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1 Introduction
In RAN1#61b, some conclusions on search spaces were achieved as follows [1]:
· Same hashing function (offset between search spaces for different CCs is not a function of the subframe number)

· CC-specific offset

· Offset is a function of (at least) CIF

· FFS 

· No additional RRC signalled parameters

· Additional refinements FFS
The details of search space design which includes CC-specific offset of search spaces need to be discussed further. In this contribution, we discuss some aspects about search spaces design for cross-carrier scheduling. 
2 Hashing function
In cross-carrier scheduling, multiple search spaces are defined in PDCCH on the DL carrier scheduling multiple PDSCH on the same and cross carriers and/or PUSCH on the linked UL carrier. In Rel-8, the CCEs corresponding to the 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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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 separated or overlapped. 

The same-CC case and cross-CC case use the same hashing function, and the CC-specific offset is set in starting position of search space of cross-CC. There are two methods to define the starting position:

· Approach 1

For cross-CC scheduled by a UE, a function factor
[image: image11.wmf]*

CIF

a

 can be introduced to calculate the starting position of SS. CIF can equal to the CIF values, such as 0-4. The
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is an adjustable factor which scales the scope of CIF values. 
The starting position of SS is defined as:
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When
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, namely, a UE use same-CC, formula (3) can fall back to Rel.8 mode. The backward-compatibility could be kept. This approach introduces an offset to the search space for each CC. In this approach, the offset is associated with the location of SS. Figure 1 shows the condition of
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. In this condition, SS of different CC overlaps, and when aggregation level is 4 and 8, the blocking probability increases. Figure 2 shows the condition of 
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. When 
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is large enough, it is similar to randomization of starting position of SS. The parameter
[image: image18.wmf]a

may be also set dynamically, e.g. 
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is associated with the number of PDCCH candidates
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Fig.1 
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Fig.2  
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· Approach 2
Another definition method of starting position of SS for cross-CC of UE is defined as formula (4):
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where
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(positive integer)are the scale factors. In formula (4), the range of
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need not much restricted. This condition is similar to Figure 2 and can guarantee enough offset of SS of each CC. However, the overlapping probability of SS with other UE may be large after the shifting.   
3 Simulation
In this section, we show the simulation results of the blocking probability of approach 1、approach 2. We consider 2CCs and 4CCs of each UE, and 10 UEs and 5 UEs are scheduled in each subframe respectively. The aggregation level per CC is assigned randomly according to Table 1. After 10000 subframes, average blocking probability of each CC is shown in Fig. 3 and Fig.4.
Table1 CCE aggregation level distribution (%)
	
	1CCE
	2CCE
	4CCE
	8CCE

	Case
	55%
	30%
	10%
	5%
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 Figure 3 Blocking probability of each CC (%) (2CC per UE)
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Figure 4 Blocking probability of each CC (%) (4CC per UE)
From Fig.3 and Fig.4 we can see that the blocking probability is lower when the offsets are {6, 8, 12} and
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. For cross-carrier scheduling, the offset of SS, e.g. 6, 8, 12, can obtain some CCE space to avoid more block. With increment of
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, the starting location of SS is much randomized, and the blocking probability could fluctuate randomly. When SS locations of different CCs are consecutive, the blocking probability exhibits stabile and better performance. 
4 Conclusion
In this contribution, we discuss the offset between search spaces for cross-carrier scheduling. From the simulation results, we prefer:
1. The offset may be the form of 
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(CIF values are enough, such as 0-4).

2.
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may be fixed or dynamic factor, if
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is dynamic, it may equal
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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、4
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	CIF
	0-1（2CCs），0-3（4CCs）
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