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1. Discussion
The following was agreed in the previous RAN1 #61bis meeting [1]. 

Conclusions:

· 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

According to the agreement, the starting point of multiple search spaces transmitted on one PDCCH carrier is determined by a hashing function and the offset between search spaces is defined by CC-specific offset. The remaining issue is how to define CC-specific offset. In this document, we investigate possible approaches for the CC-specific offset and evaluate their performance in terms of the blocking probability. 
2. CC-specific offset

As a way of defining CC-specific offset, there could be three alternatives as follows.

· Approach 1:  CC-specific offset is defined by the product of a constant number of CCEs between search spaces and the CIF value.  In addition, the distance is 
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is the number of PDCCH candidates per aggregation level (L). With this approach, search spaces can be consecutively and adjacently located as shown in Figure 1. 
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Figure 1 : search space location with approach 1
The equation of approach 1 for CCEs corresponding to PDCCH candidate m of the search space 
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 is defined in TS 36. 213 [2] , 
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 is the number of PDCCH candidates to monitor in the given search space. CIFc is the carrier indicator of cth DL CC. 

· Approach 2: this approach is similar to approach 1. However, the distance is larger than 
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. During offline discussion, it was pointed out that approach 1 might result in a higher blocking probability if the consecutive and adjacent search spaces overlap with a larger aggregation level search space allocated to another UE.
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Figure 2: search space location with approach 2
The equation of approach 2 for CCEs corresponding to PDCCH candidate m of the search space 
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 is defined in TS 36. 213 [2], 
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is the offset for each search space. CIFc is the carrier indicator of cth DL CC. For the evaluation in Section 3, D=8 is assumed.  
· Approach 3: the offset distance is different for each CC. As shown in Figure 3, the distance between search space for CIF=0 and CIF=1 is D1, while the distance between search space for CIF=1 and CIF=2 is D2. During offline discussion, it was pointed out that this could decrease the chance of the search spaces of all CCs from multiple UEs being overlapped in a subframe.  
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Figure 3: search space location with Approach 3
The equation of approach 2 for 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. CIFc is the carrier indicator of cth DL CC. For the evaluation in Section 3, D1=8 and D2=12 is assumed.  

3. Evaluation 
A simple simulation was performed to compare the blocking probabilities of all approaches described in Section 2. Table 1 summarizes the simulation parameters, and Table 2 summarizes the blocking probability depending on different simulation parameters. 
	Parameter
	Value

	System bandwidth
	10 MHz

	Number of CCEs in the control region
	27(CFI=2),  42(CFI=3)

	Number of Rel-8 CRS ports
	2

	Number of PDCCH CCs
	1

	Number of PDSCH CCs
	2, 3 

	Probability of CCE 
aggregation level of [8 4 2 1]
	[0.06 0.15 0.27 0.52] 

	UE C-RNTI
	Randomly generated

	Number of UE
	5,10  (each UE has 2 or 3 PDCCHs)
Note: all UEs are scheduled

	Search space sharing
	Yes/No


Table 1: Simulation parameters
	
	
	
	
	
	Average blocking probability[%]

	SS Sharing
	# of CCs
	# of CCEs
	# of UE 
	# of PDCCHs
	Approach 1
	Approach 2
	Approach 3

	No
	2
	27
	5
	10
	7.8
	8.0
	7.2

	No
	2
	42
	5
	10
	12.5
	12.6
	15.4

	No
	2
	27
	10
	20
	30.6
	30.8
	31.6

	No
	2
	42
	10
	20
	18.9
	18.6
	18.5

	No
	3
	27
	5
	15
	16.5
	16.0
	16.6

	No
	3
	42
	5
	15
	9.8
	9.8
	11.6

	No
	3
	27
	10
	30
	44.4
	44.0
	43.9

	No
	3
	42
	10
	30
	29.8
	29.9
	30.5

	Yes
	2
	27
	5
	10
	6.28
	6.48
	6.00

	Yes
	2
	42
	5
	10
	3.02
	7.50
	3.07

	Yes
	2
	27
	10
	20
	26.00
	26.34
	24.95

	Yes
	2
	42
	10
	20
	11.22
	13.33
	11.99

	Yes
	3
	27
	5
	15
	15.13
	16.73
	15.60

	Yes
	3
	42
	5
	15
	4.82
	11.80
	5.58

	Yes
	3
	27
	10
	30
	44.63
	45.68
	44.99

	Yes
	3
	42
	10
	30
	21.24
	19.50
	23.44


Table 2 : Average blocking probability 
There are some observations:
· Even though various configuration cases were simulated, there was no noticeable difference between the three approaches described in Section 2.
· Approach 2 showed a slightly worse blocking probability in some cases. It might be reduced if a different distance value is selected. However, the final blocking probability would be expected to be similar to the other approaches.

4. Conclusion

In this document, we investigated possible approaches for the CC-specific offset and evaluated the corresponding blocking probabilities. Since the differences in blocking probability between the approaches appear not to be significant, we recommend that the CC-specific offset is the product of the number of PDCCH candidates per aggregation level (L), 
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 and the CIF value, i.e. approach 1 in Section 2. 
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