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1. Introduction

Dynamic indication of PRB pairs occupied by ePDCCH was discussed in the last meeting. Specifically, it was debated when a UE receives a DL assignment, whether a mechanism is needed for the UE to detect (or be notified) if a PRB pair within its PDSCH assignment is occupied by ePDCCH. Herein the ePDCCH may be for this UE or another UE. 
· ePDCCH for this UE:  If some PRB pairs in the UE-specifically configured “ePDCCH region” is not used for ePDCCH transmission, it is preferable to reuse the leftover PRB pairs for PDSCH transmission. However, since the current frequency assignment (FA) field in the DCI format is not of 1-PRB granularity, it is possible that the PDSCH assignment may not fully exploit the unused PRB pairs in the ePDCCH region, or has to overlap with some ePDCCH PRB pairs. In the later case, indicating ePDCCH PRB pairs enables the UE to know its actual PDSCH location.
· ePDCCH for another UE: ePDCCH for a second UE may overlap with the PDSCH PRB assignment of the first UE. Likewise, knowing the PRB pairs occupied by the second UE’s ePDCCH enables the first UE to known its PDSCH position. 

The fundamental issue arises from the limitation of the FA field granularity. Increasing the FA granularity solves the problems but is obviously infeasible due to the DCI overhead. In this contribution, we provide our views on these issues. 
2. Discussion
Depending on whether the ePDCCH is for the first UE or for another UE, the need of PRB pair signaling is discussed separately. 
2.1. ePDCCH carrying DL assignment for first UE

At least for the purpose of ePDCCH blind decoding, indication of ePDCCH PRB pair is not needed. In our understanding, the PRB pairs associate with each ePDCCH candidate shall be pre-determined in the specification. The actual ePDCCH PRB pair is readily available after successful blind decoding, and any PRB pairs in the PDSCH assignment overlapping with the scheduling ePDCCH shall not be used for PDSCH transmission.  This is a simple solution [3] and aligned with the legacy mechanism for Rel.10 R-PDCCH. 
The other main motivation of signaling ePDCCH PRB pair is to more efficiently use the frequency resources when not all PRB pairs in the ePDCCH region are occupied by ePDCCH. The underlying consideration is similar to PCFICH where the data region is dynamically adjusted based on the actual control channel overhead. However, it is noted that the data/control multiplexing structure is quite different between PDCCH and ePDCCH.  Legacy PDCCH/PDSCH is TMD-multiplexed and PCFICH is practically the only way to adjust the data resource based on the control overhead. For ePDCCH, due to FDM multiplexing with PDSCH, frequency assignment of PDSCH already provides some level of data resource adjustability and the need of more sophisticated mechanism (e.g. ePDCCH indication) should be further evaluated by system-level studies. Some implementation-based solutions may be possible to alleviate the problem, e.g. coordinating the ePDCCH regions of multiple UEs jointly with their FA types. Lastly, it is noted that unused PRB pairs in the ePDCCH region reduces intercell interference and improves throughput of other cells; hence, the overall system impact should be evaluated in a more holistic manner. 
2.2. ePDCCH carrying UL grant for first UE

Likewise, simple mechanism as in section 2.1 could be considered where any PRB pair occupied by the ePDCCH carrying UL grant for a UE shall not be used for PDSCH transmission of the same UE. A noteworthy issue is that UE is required to blindly decode both its DL assignment and UL grant prior to PDSCH demodulation, which is different from the legacy UE behavior. This could further burden the PDSCH decoding timing budget which has been a concern for ePDCCH. Whether such a new UE behavior imposes any severe impacts on the UE implementation should be discussed. 
2.3. ePDCCH of other UE

It has been proposed that any PRB pairs occupied by ePDCCH to other UEs, if present, shall be known by the first UE. An implicit ePDCCH PRB pair detection method was proposed in [1], where the DMRS of ePDCCH uses a different base sequence from the DMRS of PDSCH. Some concerns have been raised regarding the mis-detection probability of the proposed scheme, e.g. when low-correlation between the beamforming vector of the other UE’s ePDCCH and the first UE’s spatial channel results in low energy-level. As reliability is a major design objective for control channels, particularly for common control channel on ePDCCH if adopted in future releases, the robustness of such a scheme should be more thoroughly evaluated. 
Similar to section 2.1, it might be possible to rely on implementation-based mechanism to obviate the need of such indication by coordinating the ePDCCH region of various UEs. The search space design of ePDCCH should therefore aim to optimize various issues jointly, including blocking probability and efficient usage of ePDCCH resources.
3. Conclusions
In this contribution we discussed ePDCCH PRB pair indication for a UE receiving PDSCH. A though study on the need of such a mechanism should consider the system-level performance benefits, control signaling reliability and implementation impact. Given the limited time left for Rel.11, a simple mechanism (e.g. [3]) could be considered.
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