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Introduction
In this contribution, we discuss remaining issues on short PUCCH design for UCI of more than 2 bits, including the DMRS overhead in a symbol and UCI coding methods for two-symbol PUCCH.
One symbol PUCCH with more than 2 bits UCI
In RAN1 #89, the following agreements were made [2]
· For 1-symbol NR-PUCCH with more than 2 bits based on the agreed Option 1,
· DM-RS overhead of 1/3 is supported
· FFS on other values for DM-RS overhead, if necessary
· FFS on detailed DM-RS pattern

A short PUCCH may support a wide range of payload sizes, from a couple of bits to tens or hundreds of bits. Thus, a 1-symbol short PUCCH can occupy one RB or multiple RBs based on the payload size, multiplexing capabilities, etc. In a 1-symbol PUCCH, different DMRS overheads lead to different UE multiplexing capabilities and UCI payload sizes. 

The RS and UCI multiplexing should be defined in RB level. Within each RB, a higher number of RS symbols results in better demodulation accuracy, but less number of REs is left for UCI payload. In RAN1 #89, it was agreed to support DM-RS overhead of 1/3, and FFS on other values for DM-RS overhead, if necessary. 

To better utilize the PUCCH resources considering variety of payload sizes, multiple DMRS overhead values should be considered besides 1/3 DMRS overhead, e.g. 
· 1/6 DMRS overhead: 2 DMRS subcarrier in each RB
· 1/4 DMRS overhead: 3 DMRS subcarrier in each RB
· 1/3 DMRS overhead: 4 DMRS subcarrier in each RB

The DMRS overhead should be configured based on the number of RBs and the UCI payload sizes. In a given RB for PUCCH multiplexing among UEs, the same DMRS overhead and pattern should be used. The DMRS overhead/pattern can be configured to a UE by higher layer signaling.

Proposal 1: At least for 1-symbol PUCCH with more than 2 UCI bits, NR should support multiple DMRS overhead values. 
Two symbol PUCCH with more than 2 bits UCI
In RAN1 #88bis, the following options were considered for down selection [1]

· 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 RAN1 #89, the following agreements were made [2]

· 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.

For more than 2 bits of UCI, for the two options under consideration, 

· With Option 1-1, all coded bits should fit in a 1-symbol PUCCH, and then the coded bits can be repeated on the second symbol. Thus, 2-symbol PUCCH may provide more time and frequency diversity. 
· With Option 1-2, the UCI is UCI is encoded and the encoded UCI bits are distributed across the symbols. Option 1-2 could provide better coding gain than Option 1-1 depending on the overall coding rate. 
To better utilize the benefits from both Option 1-1 and Option 1-2, the UCI coding method may switch between Option 1-1 and Option 1-2 depending on the payload size and coding rate on the 1-symbol PUCCH resource. 
For example, for a given 2-symbol PUCCH resource and UCI payload, 
· If the number of UCI bits in one symbol PUCCH resource is larger than the encoded UCI bits with a nominal UCI coding rate, e.g. rate 1/3, the same encoded UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH. 
· If the number of UCI bits in one symbol PUCCH resource is smaller than the encoded UCI bits with a nominal UCI coding rate, e.g. rate 1/3, the UCI is encoded and the encoded UCI bits are distributed across two symbols. This ensures better coding gain than Option 1-1, where punctured encoded bits will be repeated in two symbols.
Proposal 2: For a 2-symbol PUCCH, the UCI coding method is determined based on UCI payload size and the actual coding rate on a 1-symbol PUCCH resource. 

Conclusion
In this contribution, we discuss some remaining issues of 1-symbol short PUCCH structure. Based on the discussions, we propose:
Proposal 1: At least for 1-symbol PUCCH with more than 2 UCI bits, NR should support multiple DMRS overhead values. 
Proposal 2: For a 2-symbol PUCCH, the UCI coding method is determined based on UCI payload size and the actual coding rate on a 1-symbol PUCCH resource. 
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