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1 Introduction
In Ran1#60 meeting some contributions related to PDCCH design and construction of PDCCH search spaces for carrier aggregation were submitted[1-3] and some aspects were considered for further study as shown below[4]：
Conclusion:

· Linkage between PDSCH/PUSCH and PDCCH 
· Further discussion required on whether at least the following is supported:

· A UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC 

· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier

· Further discussion required until RAN1#60bis on whether this can be extended to support modified Option 1 from R1-101661.

· Include in email discussion whether or not Option 2 is excluded. 
The following two Topics are for further discussion:
· benefits/costs of extending option 1 – primarily scheduling flexibility / blocking versus complexity

· scenarios applicable for schemes beyond option 1.
In this document, we propose some consideration for CC linkage between PDSCH/PUSCH and PDCCH、search spaces and the maximum number of blind decoding.

2 Linkage between PDSCH/PUSCH and PDCCH
The email discussion [5] summarized three views on linkage between PDSCH/PUSCH and PDCCH, e.g., option 1, option 2 and modified option 1. 
In option 2, the number of blind attempts is not linearly increasing with N (the number of CC), but quadratically. This will clearly become a problem with N>2. Considering the maximum of blind decoding and complexity, as the figure1 illustrates, the option 1 should be supported.     
The linkage between PDSCH/PUSCH and PDCCH is main factor that affects the maximum number of blind decoding. 
It is agreed that the transmission mode is not constrained to be the same on all CCs scheduled for a UE. For a given UE, the DCI payload size corresponding to different transmission modes may be different. When the DCI size is the same, the BD in modified option 1 will be same as in option 1, and its blocking probability is equal to or smaller than the latter due to BD in larger search space location. It will be beneficial for aggregation levels 4 and 8 with less number of PDCCH candidates.         
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         (a) Independent search space                  (b) Shared search space

Fig.1 CC with cross-carrier scheduling in option1 when 2:3 UL/DL configuration.
Proposal: Modified option 1 is preferred. 
3 Independent or shared search spaces for multiple carriers
The PDCCH blocking probability increases due to the new defining UL DCI formats and cross-CC scheduling in LTE-A, and blocking probability is a direct impact on throughput. Therefore, it needs some methods to decrease the blocking probability. 

The modified option 1 has the improved blocking probability with the same DCI size, and the BD doesn’t increase. However, the probability of the same DCI size needs to be evaluated due to different transmission modes and scenarios (HetNet). Once UE’s DCI payload size is different, the linkage between PDSCH/PUSCH and PDCCH will fall back to option 1.   
When more CC is scheduled and shared SS is used, the blocking probability and false CRC pass probability will increase (especially for 4 and 8 CCE UE SS). To avoid this case, we can considerer the extended SS, e.g. to enlarge the SS through introducing more search space locations，which may include less number of PDCCH candidates than Rel-8 in aggregation levels 1 and 2. With the shared SS, the PDCCH location indicating is easier than the independent SS and is similar to Rel-8.
When independent SS is used, its actual maximum number of BD may be more than that in shared SS. Moreover, every independent SS location needs to be indicated. In Rel-8, the CCE’s corresponding to PDCCH candidate m of the SS 
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 is the number of PDCCH candidates to monitor in the given SS, and 
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 is UE-specific and UE needs detecting every SS location of scheduled cross-carriers.

Table1 shows the pros. and cons. of the two methods.

Table 1 comparison between independent and shared SS
	
	Independent SS
	Shared SS

	Blocking probability
	Similar

	Number of BD
	Independent SS≤Shared SS

	false CRC pass probability
	Similar

	SS location
	Every CC location needs to be indicated in Independent SS

	compatibility
	Back-compatible
	Forward-compatible


4 Number of blind decodes in asymmetric UL/DL configurations
At present in LTE there are six bandwidth deployments {e.g. 1.4MHz、3MHz、5MHz、10MHz、15MHz、20MHz}, which can give rise to different combinations of component carriers. In Ran 4 #51 meeting 11 deployment scenarios with the highest priority for the feasibility study are agreed. These deployment scenarios contain five UL/DL configurations that the number of DL carriers is equal to or greater than the number of UL carriers, e.g. 1:2, 2:2, 2:3, 2:4, 3:3 (three non-contiguous UL carriers and three non-contiguous DL carriers) [7].      
When user is scheduled to transmit Nu UL PUSCH, UE needs to perform 16*Nu BD’s considering the added 16 BD for UL non-contiguous or UL SU-MIMO transmissions. When in Option 1, as shown in Figure 1, it includes three carrier scheduling conditions: Rel-8 compatible (same-CC which can be without CIF), Rel-10 (cross-CC which is with CIF) and the mix of above two conditions.   
It is agreed that cross-carrier scheduling is only possible for DCI formats in UE-specific search space. When the number of the same CC is M, and the number of the cross CC’s is Nc, then the maximum number of BD is no more than 12*(M+1)+48*(M+Nc)=60*M+48*Nc+12, where (M+Nc)≤5, and the number of PUSCH is no more than (M+Nc). Therefore the maximum number of blind decodes is no more than N*60.    
If defining a larger UE-specific SS, it can increase UE-specific SS locations 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 and 4, 8. Table 2 shows the maximum number of BD with extended SS.   

Table 2 The maximum number of BD for Rel-8 and Rel-10 UE categories.

	UE Type
	Max number of BD

	Rel-8 
	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)


5 Conclusions
From the above analysis about CC linkage, search space and the maximum number of blind decoding, the following proposals are given:
1. We prefer modified option 1 in linkage between PDSCH/PUSCH and PDCCH which is flexible in schedule and can decrease PDCCH blocking probability.

2. Use a single shared SS for DCI information of multiple cross-carriers.

3. Extended SS should be considered in order to solve the blocking probability increasing problem when aggregation levels are 4 and 8. 
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