation is given in Table 2, where each TPG can be thought of as a different group of cells in the CoMP Measurement Set. Each TPG is associated with one or more CRS position indices according to Table 1, and with one CSI process index. In this example, TPG1 and TPG2 correspond to two sectors of a macro site. TPG4 is used to signal a joint transmission from the two sectors in a normal subframe, where the two sectors have two CRS ports but a different frequency shift. TPG1 and TPG2 are used for dynamic point selection, and TPG3 is used for single point transmission or joint transmission in MBSFN subframes. If TPs shared the same physical cell ID then one TPG could correspond to multiple TPs.
Table 2. Example of RRC configured TP Groups (TPGs)
	CIF value
	TPG ID
	CFI
	CRS position index (cf Table 1)
	CSI process index

	000
	TPG 1
	3
	0111
	1

	001
	TPG 2
	3
	1000
	2

	010
	TPG 3
	2
	0000
	3

	011
	TPG 4
	2
	{0111, 1000}
	3


Proposal 2: a combination of RRC signalling and dynamic signalling is used to indicate the CRS positions of the transmitting cells, including the number of CRS ports and the frequency shift. The number of CRS ports can take value in {0, 1, 2, 4}.

· CIF is reused in DL DCI to indicate one TP group (TPG) from a set of RRC-configured TPGs

· RRC signalling of each TPG includes
· the number of CRS ports and CRS frequency shift for one or more cells
· one CSI process index (association of one CSI-RS resource and one IMR)
4 Conclusions
This contribution provides an analysis of the dynamic signalling requirements for DL CoMP operation with respect to PDSCH mapping, channel estimation performance and accuracy of PDSCH demodulation. Based on our observations, the following proposals are made.
Proposal 1: at least semi-static signalling of the starting OFDM symbol for mapping the PDSCH should be supported for CoMP.
Proposal 2: a combination of RRC signalling and dynamic signalling is used to indicate the CRS positions of the transmitting cells, including the number of CRS ports and the frequency shift. The number of CRS ports can take value in {0, 1, 2, 4}.

· CIF is reused in DL DCI to indicate one TP group (TPG) from a set of RRC-configured TPGs

· RRC signalling of each TPG includes
· CRS position index (number of CRS ports and frequency shift) for one or more cells
· One CSI process index (association of one CSI-RS resource and one IMR)
Indexing of CRS positions
	CRS position index
	Number of CRS ports 
	Frequency shift of CRS 

	0000
	0
	n.a.

	0001
	1 
	0 

	0010
	1 
	1 

	0011
	1 
	2 

	0100
	1 
	3 

	0101
	1 
	4 

	0110
	1 
	5 

	0111
	2 
	0 

	1000
	2 
	1 

	1001
	2 
	2 

	1010
	4 
	0 

	1011
	4 
	1 

	1100
	4 
	2 

	1101
	Reserved
	reserved

	1110
	Reserved
	reserved

	1111
	Reserved
	reserved


