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1. Introduction
In RAN1#88bis, PUCCH in short-duration was discussed with following agreements:
Agreement:
· At least for 1 symbol short-PUCCH with more than 2 bits, the following is supported.

·  RS and UCI are multiplexed in FDM manner in the OFDM symbol where RS and UCI are mapped on different subcarriers and coherent demodulation are supported.
Agreements:
· For 1-symbol PUCCH without SR with 1 or 2 bit(s) UCI payload size, RAN1 will select one from the following options.

· Option 1: RS and UCI are multiplexed by FDM manner in the OFDM symbol

· UCI can be sequence

· FFS: low PAPR design is applied

· Option 4: Sequence selection with low PAPR

Agreements:
· For 1-symbol short PUCCH with > 2 UCI bits, the following is supported for the agreed Option 1:

· DMRS overhead: down-select among the following options:

· Option 1: one value (e.g., 1/2, 1/3, 1/4, 1/5, …)

· Option 2: multiple values depending on, e.g. UCI payload size etc.
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 short PUCCH.
2. Discussion
To simplify the specification, the number of NR-PUCCH formats to be specified should be as less as possible. Since FDM manner of RS and UCI has been supported for 1-symbol NR-PUCCH with more than 2 bits, the same scheme should be used for 1-symbol NR-PUCCH with up to 2 bits unless serious performance loss has been proved. Based on the simulation results in [1] [2], for 1-bit UCI transmission, the performance of option 1 is same or better than option 4, and for 2-bit UCI transmission, option 4 has performance gain in some channel environments. Considering the impact on specification, the performance gain seems to be not attractive enough.

Furthermore, to support 2-bit HARQ-ACK transmission, 4 sequences will be reserved to one UE for option 4, which will significantly impact the multiplexing capability. Therefore, we propose that option 1 is used for 1-symbol NR-PUCCH with up to 2 UCI bits.
Proposal 1: For 1-symbol NR-PUCCH with up to 2 UCI bits, RS and UCI are multiplexed by FDM manner in the OFDM symbol.
Since flexible frame structure, dynamic HARQ-ACK timing, carrier aggregation and enhanced MIMO are supported in NR, the range of UCI payload size is wide. For different channel condition and the feedback payload, the channel coding gain and channel estimation accuracy impacted by the overhead and pattern of RS are different. Therefore, RS overhead should be variable. 

Proposal 2: RS overhead of NR-PUCCH should be variable.

According to the analysis in [3], for up to 2-bit transmission, 2-symbol NR-PUCCH is used to enhance the coverage of uplink control channel, therefore using repetition of a 1-symbol NR-PUCCH is proposed. For more than 2-bit transmission, channel structure with configurable RS should be considered for 2-symbol NR-PUCCH.
Taking into account the unified design of 1-symbol PUCCH and 2-symbol PUCCH, the following channel structure for short-PUCCH can be considered. The REs in each symbol are equally divided into multiple groups and the same grouping pattern is used for multiple symbols. As shown in Figure 1, two resource sets are obtained for 1-symbol PUCCH in one RB. When the structure is extended to 2-symbol PUCCH, four resource sets are obtained in one RB. 
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Figure 1. Channel structure for short-PUCCH
The gNB can UE-specifically configure the resource set(s) in short-PUCCH to transmit RS for each antenna port. For UCI transmission, one UCI symbol can be spread firstly and mapped to one resource set. To support multi-bit transmission, different UCI symbols can be mapped to different resource sets. The following proposed RS options for 2-symbol PUCCH can be configured based on the UCI payload size and channel condition:
· Option 1: RS and UCI are multiplexed by FDM manner in each symbol.

· Option 3: RS and UCI are multiplexed by FDM manner in one symbol and only UCI is carried on another symbol without RS
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 Figure 2. RS options for 2-symbol PUCCH

Proposal 3: The channel structure with configurable RS can be considered for short-PUCCH:

· The REs in one symbol are equally divided into multiple sets.
· The same grouping pattern is used for multiple symbols.
· The gNB configures the resource set(s) used to transmit RS and/or UCI.

3. Conclusions
In this contribution, we show our views on the design of short uplink control channel with following proposals:
Proposal 1: For 1-symbol NR-PUCCH with up to 2 UCI bits, RS and UCI are multiplexed by FDM manner in the OFDM symbol.
Proposal 2: RS overhead of NR-PUCCH should be variable.

Proposal 3: The channel structure with configurable RS can be considered for short-PUCCH:

· The REs in one symbol are equally divided into multiple sets.
· The same grouping pattern is used for multiple symbols.
· The gNB configures the resource set(s) used to transmit RS and/or UCI.
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