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1. Introduction
At the RAN1#88bis and RAN1#89 meetings, following agreements were made [1-2]:
	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:
· For DFTsOFDM in long-PUCCH, the following schemes are candidates for transmit diversity:
· Low PAPR Alamouti-based transmit diversity applied in frequency or time domain, transparent transmit diversity (e.g. short delay CDD), time domain beam/precoder cycling or SORTD
· FFS: for which PUCCH format and/or payload size 
· Other schemes with low PAPR are not precluded.
· Companies proposing a certain transmit diversity scheme are encouraged to jointly propose PUCCH structure and the transmit diversity scheme.

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

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:
· Study whether to support frequency re-tuning within a slot for PUSCH or for PUCCH in the Rel.15 NR.
· More specifically, investigate the impact of frequency-hopping for PUSCH or for PUCCH for a given slot, i.e., intra-slot hopping, within a certain bandwidth or across bandwidths
· The certain bandwidth is maximum UE transmission bandwidth capability.




In this contribution, we discuss design of long-PUCCH for more than one slot.

2. Long-PUCCH for more than one slot
Here, it is assumed that long-PUCCH for one slot is to be defined. The long-PUCCH for more than one slot is useful for improving reliability/coverage of a UCI delivery, increasing the UCI payload for a given PUCCH transmission, etc. The use of more than a slot should be UE-specific; depending on reliability/coverage requirement or UCI payload necessary to be delivered, the number of slot for long-PUCCH transmission would be different among UEs.
Unlike short-PUCCH and long-PUCCH within a slot, one more parameter is necessary; how many slots the long-PUCCH spans. It was agreed that PUCCH resource in time/frequency/code can be indicated by the scheduling DCI or can be configured by higher-layer. If the duration of a long-PUCCH can be indicated by the scheduling DCI, additional resource allocation mechanism would be necessary for a long-PUCCH spanning more than one slot. However, unless substantial reason is identified, common mechanism would be preferable. Hence, we propose the following:
Proposal 1:
· Timing between DL data reception and staring slot of the long-PUCCH for its acknowledgement can be indicated by a field in the DCI from a set of values.
· The number of slots (or the set of slots) for the long-PUCCH transmission is determined by higher-layer signalling.

The slot structure or usage could be different slot-by-slot. For example, one slot could be UL-centric, while next slot could be UL-only. Besides, depending on whether short-PUCCH/SRS is multiplexed or not, the possible duration available for long-PUCCH in each slot could be different. Therefore, the exact structure of long-PUCCH for a given slot within the aggregated slots for a long-PUCCH transmission over multiple slots should be determined per slot basis. This should be realized by higher-layer signaling or L1 signalling. 
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Fig. 1.	Long-PUCCH for more than one slot.

Proposal 2:
· When a long-PUCCH spans more than one slot, the long-PUCCH structure within a slot of the multiple slots should be able to be determined flexibly.

Details of frequency-hopping for a long-PUCCH within a slot is not yet clear. How to perform frequency-hopping for a long-PUCCH over multiple slots should be clarified after the frequency-hopping for a long-PUCCH within a slot is further clear.
Proposal 3:
· How to perform frequency-hopping for a long-PUCCH over multiple slots should be clarified after the frequency-hopping for a long-PUCCH within a slot is further clear.

3. Conclusion
Proposal 1:
· Timing between DL data reception and staring slot of the long-PUCCH for its acknowledgement is indicated by a field in the DCI from a set of values.
· The number of slots (or the set of slots) for the long-PUCCH transmission is determined by higher-layer signalling.
Proposal 2:
· When a long-PUCCH spans more than one slot, the long-PUCCH structure within a slot of the multiple slots should be able to be determined flexibly.
Proposal 3:
· How to perform frequency-hopping for a long-PUCCH over multiple slots should be clarified after the frequency-hopping for a long-PUCCH within a slot is further clear.
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