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1 Introduction
In last RAN plenary, work item was approved to specify enhanced PDCCH (ePDCCH) in Rel. 11. This contribution discusses the employment of JT/DPS CoMP on ePDCCH transmission as well as its downlink control information (DCI) multiplexing mechanism.
2 ePDCCH with JT/DPS CoMP
ePDCCH, sent over allocated resource blocks (RBs) in PDSCH area, has been considered to increase the capacity and coverage of the control signal [1][2]. The employment of UE-specific RS (DM-RS) in ePDCCH transmission makes the transmission properties transparent to the UE. In principle, the enhanced single-point MIMO as well as multi-point MIMO (i.e., CoMP) schemes for improving the throughput of data transmission becomes also available for ePDCCH transmission [2].

For LTE-Advanced Rel. 11, the CoMP schemes, JT, DPS, and CS/CB are supposed to be supported for data transmission. In case of JT and DPS, UE’s data should be shared among more than one point in CoMP cooperating set; while, in case of CS/CB, data for a UE is only available at and transmitted from the serving point but user scheduling/beamforming decisions are made with coordinated among points corresponding to the CoMP cooperating set. According to the performance evaluation results of CoMP SI [3], JT/DPS CoMP achieves better performance than CB/CS to improve the cell-edge user throughput of downlink data transmission. For the UEs who suffer severe noise or interference in legacy PDCCH region, ePDCCH with CoMP might be used for transmitting DCI in a similar way as that of data, by sharing the control signal among the selected TPs. For example, UEs in the cell range expansion zone of heterogonous network have difficulties to receive the PDCCH transmitted from the macro cell. For these UEs, there are benefits of having the possibility to receive the control information on the ePDCCH transmitted from both the macro cell and nearby lower power node. The CoMP scheme for ePDCCH transmission may be same as that of data transmission for the sake of simplicity, or different from that of data transmission considering the limited radio resources. For example, ePDCCH of a CoMP UE is sent dynamically from macro cell or nearby lower power node; while its data is sent from both macro cell and lower power node.

3 DCI multiplexing for ePDCCH with JT/DPS CoMP
The legacy PDCCH design is a well-proven technique to have flexible and efficient transmission of control information, and should be the baseline for ePDCCH as well. The legacy PDCCH design is based on the multiplexing of multiple UEs’ downlink control information (DCI). The multiplexed UEs are regarded as a UE group. PDCCH of the grouped UEs is initialized by the same scrambling seed initialized by the serving cell’s cell index. We think the UE grouping concept for PDCCH should be extended to ePDCCH as well. Therefore, the UE grouping with the same serving cell is also applicable to ePDCCH transmission. 

For the employment of JT/DPS CoMP to ePDCCH transmission, the control signal of CoMP UEs should be shared among the selected transmission points (TPs) within the allocated resource region of ePDCCH. The following two approaches could be considered for the UE grouping.
Alt1: same UE group for CoMP and non-CoMP UEs with same serving cell

CoMP UEs and non-CoMP UEs are grouped together and share same allocated resource region. Within the shared allocated region, the ePDCCH of CoMP UEs is sent from the selected TP(s). The ePDCCH of non-CoMP UEs is sent from the serving cell only. As illustrated in Figure 1, both serving cell and CoMP cell are selected as TPs for CoMP UEs with JT CoMP. The ePDCCH region is allocated for both CoMP UEs and non-CoMP UEs. Within this region, the CoMP UEs’ DCI is multiplexed and sent simultaneously from both serving cell and CoMP cell; while, the non-CoMP UEs’ DCI is multiplexed and sent from serving cell only. The reserved region should be large enough to include both CoMP UEs and non-CoMP UEs. In case of transparent CoMP, there is no specification impact of the employment of JT CoMP on ePDCCH transmission. 
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Figure 1 Alt1: same UE group for CoMP and non-CoMP UEs with same serving cell
Alt2: different UE group for CoMP UE and non-CoMP UEs with same serving cell

CoMP UEs and non-CoMP UEs are separated and different resource regions are allocated for ePDCCH transmission. Within the allocated region of CoMP UEs, the ePDCCH of CoMP UEs is sent from selected TP(s); while, within the allocated region of non-CoMP UEs, the ePDCCH of non-CoMP UEs is sent from the serving cell only. As illustrated in Figure 2, both serving cell and CoMP cell are selected as TPs for CoMP UEs with JT CoMP. The allocated ePDCCH region of CoMP UEs is shared by serving cell and CoMP cell, where the CoMP UEs’ DCI is multiplexed and sent simultaneously from both serving cell and CoMP cell. The ePDCCH region of non-CoMP UEs is only reserved at serving cell, where the non-CoMP UEs’ DCI is multiplexed and sent from serving cell only. Considering limited number of CoMP UEs, close to the cell-edge, smaller ePDCCH region of CoMP UEs is shared by serving cell and CoMP cell. The CoMP UEs’ ePDCCH region may need to be updated according to the number of CoMP UEs. The indication of ePDCCH region is FFS.
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Figure 2 Alt2: different UE group for CoMP UE and non-CoMP UEs with same serving cell
4 Conclusions

In this contribution, we discuss the possibility of the employment of JT/DPS CoMP on the ePDCCH transmission. Similar with data transmission, JT/DPS CoMP can be used to ePDCCH transmission to improve the control channel capacity and coverage. Based on the UE grouping concept of PDCCH multiplexing, two approaches of UE grouping are considered for ePDCCH with JT/DPS CoMP. Further study on details is needed from the perspectives of resource allocation, performance gain, overhead, etc.
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