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1. Introduction
RAN1 made following agreements so far:
	Agreements:
· For long duration NR-PUCCH in a given slot, FFS the detailed NR PUCCH formats. Companies are encouraged to provide the corresponding details. 
· Some examples as a starting point:
· For small UCI payload with 1 or 2 bit(s), LTE PUCCH 1a/1b especially in light of # of symbols available for NR-PUCCH
· FFS: Time domain OCC is applied over allocated multiple symbols.
· For large UCI payload with X bits, LTE PUCCH format 4, or PUSCH
· FFS on applicability of (virtual) frequency domain OCC
· FFS for the value of X
· FFS for medium UCI payload with less than X bits
· Scalability of NR-PUCCH for different number of symbols available for NR-PUCCH
· The set of the number of symbols for long duration NR-PUCCH in a slot includes {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}
· FFS whether or not it depends on the slot type, # of symbols per slot, etc.

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.

Agreements:
· For a PUCCH format for UCI with large payload with no multiplexing capacity within a slot:
· The DMRS and UCI are 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



In this contribution, we discuss design of long-PUCCH for UCI of more than 2 bits. Designs of long-PUCCH for up to 2 bits are discussed in our companion contribution [1].

2. Long-PUCCH format for UCI with large payload with no multiplexing capacity
Considering that long-PUCCH for UCI of more than 2 bits is multiplexed with long-PUCCH for UCI of up to 2 bits in the same slot, it is reasonable to support the same set of long-PUCCH durations for each slot structure, and the same set of frequency-hopping positions in time-domain, as for long-PUCCH for UCI of up to 2 bits. The frequency-hopping positions in time-domain should also be common for PUSCH.
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(a) 14-symbol slot
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(b) 7-symbol slot
Fig. 1.	Possible frequency-hopping positions of long-PUCCH (and of PUSCH).

For long-PUCCH format for large payload without multiplexing capacity, RS density should be much smaller than that for long-PUCCH format for UCI of up to 2 bits. From the experience of LTE PUCCH format 4, for the PUCCH format for large payload without multiplexing capacity, 1-symbol RS per frequency-hop would be sufficient.
Proposal 1:
· For long-PUCCH for large payload without multiplexing capacity, 
· Frequency-hopping positions in time-domain for long-PUCCH for large payload without multiplexing capacity should be aligned with those for long-PUCCH for UCI of up to 2 bits.
· RS is one symbol per frequency-hop and is mapped around the middle of the frequency-hop.

The long-PUCCH for large payload with no multiplexing capacity is required to accommodate wide range of UCI payload. Similar to LTE PUCCH format 4, this should be realized by allowing multiple PRBs for one PUCCH transmission. 
Proposal 2:
· For long-PUCCH for large payload without multiplexing capacity, multiple PRBs configuration is supported.

3. Need for long-PUCCH format for UCI with moderate payload with some multiplexing capacity
RAN1 agreed to support at least two long-PUCCH formats, while not yet clear whether another long-PUCCH format is necessary to accommodate UCI with moderate payload with some multiplexing capacity. Considering that UCI payload of middle range such as 3 ~ 20 bits is often needed for HARQ-ACK/CSI feedback, it is not efficient not to support a long-PUCCH format optimized for such payload. A long-PUCCH format for UCI with moderate payload with some multiplexing capacity can easily be realized by introducing OCC in virtual frequency-domain (i.e., OCC before DFT-spreading on each symbol). For LTE, this method was adopted for PUCCH format 5. Besides, for NR, it is also possible to make the spreading factor being variable. Figure 2 illustrates how spreading is performed for a given UCI symbol with spreading factor 2 or 4. Note that spreading factor 1 is equivalent to the long-PUCCH format for UCI with high payload with no multiplexing capacity. Considering the flexibility and necessity, support of two spreading factors from 2, 4, and 6, could be sufficient. 
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(a) Spreading factor 1 (= long-PUCCH format for UCI with large payload with no multiplexing capacity)
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(b) Spreading factor 2
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(c) Spreading factor 4
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(d) Spreading factor 6
Fig. 2.	Variable spreading factor for realizing PUCCH formats for various UCI payloads.

Note that for the PUCCH format with moderate payload with some multiplexing capacity, RS density and design are FFS. Once the RS for agreed PUCCH formats are identified, whether one of RS design is re-used or another RS design is necessary should be evaluated.
Proposal 3:
· OCC in virtual frequency-domain is supported to realize long-PUCCH format with moderate payload with some multiplexing capacity.
· Base PUCCH structure is long-PUCCH format for large payload without multiplexing capacity.
· Support two values from {2, 4, 6} as the spreading factor for OCC in virtual frequency-domain.
· FFS whether RS density/design can be common with the agreed long-PUCCH format.

4. Support of long-PUCCH for non-slot-based scheduling
It was agreed that for downlink, NR supports both slot-based scheduling and non-slot-based scheduling (latter implies mini-slot-based scheduling). In the above discussions, designs are identified assuming that a long-PUCCH is mapped on a slot with a reasonable slot-based scheduling operation. However, for non-slot-based scheduling, if the use of long-PUCCH is limited in such way, the non-slot-based scheduling operation is restrictive. One approach is to use short-PUCCH only for non-slot-based scheduling. However, this is also not good approach as the UL coverage is limited in this case. Therefore, it is beneficial to support long-PUCCH for both slot-based scheduling and non-slot based scheduling. 
Proposal 4:
· Long-PUCCH with UCI of more than 2 bits can be used in both slot-based scheduling and non-slot-based scheduling.
· Channel design can be optimized for slot-based scheduling.

5. Conclusion
In this contribution, we discussed structures of long-PUCCH for UCI of more than 2 bits and proposed following.
Proposal 1:
· For long-PUCCH for large payload without multiplexing capacity, 
· Frequency-hopping positions in time-domain for long-PUCCH for large payload without multiplexing capacity should be aligned with those for long-PUCCH for UCI of up to 2 bits.
· RS is one symbol per frequency-hop and is mapped around the middle of the frequency-hop.
Proposal 2:
· For long-PUCCH for large payload without multiplexing capacity, multiple PRBs configuration is supported.
Proposal 3:
· OCC in virtual frequency-domain is supported to realize long-PUCCH format with moderate payload with some multiplexing capacity.
· Base PUCCH structure is long-PUCCH format for large payload without multiplexing capacity.
· Support two values from {2, 4, 6} as the spreading factor for OCC in virtual frequency-domain.
· FFS whether RS density/design can be common with the agreed long-PUCCH format.
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