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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1 NR-AH#2, following agreements had been made on long-duration NR-PUCCH wot large payload with no multiplexing capacity [1].
Agreements:
· For a PUCCH format for UCI with large payload with no multiplexing capacity within a slot:
· The DMRS and UCI and mapped to different symbols.
· For intra-slot frequency-hopping, one or two DMRS symbol(s) is/are mapped on each frequency-hop of the long-PUCCH.
· Opt.1: one DMRS per frequency-hop
· The location is around the middle of the frequency-hop
· Opt.2: one or two DMRS per frequency-hop
· FFS: the location of the DMRS symbol(s)
· 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
· Working assumption:
· The symbols carrying UCI are formed as follows:
· The UCI bits are encoded and scrambled, QPSK modulated and DFT pre-coded and mapped to the REs for the symbols carrying UCI of the long PUCCH
This contribution discusses channel design of long-duration NR-PUCCH for UCI of more than 2 bits.
Discussion
Scalable design of long PUCCH for large UCI payload with more than 2 bits
The issues related to scalable long-duration NR-PUCCH design for large UCI payload would be how coding or payload is adjusted for different number of symbol cases. Following 3 options could be considered.
Option 1) Supported payload size is different depending on different number of symbol cases.
Option 2) Supported payload size is same but only coding rate is different.
Option 3) Supported payload size is same. The resource utilization is changed in the frequency domain.
From coverage perspective, only Option 1 can work but Option 1 is not so convenient when coverage is not the issue. Option 2 does not have any influence on the resource usage but Option 3 has influence on the resource usage. To have the influence of resource usage requires the coordination with the other resource assignment. If number of PUCCH symbols is determined by resource indication of unicast PDCCH, by including frequency domain resource allocation also in unicast PDCCH, the above issue could be simple. If number of PUCCH symbols is determined by group common PDCCH, how to know the frequency domain resource size is the issue. One is to have relationship between payload size and number of symbols but it might be complicated.
Considering above options, the combination of all options would be necessary. The network/gNB scheduler will take into account payload size and coverage. This is no spec impact. Up to certain coding rate variation, Option 2 is used. If more than certain rate variation (like the coding rate is higher than 1), Option 3 is used. If the variation of Option 3 wants to be reduced, for example, power of 2 scaling of the resource utilization difference could be supported but fractional scaling of the resource variation is not supported.

Proposal 1: Following scalable design with respect to payload size is supported for long-duration NR-PUCCH for more than 2 bits in a given slot.
· Up to certain coding rate variation, supported payload size is same.
· If more than certain coding rate variation (like the coding rate is higher than 1), the resource utilization is changed in the frequency domain.

Coverage consideration for designing long PUCCH structure
In addition to the design consideration as we mentioned above, it is also important to discuss what kind of structure should be supported considering the coverage.
In order to achieve the same link budget as LTE uplink under the same usage scenarios and similar deployment configurations, for 15 kHz subcarrier spacing, long PUCCH with 14 symbols should be necessary and it should have similar functionality to achieve frequency diversity gain, i.e., intra-slot frequency hopping is supported. In addition, in order to support (at least) 14 symbol operation coverage even 7 slot configuration, long PUCCH with 7 symbols with inter-slot hopping is necessary.
One of the remaining issues to be considered would be how to realize other length. One of questions is whether the network reconfigures PUCCH length for every 3 dB difference of path loss difference. That means the network reconfigures PUCCH length with 14 ×2n symbols, 14 symbols, 7 symbols, 4(or 3) symbols, 2 symbols, and 1 symbols. To have such reconfiguration could be frequent RRC reconfiguration. Note that according to TS36.101 section 6.3.5.1 and 6.3.5.2, the power tolerance is the order of +/- 9 dB and we expect similar for NR. Therefore, the merit would be doubtful to differentiate the number of PUCCH based on 3 dB granularity.
For the design of long PUCCH, scalable design is required. If the design of long PUCCH should consider 3 dB granularity of coverage, scalable channel structure including the usage of intra-slot hopping for every 3 dB granularity should be considered. In this case, the optimization of channel structure for at least 4, 7, and 14 symbols would be necessary. For other length, reuse 4, 7, and 14 symbols structure would be sufficient.
On the other hand, if we don’t need to consider such optimization for every length of long PUCCH, the design could be simplified i.e. some symbol length case does not require intra-slot hopping. Therefore, before designing detailed design of long PUCCH, what is the coverage/usage assumption for the case of, for example, half slot length long PUCCH operation should be identified.
We think scalable design of long PUCCH for small UCI payload with 1 or 2 bit(s) itself could be possible without the discussion raised in this paper. On the other hand, long PUCCH for larger UCI payload is not possible without the discussion raised in this paper because we don’t expect data to RS resource ratio is not 1 to 1 in long PUCCH with larger UCI payload.

Proposal 3: The optimization of channel structure for long PUCCH with UCI of more than 2 bits is only for 4, 7, and 14 symbols. For other length, reuse 4, 7, and 14 symbols structure.

Long-PUCCH for UCI with medium payload size
There are one FFS on whether one PUCCH format for UCI with moderate payload with some multiplexing capacity is supported or not. In LTE, PUCCH format 5 which has 2 UE multiplexing capability is introduced. LTE PUCCH format 5 can be considered as variation of PUCCH format 4 with time-domain spreading (DS-CDMA). If spreading factor 2 of DS-CDMA is applied, the payload size becomes 1/2 compared to no spreading case while having 2 UE multiplexing capability. Then, for medium payload size, to have DS-CDMA for some multiplexing capacity would be one possibility, but whether multiplexing function is required or not and what kind of multiplexing function is used should be decided after long-duration NR-PUCCH with large payload size is concluded.
Conclusion
In this contribution, we discussed design aspects of long-duration NR-PUCCH for large UCI payload with more than 2 bits. We have the following proposal:
Proposal 1: Following scalable design with respect to payload size is supported for long-duration NR-PUCCH for more than 2 bits in a given slot.
· Up to certain coding rate variation, supported payload size is same.
· If more than certain coding rate variation (like the coding rate is higher than 1), the resource utilization is changed in the frequency domain.
Proposal 3: The optimization of channel structure for long PUCCH with UCI of more than 2 bits is only for 4, 7, and 14 symbols. For other length, reuse 4, 7, and 14 symbols structure.
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