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Introduction
Some relevant agreements on 2-symbol short PUCCH are listed in the following. This contribution makes some further design proposals based on these.
Agreements at RAN1#88bis :
· 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.

· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.
· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.
· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH
· FFS: other multiplexing scheme(s) between the two NR-PUCCHs
· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)

Agreements at RAN1#89:
· 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 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

Agreements at RAN1#NR-AH2:
· Working assumption:
· For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 is supported.
No more short-PUCCH format is supported for short-PUCCH in the WID scope

Agreements at RAN1#90:
· For 2-symbol short-PUCCH for UCI of more than 2 bits, encoded UCI bits are mapped across two symbols.
· FFS: 1 symbol short-PUCCH for UCI of more than 2 bits are repeated across 2 symbols with or without freq. hopping
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We first propose to confirm the working assumption of RAN1#NR-AH2 meeting on short-PUCCH with UCI of upto 2 bits. Note that the working assumption applies to both 1-symbol and 2-symbol short PUCCH.
Proposal 1: Confirm the following working assumption:
· For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 is supported.

Next, note that multi-beam operation is a critical technique to ensure robustness to beam blockage especially in millimeter-wave bands. To facilitate such operation, we make the following proposal:
Proposal 2: Support use of two different beams for transmission of the two OFDM symbols in a 2-symbol PUCCH.
For example, when two-beam operation of PDCCH is configured, as described in [2], a 2-symbol short PUCCH could be used with each symbol transmitted using a beam corresponding to one of the two PDCCH beams. 
Note that the repetition of two 1-symbol PUCCH (Option 1-1) has been agreed for 1-2 bit UCI. Given the use-case at least in >6GHz bands for enabling multi-beam operation across the two symbols, we propose that this method be enabled for >2bit UCI as well.
Proposal 3: For any UCI payload on 2-symbol short PUCCH, support option 1-1, i.e., two-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI that is repeated across the symbols using a repetition of 1-symbol PUCCH.
Prior agreement on 2-symbol short PUCCH with 1-2 bit UCI states that sequence hopping is not precluded. Using a different sequence in each of the two OFDM symbols provides interference randomization across the two symbols. Hence, it should be supported. The details of hopping pattern are FFS.
Proposal 4: For 2-symbol short-PUCCH with 1 or 2 bits of UCI, support sequence hopping across the two symbols.
The DMRS structure for 2-symbol short PUCCH with more than 2 bits of UCI has not been agreed upon. Frequency hopping has been agreed to be supported at least for localized PRB assignment in each symbol. When frequency hopping is enabled so that the two symbols use different RB allocations, it is natural to use the same DMRS structure in each symbol. However, DMRS overhead may be reduced by disabling frequency hopping. This tradeoff between frequency diversity and DMRS overhead may be further studied. 
For 1-symbol PUCCH with UCI of more than 2 bits, it was agreed at RAN1#90 that each RB has 4 DMRS REs, implying each RB carries 8 UCI REs or 16 coded UCI bits. If 2-symbol PUCCH with hopping disabled follows this agreement for both OFDM symbols, it carries 16*2=32 coded UCI bits per RB. If it follows the agreement for only one of the OFDM symbols and carries no DMRS in the other, then it carries 16+24=40 coded UCI bits per RB. Note that the Reed-Muller code agreed for UCI of 3 to 11 bits has a native output of 32 bits per codeword, and is thus not subject to codeword puncturing for 2-symbol PUCCH in either of the above schemes even with only 1 RB allocation. Thus, in AWGN channel with ideal channel and interference estimation, we may expect a gain of 10*log10(40/32) or around 1dB in performance by skipping the DMRS in one of the OFDM symbols. This expectation is confirmed through AWGN simulation of the Reed-Muller code shown in Figure 1, showing around 1dB gain at 1% BLER point for both 1RB and 4RB allocation for 3,7 and 11 information bits.
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Figure 1: 2-OFDMsymbol PUCCH performance with Reed-Muller code in AWGN with ideal channel estimation: 33% DMRS overhead in both OFDM symbols (‘dmrs1’) vs 33% overhead in only one OFDM symbol (‘dmrs2’).
In fading channels, this gain will be reduced by the frequency diversity gain. However, frequency diversity gain itself depends on the number of receive antennas used at the base station, and may not be significant for a large number of antennas. The preliminary analysis suggests that there may be scenarios in which disabling hopping and reducing DMRS overhead may be beneficial.
Proposal 5: For 2-symbol short-PUCCH with more than 2 bits of UCI, study further whether to support configuration to enable or disable frequency hopping.
For intra-slot transmission of SRS and short-PUCCH from the same UE, we proposed in [3] that SRS is never FDMed with any other channel. For intra-slot TDM of SRS and short PUCCH, we propose that SRS be placed prior to short PUCCH, to allow more time for the UE to construct the short PUCCH payload.
Proposal 6: For intra-slot transmission of SRS and short-PUCCH from same UE, support TDM with SRS followed by PUCCH
Conclusions
In this contribution, we reviewed previous agreements on 2-symbol short PUCCH design, and motivated the following proposals to further develop this design.
Proposal 1: Confirm the following working assumption:
· For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 is supported.

Proposal 2: Support use of two different beams for transmission of the two OFDM symbols in a 2-symbol PUCCH.
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Proposal 4: For 2-symbol short-PUCCH with 1 or 2 bits of UCI, support sequence hopping across the two symbols.
Proposal 5: For 2-symbol short-PUCCH with more than 2 bits of UCI, study further whether to support configuration to enable or disable frequency hopping.
Proposal 6: For intra-slot transmission of SRS and short-PUCCH from same UE, support TDM with SRS followed by PUCCH
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