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Introduction
In this contribution, we generally discuss the possibilities of long PUCCH transmission over multiple slots. The discussion is regarding the possible use cases and also analysis on whether and how to support such use cases. For some of them, general principles of how to look into solutions are provided.
As background, some of the agreements regarding long PUCCH are listed below [1, 2, 3]:
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.

Agreements:
· For a long PUCCH with up to 2 bits UCI:
· Working assumption:
· [bookmark: OLE_LINK21][bookmark: OLE_LINK22]DMRS always occurs in every other symbols in the long PUCCH
· FFS: even or odd symbols
· The working assumption can be revisited if an issue is found in terms of transient period.
Agreements:
· 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.
Agreements:
· For a long PUCCH in a slot,
· At most one hop for the long PUCCH is supported.
· FFS: details
Agreements:
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]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.
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]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

Discussion
As agreed, for the 1 or 2 bits cases, the UCI can be repeated within N slots. Coverage enhancement is the main motivation.
In case of the long PUCCH transmission occurs in pure UL carrier, or in pure UL slots, this situation would be easy to handle. The overall transmission duration can span all the UL slots. Interruption is possible if there are certain signals like PRACH or SRS, in which case these symbols can be skipped and transmission can be postponed. Hence even the long PUCCH transmission is scheduled or configured to within one slot, it is still possible to span multiple slots depending on the actually status of the resource utilization.
Proposal 1: Long PUCCH transmission can cross multiple slots to avoid collision with other signaling, e.g. PRACH, SRS.
In case of the long PUCCH transmission occurs in slots with dynamic or semi-static TDD frame structure, if the demanded coverage enhancement level is low or moderate, the transmission only needs to happen within a slot when the number of UL symbols is sufficient. If the UL part is short and/or the coverage enhancement target is beyond the link budget using resource within one slot, the transmission also need to cross multiple slots. It needs to skip the DL part and GP symbol when necessary.
Proposal 2: Long PUCCH transmission can cross multiple slots due to UL resource shortage in dynamic/semi-static TDD frame structure.
However, too freely making long PUCCH across multiple slots would introduce additional complexity in resource scheduling and also specification work. For example, if each long PUCCH transmission can start from and end at any possible symbol, that may add too much signaling overhead. 
[bookmark: _GoBack]In general, too much time domain resource fragmentation is not friendly to resource allocation for other channels. Some necessary simplification or design criteria should be further considered to achieve tradeoff between flexibility, complexity and signaling overhead.
Proposal 3: Long PUCCH resource allocation should be defined in a way considering the tradeoff between flexibility, complexity and signaling overhead.

Conclusions
In this contribution, we provide our high level opinions on long PUCCH transmission over multiple slots. The following proposals are highlighted:
Proposal 1: Long PUCCH transmission can cross multiple slots to avoid collision with other signaling, e.g. PRACH, SRS.
Proposal 2: Long PUCCH transmission can cross multiple slots due to UL resource shortage in dynamic/semi-static TDD frame structure.
Proposal 3: Long PUCCH resource allocation should be defined in a way considering the tradeoff between flexibility, complexity and signaling overhead. 
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