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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 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

· It was further agreed that 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. 
· Views from each company
· Rate-matching around CRS of only 1 cell in a given PDSCH transmission:
· Rate-matching around CRS of up to 3 cells in a given PDSCH transmission:

In this contribution, we investigate downlink control signaling for Rel-11 CoMP and present our views. 
2. Downlink Control Signaling for Rel-11 CoMP
Table I summarizes five possible methods for the downlink control signal for rate matching in Rel-11 CoMP. 
· RRC signaling notifies the UE of the MBSFN subframe configuration of the coordinated cells, and DCI signaling supports rate matching of up to 3 cells [1]-[3]. 
· Method 1: Notify UE of the transmission point index by utilizing 3-bit DCI.

· RRC signaling does not notify the UE of the MBSFN subframe configuration of the coordinated cells, and DCI signaling supports rate matching of up to 3 cells. 
· Method 2: Notify UE of the rate matching pattern by utilizing 3-bit DCI [4].
· Method 3: Notify UE of the rate matching pattern by utilizing 2-bit DCI.

· RRC signaling notifies the UE of the MBSFN subframe configuration of the coordinated cells, and DCI signaling supports rate matching of only 1 cell [5][6]. 
· Method 4: Notify UE of the transmission point index by utilizing 2-bit DCI.

· RRC signaling does not notify the UE of the MBSFN subframe configuration of the coordinated cells, and DCI signaling supports rate matching of only 1 cell.
· Method 5: Notify UE of the rate matching pattern by utilizing 2-bit DCI.

Table I. Downlink Control Signaling for Rel-11 CoMP

	
	Indicate MBSFN subframe configuration
	Support rate matching up to 1 cell or 3 cells
	DCI indicates TP index or rate matching pattern
	DCI signaling overhead

	Method 1
	Yes
	3
	TP index
	3 new bits

	Method 2
	No
	3
	Pattern
	3 new bits

	Method 3
	No
	3
	Pattern
	2 new bits or reuse CIF

	Method 4
	Yes
	1
	TP index
	2 new bits

	Method 5
	No
	1
	Pattern
	2 new bits or reuse CIF


Table II gives an example of method 3. With this method, four rate matching patterns can be indicated. In addition, the eNode B decides the rate matching pattern considering the transmission point index and the MBSFN subframe configuration of the coordinated cells. For example, DCI ‘00’ means rate matching according to the CRS pattern of TP 0. This value could support all the CoMP schemes in which data are transmitted from the serving TP (TP 0). Furthermore, if TP 1 and TP 2 are MBSFN subframes, 2 TP JT (TP 0 and TP 1 or TP 0 and TP 2) and 3 TP JT (TP 0, TP 1, and TP 2) could be supported. Since the MBSFN subframe configuration of the serving cell will always be sent to the UE, the UE could decide the final rate matching pattern using the bitmap in the DCI signaling and the MBSFN subframe configuration of the serving cell. For example, if ‘01’ is signaled in the DCI and if the serving cell (TP 0) is the MBSFN subframe, the final rate matching pattern is CRS pattern TP 1 only; otherwise, the final pattern is the CRS pattern of TP 0 and TP 1. So combined with the MBSFN subframe configuration in the serving cell, the 2 bits in the DCI signaling can support 8 final rate matching patterns: TP 0 only; TP 1 only; TP 2 only; TP 0 and TP 1; TP 0 and TP 2; TP 1 and TP 2; and TP 0, TP 1, and TP 2.
Table III gives an example of method 5. With this method, the eNode B decides the rate matching pattern considering the transmission point index and the MBSFN subframe configuration of the coordinated cells and the serving cell. For example, if the transmission point is TP 0 and it is a normal subframe, the eNode B decides the 00 in the DCI signaling which means rate matching according to the CRS pattern of TP 0. However, if the subframe is an MBSFN subframe in TP 0, the eNode B will decide 11 in the DCI signaling which means the MBSFN subframe (no CRS). Based on the received DCI signaling, the UE can read the final rate matching pattern using the table directly and there is no need to check the MBSFN subframe configuration of any cell. Since the MBSFN subframe configuration was considered on the eNode B side, JT can be supported even with rate matching of only one cell. 
Table II. DCI Signaling of Method 3 

	Two new bits or reuse CIF
	Rate matching pattern
	Possible transmission points

	
	
	DPS
	JT

	00
	CRS pattern of TP 0
	TP 0 is a normal subframe or MBSFN subframe:
· Case 1: TP 0;
	TP 1 and TP 2 are MBSFN subframes:
· Case 2: TP 0 & TP 1;

· Case 3: TP 0 & TP 2;

· Case 4: TP 0 & TP 1 & TP 2

	01
	CRS pattern of TP 0 and TP 1
	TP 0 is a normal subframe or MBSFN subframe and TP 1 is a normal subframe:
· Case 1: TP 1;
	TP 2 is an MBSFN subframe:
· Case 2: TP 0 & TP 1;

· Case 3: TP 0 & TP 1 & TP 2

	10
	CRS pattern of TP 0 and TP 2
	TP 0 is a normal subframe or MBSFN subframe and TP 2 is a normal subframe:
· Case 1: TP 2;
	TP 1 is an MBSFN subframe:
· Case 2: TP 0 & TP 2;

· Case 3: TP 0 & TP 1 & TP 2

	11
	CRS pattern of TP 0, TP 1, and TP 2
	
	TP 0 is a normal subframe or an MBSFN subframe, and TP 1 and TP 2 are normal subframes:
· Case 1: TP 0 & TP 1 & TP 2


Table III. DCI Signaling of Method 5 

	Two new bits or reuse CIF
	Rate matching pattern
	Possible transmission points

	
	
	DPS
	JT

	00
	CRS pattern of TP 0
	TP 0 is a normal subframe

· Case 1: TP 0; 
	TP 1 and TP 2 are MBSFN subframes:

· Case 2: TP 0 & TP 1; 
· Case 3: TP 0 & TP 2; 
Case 4: TP 0 & TP 1 & TP 2

	01
	CRS pattern of TP 1
	TP 1 is a normal subframe

· Case 1: TP 1; 
	TP 0 and TP 2 are MBSFN subframes:

· Case 2: TP 1 & TP 0; 
· Case 3: TP 1 & TP 2; 
Case 4: TP 1 & TP 0 & TP 2

	10
	CRS pattern of TP 2
	TP 2 is a normal subframe

· Case 1: TP 2; 
	TP 0 and TP 1 are MBSFN subframes:

· Case 2: TP 2 & TP 0; 
· Case 3: TP 2 & TP 1; 
· Case 4: TP 2 & TP 0 & TP 1

	11
	CRS pattern of MBSFN subframe
	TP 0, TP 1, and TP 2 are MBSFN subframes:

· Case 1: TP 0; 
· Case 2: TP 1; 
· Case 3: TP 2;
	TP 0, TP 1, and TP 2 are MBSFN subframes:

· Case 4: TP 0 & TP 1; 
· Case 5: TP 0 & TP 2; 
· Case 6: TP 1 & TP 2; 
· Case 7: TP 0 & TP 1 & TP 2


2.1
Advantages and Disadvantages of Each Alternative
As we can see from Table I, methods 1 and 4 need higher RRC signaling overhead because the eNode B should indicate the MBSFN subframe configurations of the coordinated cells. In addition, the rate matching pattern for the UE should be jointly determined by the bitmap in the DCI and the MBSFN subframe configuration of coordinated and serving cells. Thus, a high UE complexity is needed. To reduce the DCI signaling overhead, method 3 and method 5 explore only 2 bits: 2 new bits or reuse the CIF. Also in method 3 and method 5, the MBSFN subframe configuration of the coordinated cells is considered on the eNode B side. Thus, the UE complexity can be reduced and JT can be supported even with the rate matching of only one cell.  Table IV summarize the advantages and disadvantages of these five methods.

Table IV. Advantages and Disadvantages for Downlink Control Signaling
	Method
	Advantages
	Disadvantages

	1
	· High flexibility to support JT
	· High RRC signaling overhead
· High rate matching overhead
· High UE complexity
· High DCI signaling overhead

	2
	· Low RRC signaling overhead
· High flexibility to support JT
· Low UE complexity
	· High rate matching overhead
· High DCI signaling overhead

	3
	· Low RRC signaling overhead
· High flexibility to support JT
· Low DCI signaling overhead
	· High rate matching overhead
· Medium UE complexity

	4
	· Low rate matching overhead
	· High RRC signaling overhead
· Low flexibility to support JT
· High UE complexity
· High DCI signaling overhead

	5
	· Low RRC signaling overhead
· Low rate matching overhead
· Low UE complexity
· Low DCI signaling overhead
	· Medium flexibility to support JT


Proposal 1: We prefer method 3 or method 5: RRC signaling does not indicate MBSFN subframe configuration, the UE is notified of the rate matching pattern using 2-bit DCI, and rate matching is supported for 1/3 cells.

2.2
Support Simultaneous CoMP and CA
In order to support CoMP and CA simultaneously, we list two possible mechanisms. Alt. 1 extends the 3-bit CIF to 5 bits. Alt. 2 only reuses the 3-bit CIF. 
As we all know, 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 bitmap in the DCI must indicate the CC index and the rate matching pattern. Therefore, at most 20 statuses need to be indicated. With Alt. 1, the first three bits indicate the CC index as before and the last two bits indicate the rate matching pattern as given in Table V.
Table V. Alt. 1 in the Case of Simultaneous CoMP and CA
	Extended 5 bit CIF
	Rate matching pattern

	First 3 bits
	Last 2 bits
	

	000
	{00, 01, 10, 11}
	Refer to method 3 or method 5 on CC 0

	001
	{00, 01, 10, 11}
	Refer to method 3 or method 5 on CC 1

	010
	{00, 01, 10, 11}
	Refer to method 3 or method 5 on CC 2

	011
	{00, 01, 10, 11}
	Refer to method 3 or method 5 on CC 3

	100
	{00, 01, 10, 11}
	Refer to method 3 or method 5 on CC 4


While in Alt. 2, only 8 patterns can be indicated by the 3-bit CIF. So there are some limitations.
· Case 1:  Limit the maximum number of CCs
· For example: Eight patterns can support up to two CCs for CoMP. In this case, there are four patterns on each CC. A total of eight patterns are necessary as indicated in Table VI.
· Case 2: Limit maximum number of CCs with CoMP
· For example: Eight patterns support the maximum of five CCs for CA and CoMP on only one CC as indicated in Table VII.
· Case 3: Limit the CoMP measurement set size
· For example: Limit the maximum CoMP measurement set size to two in some CCs.

· Case 4: Limit the maximum number of patterns
· For example: If there are no MBSFN subframes in any cell in the CC, the special pattern for the MBSFN subframe for the CC can be reduced.
Table VI. Reuse CIF, Limit Maximum Number of CCs
	Three-bit CIF
	Rate matching pattern

	000
	Refer to method 3 or method 5 on CC 0

	001
	

	010
	

	011
	

	100
	Refer to method 3 or method 5 on CC 1

	101
	

	110
	

	111
	


Table VII. Reuse CIF, Limit Maximum Number of CCs with CoMP
	Three-bit CIF
	Rate matching pattern

	000
	Refer to method 3 or method 5 on CC 0

	001
	

	010
	

	011
	

	100
	CRS pattern of TP 0 on CC 1

	101
	CRS pattern of TP 0 on CC 2

	110
	CRS pattern of TP 0 on CC 3

	111
	CRS pattern of TP 0 on CC 4


Proposal 2: We have a slight preference toward reusing the 3-bit CIF (Alt. 2) considering the specification impact and DCI signaling overhead. The need for introducing more than 3 bits should be carefully investigated.
3. Summary
In this contribution, we investigated downlink control signaling for Rel-11 CoMP. 
Below is a summary of possible methods for the downlink control signal for rate matching. 

· RRC signaling notifies the UE of the MBSFN subframe configuration of the coordinated cells, and DCI signaling supports rate matching of up to three cells. 

· Method 1: Notify UE of transmission point index by utilizing 3-bit DCI.

· RRC signaling does not notify the UE of the MBSFN subframe configuration of the coordinated cells, and DCI signaling supports rate matching of up to three cells. 

· Method 2: Notify UE of the rate matching pattern by utilizing 3-bit DCI.
· Method 3: Notify UE of the rate matching pattern by utilizing 2-bit DCI.

· RRC signaling notifies the UE of the MBSFN subframe configuration of the coordinated cells, and DCI signaling supports rate matching of only one cell. 

· Method 4: Notify UE of the transmission point index by utilizing 2-bit DCI.

· RRC signaling does not notify the UE of the MBSFN subframe configuration of the coordinated cells, and DCI signaling supports rate matching of only one cell.

· Method 5: Notify UE of the rate matching pattern by utilizing 2-bit DCI. 

Proposal 1: We prefer method 3 or method 5: RRC signaling does not indicate MBSFN subframe configuration, the UE is notified of the rate matching pattern using 2-bit DCI, and rate matching is supported for 1/3 cells.

There are two possibilities to support CoMP and CA simultaneously.

· Alt. 1: Extend 3-bit CIF, e.g., to 5 bits
· Alt. 2: Reuse 3-bit CIF
Proposal 2: We have a slight preference toward reusing the 3-bit CIF (Alt. 2) considering the specification impact and DCI signaling overhead. The need for introducing more than 3 bits should be carefully investigated.
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