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1 Introduction
In RAN1 NR AH#2 meeting, the following agreements were made in regard to long duration PUCCH for more than 2 UCI bits:
· 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 support of moderate and large UCI payload by long duration PUCCH along with UE multiplexing aspects and DMRS structure. 
	
	
	
	
	
	
	


2 Long PUCCH format for moderate and large payload
Discussions for long PUCCH in the recent RAN1 meetings leaned toward adopting a minimal number of PUCCH formats. This helps to simplify the NR specifications and transmitter/receiver implementations. As in the case of LTE PUCCH format 4, NR PUSCH with DFT-s-OFDM waveform have gained majority support as a baseline structure for the long PUCCH to carry large UCI payload in the RAN1 meetings. By adopting the PUSCH based design, the number of PRBs to carry the PUCCH can be flexibly allocated depending on the UCI payload size. The maximum size of UCI payload for combined CSI reports will increase significantly from the size of LTE UCI feedback and would far exceed a few hundreds of UCI bits due to introduction of beam specific CSI reports. This more necessitates to take the PUSCH based structure for large payload, which enables to allocate as much resource as needed. Also, PUSCH based structure has been extensively evaluated for LTE PUCCH format 4 in RAN1. 

With the agreements to adopt two long PUCCH formats for 1~2 UCI bits and large payload, respectively [1], PUSCH based structure can be employed for moderate UCI payload as well as for large payload. A drawback of this approach is potential inefficiency in terms of resource utilization. Multiplexing multiple long PUCCHs on the same PRB in a slot may result in a complicated structure, which can actually lead to an additional PUCCH format deviating from the PUSCH structure. As a way to work around this issue with retaining the PUSCH based structure, the gNB can adjust the lengths of long PUCCHs so as to allow multiplexing multiple UEs’ long PUCCHs in time domain within a slot. This can be supported with almost no specification impact. For instance, for long PUCCHs to carry a few or several UCI bits, the gNB can limit the PUCCH duration to around 6 symbols and multiplex multiple PUCCHs from different UEs on different DFT-s-OFDM symbols in a slot. A drawback of this approach is that the decrease in PUCCH duration can reduce coverage of the PUCCH. 

Another approach is to adopt a structure like either LTE PUCCH format (PF) 2 or format 3 for moderate UCI payload. These formats are more resource efficient than the PUSCH based structure through supporting to multiplex multiple UEs within the same PRB. LTE PF 2 has a drawback that the supportable payload size is affected by the PUCCH duration because only one UCI modulation symbol is carried on each DFT-s-OFDM symbol. In cases that the long PUCCH comprises of less than several DFT-s-OFDM symbols, the supportable payload size is significantly limited with using a few symbols for DMRS. On the other hand, the UCI capacity of LTE PF 3 is independent of the PUCCH duration such that 12 UCI modulation symbols are mapped onto the 12 subcarriers within a DFT-s-OFDM symbol.  Also, LTE PF 3 can carry up to a few tens of modulation symbols. 

When taking into account the overall aspects above, it seems desirable that the PUSCH based structure is employed for moderate payload as well as for large payload, in order to avoid additional specification and implementation complexities. The flexible NR PUCCH structure and signaling can enable for the gNB to manage such that long PUCCHs from different UEs for moderate payload are multiplexed on the same PRB in TDM manner without introducing additional structure other than adjusting the length of the PUCCH for the TDM multiplexing.
Proposal 1 (PUCCH format and multiplexing)
· PUSCH based structure is employed for both moderate and large UCI payloads.

· PUCCHs from different UEs can be multiplexed by adjusting lengths of the PUCCHs to multiplex them in time domain as well as in frequency domain by the gNB scheduler.

3 Frequency hopping and DMRS
In the previous section, we have proposed to adopt PUSCH based structure for all cases of more than 2 UCI bits. As extensively discussed in a companion contribution on long PUCCH for 1~2 UCI bits [4], frequency hopping at a middle of the PUCCH transmission allows that the PUCCH power and the amount of UCI/DMRS resources are equally split between the transmissions, and thus can maximize effects of the frequency hopping. Besides, aligning the frequency hopping boundaries between long PUCCH formats for 1~2 UCI bits and more than 2 UCI bits makes easier to multiplex long PUCCHs of different formats in frequency domain. As shown in Figure 1 below, the first and second frequency-hops can have ceil(L/2) and L-ceil(L/2) symbols for length L of PUCCH transmission.
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Figure 1. Intra-slot frequency hopping and DMRS.
As to the DMRS placement for a given frequency-hop, having one DMRS symbol at a middle of each frequency hop can provide reliable performance in most of the deployment scenarios as  adopted for LTE PUSCH. Also, this structure corresponds to Opt. 1 agreed in RAN1 NR AH#2 meeting as one of the two options for long PUCCH DMRS for large payload [3]. By locating DMRS at symbol of index ceil(K/2) for length K of a frequency-hop, DMRS is placed at the exact center or earlier symbol at the middle in cases of odd and even lengths K, respectively. When a frequency-hop is comprised of two symbols, this formulation results that DMRS is placed at the start of the frequency hop. 
Proposal 2 (Frequency hopping and DMRS)
· Frequency hopping boundary is located at a middle of the PUCCH transmission. 

· The number of symbols for the 1st and 2nd frequency-hop segments are ceil(L/2) and L-ceil(L/2), respectively, for length L of the PUCCH.

· One DMRS symbol is placed at a middle of each frequency-hop.  
· With the symbol index starting from ‘1’, DMRS is located at symbol of index ceil(K/2) for length K of a frequency-hop.
4 Conclusion 

This contribution has discussed long PUCCH structures to support moderate and large payload size. Based on the discussions, we propose as follows:
Proposal 1 (PUCCH format and multiplexing)
· PUSCH based structure is employed for both moderate and large UCI payloads.

· PUCCHs from different UEs can be multiplexed by adjusting lengths of the PUCCHs to multiplex them in time domain as well as in frequency domain by the gNB scheduler.
Proposal 2 (Frequency hopping and DMRS)
· Frequency hopping boundary is located at a middle of the PUCCH transmission. 

· The number of symbols for the 1st and 2nd frequency-hop segments are ceil(L/2) and L-ceil(L/2), respectively, for length L of the PUCCH.

· One DMRS symbol is placed at a middle of each frequency-hop.  

· With the symbol index starting from ‘1’, DMRS is located at symbol of index ceil(K/2) for length K of a frequency-hop.
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