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1 Introduction

In 3GPP RAN1-NR Adhoc#3 meeting [1], uplink control channel design was discussed and the followings were agreed:

Agreements:
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

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.
2 Discussion
2.1 2-Symbol Short PUCCH with up to 2 bits
In RAN1#89 meeting [2], it is agreed that 2-symbol PUCCH with up to 2 UCI bits is repeated between two symbols. In RAN1 NR Ad-Hoc#3 [1], it is agreed that 2-symbol PUCCH with up to 2 UCI bits supports sequence hopping. So in this section, details of sequence hopping for 2-symbol PUCCH with up to 2 UCI bits is discussed.
In LTE, sequence hopping is used on PUCCH format 1/1a/1b, which can be understood as a slot level (half of subframe) sequence hopping. In NR, to reduce the complexity of design, an LTE-like sequence hopping scheme can be reused as baseline, which can be found in Figure 1.
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Figure 1. An LTE-like sequence hopping scheme for 2-symbol PUCCH.
1. Among different slots, the slot level sequence hopping is enabled, which is used to decide set of sequences (for 1 bit case, 2 sequences are decided; for 2 bits case, 4 sequences are decided) of the first symbol in the slot.
2. Within a slot, a cell-specific sequence hopping scheme is enabled, which is used to decide the set of sequences of the other symbol(s) in the slot.
For the sequence hopping within a slot, the scheme can be FFS. A simple scheme can be reusing the sequence hopping scheme of PUCCH format 1/1a/1b, but change the slot level sequence hopping to the symbol level sequence hopping.
Proposal 1: For the 2-symbol PUCCH with up to 2 bits, 
· Among different slots, an LTE-like sequence hopping scheme can be used to decide the set of sequences of the first symbol in the slot.

· Within a slot, the sequence hopping scheme can be FFS, e.g., the LTE slot-level sequence hopping scheme can be modified to be for symbol-level sequence hopping.

2.2 2-Symbol Short PUCCH with more than 2 bits
For the 2-symbol short PUCCH with more than 2 bits, the only remaining issue is scrambling scheme. As we discussed in [3], a LTE-like scrambling scheme can be considered for short PUCCH with more than 2 bits, regardless of 1-symbol short PUCCH or 2-symbol short PUCCH. The initial scrambling code is decided by the cell ID and UE specific ID (e.g., C-RNTI), and among the different slots, scrambling code is changed based on the index of slot.
3 Conclusion
Based on above discussions, the following proposal is given. 
Proposal 1: For the 2-symbol PUCCH with up to 2 bits, 
· Among different slots, an LTE-like sequence hopping scheme can be used to decide the set of sequences of the first symbol in the slot.

· Within a slot, the sequence hopping scheme can be FFS, e.g., the LTE slot-level sequence hopping scheme can be modified to be for symbol-level sequence hopping.
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