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1 Introduction
In RAN1#88bis, PUCCH in short-duration was discussed with following agreements:
Agreements:
· For 2-symbol NR-PUCCH, following options are considered (including possible down-selection)

· Option 1: 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI.

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

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

· Option 2: 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs.

· E.g., time-sensitive UCI (e.g., HARQ-ACK) is in the second symbol.

In this contribution, we show our views on the design of 2-symbol NR-PUCCH.
2 Discussion
The following transmission cases should be separately considered for the design of 2-symbol NR-PUCCH:

· Case 1: One UCI with up to 2 bits
For up to 2 UCI bits, 2-symbol NR-PUCCH is used to enhance the coverage of uplink control channel. Option 1-1 (using repetition of a 1-symbol NR-PUCCH) is a straight-forward choice. In order to adapt to the fast change of channel condition, at least for HARQ-ACK transmission, the repetition can be semi-statically and/or dynamically indicated by gNB. As shown in Figure 1, for UE A, 1-symbol control channel is transmitted in slot n, and 2-symbol control channel is transmitted in slot n+1.
Proposal 1: For 2-symbol NR-PUCCH, option 1-1 is used for one UCI with up to 2 bits.
· The repetition of 1-symbol NR-PUCCH can be semi-statically configured and/or dynamically indicated by gNB.
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Figure 1. Dynamic configured the repetition of 1-symbol NR-PUCCH

· Case 2: One UCI with more than 2 bits

It was agreed that QPSK is used by 1-symbol PUCCH with more than 2 UCI bits. Considering the reliability, QPSK is also optimum for 2-symbol PUCCH. With QPSK, up to 4 bits without channel coding can be transmitted by 2-symbol NR-PUCCH. When 3 UCI bits are transmitted, the performance difference can be expected for different UCI bits. To equalize the performance of different UCI bits, channel coding should be used by 2-symbol PUCCH, when the payload size of UCI is more than 2 bits. Then the coded UCI bits are mapped to 2 symbols. 
Furthermore, for different channel condition and the feedback payload, the channel coding gain and channel estimation accuracy impacted by the overhead of RS are different. In some cases, comparing to using two 1-symbol NR-PUCCHs to compose one 2-symbol PUCCH, the structure with only one-symbol RS can achieve better performance. Therefore, we propose that channel structure with configurable RS should be considered for 2-symbol NR-PUCCH with more than 2 UCI bits.
Observation 1: For 2-symbol NR-PUCCH, option 1 is not efficient for one UCI with more than 2 bits.

Proposal 2:  Channel structure with configurable RS should be supported for 2-symbol NR-PUCCH with more than 2 UCI bits.
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Figure 1. RS for 2-symbol PUCCH
· Case 3: Multiple UCIs
The channel structure with configurable RS mentioned in case 2 is also applicable for case 3. The first issue for case 3 is whether HARQ-ACK and CSI can be jointly coded. If joint coding is supported, there will be no evident difference between case 2 and case 3. On the other hand, if separated coding is used, how to determine the number of REs for each UCI should be considered. The following factors should be considered for the design of the RE allocation for each UCI:
· The payload size of each UCI is variable in different slots.

· Performance requirements of HARQ-ACK and CSI are different. 

· The CSI block error probability shall not exceed 1%
· The ACK missed detection probability shall not exceed 1%. The NACK to ACK probability shall not exceed 0.1%
· RS overhead.
One simple method of RE allocation is that CSI maps to the first symbol and HARQ-ACK maps to the second symbol. The bandwidth allocated to 2-symbol NR-PUCCH should be determined based on the maximum number of PRBs required by HARQ-ACK and CSI. However, the practical result of this method is two 1-symbol NR-PUCCHs are transmitted in TDM manner. Then, the limitation of using the same frequency resources is unnecessary. Therefore, when short NR-PUCCH is separately configured for both HARQ-ACK and CSI, TDM transmission is optimal recommended. Once HARQ-ACK and CSI have to be multiplexed in one short PUCCH, we slightly prefer joint coding.
3 Conclusions
In this contribution, we show our views on the design of 2-symbol NR-PUCCH with following observations and proposals:
Proposal 1: For 2-symbol NR-PUCCH, option 1-1 is used for one UCI with up to 2 bits.
· The repetition of 1-symbol NR-PUCCH can be semi-statically configured and/or dynamically indicated by gNB.
Observation 1: For 2-symbol NR-PUCCH, option 1 is not efficient for one UCI with more than 2 bits.

Proposal 2:  Channel structure with configurable RS should be supported for 2-symbol NR-PUCCH with more than 2 UCI bits.
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