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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 for UCI of up to 2 bits [1].
Agreements:
· For a long PUCCH with up to 2 bits UCI:
· Working assumption:
· 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.
This contribution discusses further details on channel structure of long-duration NR-PUCCH for UCI of up to 2 bits.
Discussion
It was agreed as working assumption that the DMRS position is every other symbols in the long PUCCH. The remaining detail is whether DMRS is located even or odd symbols. If RS is located in the first symbol, the processing time relaxation for UE is allowed. Although the processing time relaxation might not so important in the operation of long PUCCH, it might be beneficial at least for long PUCCH with shorter symbols such as 4 symbols. Therefore, our slight preference is DMRS always occurs in the first symbols and every odd symbols in the long PUCCH as shown in Fig.1.

[image: ] 
Fig.1 DMRS position in the slot.

In addition, we further consider the intra-slot frequency hopping boundary and OCC multiplexing capacity capability considering slot type and number of symbols per slot. Figure 2 and 3 show the example of long PUCCH in the several slot types (UL only and DL+GP+UL (DL symbols is assumed to be 1, 2, and 3)) and number of symbols per slot (7-symbol and 14-symbol slots). 
Based on the figures below, in 7-symbol slot operation, OCC multiplexing would not be available. On the other hand, in the 14-symbol operation, maximum OCC capacity for long PUCCH could be 3. The OCC multiplexing capacity could depend on the number of symbols in long PUCCH and slot type. For example, for long PUCCH with 13 and 14 symbols, the OCC multiplexing capacity could be 3 and for long PUCCH with 8 to 11 symbol the OCC multiplexing capacity could be 2 regardless of slot type. On the other hand, for long PUCCH with 12 symbols, the OCC multiplexing capacity could be 2 in UL only slot and 3 in the slot with 1-symbol DL, GP, and 12-symbol UL.
Intra-slot frequency hopping boundary for a given length of long PUCCH could also depend on slot type if hopping boundary among different length of long PUCCH is aligned in the slot type. For example, for long PUCCH with 5 symbols, the intra-slot frequency hopping occurs between 3rd symbol and 4th symbol in UL only slot, while the intra-slot frequency hopping occurs between 2nd symbol and 3rd symbol in the slot with 1-symbol DL, GP, and 5-symbol UL. Then, in addition to hopping gap in frequency domain, to configure intra-slot hopping boundary should be possible.
Hopping boundary would be better to be common for different PUCCH format such as PUCCH with large number of UCI payload size and also for PUSCH. If such hopping boundary can be common depending on slot type and number of UL symbols per slot, hopping boundary can be determined by the slot type and the number of UL symbols per slot. If the intra-slot hopping is separately designed between long PUCCH and PUSCH, in order to align the hopping boundary, it would be better hopping boundary can be separately configured by gNB. gNB will consider hopping boundary taking slot type, number of symbols per slot and PUSCH to be FDMed. The OCC multiplexing capacity depends on the number of UCI and RS symbols per hop. Then, whether separate configuration from slot type and number of symbols depends on that for frequency hopping boundary.

[image: ]
Fig.2 Frequency hopping boundary and OCC multiplexing capacity in 7-symbol slot operation (Red line denotes the hopping boundary).
[image: ]
Fig.3 Frequency hopping boundary and OCC multiplexing capacity in 14-symbol slot operation (Red line denotes the hopping boundary).

Proposal 1: DMRS always occurs in the first symbols and every odd symbols in the long PUCCH.
Proposal 2: Intra-slot frequency hopping boundary could be determined by slot type and number of UL symbols per slot. This hopping boundary should also be used for PUSCH.
Proposal 3: If the intra-slot hopping is separately designed between long PUCCH and PUSCH, intra-slot frequency hopping boundary could be configurable by gNB. gNB will consider hopping boundary taking slot type, number of symbols per slot and PUSCH to be FDMed.

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 1: DMRS always occurs in the first symbols and every odd symbols in the long PUCCH.
Proposal 2: Intra-slot frequency hopping boundary could be determined by slot type and number of UL symbols per slot. This hopping boundary should also be used for PUSCH.
Proposal 3: If the intra-slot hopping is separately designed between long PUCCH and PUSCH, intra-slot frequency hopping boundary could be configurable by gNB. gNB will consider hopping boundary taking slot type, number of symbols per slot and PUSCH to be FDMed.
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