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1 Introduction

This contribution discusses the issue of handling search space collisions for fallback operation. This is a revision of R1-1717696.
2 Remaining issues of fallback operation

It was agreed that a UE with shortened processing time supports fallback to legacy processing timing n+4 by the search space, i.e. DCI for processing time n+3 are carried in USS of PDCCH and DCI for processing time n+4 are carried in CSS of PDCCH.
But for the DCI carried in both USS and CSS with AL = 4/8, the UE would be ambiguous on which processing time should be used. Especially, when the number of CCE is not larger than 16, the region of USS and CSS would be fully overlapped, always leading to ambiguity if AL equals to 4/8. According to Table 1 and Table 2, we can find that the number of CCEs for small system bandwidth or large system bandwidth with small CFI is normally smaller than 16. It seems the ambiguous issue is quite severe when AL = 4 or 8. 

Table 1 The number of CCEs with port 0~3
	BW(MHz)
	CFI=1
	CFI=2
	CFI=3

	20
	22
	44
	77

	15
	16
	32
	57

	10
	11
	22
	38

	5
	5
	10
	18

	3
	3
	6
	11

	1.4
	2
	4
	6(NCP)/5(ECP)


Table 2 The number of CCEs with port 0~1
	BW(MHz)
	CFI=1
	CFI=2
	CFI=3

	20
	22
	55
	88

	15
	16
	41
	66

	10
	11
	27
	43

	5
	5
	13
	21

	3
	3
	8
	13

	1.4
	3
	5
	7(NCP)/6(ECP)


Observation 1: UE would be ambiguous on which processing time should be used when USS and CSS are overlapped if AL = 4 or 8.

In the following, we give a further discussion on how to avoid the ambiguity causing by the overlap of USS and CSS. 

Case 1: Partial overlap of USS and CSS

In case the number of CCEs are greater than 16, only part of candidates of AL = 4/8 in USS may be overlapped with CSS. One simple way is to define the overlapped candidates always used for processing time n+4, while the other candidates can be used for processing time n+3. Thus, the ambiguity can be solved in this case.

Case 2: Full overlap of USS and CSS

Note that the full overlap of USS and CSS (the number of CCE is no larger than 16) is not the corner cases. One way to avoid such ambiguity in this case is to predefine only one processing time between eNB and UE for AL = 4/8. For example, only processing time n+3 can be used for AL = 4/8. But, fallback would not be supported in this case. If only processing time n+4 can be used for AL = 4/8, it will lead to strong scheduling restriction because only AL = 1/2 can be used when a UE is configured with n+3 timing and no need for fallback.
To support fallback and decrease the scheduling restriction in this case, we can define that partial candidates of AL = 4/8 can be reserved for fallback to processing time n+4 while the other candidates of AL = 4/8 are used for processing time n+3. For example, in case of full overlap of USS and CSS, the first candidate of AL = 4(if≤
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≤16) and the first candidate of AL = 8(if 8≤
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≤16) are reserved for fallback to processing time n+4 while the other candidates of AL = 4/8 are used for processing time n+3. 
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is the number of CCEs in PDCCH. Then fallback can be supported with no strong scheduling restrictions.

Proposal 1: To avoid the ambiguity causing by the overlap of USS and CSS, 

· When the number of CCEs is more than 16, define the overlapped candidates is used for processing time n+4. 

· When the number of CCEs is no more than 16, partial candidates of AL = 4/8 are reserved for processing time n+4. 

· The first candidate of AL = 4 (if≤
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≤16 ) and the first candidate of AL = 8(if 8≤
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≤16 ) are reserved for processing time n+4 while the other candidates of AL = 4/8 are used for processing time n+3.
3 Conclusion

According to the above analysis on handling search space collisions for fallback operation, we have the following observation and proposal. 
Observation 1: UE would be ambiguous on which processing time should be used when USS and CSS are overlapped if AL = 4 or 8.
Proposal 1: To avoid the ambiguity causing by the overlap of USS and CSS, 

· When the number of CCEs is more than 16, define the overlapped candidates is used for processing time n+4. 

· When the number of CCEs is no more than 16, partial candidates of AL = 4/8 are reserved for processing time n+4. 

· The first candidate of AL = 4(if≤
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≤16) and the first candidate of AL = 8(if 8≤
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≤16) are reserved for processing time n+4 while the other candidates of AL = 4/8 are used for processing time n+3.
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