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1 Introduction
In Ran1#60b meeting some contributions related to PDCCH search space design and blind decoding for carrier aggregation were submitted [1-3]. Several way forward were proposed and the following starting points were ascertained[4-5]：
· 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

In this document, we propose some considerations for search space design and blind decoding.

2 Search space design
2.1 Search space location
Search space design mainly contains two aspects, e.g. the SS location and the SS size. Figure 1 shows the different SS location, and PDCCH in CC1 carries the control information of CC1 and CC2. Fig.1 (a)、(b) and (c)、(d) represent the separate、consecutive and overlapped SS respectively. In the following figures, every pane may represent one or multiple CCEs. 
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Fig. 1 SS location
Fig.1 (a)、(b)、(c) is similar to SS assignment of Rel.8 in aggregation level belonging to the one of (1, 2, 4, 8). In this condition, every CC can be deemed the CC assigned to different UE and its SS can be calculated based on different hashing function. In Fig.1(d), the SSs of two CCs are derived using the same hashing function.     
· Different DCI sizes
In Fig.1 (a)-(d)，for different DCI sizes in two CCs, i.e., different bandwidth and/or different transmission mode, the number of blind decoding is linearly increasing with the number of CCs. Even though SS is overlapped partially or fully, the BD complexity couldn’t decrease. The max BD of every CC will equal 60, which includes 16 BDs for UL-MIMO and non-contiguous transmissions in LTE-A. 
· Same DCI size
For the same DCI size, there are several conditions as follows:

(1)Figure 2 shows separate location of two DCI formats. 
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Fig.2 Shared SS with separate location of two DCIs

In Fig.2 (a) and (b), shared SS couldn’t reduce the max number of BD, and it is an equivalence of condition of different DCI sizes. However, in (c), the number of BD will be less than the number of BD of CC1 + the number of BD of CC2. 

(2)Figure 3 shows overlapped location of two DCI formats.
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Fig. 3 Overlapped locations of two DCI formats
In these two conditions, the number of BD will equal the number of BD of CC1. For same DCI size, shared SS can reduce the number of BD and block probability doesn’t increase compared with Fig.2. 
Proposal: For same DCI size, shared SSs should be used.
2.2 Number of PDCCH candidates and number of BD    
In scheduled cross-CC, PDCCH for multiple DL/UL carriers are assigned in one UE-specific search space as shown in Figure 4. For DL carrier with CIF where the UE monitors PDCCH, the assigned search space locations in PDCCH (e.g. CC2) on the DL carrier scheduling PDSCH on the same carrier are same as the defined in Rel.8. For other cross scheduled carrier (e.g. CC3), their search space locations are laid in PDCCH of other carrier, and there are two definition methods of number of PDCCH candidates.
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Fig. 4 Scheduled carriers by a UE in CA
Option1: For cross-CC which PDCCH is scheduled by PDCCH in other carrier, their search space location is equivalent to Rel.8. 
In this condition, every carrier can be deemed a single carrier of different UE, and operation is equal to Rel.8. The number of PDCCH candidates is (6, 6, 2, 2 ) for aggregation level 1, 2, 4, 8 respectively, and the number of BD is as discussed in section 2.

Option2: For cross-CC which PDCCH is scheduled by PDCCH in other carrier, SS may be reduced by less number of PDCCH candidates. For example, the number of PDCCH candidates is (b, b, c, c) for aggregation level 1, 2, 4, 8 respectively, where b<6, c
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2.

This condition can decrease the number of BD, and its block probability can keep similar with option1. This method slightly decreases the SS size of scheduled cross-CC in aggregation level 1and 2 and doesn’t influence block probability for aggregation level 4 and 8. 
For a UE in CA, when the number of the same-CC is M, and the number of the cross-CC’s is Nc, then the maximum number of BDs is no more than 12*(M+1)+48*(M+Nc)=60*M+48*Nc+12, for cross-carrier scheduling is only possible for DCI formats in UE-specific search space, and where (M+Nc)≤5, and the number of UL PUSCH is no more than (M+Nc). Therefore the maximum number of blind decodes is no more than N*60. 
If in option 2, it can increase UE-specific SS size by a*(b, b, c, c), where ‘a’ denotes the number of the cross-carrier, and ‘b, c’ denotes the number of PDCCH candidates in aggregation levels 1, 2, 4, 8, respectively. Table-1 shows the maximum number of BD with option2 SS. The option 2 can improve the UE operation complexity. In cross-CC, for the secondary CC which control information is scheduled on PDCCH of other carrier, the less number of PDCCH candidates should be used.

Table 1 Maximum number of BD for Rel-8 and Rel-10 UE categories.

	Scheduled CC of UE
	Max number of BD

	Rel-8 with 1 UL PUSCH 
	44

	Rel-10 with 1 UL CC
	60

	Rel-10-CA with 2 DL CCs and 1 or 2 UL CC (with 1XCC)
	60+4*(b+c)

	Rel-10-CA with 2 DL CCs and 2 UL CC (w/o XCC)
	120

	Rel-10-CA with 3 DL CCs and 2 UL CC (with 2 XCCs)
	120+4*(b+c)

	Rel-10-CA with 5 DL CCs and 5 UL CC (with 5 XCCs) 
	60+16*(b+c)


Proposal: Use the expanded UE SS which size is smaller than SS in Rel.8 for each cross scheduled CC to decrease max number of BD and maintain similar block probability with Rel.8.
3 Conclusions
We discussed the design of PDCCH search space for cross-CC in LTE-A. Finally, we suggested the following issue:
· Proposal1: For same DCI size, shared SSs should be used, since block probability doesn’t increase and the BD complexity can be decreased for the same DCI size.  
· Proposal2: Use the expanded UE SS which size is smaller than SS in Rel.8 for each cross scheduled CC to decrease max number of BD and maintain similar block probability with Rel.8.
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