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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. In RAN1 #90bis, lot of contributions discussed about long PUCCH transmission for more than 2 bits. The following agreements were made
Agreements:
· For long PUCCH for UCI of more than 2 bits 
· Reuse DMRS sequences of DFT-S-OFDM PUSCH if it occupies more than one PRB
Agreements:
· For the case of length-12 sequences, the same set of sequences are used for at least for the following:
· DM-RS for long PUCCH for UCI of up to 2 bits, 
· DM-RS for long PUCCH for UCI of more than 2 bits, 
· DM-RS for long-PUCCH over multiple slots, 
· DM-RS for DFT-S-OFDM PUSCH with modulation order higher than BPSK
· FFS other cases (e.g., short PUCCH for UCI of up to 2 bits, data symbols for long PUCCH, etc.)
Agreements:
· For long-PUCCH for UCI of more than 2 bits, the LTE PN sequence generator is used for scrambling of the encoded bits 
· Note: can be revisited if new Gold sequences are introduced

Agreements:
· Support Pre-DFT-OCC as the UCI structure for long PUCCH for UCI of more than 2 bits with moderate payload 
· FFS:  DMRS structure between CDM and IFDM
· Considering the impact on channel estimation and power imbalance among UEs
· It will be denoted as a new format 
· Support multiplexing capacity of 2 and 4 users for long PUCCH for UCI of more than 2 bits with moderate payload using one PRB in Rel-15
· FFS design of OCC
· No RRC signalling is necessary 

Agreements:
· For long PUCCH for UCI of more than 2 bits
· If frequency hopping is enabled, the number of DMRS symbols (between 1-2 symbol) per hop for long PUCCH duration per hop > X is configurable by RRC UE-specifically
· RRC Bit-width is 1 bit
· X is fixed in the spec w/o RRC impact
· FFS the value X
· The location of DMRS is pre-defined within long PUCCH in each hop based on number of DMRS per hop and duration of the hop.
Agreements:
For long PUCCH for UCI of more than 2 bits 
· Confirm the 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
· Pi/2 BPSK can be supported in addition to QPSK as a user-specific configurable modulation scheme for UCI
· FFS whether other factors need to be considered in applying Pi/2 BPSK in addition to the configuration

In this contribution, we describe our views on DMRS for long PUCCH with Pi/2 BPSK modulation 
 DM-RS Sequence for long PUCCH  
[bookmark: _Ref378529477]In our view, NR coverage is determined based on the performance of uplink control channel PUCCH in addition to PUSCH.  Since Pi/2 BPSK was already agreed to as an additional modulation scheme for PUCCH format 3, we can improve the coverage of NR when the UE is configured with Pi/2 BPSK modulation. However, till now it is not clear how the DM-RS sequence should be designed for Pi/2 BPSK modulated PUCCH format 3. In our view, DM-RS sequence plays an important role in the coverage determination, hence we strongly support DM-RS sequence design should be such that PAPR is similar to data transmission of. That is the DM-RS sequence also BPSK modulated and passed through spectrum shaping filter to reduce the PAPR. This in turn will allow the UE to operate at higher power, thereby improving the coverage of NR.  
Proposal:  NR should support Pi/2 BPSK modulated DM-RS sequence for PUCCH format 3
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In this contribution we describe our views on support of long PUCCH for more than 2 bits
Based on our observations, we have the following proposals:
[bookmark: _Ref450342757][bookmark: _GoBack]Proposal:  NR should support Pi/2 BPSK modulated DM-RS sequence for PUCCH format 3
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