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1 Introduction
In RAN1#60, the way forward on Search Spaces was proposed as follows [1]:
· In case of cross-carrier scheduling

· Total search space size is extended beyond Rel-8 size

· For a given UE, search spaces located on a PDCCH CC are individually defined per aggregation level for each PDSCH/PUSCH CC linked to the PDCCH CC 

· The search spaces on the PDCCH CC could be overlapped, consecutive or separate 

· “Overlapped” includes cases where the search spaces can sometimes fully overlap due to the randomization of PDCCH

· FFS whether a UE’s search spaces can be shared in case of same DCI size 

· Other details of how to define the search spaces are FFS

Search spaces location and size relate to hashing function. In this contribution, we discuss some aspects about search spaces design in scheduled cross-CC. 
2 Hashing function
In cross-CC scheduler, multiple search spaces are defined in PDCCH on the DL carrier scheduling multiple PDSCH on the same and cross carrier and/or PUSCH on a linked UL carrier. In Rel-8, the CCEs corresponding to PDCCH candidate m of the SS 
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Where 
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is the number of PDCCH candidates to monitor in the given SS, and 
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 is defined in the following:
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Where
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is UE ID
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, k is subframe number. In Rel-8 the 
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 is UE-specific, hashing function output is different for different UE ID and their SS can be separate or overlapped. 

In CA, for scheduled carriers by a UE we can introduce a function factor
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associated with different carriers. SS locations of the different carriers are determined through
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. The factor can be introduced into
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, however, the definition of
[image: image15.wmf]a

is main factor that affects SS design.
A design example: define
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In formula (3), the factor definition of
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need to consider the following factors:

1. Backward-compatible: when a UE use same-CC, formula (3) can fall back to Rel.8 mode.

2. 
[image: image19.wmf]a

is irrespective of UE ID, e.g., CC-specific. Whether it relates to CIF value or different scheduled CC is FFS. For a UE, it does not know CIF value contained in PDCCH, so it needs to operate BD in PDCCH to obtain the function value. So
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should relate to every scheduled CC.   
3. In Rel.8, for different UE ID,
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 is different. This property should be guaranteed, for example,
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 of scheduled cross-CC is different from other UE, because hashing function may map different values to the same one. Once
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 of scheduled cross-CC equals the value of other UE, the SS start location may overlap and the block probability will increase. 
4. For the same DCI size, if shared SS is agreed, SS size should be expanded. Figure 1 shows the overlapped and shared SS. The SS length of CC1 is L1 and the SS length of CC2 is L2, and the shared SS length will be L (
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L1+L2).
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Fig. 1 shared SS
3 Conclusion
In this contribution, we discuss the open issues related to SS design in carrier aggregation. In scheduled cross-CC, for the SS location and hashing function defined the following aspects should be considered:

· Backward-compatible
· 
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is irrespective of UE ID, e.g., CC-specific.

· The hashing function output of scheduled cross-CC is different from other scheduled UEs.
· When shared SS is applied for same DCI sizes, the SS size is no greater than the sum of every SS of CCs.
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