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1. Introduction
In DL CoMP, many enhanced transmission schemes and enhanced feedback modes will be introduced to obtain expected gain in spectrum efficiency. In order to support these new functions for CoMP, corresponding downlink control signaling should also be designed. In the approved CoMP WI [6], it is agreed to have:

· PDCCH extension and other enhancements on downlink control signalling
Referred to CoMP SI [1], the following are considered for downlink control signaling enhancement:
· Downlink control signalling to support the transmission scheme

· Semi-static or dynamic signalling of relevant parameters, e.g.

· CoMP sets

· CSI-RS configurations and zero-power CSI-RS configurations for CoMP measurement set

· Configurations if new RS is applicable for CoMP measurement

· Transmission modes

· Reporting modes including related uplink channel configuration

· Control signalling to resolve problems related to different CRS frequency shifts in different cells and the PDSCH/CRS collision

· For efficient support of CoMP JP

· Control signalling to resolve problems related to different PDCCH region sizes in different cells

· For efficient support of CoMP JP

· Antenna ports and related scrambling sequences

· Cross point scheduling

· A UE receives a PDSCH assignment from one point and receives the PDSCH from at least one other point.
In this contribution, we simply describe the initial considerations on the above aspects for discussion.
2. Discussion
CoMP measurement set

In Rel-10, single CSI-RS configuration and multiple zero-power CSI-RS patterns can be configured for one UE. To support CSI measurement of multiple points for CoMP transmission, a UE-specific CoMP measurement set including single or multiple CSI-RS patterns should be signaled to UEs. For flexibility to fall back to single cell transmission and backward compatibility, the CSI-RS configuration in Rel-10 can be remained independently from the measurement set. Considering the CSI-RS configurations in a measurement set may belong to different cells, the corresponding Cell ID of each configuration should also be indicated. 
In CoMP SI, the CoMP reporting set is also defined, which may include only part of points in CoMP measurement set decided by UE. If only those points are reported, the UE should also report which points in the measurement are fed back especially. This will introduce additional specification effort and also increase the complexity of uplink channel. Hence, we propose not to additionally define the CoMP reporting set for feedback in specification.
Proposal 1: Additional definition of CoMP reporting set for feedback is not needed.
Transmission mode for CoMP
For better support of CoMP transmission, new transmission mode can be considered if needed. If new designs, such as new feedback modes, new codebook (for MIMO) and dynamic signaling to support CoMP transmission, are introduced in Rel-11, new transmission mode as well as new DCI format should be defined. If new transmission mode is introduced, it should be designed jointly with the enhancements on DL MIMO. However, the transmission schemes are transparent to UE based on UE-specific DMRS. If only new feedback modes are introduced, whether it is possible to apply TM9 for CoMP transmission needs further study. 
Proposal 2: If new transmission mode or new DCI format is introduced, it should be designed jointly with DL MIMO.
Signaling for reporting modes

New PUSCH/PUCCH reporting modes are needed for CoMP to support multiple points measurement. The higher layer signaling to indicate these new modes should also be defined. For aperiodic report, higher layer signaling to configure reported points set/CSI-RS set as adopted for CA may be beneficial to reduce the feedback overhead. For periodic report, period and subframe configuration for each CSI-RS configuration in measurement set should be jointly scheduled and indicated to UE.
Signaling for possible RS enhancement

In Rel-11, DL RS may be adopted for other functions than CSI measurement and demodulation as in Rel-10. Specific RS for interference measurement will improve the accurate of CQI estimation [2], and if it is agreed the signaling of this type of RS should be considered. 
As described in [3], if CSI-RS based pathloss measurement is adopted for uplink power control, the signaling of specific CSI-RS configuration(s) for this scenario is also needed. However, this kind of enhancement of uplink power control will not only change the measurement itself, but also increase the complexity for downlink signaling a lot. From the perspective of downlink control signaling, it is not desired to introduce such a complicated method.
In [4], enhancements for DL DMRS and CSI-RS are discussed, and seldom possible enhancements can work without additional DL signaling. 
Proposal 3: DL signaling for interference measurement enhancement and DL RS enhancement should be considered.
Control signalling for CRS frequency shifts
 To reduce the interference among CRS from different cells, frequency shift was introduced in Rel-8 to schedule CRS from different cells in different resource. For CoMP transmission, this may lead to significant performance loss in the resource where one cell transmits CRS due to the interference to PDSCH of other cells. DL signaling to indicate the interference CRS patterns including frequency shift and antenna ports may be beneficial for UE to reduce this impact on detection[5]. 
Considering the CRS patterns are static for cooperative cells and the CRS interference is steady for a UE, dynamic indication of CRS patterns via DCI seems unnecessary. The overhead to indicate multiple CRS patterns in DCI will also be problems. Higher layer signaling can be sufficient to inform CRS patterns. If Cell IDs of neighboring points are included in the CSI-RS configurations in CoMP measurement set, the possible CRS patterns would be implicitly obtained by UEs. Additional higher layer signaling can be complement to this, e.g. to indicate the CRS patterns with higher interference or the antenna ports information.
Proposal 4: Dynamic signaling to indicate the CRS patterns for interference cells is unnecessary.
Control signalling for different PDSCH region
In JP transmission, UE may receive data from different points at the same time. If the points have different Cell IDs, the PDCCH symbols as well as starting region of PDSCH may be different for these points. Then UEs would have no information about the actual starting position of PDSCH. To avoid the error case, the PDSCH starting position from different cells should be the same to the certain UE, and additional downlink signalling is needed to indicate the transmitted PDCCH/PDSCH region. 
Since the transmission points can be dynamically scheduled by eNB which are transparent to UEs, dynamic signalling can provide accurate information for starting position of current transmission. To reduce the overhead, the difference between this information and that of serving cell which is known to UEs would be sufficient. Nevertheless, dynamic signalling requires additional overhead in DL assignment, which may affect the PDCCH detection performance if the DCI size is already large. It should be carefully studied whether dynamic signalling via DCI is needed here.
In CA scenario, only the PDCCH region of PCell is signalled to UEs via PCFICH, while the information of SCell is indicated by higher layer. Similar scheme can be reused for above multiple cells case, and the starting position of PDSCH can be indicated via UE-specific higher layer signalling. To avoid the error case when a point with large PDCCH region is scheduled as transmission point, the starting position should be large enough. It will lead to waste of resource if the information mismatches the actual starting position, but this can be avoided in some extent via scheduling or cooperative configuration.
Proposal 5: Higher layer signaling can be introduced to indicate PDSCH starting position.
Cross point scheduling
For cross point scheduling, the PDCCH of one UE is transmitted from one point (of serving cell), while the corresponding PDSCH can be transmitted from different point(s) using the parameters of serving cell. The communication among points for scheduling information and data is necessary for this type of transmission. The CRS position of corresponding point(s) should also be indicated to UEs if these points have different CRS configurations. This has been discussed above and is not individual issue of cross point scheduling. Considering the transmission points are transparent to UEs, we don’t think any additional downlink signaling is needed for this type of transmission. 
Proposal 6: No additional downlink signaling is needed for cross point scheduling.
3. Conclusions

In this contribution, we provide our initial views on design of downlink signaling for CoMP transmission. The downlink signaling should be considered associated with other design, e.g. feedback, RS enhancement etc. In a word, we have the following proposals:
Proposal 1: Additional definition of CoMP reporting set for feedback is not needed.
Proposal 2: Proposal2: If new transmission mode or new DCI format is introduced, it should be designed jointly with DL MIMO.
Proposal 3: DL signaling for interference measurement enhancement and DL RS enhancement should be considered.
Proposal 4: Dynamic signaling to indicate the CRS patterns for interference cells is unnecessary.
Proposal 5: Higher layer signaling can be introduced to indicate PDSCH starting position.
Proposal 6: No additional downlink signaling is needed for cross point scheduling.
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