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1. Introduction

In RAN1 #89 meeting [1], following agreements were made for short duration UL control channel in NR.
	Agreements:
· For 2-symbol NR-PUCCH

· option 1-1 is supported for sending UCI with up to 2 bits.

· Note that sequence hopping is not precluded for option 1-1
· FFS method for sending UCI with more than 2 bits

· option 2 is not supported.

· Note: The functionality of option 2 can be achieved by two 1-symbol short PUCCHs transmitted on one slot in TDM manner (as already agreed in RAN1 #88bis meeting) and therefore it is considered as not necessary to introduce option 2.
Agreements:
· For 2-symbol NR-PUCCH, frequency hopping is supported at least for localized (contiguous) PRB allocation in each symbol

· FFS for distributed (non-contiguous) PRB allocation


In this contribution, we discuss and provide our views on the design of 2-symbol UL control channel in NR (denoted as “NR-PUCCH” hereafter).
2. Discussion
2.1. 2-symbol NR-PUCCH for up to 2 UCI bit
Since it was agreed to support option 1-1 for 2-symbol NR-PUCCH with up to 2 UCI bits in RAN1 #89 [1] and agreed to make working assumption that option 4 is supported for 1-symbol NR-PUCCH up to 2 UCI bits in RAN1 NR Ad-Hoc#2 [2], the next step would be discussion on how to assign a sequence pair (e.g., sequence in the 1st symbol and sequence in the 2nd symbol) for the UCI transmission. One simply way is to assign the same sequence over 2 symbols. On the other hand, regarding inter-cell interference (e.g., interference among short NR-PUCCH from difference cells), it may be necessary to consider to differentiate sequence parameters such as cyclic shift value and/or base sequence (or sequence group) between sequences over 2 symbols for interference randomization. For both cases, length-2 TD-OCC (time domain OCC) across 2 symbols can be applied for supporting multi-UE multiplexing (and/or transmit diversity for PUCCH) in case without frequency hopping. Moreover, it should be noted that for (sequence selection based) 2-symbol NR-PUCCH with 1 or 2 UCI (e.g., HARQ-ACK) bits, a set of NR-PUCCH resource where each NR-PUCCH resource contains 2 or 4 sequence pair can be configured by higher layer signalling. After that, DCI can indicate a NR-PUCCH resource from the NR-PUCCH resource set (e.g., according to ARI value signaled in the DCI) and UE can transmit a sequence pair over 2 symbols according to UCI state (e.g., ACK/NACK state) from the indicated NR-PUCCH resource (e.g., 4 sequence pairs).
Proposal #1: For 2-symbol NR-PUCCH for up to 2 UCI bits, Option 1-1 with different base sequences and/or cyclic shift values between 2 symbols is supported for interference randomization.

2.2. 2-symbol NR-PUCCH for more than 2 UCI bits

In RAN1 #89 meeting [1], it was agreed not to support option 2 for 2-symbol NR-PUCCH for more than 2 UCI bits. Therefore, option 1-1 and/or option 1-2 can be considered for 2-symbol NR-PUCCH structure. If option 1-1 is adopted for 2-symbol NR-PUCCH structure, it would be beneficial in terms of multiplexing capacity since additional time domain length-2 OCC (e.g., [+1 +1], [+1 -1]) can be applied to 2-symbol NR-PUCCH when frequency hopping is disabled. On the other hand, if option 1-2 is adopted for 2-symbol NR-PUCCH, it would be beneficial in terms of coding rate. In our perspective, it would be most flexible and beneficial to support both option 1-1 and option 1-2 according to the use cases. For example, option 1-1 can be better for small UCI payload size while option 1-2 can be better for large UCI payload size. Therefore, we propose to support both options for 2-symbol NR-PUCCH. For option 1-1, it should be noted that detailed parameters for each of two 1-symbol NR-PUCCHs composing 2-symbol NR-PUCCH can be different. For example, the two 1-symbol NR-PUCCHs can have different frequency location and/or scrambling for DM-RS for better channel estimation and/or interference randomization.
Proposal #2: For 2-symbol NR-PUCCH for more than 2 UCI bits, both of Option 1-1 and Option 1-2 are supported for multi-UE multiplexing as well as UCI performance.
· Option 1: 2-symbol PUCCH is composed of two 1-symbol PUCCHs conveying the same UCI.

· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol PUCCH.

· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.

3. Conclusion
In this contribution, we discussed the design of 2-symbol NR-PUCCH. The proposals of this contribution are summarized as follows.
Proposal #1: For 2-symbol NR-PUCCH for up to 2 UCI bits, Option 1-1 with different base sequences and/or cyclic shift values between 2 symbols is supported for interference randomization.

Proposal #2: For 2-symbol NR-PUCCH for more than 2 UCI bits, both of Option 1-1 and Option 1-2 are supported for multi-UE multiplexing as well as UCI performance.
· Option 1: 2-symbol PUCCH is composed of two 1-symbol PUCCHs conveying the same UCI.

· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol PUCCH.

· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.
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