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1 Introduction

This contribution considers remaining aspects for the PDCCH search space design particularly in conjunction with cross-carrier scheduling. The search space design in support of CA should maintain as much commonality as possible between the cases of cross-carrier scheduling and “normal” operation parallelizing the Rel-8 one, and should be Rel-8 compatible. 

2 Search Space Design with Carrier Aggregation
The decisions in RAN1#60bis and RAN1#61 for the PDCCH design have already determined to a large extend the search space design with only some details remaining to be decided and only for the case of cross-carrier scheduling. In particular, the decision for having PDSCH/PUSCH scheduling from the PDCCH transmitted only in the DL of a single cell in case of cross-carrier scheduling implies that the search space design without cross-carrier scheduling can be directly parallelized for the case of cross-carrier scheduling (e.g. independent search space for each cell, either with an independent hashing function or concatenated with a zero/non-zero offset, or interleaved). Applying further optimizations for the case of cross-carrier scheduling should consider the trade-offs between the possible blocking probability improvements (and its impact on the system throughput) and the additional specification and implementation complexity. 

2.1 No Cross-Carrier Scheduling
For “normal” operation without cross-carrier scheduling, the PDCCH search space design is a simple parallelization of the Rel-8. Figure 1 illustrates the extension of Rel-8 operation where the PDCCH search space in each DL CC provides Scheduling Assignments (SAs) for PDSCH reception and Scheduling Grants (SGs) for PUSCH transmission. The UE-common search space (UE-CSS) and the UE-dedicated search space (UE-DSS) design are as in Rel-8 and this should be the baseline for the design in case of cross-carrier scheduling. 

[image: image1]
Figure 1: Parallel Rel-8 Operation for CA (no cross-carrier scheduling).
2.2 Cross-Carrier Scheduling
Figure 2 illustrates a typical case of cross-carrier scheduling corresponding to het-net operation with 2 DL/UL CCs. 

[image: image2]
 Figure 2: PDCCH in a single DL CC for (cross-carrier) Scheduling multiple PDSCH/PUSCH for a UE with CA.

Expansion of the UE-DSS can be either by increasing the size of a single UE-DSS (e.g. increase the number of candidates per CCE-aggregation level) or by having separate UE-DSS for each cell. The latter represents a direct parallelization of the case without cross-carrier scheduling and leads to a simple design without constraints on the number of cross-scheduled cells or different treatment of different CCE aggregation levels. 

Proposal: With cross-carrier scheduling, the total UE-specific search space consists of individual UE-dedicated search spaces, each corresponding to each cross-scheduled cell.
Several proposals exist (e.g. [1, 2]) for the definition of each UE-DSS and the blocking probabilities for most have already been evaluated in [2-6]. The possible alternatives for the cell-specific UE-DSS can be outlined as:

a) UE-DSS separated by an offset (including a zero offset in case of consecutive UE-DSS)

b) Interleaved UE-DSS

c) UE-DSS using different hashing function for each cell.

Although some differences do exist, they are small and unlikely to have an impact on the system throughput or the UE experience. Therefore, the robustness of the design, the simplicity of implementation and testing, the avoidance of any additional signaling, and the commonality with the UE-DSS definition for the case of no cross-carrier scheduling should be the main design criteria. 
In this respect, any of the proposed options in [2] will be sufficient, i.e. 
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  (option 1),
or 
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  (option 3),
where 
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 is a function of the CIF. The UE-DSS definition for option 3 in [2] effectively introduces a cell-specific offset to the search space for each CC and it is also similar to the interleaving option in [3], it was shown to have the best blocking probability properties and provides similar UE-DSS definition as in the case of no cross-carrier scheduling. Similar arguments apply for option 1 [5]. Therefore, depending on the construction of the offset (e.g. cell-specific or fixed) and on the definition of the hashing function (e.g. one of options 1-3), the above alternatives can become practically equivalent. Conversely, a single offset, zero for concatenation or non-zero, avoids UE-DSS overlapping for the same UE but leads to a UE-DSS overlapping being maintained for all UE-DSS among different UEs. Having a different hashing function per cell (Pcell or Scell) is not an issue while avoiding additional signaling to explicitly define an offset (UE-specific or cell-specific) is desirable. 

Therefore, 
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 (option 3) can be a candidate definition for the UE-DSS design with cross-carrier scheduling. Alternatively, 
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 (option 1) also has good randomization properties, is also consistent with the UE-DSS definition in case of no cross-carrier scheduling, and may also be considered.
Proposal: With cross-carrier scheduling, 
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 can be selected for each UE-dedicated search space, where 
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 is a function of the CIF.
3 Conclusions

This contribution considered the search space design for Carrier Aggregation and proposes the following. 

Proposal: With cross-carrier scheduling, the total UE-dedicated search space consists of individual UE-dedicated search spaces, each corresponding to each cross-scheduled cell.
Proposal: With cross-carrier scheduling, 
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 can be selected for each UE-dedicated search space, where 
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