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After email discussion regarding the long PUCCH for more than 2 bits, further agreements reached.
Agreements:
For long PUCCH for UCI of more than 2 bits, if frequency hopping is disabled,
· The number of DMRS symbols is  1 for long PUCCH duration <= X
· The number of DMRS symbols is 2 for long PUCCH duration >X  and <= 2X+1
· The number of DMRS symbols (either 2 or 4 symbols)  for the long PUCCH with a duration  >2X+1  is configurable by RRC UE-specific signaling
· RRC Bit-width is 1 bit (reuse the same RRC for long PUCCH with enabled frequency hopping)
· X is fixed in the spec w/o RRC impact and is the same as specified for long PUCCH with enabled frequency hopping
· Note: As agreed, if frequency hopping is enabled, the number of DMRS symbols (between 1-2 symbol) per hop for long PUCCH with duration per hop > X symbols is configurable by RRC UE-specific signaling
 Agreements:
For long PUCCH for UCI of more than 2 bits:
For a long PUCCH with duration > X,  the DMRS location within the long PUCCH with frequency hopping disabled, is the same as the DMRS location within long PUCCH (of the same duration) with frequency hopping enabled.
For a long PUCCH with duration <=X,  the DMRS location within the long PUCCH with frequency hopping disabled is located in (near) the middle of the long PUCCH.
· FFS exact locations
For a long PUCCH with frequency hopping enabled,
· If there is 1 DMRS symbol in a hop, the DMRS symbol is located in (near) the middle of the hop.
· FFS exact locations
· If there is 2 DMRS symbols in a hop, the first DMRS is in the second symbol of the hop and the second DMRS symbol is in the penultimate symbol of the hop
Agreements:
For long PUCCH for UCI of more than 2 bits with enabled frequency hopping,
· the number of DMRS symbols per hop is 1 for long PUCCH with duration of at least one hop <= X symbols
· the number of DMRS symbols (between 1-2 symbol) per hop for long PUCCH with duration of both hops > X symbols is configurable by RRC UE-specific signaling
Down select between X=4 and 5.
In this contribution, our further detailed views on long-PUCCH structure for UCI of more than 2 bits are presented.
Discussion
Long PUCCH format for large payload size 
For long PUCCH for UCI of more than 2 bits with/without frequency hopping, agreements have been made about the number of DMRS symbols. According to the simulation results in [7], 1 DMRS per frequency-hop always outperforms 2 DMRSs per frequency-hop for 10-symbol long PUCCH in low and medium high speed scenarios. We consider configuring the duration of long PUCCH as 14 or 13 symbols to meet the requirements. As margin of the range of configuration, 11 and 12 can be supported either. Thus X=5 is already sufficient.
The other open issue is the location of DMRS symbols, which was also discussed in the Email. For 1 DMRS symbol in a hop, the DMRS symbol is located in the middle of the hop. The exact location of DMRS can be generated by floor(X), which X is the number of symbols in the hop.
Proposal 1:
 For long PUCCH for UCI of more than 2 bits with enabled frequency hopping, 
X=5 as the threshold for the hop can be configure with 2 symbols.
For 1 DMRS symbol in a hop, the DMRS symbol is located in the middle of the hop. 
Location of DMRS can be generated by floor(X), which X is the number of symbols in the hop. 
Long PUCCH format with multiplexing capacity 
The structure of the long PUCCH format with multiplexing capacity has been discussed with more conclusions in last meeting. Number and location of DMRS should be the same as the long PUCCH format with no multiplexing. However, the DMRS structure should be consider differently as it support multiplexing and take into account other issues. The OCC used for multiplexing should be selected.
Regarding DMRS structure, the option of FDM will introduce sequence of new length. Usually, they could be length-6 sequence for multiplexing capacity of 2 and length-3 sequence for multiplexing capacity of 4. The generation of new sequences would require further works on it to reach similar characteristics (e.g. PAPR, correlations) as that for length-12 sequences. Moreover, when only one UE is mapped onto the PRB regardless of the multiplexing of other UEs, the CDM structure can receive better channel estimation. This is due to more DMRS REs. For shorter sequences, it will be difficult to find suitable sequences. Overall, the structure of CDM is preferred if there is no significant implementation issues.
In order to make the structure of pre-DFT-OCC and FDM equivalent, DFT sequence should be used as OCC. 
Proposal 2: CDM is supported for DMRS structure of long PUCCH format with multiplexing capacity.
Proposal 3: DFT sequence is used as OCC for long PUCCH format with multiplexing capacity.
Conclusion
Based on the analysis given above, we have the following proposals:
Proposal 1:
 For long PUCCH for UCI of more than 2 bits with enabled frequency hopping, 
X=5 as the threshold for the hop can be configure with 2 symbols.
For 1 DMRS symbol in a hop, the DMRS symbol is located in the middle of the hop. 
Location of DMRS can be generated by floor(X), which X is the number of symbols in the hop. 
Proposal 2: CDM is supported for DMRS structure of long PUCCH format with multiplexing capacity.
Proposal 3: DFT sequence is used as OCC for long PUCCH format with multiplexing capacity.
Reference
[1] 3GPP Chairman's Notes RAN1_88bis_final.
[2] 3GPP Chairman's Notes RAN1_89_final.
[3] 3GPP Chairman's Notes RAN1_NRAH2_final
[4] 3GPP Chairman's Notes RAN1_90_final.
[5] 3GPP Chairman's Notes RAN1_NRAH3_final
[6] 3GPP Chairman's Notes RAN1_90bis_final
[7] R1-1717516, On long-PUCCH for more than 2 bits, ZTE, Sanechips

3

