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1 Introduction

The agreements on downlink control signalling for CoMP from the RAN1#69 meeting are as follows [1]:

	Agreement:

· 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 will discuss the signalling to indicate the CRS position as well as the need of defining new transmission mode for CoMP.
2 CRS position indication signalling
2.1 Number of cell for rate-matching
As we known, the data for a UE may be transmitted from multiple TPs in the CoMP measurement set. However, CRS patterns might be different from one TP to another among the CoMP cooperating set in scenarios 1/2/3, where each TP has its own PCI/antenna port configuration. Typically, the data REs of a subframe from one TP may collide with CRS from another TP. Solutions should be provided to handle this issue.
A straightforward way is to mute the data REs that possibly collide with the CRS REs of the neighbor TP(s). Since it was agreed at the RAN1#69 meeting that the size of CoMP measurement set is 3, the CRS from up to 3 TPs should be taken into account. Since data REs muting reduces the spectrum efficiency (SE), the tradeoff between achievable CoMP gains and the performance loss due to muted data REs should be studied. The number of collided REs in multiple TP scenarios is given in Table 1.
Table 1: The number of collided REs corresponding to different number of TPs.
	Number of CRS ports
	1 TP
	2 TPs
	3 TPs

	2
	12
	24
	36

	4
	16
	32
	48


It is observed from Table 1 that the number of collided REs is 24~32 for the 2-TP case, which translates to 14.3% ~ 19.0% SE loss. Recalling that the throughput gain of JT is around 19.8~24.3% on cell edge according to our previous simulations [2]. This implies that REs muting and rate-matching may significantly degrade the performance of some CoMP schemes. Furthermore, it would also degrade the BLER performance as discussed in [5]. Similar observations can be obtained for the 3-TP case. Therefore, although we think rate-matching around CRS of only 1 cell in a given PDSCH transmission can be supported in Rel-11, further justifications are needed for supporting rate-matching around more than one cell.
Proposal 1: Rate-matching around CRS of only one cell in a given PDSCH transmission is supported in Rel-11.

2.2 Signalling for CRS position indication
Data for a UE might be transmitted from any TP in the CoMP measurement set, therefore, all CRS patterns in a CoMP measurement set should be readily known by UE for enabling correct rate-matching process. The CRS patterns parameters include the number of CRS antenna ports and the frequency shift. Furthermore, as there is no CRS REs in the data region in MBSFN subframes, it is not necessary to handle the CRS collision issue in this case. Therefore, the MBSFN subframe configuration of TPs should also be known at the UE. We suggest that:
Proposal 2: The control signalling for CoMP may include the number of CRS antenna ports, the frequency shift and the MBSFN subframe configuration.
The downlink control signalling could be carried by high layer signalling e.g. RRC and/or PDCCH signalling, e.g. DCI. Typically, RRC signalling is used to carry the semi-static information for a UE, while the DCI is used to carry the dynamical information. Therefore, some hybrid signalling may be adopted by applying a good tradeoff between signalling efficiency and overhead. More specifically, the abovementioned CRS and MBSFN subframes configuration for a TP could be relative static and thus is suitable for RRC signalling, while determination of a proper TP for transmitting data could be in a dynamic manner, which renders the applicability of DCI. 
An example of hybrid signalling for indicating CRS positions is shown in Table 2 and Table 3. In Table 2, CRS patterns and MBSFN subframes configuration of each TP in the CoMP measurement set will be configured to a UE via RRC signalling, since such information is quite static. On the other hand, since the choice of data transmission TPs would vary dynamically, for example in DPS, the corresponding configurations need to be indicated to the UE dynamically, too.  A possible design of the dynamic signalling is shown in Table 3 as an example. Since the size of the CoMP measurement set is agreed as 3 [1], the 2-bit signalling needs to be defined.
Table 2: Example of CRS patterns and MBSFN subframes configuration by RRC signalling.
	TP ID
	Frequency shift
	Number of CRS ports
	MBSFN subframes configuration

	TP 1
	0
	4
	{1,3 }

	TP 2
	1
	4
	{2,4}

	TP 3
	2
	2
	{1,2,3,4}


Table 3: Example of CRS patterns and MBSFN subframes indication by DCI.
	TP Indication
	Description

	’00’
	CRS Patterns of TP1 configured by RRC

	‘01’
	CRS Patterns of TP2 configured by RRC

	‘10’
	CRS Patterns of TP3 configured by RRC

	‘11’
	Reserved


Proposal 3: Hybrid signalling is used to indicate the CRS position and MBSFN related information.
Proposal 4: New bits in DCI are needed to indicate the CRS positions from which the PDSCH transmission may occur.
Proposal 5: The number of new bits in DCI is recommended to be 2. 

3 CoMP transmission mode

3.1 Downlink signalling in support of CoMP

The introduction of CoMP requires improvements for a number of signallings in legacy specs, since a lot of parameters should be informed to UE for facilitating CoMP operations. The parameters for downlink CoMP are summarized in Table 4. Most of the parameters are transmitted by RRC signalling and hence may not impact the current transmission mode. However, some of them should be configured dynamically to a UE through DCI. In this case, their impacts on legacy transmission modes should be considered.
Table 4: Parameters for signalling support to downlink CoMP.
	Parameter
	Signalling type

	DMRS configuration (
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	Hybrid signalling (RRC and DCI)

	CRS position indication for rate-matching (antenna ports, frequency shift, MBSFN subframes configuration)
	Hybrid signalling (RRC and DCI)

	CSI request fields for aperiodic feedback [4]
	Hybrid signalling (RRC and DCI)

	measurement CSI-RS configuration (antennaPortsCount, ResourceConfig, SubframeConfig, Pc, 
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	RRC signalling

	management CSI-RS configuration (antennaPortsCount, ResourceConfig, SubframeConfig,
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	RRC signalling

	Interference measurement resource configuration
	RRC signalling


3.2 New transmission mode for CoMP
As shown in Table 4, three kinds of parameters are related to DCI signalling, which are detailed below.
DMRS configuration: It was agreed that a set of 
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  [3]can be configured to UE by RRC signalling, and the nSCID  defined in DCI format 2A/2C can be used for the switching of 
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[3]. Therefore, it has no impact to current DCI format content.
CSI request fields for aperiodic feedback: It was a majority view from email-discussion [4] that the DCI of CSI request fields for CoMP may reuse that for CA in Rel-10. Therefore, it has no impact to current DCI format content either.

CRS position indication for rate-matching: As mentioned in Section 2, it is necessary to introduce new bits in current DCI.

TM9 in Rel-10 was mainly designed to support up to 8-layer transmissions, which use CSI-RS for CSI measurement. It is natural to consider TM9 as a baseline for CoMP operation. Although it is possible to reuse TM9 for CoMP operation by extending the current content in DCI format 2C, however, since only a small portion of the UEs in a cell will enable CoMP transmissions, the modifications of DCI format 2C only for CoMP UEs will cause unnecessary overhead to those UEs not working in CoMP transmission mode. Therefore, it would be better to decouple the connection of the legacy TM9 and CoMP operation, and to define a new DCI format in TM10.
Proposal 6: It is preferred to specify a new TM (e.g. TM 10) in Rel-11 for supporting CoMP.
However, in our view, the CRS based CoMP should not be introduced in Rel-11. As there still exist some issues for CoMP, e.g. CRS based measurement. Even if CSI-RS based measurement with CRS based demodulation may be capable of enabling CoMP operation, it may require significant standardization efforts. Last but not least, the performance of CRS based measurement for CoMP has not yet been justified. Therefore, we propose:

Proposal 7: CRS based CoMP should not be supported in the suggested new TM.
4 Conclusion

In this contribution, we discussed the signalling to indicate the CRS position as well as the CoMP transmission mode. Our proposals are summarized as follows:

Proposal 1: Rate-matching around CRS of only one cell in a given PDSCH transmission is supported in Rel-11.
Proposal 2: The control signalling for CoMP may include the number of CRS antenna ports, the frequency shift and the MBSFN subframe configuration.
Proposal 3: Hybrid signalling is used to indicate the CRS position and MBSFN related information.
Proposal 4: New bits in DCI are needed to indicate the CRS positions from which the PDSCH transmission may occur.
Proposal 5: The number of new bits in DCI is recommended to be 2.
Proposal 6: It is preferred to specify a new TM (e.g. TM 10) in Rel-11 for supporting CoMP.
Proposal 7: CRS based CoMP should not be supported in the suggested new TM.
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