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Introduction
For PUCCH format 0, it is agreed that symbol-level cycle-shift and slot-level base sequence hopping as in LTE are reused, but details especially regarding symbol indexing and slot indexing is FFS.
	Agreements:
· For PUCCH format 0 & PUCCH format 1, symbol-level cyclic shift hopping as in LTE is reused
· FFS details especially regarding symbol indexing and slot indexing considering the difference between NR and LTE
· Symbol-level cyclic shift hopping is a function at least based on a configurable ID
· Note that: the configurable ID is already agreed for PUCCH base sequence hopping
Agreements:
· For PUCCH formats 0, 1, 3 & 4, slot-level base sequence hopping as in LTE is reused
· FFS details especially regarding slot indexing considering the difference between NR and LTE
· Slot-level base sequence hopping for PUCCH format 3 and 4 is a function at least based on a configurable ID, similarly as agreed for PUCCH format 0 and 1.
· Note that: the configurable ID is already agreed for PUCCH base sequence hopping
· FFS: whether and how to support symbol-level base sequence hopping



In this contribution, we provide our considerations on base sequence and circle shift selection for PUCCH format 0 which are still open after the previous meeting.
Discussion
Base sequence hopping
In LTE, it uses group hopping to select base sequence for PUCCH format 1a/1b. Group hopping can be enabled or disabled by higher layer signalling. The base sequence depending on a configurable ID is the same in one slot, but may be different for two slots in a subframe.
For PUCCH format 0 in NR, it is agreed to reuse the slot-level base sequence hopping mechanism as in LTE. In order to randomize inter-cell interference, base sequence hopping are related with different start symbol occasions of PUCCH transmission or different start UL symbol index.

The base sequence hopping  is given by the following equation:


In this formula, there are two alternatives:


Alt 1: is the duration of PUCCH, and is the start symbol occasions of PUCCH transmission. 


Alt 2: is the duration of UL symbols, and is the start UL symbol index.
Proposal 1. Support slot-level and symbol-level base sequence hopping
Proposal 2. 
Base sequence hopping pattern  defined as 


Cyclic shift hopping
There are total 12 shifts for a base sequence, and it was agreed to support cyclic shift hopping for PUCCH format 0. It is preferred to use the following parameters to determine the cyclic shift.





The first is cell specific cyclic shift  which has same definition as in LTE PUCCH and varies with the symbol number  and the slot number  according to






Where is initialized with, and  is configurable. And can be the duration of PUCCH or the duration of UL symbols.




The second parameter is  as  where is provided by higher layer parameter PUCCH-F0-F1-initial-cyclic-shift of PUCCH-F0-resource-config, and  is determined from the value of one HARQ-ACK bit or from the values of two HARQ-ACK bits, and whether HARQ-ACK and positive/negative SR are multiplexing. 
It is preferred to use the following formula to determine the cyclic shift.
Proposal 3. Using this formula to determine the cyclic shift for PUCCH format 0


[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following proposals.
Proposal 1. Support slot-level and symbol-level base sequence hopping
Proposal 2. 
Base sequence hopping pattern  defined as 


Proposal 3. Using this formula to determine the cyclic shift for PUCCH format 0
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