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1. Introduction

At the RAN 1 #69 meeting, agreement was reached on the following items for downlink control signaling on rate matching for Rel-11 CoMP.

· It was agreed that the specification would provide signalling to indicate the CRS position of at least one TP from which PDSCH transmission may occur

· Signalling identifies at least the frequency shift

· FFS for number of CRS antenna ports

· FFS for MBSFN subframes

· It was further agreed that if the signalling is transmitted, PDSCH follows the Rel-10 rate-matching around the indicated CRS of a single TP; otherwise, the UE assumes the CRS positions of the serving TP
· FFS until RAN1#70 whether the signalling can also indicate up to 3 TPs around whose combined CRS patterns the PDSCH is rate-matched. 
· Views from each company
· Rate-matching around CRS of only 1 TP in a given PDSCH transmission
· Rate-matching around CRS of up to 3 TPs in a given PDSCH transmission

In this contribution, we investigate PDSCH rate matching around the CRS and ZP CSI-RS and present our views on downlink control signaling for Rel-11 CoMP. 
2. Downlink Control Signaling for Rel-11 CoMP without CA
In [1], we summarized 5 possible methods for rate matching around the CRS in Rel-11 CoMP without CA and we support methods in which the RRC signaling notifies the UE if the following information:

· One number of CRS ports (0, 1, 2, 4).
· The CRS frequency shift for the number of CRS ports > 0.
In the MBSFN subframe, all TPs share one CRS pattern, i.e., no CRS in the PDSCH region. Considering rate matching around the CRS only, if the pattern in which the number of CRS ports is 0 is included in the RRC signaling and one status in the DCI can indicate this pattern, then the UE does not need to know the MBSFN subframe configuration for coordinated TPs. An example of this is when TP #2 is scheduled in an MBSFN subframe in the TTI. Using the method in which the RRC signaling does not notify the UE of the MBSFN subframe configuration of the coordinated cells, and the DCI signaling supports rate matching of only 1 cell, 2 bits configured with ‘11’ in the DCI means that the UE will be notified of the CRS pattern of the MBSFN subframe [1].
In [2] and [3], rate matching around the ZP CSI-RS was proposed. Since in an MBSFN subframe, the ZP CSI-RS can be configured and the ZP CSI-RS pattern for coordinated TPs can be different than the ZP CSI-RS configuration of the serving TP, the MBSFN subframe configuration of coordinated TPs should be included in the RRC signaling. Using the same example as above, when TP #2 is scheduled in an MBSFN subframe, the pattern of the MBSFN subframe cannot indicate the ZP CSI-RS pattern of TP #2.  In addition, the configuration of the ZP CSI-RS of each TP also needs to be included in the RRC signaling. 
2.1
Downlink Control Signaling for Rate Matching
In order to support rate matching around the CRS and ZP CSI-RS, higher layer signaling should convey the following information.
· One number of CRS ports (1, 2, 4) and the CRS frequency shift
· 0 CRS ports can also be signaled
· One MBSFN subframe configuration
· One or multiple configurations of ZP CSI-RS and each configuration includes {zeroTxPowerResourceConfigList, zeroTxPowerSubframeConfig}
Table I shows an example of a mapping table between the DCI signaling and rate matching pattern of the ZP CSI-RS and CRS assuming the two new bits are introduced for the DCI.
Table I. Mapping Table between DCI Signaling and Rate Matching Pattern 

	Two New Bits
	Rate Matching Pattern

	00
	CRS and ZP CSI-RS pattern of TP 0

	01
	CRS and ZP CSI-RS pattern of TP 1

	10
	CRS and ZP CSI-RS pattern of TP 2

	11
	CRS and ZP CSI-RS pattern of the MBSFN subframe


Proposal 1: Higher layer signaling for rate matching should indicate one number of CRS ports (0, 1, 2, 4), one MBSFN subframe configuration, one or multiple configuration(s) of ZP CSI-RS.

Proposal 2: For CoMP without CA, use 2 new bits in the DCI to indicate the rate matching pattern of the CRS and ZP CSI-RS.

2.2
UE Assumption for Rate Matching
For all the PRBs of the scheduled PDSCH, signaling provides the UE with assumptions for PDSCH mapping and PDSCH detection:
· The PDSCH mapping follows the Rel-8 mapping around the signaled CRS REs, which may be different than the CRS REs of the serving TP.
· The PDSCH is mapped around the signaled ZP CSI-RS configuration, which may be different than the ZP CSI-RS configuration of the serving TP. 
Based on Table I, the first three statuses introduce no confusion for the UE, since each status indicates a unique rate matching pattern. However, for the last one, as we noted earlier, the ZP CSI-RS pattern of the MBSFN subframe does not represent a unique pattern. The pattern of the MBSFN subframe means no CRSs, thus when it is indicated, the eNB implicitly means only TPs that have data in the MBSFN subframe to transmit to the UE in the current TTI. The problem is that when the measurement set size is three and three TPs are in an MBSFN subframe in the current TTI, UE need to determine which ZP CSI-RS pattern will be used for rate matching. Fig. 1 shows the transmitted ZP CSI-RS REs from 3 TPs and 4 possible rate matching patterns in this subframe.
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Transmitted ZP CSI-RS REs from 3TPs             Possible Rate Matching Patterns for JT
Fig. 1. Possible Rate Matching Pattern Considering ZP CSI-RS REs                       
Figure 1 shows that 3 TPs have 3 ZP CSI-RS patterns, different JTs introduce different ZP CSI-RS patterns, and 4 JTs have 4 rate matching patterns. However, only one pattern (the pattern of the MBSFN subframe) cannot be used to differentiate four such patterns for the UE.

We can allay any confusion by introducing a definition for the UE assumption of rate matching. If the rate matching pattern indicated by the DCI is the MBSFN subframe pattern, the UE assumes that all TPs that are configured with MBSFN subframes in the current TTI, and assume PDSCH rate matching around the ZP CSI-RS REs of all these TPs configured with the MBSFN subframes. Figure 2 shows two examples. In example 1, when 3 TPs (TPs #0, #1, and #2) are configured with MBSFN subframes, the UE assumes PDSCH rate matching around the ZP CSI-RS REs of TPs #0, #1, and #2. In example 2, when 2 TPs (TPs #0 and #1) are configured with MBSFN subframes, the UE assumes PDSCH rate matching around the ZP CSI-RS REs of TPs #0 and #1.
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Fig. 2. Examples of ZP CSI-RS in 3 TPs

Proposal 3: When the MBSFN subframe pattern is indicated by the DCI, the UE assumes PDSCH rate matching around ZP CSI-RS REs of all TPs configured with MBSFN subframes. 
3. Support Simultaneous CoMP and CA
For CoMP without CA, we want to use two new DCI bits to support rate matching. In order to support CoMP and CA simultaneously, there are two cases. If the CIF is configured, it will be reused to support rate matching of CoMP with CA. If not, two new bits are used. 
As is well known, the maximum number of CCs supported in CA is five and there are four patterns on each CC at most when the CoMP measurement size is three. In the case of simultaneous CoMP and CA, the DCI bitmap must indicate the CC index and the rate matching pattern. Therefore, at most 20 statuses need to be indicated. 
With a three-bit CIF, only eight patterns can be indicated. So there are some limitations.
· Case 1:  Limit the maximum number of CCs whose DCI is transmitted from the same CC
· For example: Eight patterns can support up to two CCs with four patterns on each CC. In this case, the DCI for only CC 0 and CC 1 can be configured in the PDCCH from CC 0. The mapping table is given in Table II.
· Case 2: Limit the maximum number of CCs with CoMP
· For example: If the DCI bits for CC 0 to CC 4 are configured in the PDCCH from CC 0, CoMP can be scheduled on only 1 CC as indicated in Table III.
· Case 3: Limit the maximum number of patterns on each CoMP CC 
· For example 1: When the CoMP measurement set size is 2, only 3 patterns are necessary.
For example 2: If there are no MBSFN subframes in any TP in the CC, the pattern for the MBSFN subframe can be reduced.
Table II. Limit the Maximum Number of CCs Whose DCI Transmitted from the Same CC 
	Three-bit CIF
	Rate Matching Pattern

	{000, 001, 010, 011}
	Refer to Table I on CC 0

	{100, 101, 110, 111}
	Refer to Table I on CC 1


Table III. Limit the Maximum Number of CCs with CoMP
	Three-bit CIF
	Rate Matching Pattern

	{000, 001, 010, 011}
	Refer to Table I on CC 0

	100
	CRS and ZP CSI-RS pattern of TP 0 on CC 1

	101
	CRS and ZP CSI-RS pattern of TP 0 on CC 2

	110
	CRS and ZP CSI-RS pattern of TP 0 on CC 3

	111
	CRS and ZP CSI-RS pattern of TP 0 on CC 4


Proposal 4: When configured, the 3-bit CIF in the DCI will be reused for CoMP and CA. If not configured, 2 new bits in DCI will be used.
4. Summary
In this contribution, we investigated downlink control signaling for Rel-11 CoMP. 
Below is a summary of the possible methods for the downlink control signal for rate matching. 

Proposal 1: Higher layer signaling for rate matching should indicate one number of CRS ports (0, 1, 2, 4), one MBSFN subframe configuration, and one or multiple configurations of ZP CSI-RS
Proposal 2: For CoMP without CA, use 2 new bits in the DCI to indicate the rate matching pattern of the CRS and ZP CSI-RS
Proposal 3: When the MBSFN subframe pattern is indicated by the DCI, the UE assume a PDSCH rate matching around ZP CSI-RS REs of all TPs configured with MBSFN subframes
Proposal 4: When configured, the 3-bit CIF in the DCI will be reused for CoMP and CA. If not configured, 2 new bits in DCI will be used
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