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1. Introduction
At RAN1 #66, the possible aspects of downlink control signaling required to support CoMP schemes are summarized in [1]. In this contribution, we give further analysis and proposals on some of the aspects, mainly on control signalling to resolve problems of different CRS frequency shift and control region size for different transmitting cells. E-PDCCH for DCS is also analyzed.
2. Discussion
Different CRS shift related signaling
As shown in Fig.1, the cell-specific CRS shift for different cells involved in the transmission points for CoMP scenario 1/2/3 may be different, which causes CRS and data collision if JT CoMP is used. To avoid this issue, the CRS shifting of CoMP transmission cells need to be indicated to the UEs semi-statically or dynamically[2]. For example, one alternative is to define a new DCI including PDSCH muting and actual CRS mapping pattern of the cooperating cells. The other alternative is to include a CIF like information in the DCI, with the CRS shift information of each CI already indicated to CoMP UEs when the UE-specific measurement set is configured. By doing so, the CoMP PDSCH region among multiple CoMP transmission points could be aligned. No CoMP would be done in the REs for CRS transmission for each transmitting cells. 
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Fig.1 CRS and PDSCH collision
For dynamic cell selection, due to the single cell transmission, the CRS and PDSCH collision issue could be avoided without PDSCH muting. However if the interference avoidance of CRS from the cell other than the transmitting cell is considered, the method in JT-CoMP could be reused. 
Different control region size related signaling
As shown in Fig.1, the cell-specific control region size for different cells involved in the transmission points for JT-CoMP may be different, which causes problems in UE receiving if UE decides the PDSCH starting position only according to the control region size indicated by PCFICH transmitted from the serving cell. The same issue is applied to DCS as well, where different transmission points may have different control region size. 
To handle the issue of control region mismatch, the PDSCH starting position need to be configured to the CoMP UEs semi-statically or dynamically. The alternatives include to indicate the PDSCH starting position through RRC signaling or by  a new DCI, as proposed in [2]. The pros and cons of the possible schemes need further study.
E-PDCCH related
E-PDCCH based on DM-RS, is firstly proposed in CoMP item to resolve the issue of limited control channel capacity. It is almost a common view that the close loop precoding gain should be employed for E-PDCCH. The structure of E-PDCCH is still in discussion. Pure FDM and FDM + TDM are the two main concerns for E-PDCCH and PDSCH multiplexing [3][4]. The MIMO/CoMP transmission to enhance the spectral efficiency of the PDCCH transmission needs further study. Besides that, the structure of E-PDCCH may have some impact at least for dynamic cell selection. If the multiplexing structure is FDM+TDM, where E-PDCCH and PDSCH may have overlapped frequency resource, E-PDCCH and related PDSCH are preferred to be transmitted from the same point. By do so, the PMI of E-PDCCH and the related PDSCH could be decided using the same channel, which helps to guarantee the required performance of E-PDCCH and PDSCH. While if E-PDCCH multiplexes with PDSCH using FDM, it could be transmitted in different points with the related PDSCH without considering this PMI mismatch issue.
3. Conclusions
In this contribution, the issues of downlink control signaling for supporting CoMP schemes are discussed, including the different CRS frequency shift and control region size for different cells involved in CoMP scenario 1/2/3. The E-PDCCH transmission for DCS is also discussed considering different E-PDCCH structures. The proposals involved in these issues are suggested for further consideration.
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