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1. Introduction 
In RAN1 #61 meeting, the following has been agreed for search space design[1].
Agreements:

· 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

Discuss further the details of search space design including the placement of CC-specific search spaces in a CC on which the UE monitors the PDCCH.

In this contribution, we discuss the details of search space design, especially the placement of CC-specific search spaces in a CC.  
2. Search space design

According to agreement on search space from RAN1 #60bis meeting, search spaces located on a PDCCH CC are individually defined per aggregation level for each PDSCH/PUSCH CC linked to the PDCCH CC. One of the remaining issues is how these search spaces are located in terms of CCEs. 

In Rel-8, the CCEs corresponding to PDCCH candidate m of the search space 
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 are given in Section 9.1.1 in TS 36.213 as follows.
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 is defined below , 
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 is the number of PDCCH candidates to monitor in the given search space.
For the UE-specific search space 
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 is the slot number within a radio frame
If the same mapping rule as Rel-8 is used for cross carrier scheduling, multiple CC-specific search spaces transmitted on one PDCCH CC will be fully overlapped, which increases the PDCCH blocking probability.
In order to avoid using the same CCEs for multiple CC-specific search spaces, some approaches could be used. 
· Approach 1: Each CC-specific search space is pseudo-randomly located. In order to support this, a different CC specific seed value on top of 
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Figure 1: Search spaces pseudo-randomly located at each aggregation level
· Approach 2: One CC’s search space is pseudo-randomly located based on the Rel-8 method and the other CCs’ search spaces follow consecutively as shown in Figure 2. To support this approach, ‘m’ in the above equation can be modified to include a CC-specific parameter e.g. 
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where s is the CC index.  It is also possible to separate each search space with a certain offset which is configured or predefined [2]. 
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Figure 2: Search spaces consecutively located at each aggregation level
· Approach 3: The starting point of the consolidated search space is pseudo-randomly selected based on the Rel-8 method [3]. PDCCH candidates of CCs are then mapped to CCEs in an interleaved fashion. To support this approach, ‘m’ in the above equation can be modified to include a CC-specific parameter e.g. 
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where s is the CC index and 
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is the number of configured CCs. The overall search space size should be the same as for approach 2. However, comparing with approach 2, collisions could occur more frequently between PDCCHs within the same carrier when the number of CCEs is smaller than the total search space size 

[image: image23.emf]Aggregation level 1

Aggregation level 2

CCEs for carrier f2

CCEs for carrier f1


Figure 3: Search spaces located by interleaving at each aggregation level
From the complexity point of view, all of these approaches would be simple and easily defined by modifying the current equation. As one way to compare the different alternatives, we can investigate the degree to which CC-specific search spaces overlap. A large overlap would result in a large blocking probability.  As a simple analysis, we calculate the number of CCEs for the total search spaces with the three alternative approaches. The number of CCEs means the actual size of total search space considering the overlapping between search spaces.  In fact, alternatives 2 and 3 should be the same because the same search space size is achieved. In this analysis, it is assumed that the same number of PDCCH candidates as for Rel-8 is assigned for each CC-specific search space at each aggregation level. For example, 6 PDCCH candidates are used at aggregation level 1, and therefore a total of 12 PDCCH candidates are used when two CC-specific search spaces are configured. In this case, 12 CCEs can be mapped to these PDCCH candidates without overlapping. If an overlap occurs, the actual number of CCEs available for PDCCH candidates is decreased smaller than 12 CCEs because multiple PDCCH candidates can be mapped to the same CCE.  Table 1 shows the result of the ratio of the actual number of CCE to the number of CCE assuming no overlapping between search spaces. .  It is assumed that two CC-specific search spaces are configured. These results show that approaches 2 and 3 can avoid overlapping more than approach 1.  However, it should be further investigated how much this overlapping actually affects the blocking probability. 
	
	Approach 1
	Approach 2/3

	Aggregation level
	CFI=1
	CFI=2
	CFI=3
	CFI=1
	CFI=2
	CFI=3

	1
	0.67
	0.88
	0.93
	0.75
	1.00
	1.00

	2
	0.33
	0.77
	0.86
	0.33
	1.00
	1.00

	4
	0.50
	0.84
	0.90
	0.50
	1.00
	1.00

	8
	0.25
	0.67
	0.80
	0.25
	0.75
	1.00


Table 1: Ratio of the number of distinct CCEs to total number of CCEs (10MHz, Ng for PHICH resource=0.5, the number of configured CCs =2) 
3. Conclusions
In paper, we discussed the detailed design of PDCCH search spaces for carrier aggregation. To define the locations of CC-specific search spaces, three possible alternatives could be investigated. 
· Approach 1: Each CC-specific search space is pseudo-randomly located.
· Approach 2: One CC’s search space is pseudo-randomly located based on the Rel-8 method and the other CCs’ search spaces follow consecutively after the first CC search space.
· Approach 3: The starting CCE of the consolidated search spaces is pseudo-randomly located based on the Rel-8 method. PDCCH candidates for each CC are mapped to CCEs in an interleaved manner.
All of these alternative approaches are feasible to be implemented without introducing significant modifications on Rel-8 specification, In terms of overlapping probability, approaches 2 and 3 seem to introduce less overlapping than approach 1. 
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