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1. Introduction

Rel’8/9 common search space for CCE aggregation level of 4 or 8 always starts at the lowest-index CCE in the logical CCE domain. And UE-specific search spaces for a UE for different CCE aggregation levels can start at CCE with different index in a DL subframe, and so can this do from subframe to subframe. The location of CCE at which each UE-specific search space starts is UE-specific and is determined by the formula shown in [1]. If the Rel’8/9 formula is applied to LTE-A aggregated component carriers (CCs), we will face a problem regardless of the use or non-use of cross-carrier scheduling. This contribution discusses the problem and proposes a conceptual solution to it.
2. Discussion
2.1. Problem
The formula for determination of locations of Rel’8/9 UE-specific search spaces includes parameters such as UE ID and slot number but not CC-related parameters [1]. When two DL CCs are configured to an LTE-A UE, the starting positions of UE-specific search space for a CCE aggregation level of {1,2,4,8} for the UE are the same in CCE index on the two CCs if the search space allocation on the two CCs follows the Rel’8/9 scheme [1]. For example, when UE-specific search space for CCE aggregation level of 2 for a UE on DL CC#1 starts at CCE#4 on DL CC#1, the UE-specific search space for CCE aggregation level of 2 for the UE on DL CC#2 starts at CCE#4 on DL CC#2. This is because each active LTE-A UE is allocated only one C-RNTI regardless of the number of DL CCs configured to the UE, which is a RAN2 agreement. The C-RNTI is common to all the CCs configured to the UE.
If a UE-specific search space for a CCE aggregation level of {1,2,4,8} for a UE fully or partially overlaps with common search space on a DL CC in a DL subframe, the same overlapping appears on the other CCs on the subframe. As common search space is often crowded, the UE-specific search spaces for the aggregation level on the CCs couldn’t fully or at all be used by the UE in the subframe due to the overlapping. 
2.2. Solution 
The problem raised in the previous section is caused by the nature of the Rel’8/9 formula determining the location of search spaces in the logical CCE domain. That is, the formula includes parameters such as UE ID and slot number but not CC-related parameters (e.g. CC index). A straightforward approach to the problem is to modify the formula so that it can have CC-related parameters and the starting position of UE-specific search space for a UE for a CCE aggregation level can be different across the CCs configured to the UE. The modification can’t affect the PDCCH blind decoding operation of legacy UEs as the formula is UE-specific. The exact modification to the formula is FFS. 

It is FFS whether the modified formula is applied to LTE-A UEs configured only one DL CC. This may depend on the CC-related parameters to be included in the modified formula.
3. Conclusion
If the search space allocation scheme applied to LTE-A CCs follows the Rel’8/9 scheme [1], the starting positions of a UE-specific search space for a CCE aggregation level of {1,2,4,8} for an LTE-A UE appear to be same in CCE index on all the CCs configured to the UE. 
If a UE-specific search space for a CCE aggregation level for a UE fully or partially overlaps with common search space on a DL CC in a DL subframe, the UE-specific search spaces for the aggregation level on all the CCs configured to the UE couldn’t fully be used by the UE due to the overlapping. 

We propose to modify the formula for determination of UE-specific search space location so that it can have CC-related parameters and the starting position of UE-specific search space for a UE for a CCE aggregation level can be different across the CCs configured to the UE.
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