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1 Introduction

For the same-CC scheduling, search space design on one CC could keep the same as in Rel-8, but for the cross-CC scheduling, DCIs corresponding to multiple PDSCH/PUSCH CCs can be transmitted on one CC which could impact the search space structure. In RAN1#61b meeting, the following conclusions on search space design were agreed: 
Same hashing function (offset between search spaces for different CCs is not a function of the subframe number)

· CC-specific offset

· Offset is a function of (at least) CIF

· FFS until RAN1#62

· No additional RRC signalled parameters
· 
Additional refinements FFS
In this paper, we will further discuss the details of CC-specific offset and provide our proposal. 
2 Search space design
The CC-specific offset was agreed to be introduced to define the search space in the last meeting. Many methods can generate the offset [1-5], but the design criteria should be the same: low PDCCH blocking probability, high reliability and simplicity.
For simplicity, CIF as the only variable to calculate the offset may be enough. Accordingly, a search space 
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  is defined by a set of PDCCH candidates. The CCEs corresponding to PDCCH candidate m of the search space 
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 is the number of PDCCH candidates to monitor in the given search space. 
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 is a function of CIF, which can be defined by two approaches:
· Approach 1: Based on the configured CCs;
· Approach 2: Based on the activated CCs.

In table 1, the comparison of the 2 approaches is summarized. Considering reliability and simplicity, approach 1 is preferred. Considering blocking probability, approach 1 is at a disadvantage when the number of available CCEs in DL control region is smaller than the total number of CCEs for the search spaces [5] because there would be more SS (Search Space) overlapping between different CCs  if some CCs are deactivated and the SSs for the deactivated CCs cannot be released. 
Currently, we prefer approach 1 to approach 2 due to the reliability and simplicity. However, the blocking probability by approach 1 varies as the available CCE resource varies. In our view, if the blocking probability of approach 1 is considered to be serious, the way of defining the offset function may need to be reconsidered [8].
Table 1. Comparison of two approaches

	
	Blocking probability
	Reliability

	
	Enough CCE resources
	Limited CCE resources
	

	Approach 1
	Same
	May be higher (more SS overlapping between different CCs  if some CCs are deactivated, because the SSs for the deactivated CCs cannot be released [8])
	Higher

	Approach 2
	Same
	Lower
	Lower (MAC (de)activation signalling has a lower reliability and is triggered more frequently than RRC signalling)


Assuming approach 1 is adopted, a simple way based on the principle of concatenation [4-7] is to let
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is the 3-bit CIF value configured by RRC signaling, L is the aggregation level and 
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 is the number of PDCCH candidates at the aggregation level L. 
· When the CIF values of configured CCs are consecutive, the search spaces of different carriers are totally concatenated. 
For example, assuming the CIF values for CC1, CC2 and CC3 are 0, 1 and 2 respectively, the total CCE number is 50 and 
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, accordingly, at the aggregation level 1, the starting CCE indexes for CC1, CC2 and CC3 are 0, 6 and 12 respectively;  at the aggregation level 2, the starting CCE indexes for CC1, CC2 and CC3 are 0, 12 and 24 respectively; at the aggregation level 4, the starting CCE indexes for CC1, CC2 and CC3 are 0, 8 and 16 respectively; at the aggregation level 8, the starting CCE indexes for CC1, CC2 and CC3 are 0, 16 and 32 respectively. 
· When the CIF values of configured CCs are not consecutive, the search spaces of different carriers may not be concatenated and could overlap with higher probability. 
For example, assuming the CIF values for CC1, CC2 and CC3 are 0, 1 and 3 respectively, the total CCE number is 50 and 
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, accordingly, at the aggregation level 1, the starting CCE indexes for CC1, CC2 and CC3 are 0, 6 and 18 respectively;  at the aggregation level 2, the starting CCE indexes for CC1, CC2 and CC3 are 0, 12 and 36 respectively; at the aggregation level 4, the starting CCE indexes for CC1, CC2 and CC3 are 0, 8 and 24 respectively; at the aggregation level 8, the starting CCE indexes for CC1, CC2 and CC3 are 0, 16 and 0 respectively. In this example, SSs of CC1 and CC3 completely overlaps at aggregation level 8.
From the above analysis, the consecutive CIFs are preferred. There are two methods to configure consecutive CIFs:

· Method 1: Implemented by eNB, i.e. it is upon the eNB to configure the CIFs consecutively.
· Method 2: Introducing a rule to search space definition by sorting CIFs of the different CCs, i.e., 
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, where sort( - ) means sorted value in ascending order. 
· For example, the CIF values for CC1, CC2 and CC3 are 0, 1 and 3 respectively. According to the ascending order, 
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values for CC1, CC2 and CC3 are 0, 1 and 2 respectively.
It can be seen that method 2 has lower reliability during reconfiguration. For example, assuming the CIF values for CC1, CC2 and CC3 are 0, 1 and 3 originally, the 
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 values are 0, 1 and 2 respectively.  If CC1 is deleted, the 
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 values for CC2 and CC3 are 0 and 1 respectively. In this case, CIF value for CC1 and CC2 are not changed, but the 
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 values for both CC are changed. So during the reconfiguration of CC1, both CC2 and CC3 become unreliable when sorting is applied. Thus method 1 is preferred.

3 Conclusions
In the case of cross-CC scheduling, a search space 
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 is the number of PDCCH candidates to monitor in the given search space. 
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