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1. Introduction

In Rel-11, possible improvements in the related signaling for the use of LTE carrier aggregation will be investigated [1]. In this contribution, we present our views on the DL control signalling enhancement in Rel-11. 
2. Discussion
By introducing various scenarios such as Het-Net, Extension Carrier, MU-MIMO, eICIC, CoMP, MTC, etc, the PDCCH capacity would be insufficient in the future releases. One approach to relieve PDCCH capacity limitation is allocating PDCCH region in PDSCH region, which is called ‘E-PDCCH’ and seems to be the main discussion area of DL control signaling enhancements for carrier aggregation, MIMO, CoMP, etc. The other approach is to enhance legacy PDCCH capacity. Among those approaches, we briefly discuss the solutions using legacy PDCCH such as the ‘bundled scheduling’, ‘cross-subframe scheduling’, ‘group scheduling’, and ‘compact DCI format’ as follows:
· Bundled scheduling [2][3]
In case of continuous data transmission in the static channel environment and frequent transmission of large amount of data via the multiple PDSCHs/PUSCHs across CCs, bundled scheduling would be efficient, where multiple PDSCHs/PUSCHs across multiple subframes/CCs are scheduled by a single PDCCH. Recalling the discussion about the jointly coded PDCCH in Rel-10, it is not preferable increasing potential PDCCH BD to support DCI for bundled scheduling. Therefore, solutions to relieve/avoid BD increase should be considered.
· Cross-subframe Scheduling [4][5][6]
In Rel-8/9/10 FDD LTE system, the timing relationship between scheduling PDCCH and scheduled PDSCH/PUSCH is fixed. Considering the increased PDCCH loads to support more number of UEs in Rel-11 scenarios such as Het-Net, MU-MIMO, eICIC, CoMP, etc, supporting more flexibility in the timing relationship between scheduling PDCCH and scheduled PDSCH/PUSCH would be beneficial. Another use case of cross-subframe scheduling would be to distribute PDCCH loads across subframes when it is used together with bundled scheduling.
· Group scheduling [7]
If a group of UEs is placed in the similar and static environment in the aspects of geometry, service, etc., group scheduling for the UEs will increase scheduling capacity, where a single PDCCH schedules PDSCH/PUSCH of group of UEs in a same subframe or multiple subframes. To support the group scheduling, issues should be addressed such as how the multiple UEs get informed of the scheduled resource position for each UE, how the multiple UEs transmit HARQ-ACK response, etc.

· Compact DCI format [2][8][9]
If rarely used field combinations in DCI format are renounced depending on the deployment scenario, some of information field size can be reduced, which can improve PDCCH efficiency. The compact DCI format can be designed according to TM by modifying the TM dependent format, while it would be better to keep the fallback format (DCI format 0/1A) against reconfiguration ambiguity.
Another aspect of DL control signaling enhancement is PHICH capacity. In Rel-10, there was discussion on the PHICH collision due to increased PUSCH scheduling. But, the conclusion was that PDCCH capacity is bottleneck rather than PHICH capacity, and PHICH capacity enhancement is not needed in Rel-10. In Rel-11, PHICH collision and capacity issue may have to be revisited considering the PDCCH capacity enhancement by E-PDCCH and legacy PDCCH.
3. Summary
From the above discussions, we propose to investigate in Rel-11:

· Legacy PDCCH capacity enhancement as well as introduction of E-PDCCH 
· Potential necessity of the PHICH capacity enhancements considering enhanced (E-)PDCCH capacity
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