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In 3GPP RAN1-NR Adhoc#3 meeting [1] [2], uplink control channel design was discussed and the followings were agreed:
RAN1-NR Adhoc#3
1. For 2-symbol PUCCH with more than 2 bits, option 1-1 is not supported in Rel-15
· Note: Option 1-1 (UCI is repeated between two symbols) 
2. For two-symbol short-PUCCH with up to 2 UCI bits, sequence hopping between the two symbols is supported.
· FFS: The details of sequence hopping. 
3. For one or two symbol(s) short-PUCCH for UCI of more than 2 bits, the encoded bits are scrambled.
· FFS on the scrambling initialization for the encoded bits
RAN1#90bis
4. For short PUCCH for up to 2 UCI bits, the base sequence can be hopped for transmission of PUCCH in different slots
· The base sequence hopping can be enabled or disabled by cell-specific RRC parameters via RMSI.
· Hopping pattern is at least based on a configurable ID
· FFS on details of the hopping pattern
· The ID has a bitwidth of [10] bits
· FFS on cyclic shift hopping
· No RRC signaling impact
Based on the agreements on the last meeting, some remaining issue of 2-symbol PUCCH are discussed in this contribution, including sequence hopping for 2-symbol PUCCH with up to 2 bits, and scrambling scheme for 2-symbol PUCCH with more than 2 bits.
Discussion
2-Symbol NR PUCCH format 0
Sequence hopping
In last meeting, base sequence hopping is supported for NR PUCCH format 0 among different slots and the details are FFS. This implies that the parameter  of the sequence is slot-dependent. Further, base sequence hopping between 2 symbols for 2-symbol PUCCH format 0 was agreed in RAN1-NR Adhoc#3 meeting. To unify the base sequence hopping scheme for both 1-symbol and 2-symbol PUCCH format 0, a two-stage slot-level plus symbol-level base sequence hopping scheme is proposed, which can be described as following:
1.	First stage, among the different slots, slot level base sequence hopping can be enabled, which is used to decide the base sequence . The LTE solution for group hopping can be used, where

and is shown as following: 


where  is the slot index and the pseudo-random sequence  is defined by section 5.2.1 in [3]. The  is initiated with a configurable ID  with a bitwidth of 10 bits and = is a sequence shift pattern.
2.	Second stage, within a slot, a symbol-level base sequence hopping scheme is enabled, which is used to decide sequence shift pattern for symbol-level base sequence hopping in the slot.
[bookmark: _GoBack]The sequence hopping within a slot can reuse the slot-level base sequence hopping scheme by introducing the parameter based on “symbol index”. The formula of sequence hopping for the slot-level plus symbol level PUCCH is given by the following:



where  is the symbol index. 
Cyclic-shift hopping
For the cyclic shift hopping, the mechanism of LTE PUCCH format 1 can be reused. The cyclic shift is a function of the slot index  and symbol index , i.e.,  where  is a pseudo-random sequence based on   used in sequence hopping and  is the PUCCH resource index in the slot.
Proposal 1: For the 2-symbol NR PUCCH format 0, a two stage slot-level plus symbol level sequence hopping can be considered, the formula of sequence hopping can be:

	 



where  is the symbol index, is initiated with a configurable ID  with 10 bits and = is a sequence shift pattern.
Proposal 2: For the 2-symbol NR PUCCH format 0, CS hopping mechanism for LTE’s PUCCH format 1 can be reused, the formula of cyclic shift hopping can be:
	  
where  is a pseudo-random sequence based on   used in sequence hopping and  is the PUCCH resource index in the slot.
2-Symbol NR PUCCH format 2

For 1-symbol NR PUCCH format 2, a LTE-like scrambling scheme has been adopted [3]. For the 2-symbol case, the only difference is the length () of the scrambling code which is based on the number of coded bits on 2 symbols.
Proposal 3: For 2-symbol NR PUCCH format 2, the same scrambling scheme for 1-symbol PUCCH format 2 can be used with the length of the scrambling sequence being equal to the number coded bits carried on 2 symbols.

Conclusion
Based on above discussions, the following proposals are given. 
Proposal 1: For the 2-symbol NR PUCCH format 0, a two stage slot-level plus symbol level sequence hopping can be considered, the formula of sequence hopping can be:

	 



where  is the symbol index, is initiated with a configurable ID  with 10 bits and = is a sequence shift pattern.
Proposal 2: For the 2-symbol NR PUCCH format 0, CS hopping mechanism for LTE’s PUCCH format 1 can be reused, the formula of cyclic shift hopping can be:
	  
where  is a pseudo-random sequence based on   used in sequence hopping and  is the PUCCH resource index in the slot.
Proposal 3: For 2-symbol NR PUCCH format 2, the same scrambling scheme for 1-symbol PUCCH format 2 can be used with the length of the scrambling sequence being equal to the number coded bits carried on 2 symbols.
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