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1. Introduction
In 3GPP RAN#69 meeting, the CoMP DL control signaling issues were discussed with the following agreement [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. 

In this contribution, we discuss the signaling issues to indicate the CRS position. The detailed RRC and DCI content of this signaling are proposed. In addition, the PDSCH starting position is also mentioned.
2. Downlink control signaling to indicate the CRS position
In [2], the problem of the collision between CRS and PDSCH is pointed out if the transmission points have different cell ID. In the PDSCH RE mapping, there could be mismatch for the CRS position of the TP whose cell ID is different with the serving cell due to different cell-specific CRS frequency shifts. This could cause significant performance degradation if the CoMP UE ignores this problem in CoMP.

In order to indicate the CRS position, a joint signaling of RRC and DCI can be supported. The eNodeB (serving cell) firstly configure several PDSCH RE mapping configuration sets by RRC. Each set indicates REs used (or not used) for PDSCH mapping with consideration of the CRS position. Which set is used in current subframe for PDSCH RE mapping will be indicated by DCI. In the following, we will discuss the detailed content of the downlink control signaling to indicate the CRS position.
(1) Number of CRS antenna ports
From Rel-8, for CRS, the number of CRS antenna ports can be 1, 2 or 4. Also all these cases should be supported in Rel-11. For flexibility, different cell can have different number of CRS antenna ports especially in Het-net scenario. So we should indicate the number of CRS antenna ports of different TPs in the signaling. In addition, considering CoMP scenario 4 when several TPs have the same cell ID, some TP may not transmit CRS at all. To support this case, the value to indicate the number of CRS antenna ports can be also 0.  
Proposal 1: 

The number of CRS antenna ports should be included in the DL control signaling. The value can be 0, 1, 2 and 4. 
(2) MBSFN subframe
In an MBSFN subframe, CRSs shall only be transmitted in the non-MBSFN region of the MBSFN subframe. Therefore, the CRS position can be different between MBSFN subframe and normal subframe. However, if we assume that all MBSFN subframes of all the TPs in the CoMP set are synchronized, we do not need to indicate this information in the DL control signaling.
Proposal 2: 

No need to indicate information related to MBSFN subframe configuration in the DL control signaling.
(3) Number of CRS patterns for rate matching
From the work assumption of the discussion of CoMP measurement set [1], the maximum size of CoMP measurement set is 3. For JT CoMP, three cells can be involved in the joint transmission. In order to support this scenario, the UE need to know the CRS position of all the cells involved in the JT. So the signaling should also indicate up to 3 cells around whose combined CRS patterns the PDSCH is rate-matched.
Proposal 3: 

In order to support JT, the signalling should also indicate up to 3 cells around whose combined CRS patterns the PDSCH is rate-matched.
(4) Proposed RRC and DCI signaling
Based on the above discussion, one of the possible RRC and DCI signaling can be described as follows.
1) RRC signaling
For RRC signaling, the frequency shift value of CRS (vshift) and the number of CRS antenna ports can be considered to indicate the CRS position. For this, following two alternatives are possible.
Alt. 1: 5bits RRC signaling for each TP
  - According to each TP’s CRS position, 3bits for vshift and 2bits for the number of CRS antenna ports can be signaled as Table 1.
 - For each PDSCH RE mapping configuration set, total number of signaled RRC bits can be different depending on the number of TPs which transmit PDSCH with DPS or JT.
Table 1: RRC parameters included each PDSCH RE mapping configuration set (Alt. 1)
	TP 0
	vshift - 3bit

	
	Number of CRS antenna ports - 2bit

	…
	…

	TP N-1
	vshift - 3bit

	
	Number of CRS antenna ports - 2bit


Note: N=1, 2 or 3 
Alt. 2: 9bits bit-map signaling regardless of the number of TPs

  - As similar to the signaling for zero-power CSI-RS, each possible CRS position with consideration of both vshift and the number of CRS antenna ports is signaled by bit-map as described in Table 2 and Figure 1.

 - For each PDSCH RE mapping configuration set, total number of signaled RRC bits are always the same regardless of the number of TPs which transmit PDSCH with DPS or JT.

Table 2: 9bits bit-map included each PDSCH RE mapping configuration set (Alt. 2)
	CRS for

(R0, vshift=0)
	CRS for

(R0, vshift=1)
	CRS for

(R0, vshift=2)
	CRS for

(R0, vshift=3)
	CRS for

(R0, vshift=4)
	CRS for

(R0, vshift=5)
	CRS for

(R2&R3, vshift=0/3)
	CRS for

(R2&R3,
vshift=1/4)
	CRS for

(R2&R3, vshift=2/5)


Note: CRS position for R1 can be expressed as CRS position for R0
- CRS for (R0, vshift=x) = CRS for (R1, vshift=(x+3)mod6)
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Figure 1: An Example of 9 CRS positions for 9bits bit-map based on Figure 6.10.1.2-1 in [3]
2) DCI signaling
In the DCI format, 3 bit indicator is needed to indicate which set configured by RRC is used for current subframe. The indicator table is shown as following Table 3.
Table 3: 3bit DCI content table for PDSCH RE mapping
	Index
	Content

	000
	PDSCH RE mapping configuration set 1 (e.g. DPS for TP A)

	001
	PDSCH RE mapping configuration set 2 (e.g. DPS for TP B)

	010
	PDSCH RE mapping configuration set 3 (e.g. DPS for TP C)

	011
	PDSCH RE mapping configuration set 4 (e.g. JT for TP A & TP B)

	100
	PDSCH RE mapping configuration set 5 (e.g. JT for TP A & TP C)

	101
	PDSCH RE mapping configuration set 6 (e.g. JT for TP B & TP C)

	110
	PDSCH RE mapping configuration set 7 (e.g. JT for TP A & TP B & TP C)

	111
	reserved


In the DCI format, 2 bit indicator also can be considered as following Table 4. In Table 4, 4 configurations of PDSCH RE mapping can be included among 7 configurations used in Table 3.
Table 4: 2bit DCI content table for PDSCH RE mapping
	Index
	Content

	00
	PDSCH RE mapping configuration set A

	01
	PDSCH RE mapping configuration set B

	10
	PDSCH RE mapping configuration set C

	11
	PDSCH RE mapping configuration set D


3. Downlink control signaling to indicate the PDSCH starting position
If the different transmission points have different cell IDs, another problem is that the different transmission point may have different control region (the number of symbols for PDCCH transmission). So the starting positions of the PDSCH for the CoMP UE from CoMP transmission points might not be aligned, which will cause the similar problem as the CRS.

If we allow that different cell involved in the CoMP have full flexibility on control region as in Rel-10, it is better to indicate the starting position information of PDSCH. Therefore, for each PDSCH RE mapping configuration set mentioned with Table 1 and Table 2, an RRC signaling to indicate the PDSCH starting position can also be considered as Table 5.

Table 5: RRC parameters including each PDSCH RE mapping configuration set 

- With consideration of both the CRS position (by Alt. 2) and the PDSCH stating position
	CRS position – 9bits

	PDSCH starting position – 2bits


Proposal 4: 

For PDSCH RE mapping, the indication of both the CRS position and the PDSCH starting position can be considered.
4. Conclusion
In this contribution, we discuss DL signaling for PDSCH RE mapping to support CoMP. our proposals are:
Proposal 1: 

The number of CRS antenna ports should be included in the DL control signaling. The value can be 0, 1, 2 and 4. 
Proposal 2: 

No need to indicate information related to MBSFN subframe configuration in the DL control signaling.
Proposal 3: 

In order to support JT, the signalling should also indicate up to 3 cells around whose combined CRS patterns the PDSCH is rate-matched.
Proposal 4: 

For PDSCH RE mapping, the indication of both the CRS position and the PDSCH starting position can be considered.
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