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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
In the previous meeting, long-PUCCH format with more than 2 bits were discussed and some agreements were achieved [1-2].
Agreements:
· For a long PUCCH in a slot,
· At most one hop for the long PUCCH is supported.
· FFS: details
· 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 share our views on long PUCCH format with more than 2 bits.
2. Long PUCCH with more than 2 bits 
2.1. Long PUCCH structure
In LTE, PUCCH format 4 is introduced to support lots of UCI bits in CA of up to 32 carries. In NR, PUCCH supporting a greater payload is meaningful because beam related information requires large feedback capacity for reports. LTE PUCCH format 4 can be a good reference, in which UCI bits are encoded and QPSK modulated and mapped to the UCI REs. Moreover, flexible number of RBs can be supported for various UCI payload sizes. 
Regarding to the DFT pre-coded aspects, we think it is still beneficial to the PAPR reduction and shall be considered. 
Proposal 1: Confirm WA: 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.
2.2. DMRS
For a PUCCH format for UCI with large payload, it might be no multiplexing capacity requirement, especially considering large number of feedback bits. A LTE PUSCH-like structure can be considered for such design. When frequency hopping is disabled, 1 DMRS symbol can be considered for PUCCH format within 7 symbols. DMRS location is around the middle of every 7 symbols. For PUCCH larger than 7 symbols, 2 DMRS symbols can be considered and DMRS are located almost symmetrically. When frequency hopping is enabled, 1 DMRS symbol per frequency-hop is utilized for channel estimation. In summary, one DMRS per frequency-hop is preferred.  
Proposal 2: When frequency hopping is disabled, 1 DMRS can be configured for PUCCH format with not more than 7 symbols. For PUCCH format with larger than 7 symbols, 2 DMRS can be configured and the DMRS are located almost symmetrically.
Proposal 3: For intra-slot frequency-hopping, one DMRS per frequency-hop. The location is around the middle of the frequency-hop.
NR PUCCH supports flexible number of symbols from 4 to 14 symbols. It is not efficient to fix the DMRS location relative to the slot for different long PUCCH length, since no UE multiplexing is required. Alternatively, fixed DMRS location relative to the PUCCH can be considered. 
Proposal 4: Fixed DMRS location relative to the PUCCH can be considered.  
2.3. PUCCH with moderate UCI payload
It is agreed that two long PUCCH formats for 1~2 UCI bits and large payload are adopted, respectively. For PUCCH with moderate UCI payload, there are two methods. An alternative can use long PUCCH supporting large payload with the fewer symbols. Long PUCCH from different UE can be TDMed in a slot. No new PUCCH format is required. The drawback is that coverage can be restricted. Another option is to design a new PUCCH format with some multiplexing capacity, similar to LTE PUCCH format 2/3/5. More multiplexing capacity can be provided in a PRB based on this PUCCH. In our view, FDMed or TDMed PUCCH multiplexing is sufficient for supporting multiple UEs. Considering wider bandwidth deployment in NR, the requirement on multiplexing capacity of moderate UCI payload is not significant. 
Proposal 5: No new PUCCH format with moderate UCI payload is defined in Rel-15. 
3. Conclusion
In this document, we discuss long PUCCH with more than 2 bits with the following proposals:
Proposal 1: Confirm WA: 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.
Proposal 2: When frequency hopping is disabled, 1 DMRS can be configured for PUCCH format with not more than 7 symbols. For PUCCH format with larger than 7 symbols, 2 DMRS can be configured and the DMRS are located almost symmetrically.
Proposal 3: For intra-slot frequency-hopping, one DMRS per frequency-hop. The location is around the middle of the frequency-hop.
Proposal 4: Fixed DMRS location relative to the PUCCH can be considered.  
Proposal 5: No new PUCCH format with moderate UCI payload is defined in Rel-15.
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