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Background

In RAN1 NR AH#2, the following agreements were made on long PUCCH in a slot [1]. 

Agreements:
· For a long PUCCH in a slot,
· At most one hop for the long PUCCH is supported.
· FFS: details
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 the intra-slot frequency hopping configurations and DMRS patterns of PUCCH in long duration for more than 2 UCI bits.

Intra-slot frequency hopping 

Intra-slot frequency hopping can provide frequency diversity for a long PUCCH transmission. However, depending on the number of symbols and the number of DMRS in a long PUCCH, intra-frequency hopping may not be always feasible. For example, if there is only 1 DMRS symbol in a long PUCCH, intra-slot frequency hopping cannot be performed. On the other hand, if at least two DMRS symbols are present in a long PUCCH, intra-slot frequency hopping can be mandatory or configured. 

As agree in RAN1 NR AH#2, at most one hop for the long PUCCH is supported as agreed in a long PCCH within a slot. For example, the hop may occur at the end of the X:th symbol where X=floor(N/2) [or ceil(N/2)], as proposed in [2]. Depending on the location of a long PUCCH and the DMRS structure, each hop may have 1 or 2 DMRS symbols. 

Proposal 1: In a long PUCCH for more than 2 bits, whether intra-slot frequency hopping is supported is determined by the number of DMRS symbols in the long PUCCH.

Slot structure of long PUCCH for more than 2 bits

Long PUCCH format should be scalable based on the payload. Thus, the number of RBs and number of symbols in a slot may be configurable for a given UE. The PUCCH structure should be defined at slot level. For UEs multiplexed on the same RB, the same long PUCCH format should be applied. At least for long PUCCH with more than 2 bits of UCI payload, the number of DMRS in a slot should be limited, e.g. 1 or 2 in every 7 symbols. 

Long PUCCH formats should support at least for low PAPR waveform, i.e. DFT-S-OFDM. For DFT-S-OFDM based long PUCCH formats, as a design target, PAPR/CM and frequency diversity gain should be same as or similar to LTE. A common framework of PUCCH structure is preferred for both DFT-S-OFDM and CP-OFDM based long PUCCH, e.g. UCI and RS are multiplexed in TDM manner regardless of its waveform. The LTE PUCCH structure may be reused in NR as a baseline. For example, the DMRS location and UCI spreading sequence design of LTE PUCCH formats can be adopted for NR long PUCCH. Therefore, at RB level, two basic DMRS structures can be considered for NR long PUCCH, as shown in Figure 1.

· Two DMRS in every 7 symbols with normal cyclic prefix (NCP), the orthogonal sequences for UCI multiplexing can be in time domain as in LTE PUCCH Format 3. Thus, at least one DMRS symbol is included even for a long PUCCH with a minimum length of 4 symbols.
· One DMRS in every 7 symbols with normal CP, the orthogonal sequences for UCI multiplexing may reuse that of LTE Format 4 and Format 5.


Figure 1. Examples of basic DMRS structures for long PUCCH in a slot

Since NR support long PUCCH with variable lengths in a slot, to provide better multiplexing among UEs, it is better to define a fixed slot structure at least for all long PUCCH lengths within a slot for more than 2 bits of UCI payload. In case of long PUCCH smaller than a slot length, a punctured version of a whole slot structure can be used. If required, the DMRS structure may be shifted based on the starting symbol of a long PUCCH. With a fixed DMRS location, the frequency hopping location should also be fixed in relative to a slot or RS structure. However, the DMRS may not be optimized in each frequency hop. 

Alternatively, the hopping location can be determined first, e.g. at the end of the X:th symbol where X=floor(N/2) [or ceil(N/2)]. Some basic blocks can be defined for lengths of 2-7 symbols to determine the DMRS structure in each hop, as shown in Figure 2. In this case, the DMRS structure can be optimized and determined in each hop based on the number of symbols in the given hop and the number of DMRS in a hop.



Figure 2. DMRS patterns for different #symbols and #DMRS in each hop

Proposal 2: RAN1 should consider the following DMRS patterns for a long PUCCH
· Fixed DMRS pattern in a slot for all lengths; or
· Optimized DMRS in each hop based on the number of symbols and DMRS density. 

Conclusion

[bookmark: _GoBack]In this contribution, we discuss the structure of a PUCCH in long duration in a slot. Based on the discussions, we propose:

Proposal 1: In a long PUCCH for more than 2 bits, whether intra-slot frequency hopping is supported is determined by the number of DMRS symbols in the long PUCCH.

Proposal 2: RAN1 should consider the following DMRS patterns for a long PUCCH
· Fixed DMRS pattern in a slot for all lengths; or
· Optimized DMRS in each hop based on the number of symbols and DMRS density. 
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