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1. Introduction
In RAN#53 plenary meeting, the CoMP (Coordinated Multi-Point operation) work item proposal [1] for Rel.11 has been approved. Since then, a lot of topics are discussed in different session with some agreement. The corresponding DL control signaling issues are also included in these discussions.
In this contribution, we summarize the DL signaling issues from the different sessions. In addition, transmission mode and PDSCH RE mapping in joint transmission are also discussed.  
2. RRC content to support CoMP 

Based on the current discussion in CoMP, the following parameters are included in the RRC signaling for different purpose.
2.1. RRC for DL CoMP

2.1.1. CSI-RS configuration 
In Rel. 10, only one CSI-RS resource is configured by RRC with the following parameters: antennaPortsCount, subframeConfig, resourceConfig, Pc.

In Rel. 11, based on the current discussion, multiple CSI-RS resources will be configured to support CoMP operation. For each CSI-RS resources, antennaPortsCount, subframeConfig, resourceConfig, Pc are configured. In addition, a new configurable parameter X to derive the pseudo-random sequence generator initialisation (cinit) is added as follows:
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All the parameters are independent among different the CSI-RS resource. More details are still under discussion.
2.1.2. CoMP measurement set
Although multiple CSI-RS are configured by RRC, we do not need to feed back CSI for all these resources because of the feedback overhead issues. So a CoMP measurement set can be configured by RRC to determine which CSI-RS resources are used for CSI feedback. The index of the CSI-RS resource to be used for CSI feedback can be indicated to UE in this CoMP measurement set configuration by RRC. 
2.1.3. CoMP resource management Set

CoMP resource management set can be configured by one set of CSI-RS resources for which CSI-RS based received signal measurements can be made and reported. The CoMP measurement set can be decided by the report of CSI-RS channel quality measurement (e.g. RSRP of CSI-RS). The set of CSI-RS resources in the CoMP resource management set and the set of CSI-RS resources in the CoMP measurement set can be independent.
2.1.4. DMRS sequence

In current discussion, we need enhancement to DL DMRS sequence in Rel-11 to support DL-CoMP. 
· The scrambling sequence of DMRS for PDSCH on ports 7~14 is initialized by
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· Two candidate values of X are configured: x(0) and x(1) by UE-specific RRC signaling.
Proposal 1: For DL CoMP, a CoMP measurement set and a CoMP Resource Management Set are independently configured with multiple CSI-RS resource. Two scrambling sequences can be configured by RRC for DL DMRS to improve the performance of MU-MIMO.
2.2. RRC for UL CoMP
2.2.1.  UL DMRS sequence

In Rel.10, for each cell, only one UL DMRS base sequence and CS hopping are defined for all the UE decided by cell ID and other high layer signaling. To improve the performance of UL CoMP, two base sequences can be configured for UL PUSCH DMRS by an UE specific parameters VCID in RRC. The CS hopping can be independently configured by cinitCSH  together.
2.2.2.  UL PUCCH resource and sequence 

Similar to UL PUSCH DMRS, multiple PUCCH format 1/1a/1b resources should also be configured to improve the performance. In addition to the existing mechanism, a UE can support the generation of a PUCCH base sequence and a cyclic shift hopping by replacing the physical cell ID NIDcell with a UE-specifically configured parameter X. In addition, a separate PUCCH region can be configured with a UE-specifically configured parameter NPUCCH_UE(1) which link to the new configured sequence and CS hopping.
Proposal 2: For UL CoMP, configure 2 base sequences for UL DMRS of PUSCH, and configure an additional PUCCH resource and sequence in UE specific manner.
3. TM mode

For CoMP of Release 11, it’s better that transmission mode 9 can be reused. So DCI format 2C to be used as a starting point for DL grant. For UL grant, DCI format 0 and 4 can be reused if possible. If we need dynamically indicated some operation for CoMP in DCI format, it is better to reuse the current field as much as possible to reduce the overhead. 
Proposal 3: It is better to reuse TM 9 for CoMP operation. No need to define new TM mode if it is possible.
4. DCI content to support CoMP 
Here we discuss the detailed content in DCI to support DL CoMP.
4.1. DL DMRS sequence indicator in DCI format

As mentioned before, for DL DMRS, two scrambling sequences from x(0) and x(1) are configured by RRC. In DL transmission, only one of them is used. In order to dynamically select the DL DMRS sequence, the indicator can be included in the DCI format. As a good candidate, nSCID in DCI format 2C can be reused for dynamic selection of x(0) or x(1).
4.2. UL DMRS sequence indicator in DCI format

Similar with the DL DMRS, two base sequence and CS hopping are configured for UL DMRS of PUSCH. In order to dynamically select the UL DMRS sequences and CS hopping configured by RRC, the indicator should also be included in the DCI format 0 or 4. To reduce the overhead, we can re use the field of cyclic shift for DMRS and OCC index to dynamic selection of UL DMRS base sequences and CS hopping.

Proposal 4: Indicate the DL DMRS sequence selection by nSCID of DCI format 2C. : Indicate the UL DMRS base sequence and CS hopping selection by the field of cyclic shift for DMRS and OCC index of DCI format 0 or 4.
4.3. PDSCH RE mapping 

In [3], the problem of the collision between CRS and PDSCH is pointed out if the transmission points have different cell ID. For the CRS in JP, the PDSCH for a CoMP UE incurs interference from the CRS of CoMP transmission cells due to different cell-specific CRS frequency shifts. This causes significant performance degradation if the CoMP UE ignores this interference in JT especially in Het-Net environment. 
To solve this problem, the related RE in PDSCH should be muted in rate matching. So the muting information should be signaled to UE. If we allow dynamic switch among JP and CS/CB, it’s better to have dynamic or partial dynamic way. So the indication of muting should be included in the DCI content.
If the different transmission point have different cell IDs, another problem is that the different transmission point may have different PDCCH 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 PDCCH region as in Rel 10, it’s better to indicate the starting point information of PDSCH dynamically in the DCI format.
If all the information is sent dynamically, the overhead of DCI format will be a big problem. To reduce the overhead, the indication of CRS/PDSCH collision and PDSCH starting point can be jointly coded as one indicator.
Proposal 5: For PDSCH RE mapping, the indication of CRS/PDSCH collision and PDSCH starting point can be jointly considered in the DCI content.
5. Conclusion
In this contribution, we discuss DL signaling to support CoMP. For RRC signaling, our proposals are:

Proposal 1: For DL CoMP, a CoMP measurement set and a CoMP Resource Management Set are independently configured with multiple CSI-RS resource. Two sequences can be configured by RRC for DL DMRS to improve the performance of MU-MIMO.
Proposal 2: For UL CoMP, configure 2 base sequences for UL DMRS of PUSCH, and configure an additional PUCCH resource and sequence in UE specific manner. 
As to the TM mode, our proposal is

Proposal 3: It is better to reuse TM 9 for CoMP operation. No need define new TM mode if it is possible.
For DCI content, our proposals are
Proposal 4: Indicate the DL DMRS sequence selection by nSCID of DCI format 2C. : Indicate the UL DMRS base sequence and CS hopping selection by the field of cyclic shift for DMRS and OCC index of DCI format 0 or 4.
Proposal 5: For PDSCH RE mapping, the indication of CRS/PDSCH collision and PDSCH starting point can be jointly considered in the DCI content.
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