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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 for NR PUCCH demodulation requirements for each PUCCH format.

2. Discussion
1) Common parameters

The following agreements were reached regarding PUCCH frequency hopping:

· Hopping 

· Intra-slot frequency hopping: enable

· Option1:

· startingPRB = 0
· secondHopPRB = the largest PRB index – nrofPRBs 
· Option 2: 

· startingPRB = 2 
· secondHopPRB = the largest PRB index – nrofPRBs -2
Two options on PUCCH frequency domain allocation are listed. Option 1 proposes to transmit PUCCH at the edge of the channel bandwidth, and is our preference.
Proposal 1: For frequency domain allocation, adopt option 1, i.e., startingPRB = 0, secondHopPRB = the largest PRB index - nrofPRBs.

2) Test parameters for format 0

There is one open issue for PUCCH format 0, which is the time domain allocation in FR2:

· For FR2
· Option 1: 
· startingSymbolIndex = 13 for 1 OFDM symbol
· startingSymbolIndex = 12 for 2 OFDM symbols 
· Option 2: 
· startingSymbolIndex = 11 for 1 OFDM symbol
· startingSymbolIndex = 10 for 2 OFDM symbols
From the demodulation performance point of view, no performance difference is expected between the two options. From the usage scenario point of view, in TDD mode, PUCCH format 0 can be transmitted in the special slot to realize fast feedback. For the special slot, UL symbols (if present) are usually allocated in the last few OFDM symbols, and thus we propose to adopt option 1, i.e., transmit PUCCH on the last one or two OFDM symbols of one slot for FR2.

Proposal 2: For format 0 in FR2, startingSymbolIndex = 13 for 1 OFDM symbol, and startingSymbolIndex = 12 for 2 OFDM symbols.
3) Test parameters for format 1

For PUCCH format 1, it is FFS whether to use ACK miss detection probability as one test metric.
· Test metric

· DTX to Ack probability <1%

· [Missed Ack probability < 1%] 

· NACK2ACK probability < 0.1%

For NR PUCCH format 1 with 2 bits, 3 companies simulated ACK miss detection performance and NACK to ACK performance at the last meeting [2], and all the results showed that NACK to ACK is the limiting factor. Therefore, it was agreed to use NACK to ACK as one requirement, and some companies thought that it is redundant to use ACK miss detection as a second requirement. 
As known, in LTE, ACK miss detection probability is defined as the requirement for all the PUCCH tests carrying A/N bits. In addition, NACK to ACK probability is defined as a second requirement, when the NACK to ACK performance is limiting factor compared with ACK miss performance [3] [4].
From the receiver algorithm point of view, the setting of the threshold should consider the performance tradeoff between the ACK miss detection and NACK to ACK. If only the NACK to ACK probability is measured, the ACK miss probability cannot be checked. So, we propose to follow the LTE approach, and define ACK miss detection requirement as well as NACK to ACK requirement for PUCCH format 1.
Proposal 3: For format 1, define ACK miss detection requirement as well as NACK to ACK requirement.
4) Test parameters for format 2

The time domain allocation of PUCCH format 2 in FR2 is still open:

· For FR2
· Option 1: 
· startingSymbolIndex = 13 for 1 OFDM symbol
· startingSymbolIndex = 12 for 2 OFDM symbols 
· Option 2: 
· startingSymbolIndex = 11 for 1 OFDM symbol
· startingSymbolIndex = 10 for 2 OFDM symbols
Similar to the above discussion on format 0, we propose to adopt option 1, i.e., transmit PUCCH on the last one or two OFDM symbols of one slot for FR2.

Proposal 4: For format 2 in FR2, startingSymbolIndex = 13 for 1 OFDM symbol, and startingSymbolIndex = 12 for 2 OFDM symbols.
The following agreement was reached regarding the test metric for format 2 with less than 12 bits:

· Test metric
· If number of bits <= 11 

· DTX to Ack probability <1% and Missed Ack probability < 1%

· FFS NACK2ACK < 0.1% 

Following the above discussion on the test metric for format 1, we propose to define NACK to ACK requirement for format 2 if it is the limiting factor compared with ACK miss requirement. 
Proposal 5: For format 2, define NACK to ACK requirement if it is the limiting factor compared with ACK miss requirement. 
5) Test parameters for format 3 and 4
For format 3 and 4, it is FFS whether to use additional DMRS in FR2:
· DMRS pattern:

· FR1: 

· Without additional DMRS for all cases 

· With additional DMRS for cases with the number of OFDM symbols more than 9 

· FR2: 

· Without additional DMRS

· FFS with additional DMRS 

Whether it is beneficial to use additional DMRS highly depends on the channel model, especially the Doppler frequency. But currently the BS demodulation simulation for FR2 is based on AWGN channel.

So we propose to include with and without additional DMRS for the time being, and make decision later based on the simulation under fading channel.
Proposal 6: For format 3 and 4 in FR2, include with and without additional DMRS for the time being, and make decision later based on the simulation under fading channel.
3. Conclusions
This contribution discussed NR PUCCH demodulation requirements, and had the following proposals:
Proposal 1: For frequency domain allocation, adopt option 1, i.e., startingPRB = 0, secondHopPRB = the largest PRB index - nrofPRBs.

Proposal 2: For format 0 in FR2, startingSymbolIndex = 13 for 1 OFDM symbol, and startingSymbolIndex = 12 for 2 OFDM symbols.
Proposal 3: For format 1, define ACK miss detection requirement as well as NACK to ACK requirement.

Proposal 4: For format 2 in FR2, startingSymbolIndex = 13 for 1 OFDM symbol, and startingSymbolIndex = 12 for 2 OFDM symbols.
Proposal 5: For format 2, define NACK to ACK requirement if it is the limiting factor compared with ACK miss requirement. 
Proposal 6: For format 3 and 4 in FR2, include with and without additional DMRS for the time being, and make decision later based on the simulation under fading channel.
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