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1 Introduction
In RAN1#61, some conclusions on search spaces were achieved as follows [1]:
· 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
· A UE’s search spaces on a PDCCH CC are shared in case of same DCI size
The details of search space design which includes placement and size of search spaces need to discuss further. 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. 

We propose two options for the new definition of UE-specific search space:

· Option 1

In CA, for CC scheduled by a UE we can introduce a function factor
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associated with different carriers to indicate cross-CC. 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 
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 is a main factor that affects SS design.
A design example: define
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Another definition form is based on
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, such as
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, which is similar to the above-mentioned one.
In formula (3), the factor definition of
[image: image19.wmf]a

needs to consider the following factors:

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

2. 
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 is CC-specific. Whether it relates to CIF value or different per 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. If 
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 is related to CIF and is obtained though BD, it increases the complexity. So
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should be CC-specific.
3. In Rel.8, for different UE ID,
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 is different. This property should be guaranteed. Because hashing function may map different values to the same one.
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 of scheduled cross-CC can equal that of other UE, this results in the same starting position between the cross-CC of one UE and other UE and increases the blocking probability. 
· Option 2
In this condition, the starting position of SS for cross-CC of UE is shifted from that of CC which carries PDCCH of UE as Figure 1 describes:
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                           Fig. 1 Shifted starting position
where 
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are the shifted values. The starting position of SS for cross-CC is defined as:
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where 
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is the starting position of SS of c0 CC which carries PDCCH in the k-th subframe, and 
[image: image31.wmf]()

,

L

kcn

S

is that for n-th cross-CC. 
This method can use the same hashing function, and shift placement of SS of each CC. Parameter 
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may be same or different. But the overlapping probability of SS with other UE after shift may be large, which leads increment of blocking probability.   
3 Simulation
Figure 2 shows the blocking probability of option 1、option 2 and Rel. 8. Figure 3 shows the usage probability of each CCE. In Rel.8, there are 20 UEs, and in option1 and option2 10 UEs are scheduled with 2CC per UE. The aggregation level per CC is assigned randomly according to Table 1.
Table1 CCE aggregation level distribution (%)
	
	1CCE
	2CCE
	4CCE
	8CCE

	Case
	55%
	30%
	10%
	5%
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Figure 2 Blocking probability (%)
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Figure 2 Usage probability (%)

From Fig.2 we can see the blocking probability of option1 is larger than option 2 slightly, and Fig.3 shows occupied probability of each CCE is more uniform in option1. The option1 is superior to option 2.

4 Conclusion
In this contribution, we discuss the hashing function design of SS in carrier aggregation. Two hashing function schemes are described. From our simulation results, option 1 is preferred. 
5 References
[1] RAN1#61, Chairman’s Notes.
[2] 3GPP TS 36.213, Physical layer procedure.
Appendix 

Simulation parameters
	Parameter
	            Assumption

	system bandwidth
	20MHz

	Number of Antennae
	4×2

	Total CCE number
	39 (CFI=3)

	Simulation time
	10000 subframes

	Number of PDCCHs within a subrame
	20

	CC number per UE
	2
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