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1 Introduction

The search spaces on PDCCH have not been decided for carrier aggregation for the case when CIF is configured and not configured, including both the common and UE specific search space. In this contribution we address all the different cases.

2 Discussion

For the case when CIF is not configured it remains to be shown that there are clear benefits of adopting another search space design than in Rel-8/9. 

Proposal

· In case CIF is not configured the common search space and UE specific search space is defined as in Rel-8/9.

In case CIF is configured, it remains to be shown that there are clear benefits of adopting another search space design for the common search space than in Rel-8/9.

Proposal

· In case CIF is configured the common search space is defined as in Rel-8/9.

In case CIF is configured it is required to design a new UE specific search space, given the decision that there should be multiple UE specific search spaces. There are several possible implementations. The first approach is that the search spaces are placed consecutive after each other reusing the hashing function in Rel-8, as shown in Figure 1.


[image: image1]
Figure 1: Consecutive UE specific search spaces

A simple implementation of this approach would be to base the starting position of each UE specific search space on the CIF value or CCID. If the basestation would configure the CIF value of a specific terminal not in direct number sequence, this would create an offset between the different component carriers’ UE specific search space. Equation 1 shows an how the UE specific search space location formula could be modified to reflect this.
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(1)
An alternative approach would be to change the hashing function of Rel-8 and instead keep the search space placing formula. With such an approach there will be larger probability that the UE specific search space from a certain UE overlaps with its own UE specific search spaces from other component carriers. Since carrier aggregation should be designed for a low number of simultaneously scheduled users such an approach seems to go against this principle. 

The second approach would be to interleave the different UE specific search spaces in between each other, as shown in Figure 2.


[image: image3]
Figure 2: Interleaved UE specific search spaces

According to ‎[2] there is a slight performance gain with the interleaved search space design over the consecutive search space design with search space sharing. This evaluation assumes that a certain number of UEs should have UE specific search space corresponding to the Rel-8 design, in order to model Rel-8/9 UEs as well as UEs that are not configured or not active in carrier aggregation. This is required because a Rel-8 UE specific search space would be completely blocked out by interleaved UE specific search space since it covers a large number of CCE. The same is also true the other way around, i.e. the interleaved UE specific search space could potentially also suffer since search spaces for several different component carriers would potentially be blocked by a single PDCCH transmission from a Rel-8 UE specific search space.

Proposal

· The UE specific search spaces for a UE in case CIF is configured are placed according to the Rel-8 hashing function and each component carriers’ UE specific search space is offset from each other according to the CIF given by the following equation 
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3 Conclusion
In this contribution we have presented our views on search space design. Based on the discussion in the contribution we propose: 
· In case CIF is not configured the common search space and UE specific search space is defined as in Rel-8/9.

· In case CIF is configured the common search space is defined as in Rel-8/9.

· The UE specific search spaces for a UE in case CIF is configured are placed according to the Rel-8 hashing function and each component carriers’ UE specific search space is offset from each other according to the CIF given by the following equation 
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