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1. Introduction

NR PUCCH demodulation requirements was discussed in the last meeting, and an way forward was agreed in [1]. This contribution discusses the remaining issues on NR PUCCH demodulation requirements for each PUCCH format.

2. Discussion
1) Common parameters

The following agreements were reached regarding the common parameters for PUCCH:

· Format:

· Define requirements for PUCCH format 0,1,2,3,4 

· Hopping

· Intra-slot frequency hopping: enable

· Option 1: startingPRB = [0];secondHopPRB = [the largest PRB – nrofPRBs]
· Other options are not precluded

· Group and sequence hopping: disable

For intra-slot frequency hopping, we propose to adopt option 1 for PUCCH frequency-domain location. In addition, to initialize the pseudo-random sequence for generating cyclic shift, 
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 (i.e., pucch-GroupHopping by higher-layer configuration) is proposed to be set as 0. 
Proposal 1: For intra-slot frequency hopping, startingPRB = 0, secondHopPRB = the largest PRB index - nrofPRBs.

Proposal 2: To initialize the pseudo-random sequence for generating cyclic shift, pucch-GroupHopping = 0. 
2) Test parameters for format 0

The following agreements were reached for format 0:
· Number of bits: 1 bit

· Number of OFDM symbols: 1 and 2

· initialCyclicShift = [0]

· startingSymbolIndex = [13] for 1 OFDM symbol

· startingSymbolIndex = [12] for 2 OFDM symbols

· Test metric

· DTX to Ack probability <1%

· Missed Ack probability < 1%

After checking these parameters, we recommend to confirm the assumptions in brackets.
Proposal 3: For format 0, confirm the tentatively agreed assumptions on initialCyclicShift and startingSymbolIndex.
3) Test parameters for format 1

The following agreements were reached for format 1:
· Number of bits: 2 bits

· Number of OFDM symbols

· 14

· FFS 10

· initialCyclicShift = [0]; 

· startingSymbolIndex = [0]

· The index of the orthogonal sequence i=[0] 

· Test metric

· DTX to Ack probability <1%

· Missed Ack probability < 1%

· FFS: Whether to use NACK2ACK as the test metric

· Note: companies are encouraged to provide simulation results for NACK2ACK@0.1% in next RAN4 meeting. 

For the number of OFDM symbols, we support to cover 10 symbols in addition to 14 symbols from the test coverage point of view. In addition, we recommend to confirm the assumptions in brackets. 

Proposal 4: For format 1, cover 10 symbols duration in addition to 14 symbols, and confirm the tentatively agreed assumptions on initialCyclicShift, startingSymbolIndex and timeDomainOCC.
4) Test parameters for format 2

The following agreements were reached for format 2:
· Test Scenarios: (Number of bits, Number of symbols, Number of PRBs)

· (4, 1, 4)

· (22, 2, [9])

· startingSymbolIndex = [13] for 1 OFDM symbol

· startingSymbolIndex = [12] for 2 OFDM symbols

· Test metric

· DTX to Ack probability <1%, [Missed Ack probability < 1%, if number of bits <= 11] 

· [BLER if number of bits > 11] 

For the above assumption in brackets, we have not found any technical issues, and suggest to confirm these assumptions. 

Proposal 5: For format 2, confirm the tentatively agreed assumptions on PRB number, startingSymbolIndex and test metric. 
5) Test parameters for format 3

The following agreements were reached for format 3:
· Number of bits: 16 bits

· Number of OFDM symbols: 14, FFS 4

· Number of PRBs: [1]

· DMRS pattern: [with additional DMRS and without additional DMRS]

· Companies can further check whether requirements shall be defined for both, and whether they are applicable to both FR1 and FR2

· Modulation: QPSK; FFS pi/2-BPSK

· startingSymbolIndex = [0]

· Test metric

· DTX to Ack probability <1%, [Missed Ack probability < 1%, if number of bits <= 11] 

· [BLER if number of bits > 11] 

For the number of OFDM symbols, we suggest to cover 4 symbols duration in addition to 14 symbols from the test coverage point of view. More than 1 PRB is proposed to be used for PUCCH format 3, since 1 PRB is used for PUCCH format 4. For 14 symbol duration, it is recommended to use additional DMRS. For the modulation order, pi/2-BPSK is also suggested to be covered. For the assumptions on startingSymbolIndex and test metric, it is suggested to confirm the tentatively agreed assumptions agreed in the last meeting.
Proposal 6: For format 3,

· Cover 4 symbols duration in addition to 14 symbols
· Use more than 1 PRB
· Use additional DMRS for 14 symbol duration
· Cover pi/2-BPSK
· Confirm the tentatively agreed assumptions on startingSymbolIndex and test metric
6) Test parameters for format 4
The following agreements were reached for format 4:
· Number of bits: 22 bits

· Number of OFDM symbols: 14 symbols

· Number of PRBs: 1 PRB

· DMRS pattern: [with additional DMRS and without additional DMRS]

· Companies can further check whether requirements shall be defined for both, and whether they are applicable to both FR1 and FR2

· Modulation: QPSK; FFS pi/2-BPSK

· startingSymbolIndex = [0]

· occ-Length = [n2] 

· occ-Index = [n0]

· Test metric

· DTX to Ack probability <1%, [Missed Ack probability < 1%, if number of bits <= 11] 

· [BLER if number of bits > 11] 

For PUCCH format 4 with 14 symbol duration, it is recommended to use additional DMRS. For the modulation order, pi/2-BPSK is also suggested to be covered. For the assumptions on startingSymbolIndex, occ-Length, occ-Index and test metric, it is suggested to confirm the tentatively agreed assumptions agreed in the last meeting.

Proposal 7: For format 4,

· Use additional DMRS for 14 symbol duration
· Cover pi/2-BPSK
· Confirm the tentatively agreed assumptions on startingSymbolIndex, occ-Length, occ-Index and test metric
3. Conclusions
This contribution discussed NR PUCCH demodulation requirements, and had the following proposals:
Proposal 1: For intra-slot frequency hopping, startingPRB = 0, secondHopPRB = the largest PRB index - nrofPRBs.

Proposal 2: To initialize the pseudo-random sequence for generating cyclic shift, pucch-GroupHopping = 0. 
Proposal 3: For format 0, confirm the tentatively agreed assumptions on initialCyclicShift and startingSymbolIndex.
Proposal 4: For format 1, cover 10 symbols duration in addition to 14 symbols, and confirm the tentatively agreed assumptions on initialCyclicShift, startingSymbolIndex and timeDomainOCC.

Proposal 5: For format 2, confirm the tentatively agreed assumptions on PRB number, startingSymbolIndex and test metric. 
Proposal 6: For format 3,

· Cover 4 symbols duration in addition to 14 symbols
· Use more than 1 PRB
· Use additional DMRS for 14 symbol duration
· Cover pi/2-BPSK
· Confirm the tentatively agreed assumptions on startingSymbolIndex and test metric
Proposal 7: For format 4,

· Use additional DMRS for 14 symbol duration
· Cover pi/2-BPSK
· Confirm the tentatively agreed assumptions on startingSymbolIndex, occ-Length, occ-Index and test metric
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