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Background
In RAN1 #88bis, many agreements were made for the structure of NR PUCCH in short duration. In this contribution, we discuss the remaining issues and details on the structure of 1-symbol and 2-symbol PUCCH in short duration.


One symbol PUCCH with up to 2 bits UCI

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
· FFS following cases:
· If SR only
· If with SR + other UCI;
· This does not imply the necessity of special SR design 
· FFS whether the design may or may not depend on the frequency range

If RS and UCI are multiplexed in FDM manner, for up to 2 bits of UCI, the RS overhead should be 50%, i.e. 6 DMRS subcarriers and 6 UCI carrying subcarriers in each RB. For UE multiplexing in the same RB, sequence can be further applied on the RS and UCI subcarriers.

In case of sequence selection, for UE multiplexing, different sets of low PAPR sequences for different UEs sharing the same RB. To carry 2 bits of UCI, a set of 4 sequences should be allocated for a UE.

The PUCCH performance is comparable for both cases. The option of RS and UCI multiplexing leads to a unified design framework for all payloads. The option of sequence selection is optimized for 1 or 2 bits payload with low PAPR characteristics. Therefore, both options may be supported in NR, the actual PUCCH format can be configured by RRC signaling. However, if only one option is selected, we slightly prefer the option of sequence selection. 

In NR, the SR may support 2 bits, e.g. to carry extra information on the traffic priority. The SR resource can be configured separately with the same 1-symbol PUCCH format with up to 2 bits. 

In LTE, if HARQ-ACK is reported on PUCCH format 1a/1b, for simultaneous HARQ-ACK and SR in the same subframe, the HARQ-ACK is reported on the PUCCH resource for SR transmission. 

In NR, for 1 or 2 bits of HARQ-ACK, if 1-symbol PUCCH is configured for HARQ-ACK reporting and if multiple bits are supported for SR, there is no extra space to report both HARQ-ACK and SR on the PUCCH resource for HARQ-ACK or SR. Therefore, new methods need to be specified for simultaneous HARQ-ACK and SR transmissions in payload limited cases.

Proposal 1: For up to 2 bits of UCI, both RS/UCI multiplexing and sequence selection can be supported. The same PUCCH format should be used for SR.

One symbol PUCCH with more than 2 bits UCI

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.
· FFS: Details on RS
· FFS: whether to support option 6 (pre-DFT)
· FFS: for 1 and 2 bits

· For 1-symbol short PUCCH with > 2 UCI bits, the following is supported for the agreed Option 1:
· QPSK for UCI
· X1 to X2 PRBs can be configured to support various UCI payload sizes
· Both localized (contiguous) and distributed (non-contiguous) allocations are supported 
· FFS: detailed PRB allocations and signaling of the configuration
· FFS: values of X1, X2
· 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.
A short PUCCH may support a wide range of payload sizes, from one or two bits, to several tens 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. 

At least, the following DMRS overhead values can be considered:

· 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
· 1/2 DMRS overhead: 6 DMRS subcarrier in each RB

To better utilize the PUCCH resources considering variety of payload sizes, multiple values should be supported. The DMRS overhead should be configured based on the number of RBs and the UCI payload sizes.
Proposal 2: At least for 1-symbol PUCCH with more than 2 UCI bits, NR should support multiple DMRS overhead values. The DMRS overhead/pattern can be configured to a UE by higher layer signaling.
Two symbol PUCCH

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.

At least for OFDM based 2-symbol PUCCH, option 2 above can be achieved by two separately configured 1-symbol PUCCH. The 2-symbol PUCCH should be configured for a UCI to satisfy a desired BER performance. If option 2 is used in UCI collision case, the performance of both UCI in 1st symbol and the 2nd symbol may not be satisfied. Therefore, Option 1 is preferred such that a 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI. 
In Option 1-1, all coded bits should fit in a 1-symbol PUCCH, a 2-symbol PUCCH may provide more time and frequency diversity. In Option 1-2, the UCI is encoded and the encoded UCI bits are distributed across the symbols. Option 1-2 provides better coding gain than Option 1-1. Therefore, the UCI coding method may depend on the payload size, e.g.
· For UCI payload up to 2 bits, same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.
· For UCI payload of more than 2 bits, UCI is encoded and the encoded UCI bits are distributed across the symbols.
Proposal 3: At least for OFDM based 2-symbol PUCCH, Option 1 should be adopted. The coding method depends on the UCI payload size.

Conclusion
In this contribution, we discuss some remaining issues of 1-symbol short PUCCH structure. Based on the discussions, we propose:
Proposal 1: For up to 2 bits of UCI, both RS/UCI multiplexing and sequence selection can be supported. The same PUCCH format should be used for SR.

Proposal 2: At least for 1-symbol PUCCH with more than 2 UCI bits, NR should support multiple DMRS overhead values. The DMRS overhead/pattern can be configured to a UE by higher layer signaling.
Proposal 3: At least for OFDM based 2 symbol PUCCH, Option 1 should be adopted. The coding method depends on the UCI payload size.
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