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1. Introduction 
In RAN1 #60bis meeting, the following has been agreed for blind decoding and search spaces design respectively [1].
· For the number of blind decodes
· The supported maximum number of blind decodes is X times the number of aggregated CCs supported by the UE 

· Note – this applies regardless of the maximum supported BW of the UE. 

· Search space design
· 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

Following such agreement, some further detail discussions are presented in this paper.  

2. The number of blind decodes per CC
In addition to the agreement on the maximum number of blind decodes, the number of blind decodes per CC should be defined to specify the exact maximum number of blind decode that UE should support. In Rel-8 where one carrier is supported, 44 blind decodes are supported. By simply extending this, the number of blind decodes per CC in carrier aggregation could be 44 x N, where N is the supported number of CC. Depending on the outcome of discussion about introducing a new DCI format for UL MIMO in Rel-10, the number of blind decodes could further reach 60xN in Rel-10 if one more new DCI format is introduced.
Although carrier aggregation is a very attractive feature in Rel-10, such increased blind decoding may impose a big burden from UE implementation point of view. For example, assuming 5 DL/UL CCs are supported, the maximum number of blind decodes will be 220 (or 300) if the same blind decoding capability as single carrier in Rel-8 is mandated for carrier aggregation. Although in general, the UE processing power should be increased as the supported number of CCs increases, it should still be further studied whether the UE should be capable of supporting larger number of blind decodes.
In addition, as discussed in [2], there is a possible scenario that the UE having 20MHz supporting capability can support carrier aggregation. In this case, if the same number of blind decodes per CC as a single carrier operation is used, it may also impose the burden on UE implementation when the existing Rel-8/9 UE design is reused for the UE. In this case, it would be desirable that the number of blind decodes per CC is defined such that the total number of blind decodes is same as 20MHz capability.  
Finally, there have been a number of proposals to reduce the blind decoding with reasonable complexity or scheduling restriction [3]

 REF _Ref260643866 \r \h 
[4]

 REF _Ref260643867 \r \h 
[5]

 REF _Ref260643869 \r \h 
[6]. Based to these proposals, the total number of blind decodes could be reduced to no more than 200. 
Based on above observation, we would recommend to define a different maximum number of blind decodes per CC depending on the configuration, in order to define the number of blind decodes efficiently. There are two possible approaches. 

· Approach 1: Different maximum number of blind decodes per CC could be defined depending on the supported number of DL/UL CCs. For example, if up to 2 CCs are supported, the number of blind decodes per CC could be the same as the blind decoding capability of a single carrier (N1). For the case that the number of supported CCs is larger than 2, a second value, N2, could be defined as the maximum number of blind decodes per CC. To limit the maximum number of blind decodes, N2 could be smaller than N1 and the value of N2 could be defined after discussion of various ways of reducing the number of blind decodes. 
· Approach 2:  Different maximum number of blind decodes per CC could be defined depending on the supported overall system bandwidth. If up to 20MHz is supported, the number of blind decodes per CC  is defined as N1. If the supported system bandwidth is larger than 40MHz, the number of blind decodes per CC could be defined as N3. In other cases, the number of blind decodes per CC could be defined as N2, which is the same as the number of blind decodes in a single carrier. N1 and N3 could be smaller than N2 on the other side, N1 and N3 can be the same or they could be different. The exact values of N1 and N3 could be FFS. In case of N3, similar to approach 1, it could be reduced after discussion of various ways of reducing the number of blind decodes.
3. 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 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, CC specific search spaces transmitted on one PDCCH CC will be fully overlapped, which increases the PDCCH blocking probability.
In order to avoid transmitting multiple CC specific search spaces in same CCEs, some approaches could be used. 
· Approach 1: each CC specific search space is randomly located. In order to support this, the different CC specific seed value on top of 
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Figure 1: Search spaces randomly located
· Approach 2: one CC’s search space is randomly located based on Rel-8 method and the other CCs’ search spaces are located consecutively as shown in Figure 2. To support this approach, ‘m’ in the above equation can be modified to include CC specific parameter e.g. 
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where s is CC index.  It is also possible to separate each search space with a certain offset which is configured [7]. 
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Figure 2: Search spaces consecutively located
· Approach 3: the starting point of all search spaces is randomly selected based on Rel-8 method [8]. And PDCCH candidates of CCs are mapped to CCEs alternatively. It is like interleaving between CC specific search spaces. To support this approach, ‘m’ in the above equation can be modified to include CC specific parameter e.g. 
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where s is CC index and 
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is the number of configured CCs. The overall amount of search space should be the same as the one in approach 2. However, comparing with approach 2, the collision could occur more frequently between PDCCHs within the same carrier when the number of CCE is smaller than the total amount of search spaces.
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Figure 3: Search spaces located by interleaving
From the complexity point of view, all of them would be simple and easily defined by simply modifying the current equation. As one way to compare the different alternatives, we can investigate how much CC specific search spaces are overlapped. The large overlapping would result in large blocking probability.  As a simple analysis, we calculate how many distinct CCEs can be achieved with the three alternative approaches. In fact, the alternative 2 and 3 should be same because the same CCEs are occupied. In this analysis, it is assumed that same number of PDCCH candidates as Rel-8 is assigned for each CC specific search space at aggregation level. For example, 6 PDCCH candidates are used at the aggregation level 1, and therefore 12 PDCCH candidates are used when two CC specific search space are configured. In this case, 12 CCEs can be mapped to these PDCCH candidates without overlapping. If overlap happens, the actual number of CCEs for PDCCH candidates is decreased smaller than 12 CCEs because multiple PDCCH candidates can be mapped to one CCE.  Table 1 shows the result of the ratio of the number of distinct CCEs to total number of CCEs assuming two CC specific search spaces are configured. This results shows that approach 2 and 3 can avoid the overlapping more than approach 1.  However, it should be further investigated how much this overlapping actually affect 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) 
4. Conclusions
In Section 2 of this paper, we discussed about the maximum number of blind decodes per CC. To define the number of blind decodes more efficiently, we would like to recommend to define a different maximum number of blind decodes per CC depending on carrier aggregation configuration. There are two possible approaches. 

· Approach 1: Different maximum number of blind decodes s per CC could be defined depending on the supported number of DL/UL CCs. 

· Approach 2:  Different maximum number of blind decodes per CC could be defined depending on the supported overall system bandwidth. 
In Section 3 of this paper, we discussed the detailed design of search space. To define the location of CC specific search spaces, three possible alternatives could be investigated. 
· Approach 1: each CC specific search space is randomly located.
· Approach 2: one CC’s search space is randomly located based on Rel-8 method and the other CCs’ search spaces are located consecutively relative to the first CC search space.
· Approach 3: the starting CCE of search spaces is randomly located based on Rel-8 method. And PDCCH candidates of each CCs are mapped to CCEs alternatively.
All of these alternative approaches are feasible to be implemented without introducing big modifications on Rel-8 specification,  In terms of overlapping probability, approaches 2 and 3 seems introducing less overlapping than approach 1. 
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