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1 Introduction
In previous meeting, search space with non-cross-carrier scheduling was discussed [1-2]. This contribution gives more discussion on remaining details of ePDCCH with cross-carrier scheduling.
2  Discussion
The transmission mode and ePDCCH configuration (subframe configuration or PRB set etc) of each cell are independent. There are four cases shown in table 1. Case 0 and case 2 is supported with the R10 cross-carrier scheduling. Case1 and case3 need further consideration about how to determine configuration parameters and search space of ePDCCH for scheduled cell
	
	Subframe #0（case0）
	Subframe #1（case1）
	Subframe #2（case2）
	Subframe #3（case3）

	Scheduling cell
	PDCCH
	EPDCCH
	PDCCH
	EPDCCH

	Scheduled Scell
	PDCCH
	PDCCH
	EPDCCH
	EPDCCH


Table 1.  (e)PDCCH configuration with cross-carrier scheduling
2.1 EPDCCH configuration parameter
EPDCCH configuration parameters include: PRB set, transmission mode (L/D), starting eCCE, etc. There are two options to treat the parameters.
Option 1
The scheduled CC and the scheduling Cell share the same ePDCCH configuration parameters. EPDCCH search space formula need to be changed.
For case1 and case3, ePDCCH configuration parameters corresponding Scell is determined according to the Pcell ePDCCH parameters and ePDCCH search space corresponding Scell is determined by a combination of the existing ePDCCH search space formula and cell Index.
Pros: Low complexity, low signalling overhead
Cons：Limit scheduling, increasing blocking rate, reducing multi-carrier scheduling probability at the same time.
Option 2
Each scheduled CC has a specific parameter for its ePDCCH. The search space formula reuses existing formula. In order to avoid blocking when CCs share the same ePDCCH set, starting eCCEs on the scheduling CC be defined independently. One example is: 
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 is cell index, s is PRB set index.

Pros: flexible scheduling, reducing the blocking rate, improving multicarrier scheduling probability at the same time.
Cons：Overhead of the high layer signal is increased
Proposal: For cross-carrier  scheduling, the scheduled CCs have the same ePDCCH configuration parameters.
2.2 Search space
The search space allocation for Localized ePDCCH should take good consideration on the possible scheduling gain for ePDCCH. However, the RAN1 has not considered maximizing the gain for ePDCCH scheduling each CC, if the ePDCCH is used to schedule several CCs, e.g cross-carrier scheduling. Some candidates are given to deal with cross-carrier scheduling.

Method 1
The candidate of each CC is distributed and the same candidate index of different CC is continuous as is shown in figure 1.
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Figure 1. Search space by method 1(AL=1, BD=4)
The eCCEs corresponding to ePDCCH candidate m of the search space 
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Method 2

The gap of candidate is generated by the number of blind detection of all the scheduled CCs. The candidate of different CC is generated continuously by same gap and CC index as is shown in figure 2.
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Figure 2. Search space by method 2(AL=1, BD=4)
The eCCEs corresponding to ePDCCH candidate m of the search space 
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Method 3
The gap is similar as method 2,  e.g. generated by the number of blind detections of all scheduled CC. The candidate for each scheduled CC is alternative mapped as is shown in figure 3.
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Figure 3. Search space by method 3(AL=1, BD=4)
The eCCEs corresponding to ePDCCH candidate m of the search space 
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Method 4
Each CC’s scheduling ePDCCH’s gap is determined idependently. The candidate of each CC is generated continuously by the gap and CC index as is shown in figure 4.
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Figure 4. Search space by method 4(AL=1, BD=4)
The eCCEs corresponding to ePDCCH candidate m of the search space 
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Compared to other method, method 1 is more simple, and ensure that every CC candidate has the similarity scheduling gain and effective candidate number. In the case that different CCs have same DCI formats and share search spaces, its candidate cannot obtain the maximum scheduling gain. For example: when the N=8, eCCENumInPRB=4, BD=4, AL=1, two CC candidate only occupy 4 PRBs.
Method 2 and method 3 for sharing the search space of the ePDCCH can obtain the maximal scheduling gain (CCs sharing search spaces).The example shown in above will occupy 8 PRBs instead. However, method 2 and method 3 need to cut off those candidates exceed number available candidates in ePDCCH set.  Blind detection is not waste for method 1 and method 4, as is shown in figure 5. 
The candidate of different CC is the same for method 4 in most scenarios. But the overlapping is the highest.
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Figure 5. Comparison for search spaces in limited candidate number (AL=1,BD=4)
It is recommended to adopt method 1, since the scheduling gain is ensured and blind detections are not wasted.
Proposal: The eCCEs corresponding to ePDCCH candidate m of the search space 
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3 Conclusion

In this contribution, we discussed remaining details of ePDCCH with cross-carrier scheduling. As the cross-carrier scheduling is captured in the search space equation, we suggest to take the analyzed point into consideration. 

In cross-carrier scheduling, the scheduled CCs share the same ePDCCH configuration parameters.

The eCCEs corresponding to ePDCCH candidate m of the search space 
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