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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#89, following agreements had been made on long-duration NR-PUCCH [1].
Agreements:
· NR supports following long-PUCCH:
· One PUCCH format for UCI with up to 2 bits with high multiplexing capacity
· One PUCCH format for UCI with large payload with no multiplexing capacity
· FFS: One PUCCH format for UCI with moderate payload with some multiplexing capacity
· Note: this could be a variation of one of the former PUCCH formats

In addition, following agreements had been made on long-duration NR-PUCCH [1].
Agreements:
· Long duration NR-PUCCH for up to 2 bits in a given slot is composed as the followings:
· HARQ ACK by BPSK or QPSK modulation is repeated in time domain and multiplied with sequence(s)
· FFS: pi/2 BPSK usage
· Two states SR is based on on-off keying
· Time domain OCC can be applied over multiple UCI/DMRS symbols per frequency hop

This contribution discusses details on channel structure of long-duration NR-PUCCH for UCI of up to 2 bits.
Discussion
Scalable design of long PUCCH for small UCI payload with 1 or 2 bit(s)
For small UCI payload with 1 or 2 bit(s), the basic unit for UCI is composed of a sequence (such as CAZAC sequence) in one symbol which is multiplied by BPSK or QPSK modulated symbol according to UCI payload. The basic unit is repeatedly transmitted over multiple symbols. In addition, time domain OCC can be applied over the repeated UCI symbols per frequency hop. RS is TDMed within a slot. The basic unit for RS is also composed of a sequence (such as CAZAC sequence) in one symbol and the basic unit is repeatedly transmitted over multiple symbols. In addition, time domain OCC can also be applied over the repeated RS symbol. In the following, scalable design from 4 to 14 symbols of long PUCCH for small UCI payload with 1 or 2 bits are shown. RS overhead of around 50% is assumed. 
In [2], we proposed that shortening method or extension method could be considered for the design of scalable channel structure for long PUCCH. In shortening method, PUUCH for UL-only slot is designed first and then, shortened format from UL-only design is further designed. While in extension method, minimum length of long PUCCH is considered first and then repetition based format of minimum length of PUCCH is further designed for longer length until UL-only slot. In [3], we showed the initial design of scalable channel structure of long PUCCH for small UCI payload with 1 or 2 bits based on shortening method and extension method. Regardless of the shortening method and extension method, we identified one possibility of channel structures as shown in Fig.1.
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Fig.1 Possibility 1

In addition, we further consider some possible modifications from above channel structure based on several aspects such as UE processing time relaxation, transient period around the intra-frequency hopping, and RS position alignment among different durations.
If RS is located in the first symbol, the processing time relaxation for UE is allowed. Therefore, RS is always located in the first symbol would be one possible design criteria.
If transient period is created around intra-frequency hopping boundary and the impact of transient period is large, the location of RS would also be further considered. For example, it might be better that the symbol either before or after frequency hopping is UCI in order to avoid transient period impact to RS. Whether transient period is always before the hop or always after the hop is better is FFS.
If RS positions for different durations are aligned, the implementation complexity could be reduced.
Intra-slot frequency hopping boundary and OCC multiplexing capacity capability should be aligned or not is FFS.
Considering above aspects, it can be seen that the channel structure of Fig.1 is the design which prioritize RS position constant. Another possibility is to prioritize transient timing constant (e.g., always before hop) as shown in Fig. 2.
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Fig.2 Possibility 2

Proposal: For the scalable design of long-duration NR-PUCCH for small UCI payload with 1 or 2 bit(s), following aspects should be considered.
· UCI and RS ratio is around 1:1
· If RS is located in the first symbol, the processing time relaxation is allowed.
· The symbol either before or after frequency hopping is UCI in order to avoid transient period impact to RS after intra-frequency hopping.
· FFS: Transient period is always before the hop or after the hop.
· RS positions among different durations are aligned as much as possible to reduce implementation complexity.
· FFS: To prioritize RS position constant or to prioritize transient timing constant.
· FFS: Whether intra-slot frequency hopping boundary and OCC multiplexing capacity capability should be aligned or not.

Conclusion
In this contribution, we discussed design aspects of long-duration NR-PUCCH for small UCI payload with 1 or 2 bit(s). We have the following proposal:
Proposal: For the scalable design of long-duration NR-PUCCH for small UCI payload with 1 or 2 bit(s), following aspects should be considered.
· UCI and RS ratio is around 1:1
· If RS is located in the first symbol, the processing time relaxation is allowed.
· The symbol either before or after frequency hopping is UCI in order to avoid transient period impact to RS after intra-frequency hopping.
· FFS: Transient period is always before the hop or after the hop.
· RS positions among different durations are aligned as much as possible to reduce implementation complexity.
· FFS: To prioritize RS position constant or to prioritize transient timing constant.
· FFS: Whether intra-slot frequency hopping boundary and OCC multiplexing capacity capability should be aligned or not.
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