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1. Introduction
In RAN#51, it was agreed to start a study item on DL MIMO enhancements for LTE-Advanced [1]. One of the first priority objectives to be studied is to evaluate the enhancements for downlink control signalling, including the control signalling to support MU-MIMO and the E-PDCCH schemes based on UE-specific reference signals. In this contribution, a number of design aspects for E-PDCCH are analyzed and some proposals are given for consideration.
2. Discussion
The consideration of PDCCH enhancements could be divided into two folds, i.e., to expand the PDCCH capacity and to reduce the PDCCH overhead while maintain the PDCCH decoding performance requirements. One scenario requiring PDCCH to be expanded is the scenario with macro eNB sharing a single cell-id with multiple RRHs located in its coverage. The resources could be split by different transmission points, resulting potentially increased number of users accessing to the cell. Three OFDM symbol of PDCCH may not be enough to accommodate the related control information.  Other scenarios may include carrier aggregation with cross-carrier scheduling, where the scheduling information is transmitted mainly on a primary cell.
Besides the requirements to expand the PDCCH capacity, it is also preferred to reduce the PDCCH overhead by enhancing PDCCH performance, for example, by efficiently using multiple transmit antennas and by using frequency selective scheduling, etc.  
2.1. E-PDCCH Structure

FDM and TDM are the ways to expand the PDCCH capacity into the PDSCH region. TDM with more than 3 OFDM symbols allocated for PDCCH could not maintain backward compatibility, thus is not preferred. For FDM, the relay PDCCH(R-PDCCH) designed for relay backhaul link could be served as a reference for FDM scheme design.
Proposal 1: FDM is preferred as the multiplexing scheme for PDSCH and E-PDCCH

2.2. E-PDCCH schemes 
One aspect worthy to be noted is for Rel.11 UEs, common search space in the traditional region has to be detected to obtain for example, the system information. This property could be used to seek for additional PDCCH performance enhancement, for example, by defining a new DCI in common search space, the E-PDCCH region could be dynamically allocated in each subframe. Alternatively, a new DCI could be defined to be transmitted in legacy UE-specific search space to indicate a UE-specific E-PDCCH position.  These two schemes may introduce additional frequency selective performance gain for E-PDCCH. Schemes to further enhance the E-PDCCH performance were proposed by some companies [2-6], including using high modulation level, high rank, etc. Further evaluation should be done for these techniques discussed. The related standard impact should also be carefully considered.
Proposal 2: Further evaluation should be done for the schemes like frequency scheduling, higher modulation, higher rank transmission for E-PDCCH. The related standard impact should be carefully considered.
2.3. PHICH capacity 
Besides the limited capacity of PDCCH, PHICH may also have the capacity issue. PHICH for different UEs are separated by lowest PRB index of the scheduled PUSCH and the related DM-RS cyclic shifts. One factor contributing the limited PHICH capacity is that the UEs in new deployment scenario could easily obtain uplink splitting gain since PUSCHs are DM-RS based. The other factor is for UL SPS data transmission, where DM-RS cyclic shift is set to 0. If multiple UEs configured with UL SPS type of traffic located in different RRHs, PHICH collision occurs if two or more PUSCH start from the same PRB index. Similar discussion was happened for PHICH collision for carrier aggregation with cross carrier scheduling for UL data transmission [7-8], where some companies showed that if UL SPS traffic is allowed to be scheduled in both PCC and SCC, PHICH collision occurs. It is therefore recommended to do further evaluation to see whether PHICH capacity is limited in the new scenario.
Proposal 3: It is recommended to do further evaluation to see whether PHICH capacity is limited in the new scenario.

3. Conclusions
In this contribution, some issues for CoMP scenario 4 are briefly discussed. We provide the following proposals based on the analysis.
Proposal 1: FDM is preferred as the multiplexing scheme for PDSCH and E-PDCCH

Proposal 2: Further evaluation should be done for the schemes like frequency scheduling, higher modulation, higher rank transmission for E-PDCCH. The related standard impact should be carefully considered.

Proposal 3: It is recommended to do further evaluation to see whether PHICH capacity is limited in the new scenario.
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