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1 Introduction
During RAN1 NR Ad-Hoc#2 and RAN1 #90 meetings, RAN1 made the following agreements and working assumptions for short physical uplink control channel (PUCCH) with 1-symbol duration and long-PUCCH for UCI of up to 2 bits: 
Agreements for 1-symbol short-PUCCH [1]:
· For 1-symbol short-PUCCH for UCI of up to 2 bits,

· The sequence length of 12 REs with consecutive mapping within a PRB is at least supported.

· Further study 24 or 48 REs.

· Further study for multiplexing b/w sequence-based short-PUCCH and other sequences using CDM or FDM (DMRS for PUSCH/PUCCH, SRS, long-PUCCH).

· Including comb-structure

· For the sequence length of 12 REs,

· The supported number of base sequences is 30

· The number of cyclic shifts available for one base sequence is 12
· For 1-symbol short-PUCCH for UCI of more than 2 bits,

· The number of PRBs that can be used for a PUCCH is configurable.

· Support contiguous and non-contiguous PRB allocation.

· If prioritization is necessary, contiguous PRB allocation is prioritized.

· The number of DM-RS REs per PRB is 4.

· DM-RS REs are at the fixed positions within a PRB.
· The sequences used for DM-RS are one of the following:

· Option 1: PN sequences as for PUSCH
· Option 2: LTE computer-generated/ZC sequence
Working assumptions for 1-symbol short-PUCCH [1]:

· For 1-symbol short-PUCCH for UCI of more than 2 bits,

· DMRS REs are evenly distributed within a PRB

· FFS: Shifted mapping
Agreements for long-PUCCH up to 2 bits [1]:
· For a long-PUCCH for UCI of up to 2 bits,

· Confirm the WA:

· DMRS always occurs in every other symbol in the long PUCCH
· FFS: even or odd symbols
· For a long-PUCCH,
· Frequency-hopping is enabled/disabled by RRC signaling.

· FFS: if frequency-hopping is always enabled for a long-PUCCH with larger than a certain duration
Agreements for long-PUCCH up to 2 bits [2]:
· For a long PUCCH with up to 2 bits UCI:
· The DMRS symbol(s) are formed as follows:
· DMRS for a PUCCH is a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· Note: The data symbols are formed as the following:
· The modulated UCI bit(s) is multiplied with a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· BPSK and QPSK modulations for 1 and 2 UCI bits, respectively.
· Note: The usage of OCC for DMRS and UCI symbols is effectively disabled for differentiation of the users that are assigned with the same OCC.
This contribution discusses considerations on potential multiplexing of 1-symbol short PUCCH of up to 2 bit UCI with other uplink sequences such as received power difference, impact on demodulation or detection performances, and how to indicate different types of RE mapping. 
2 Discussion
2.1 Multiplexing with long PUCCH of up to 2 bits
Long-PUCCH of up to 2 bit UCI consists of 4 or more number of SC-FDMA symbols, each of which carries either a low PAPR sequence multiplied by an OCC element (for DM RS symbols) or the low PAPR sequence multiplied by a BPSK or QPSK modulated symbol and the OCC element (for data symbols). Thanks to this sequence-based transmission structure, a given PRB configured for long-PUCCH of up to 2 bit UCI may be re-used for 1-symbol short PUCCH of up to 2 bit UCI. 
Since both a long PUCCH and a 1-symbol short PUCCH deliver up to 2 bit UCI, target received power taking into account energy accumulation in the case of the long PUCCH may be similar for the both cases. For example, if the long PUCCH can meet target received power with 4 data symbols and 4 DM RS symbols, the long PUCCH and the 1-symbol short PUCCH may have power difference roughly up to 6 dB in each SC-FDMA symbol. It is well known that up to 6dB received power difference can be handled by a gNB receiver front-end, without causing demodulation performance degradation.
Hence, gNB can allow multiplexing of long PUCCH of up to 2 bit UCI, which consists of a moderate number of symbols (e.g. 4~8 symbols), with 1-symbol short PUCCH of up to 2 bit UCI. This multiplexing may be transparent to UE, as UE may just follow resource allocation of either long PUCCH or short PUCCH, which determines a PRB, a sequence, and a cyclic shift of the sequence (and OCC for long PUCCH).   

Observation 1: gNB receiver is expected to handle multiplexing of long PUCCH of up to 2 bit UCI, which consists of a moderate number of symbols (e.g. 4~8 symbols), with 1-symbol short PUCCH of up to 2 bit UCI without impacting the demodulation/detection performance. 
Proposal 1: Support CDM of 1-symbol short PUCCH of up to 2 bits with long PUCCH of up to 2 bits, which is transparent to UE.

2.2 Multiplexing with DM RS of short PUCCH for more than 2 bits
If DM RS REs for 1-symbol short-PUCCH for UCI of more than 2 bits are evenly distributed within a PRB and a part of DM RS sequence set is same as the sequence set for 1-symbol short PUCCH of up to 2 bit UCI, gNB may allow some UEs to transmit 1-symbol short PUCCH of up to 2 bit UCI on the DM RS REs of 1-symbol short-PUCCH for UCI of more than 2 bits in a CDM manner. For example, if a part of the DM RS sequence set for 1-symbol short PUCCH of more than 2 bit UCI is defined as sequences with the length of a multiple(s) of 12 (i.e. LTE computer-generated/ZC sequence), which are also used for transmission of 1-symbol short PUCCH of up to 2 bit UCI, then multiplexing of two different types of 1-symbol PUCCHs (based on orthogonal sequences) on the DM RS REs is possible. 
Since gNB would set a target receive power spectral density per RE and signals relevant parameters to a UE and the UE using 1-symbol short PUCCH is likely not to be uplink transmit power limited, gNB can schedule UEs with similar expected receive power (e.g. less than 6 dB power difference) on the DM RS REs for code division multiplexing. As long as cyclic shift distances among multiplexed sequences are set to be large enough, sequence detection or channel estimation performance would not be impacted by multiplexing.     
Distributed RE mapping in short PUCCH of up to 2 bit UCI allows multiplexing of different short PUCCH formats, i.e. a format using sequence based UCI transmission and a format using channel coding and DM-RS based UCI transmission, in groups of 3 PRBs (i.e. multiple of 3 PRBs), which may provide additional flexibility to schedule a short PUCCH of up to 2 bit UCI. If localized RE mapping is supported for 1, 2, and 4 RB allocations and distributed RE mapping is supported for multiples of 3 RB allocations (e.g. 3 or 6 RB), UE can determine RE mapping for 1-symbol short PUCCH of up to 2 bit UCI based on RB allocation, without additional signalling.     
Proposal 2: Adopt LTE computer-generated/ZC sequence for DM RS of short PUCCH of more than 2 bits.
Proposal 3: Support CDM of 1-symbol short PUCCH of up to 2 bits with DM RS of short PUCCH of more than 2 bits, which is transparent to UE. UE can determine a sequence-to-RE mapping scheme (localized vs distributed) based on the number allocated PRBs. 
3 Conclusion
In summary, we have the following observation and proposals for 1-symbol short PUCCH design:

· Observation 1: gNB receiver is expected to handle multiplexing of long PUCCH of up to 2 bit UCI, which consists of a moderate number of symbols (e.g. 4~8 symbols), with 1-symbol short PUCCH of up to 2 bit UCI without impacting the demodulation/detection performance. 
· Proposal 1: Support CDM of 1-symbol short PUCCH of up to 2 bits with long PUCCH of up to 2 bits, which is transparent to UE.

· Proposal 2: Adopt LTE computer-generated/ZC sequence for DM RS of short PUCCH of more than 2 bits.
· Proposal 3: Support CDM of 1-symbol short PUCCH of up to 2 bits with DM RS of short PUCCH of more than 2 bits, which is transparent to UE. UE can determine a sequence-to-RE mapping scheme (localized vs distributed) based on the number allocated PRBs. 
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