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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 up to 2 bits. The following agreements were made
Agreements:
· For long PUCCH for up to 2 UCI bits, the base sequence can be hopped for transmission of PUCCH in different slots
· The base sequence hopping can be enabled or disabled by cell-specific RRC parameters via RMSI
· Note this parameter for hopping is the same as the one used for short PUCCH for up to 2 UCI bits
· Hopping pattern is at least based on a configurable ID
· FFS on details of the hopping pattern
· The ID has a bitwidth of [10] bits
· FFS on cyclic shift hopping
· No RRC signaling impact
Agreements:
· If frequency hopping is enabled for long PUCCH for UCI of up to 2 bits and more than 2 bits, hopping boundary is determined by long PUCCH duration/start symbol of long PUCCH
· No RRC configuration is involved in determining the hopping boundary
Agreements:
· For long PUCCH, reuse LTE OCC code for OCC length =2,3,4,5
· FFS OCC code for OCC length =6,7
· Note: For long PUCCH for UCI of up to 2 bits,  
· If FH is enabled, support OCC length on DMRS  = number of DMRS symbol in each hop, support OCC length on UCI  = number of UCI symbol in each hop
· If FH is disabled, support OCC length on DMRS  = number of DMRS symbol in the long PUCCH, support OCC length on UCI  = number of UCI symbol in the long PUCCH

In this contribution, we describe our views on long PUCCH up to 2 bits.
 On long PUCCH up to 2 bits
[bookmark: _Ref378529477]The coverage of NR depends on the performance of long PUCCH up to 2 bits (PUCCH format 1). From NR specifications, we found that the waveform used for PUCCH format 1 is always CP-OFDM. Since the standard already specifies DFT-s-OFDM waveform for PUSCH transmission in coverage limited scenarios, the standard should specify DFT-s-OFDM waveform for PUCCH format1. In addition, since Pi/2 BPSK can be used in the coverage limited scenarios by operating the UE 3 dB more power, we recommend to use Pi/2 BPSK as a default modulation scheme for PUCCH format 1 when DFT-s-OFDM waveform is used for transmitting HARQ-ACK.  As an example 
Figure 1 shows the BLER plot for PUCCH format 1 with 2   bits of HARQ-ACK when LTE-PUCCH is deployed at 700 MHz band and NR-PUCCH with QPSK modulation is deployed at 1800 MHz band. It can be observed that we need to transmit 4 slots of PUCCH, to match the coverage of LTE.  However, if we use DFT-s-OFDM waveform with Pi/2 BPSK modulation, we can match the coverage by repeating 2 slots. Hence we propose that 
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Figure 1 BLER comparison for PUCCH format 1 with multi slot transmission


Proposal 1:  For improving the NR coverage, DFT-s-OFDM with Pi/2 BPSK modulation should be specified as an additional waveform and modulation scheme for PUCCH format 1 
[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution we describe our views on long PUCCH up to 2 bits.
Based on our observations, we have the following proposals:
[bookmark: _Ref450342757]Proposal 1:  For improving the NR coverage, DFT-s-OFDM with Pi/2 BPSK modulation should be specified as an additional waveform and modulation scheme for PUCCH format 1 
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