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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 presents our views on NR PUCCH demodulation requirements.

2. Discussion
1) PUCCH format
The following agreement was reached regarding PUCCH format:

· Format:

· Requirements will be defined for PUCCH format 0/1/2/3

· FFS PUCCH format 4.

· The applicability for each format are based on BS declaration 

In our contribution for the last meeting [2], we have summarized the main characteristics of different PUCCH formats according to RAN1/2 specifications. It is seen that for the 5 PUCCH formats, the payload size, time and frequency resource allocation, DMRS configuration, etc, are quite different. So, it is important to cover all the 5 PUCCH formats in demodulation tests, to ensure all of them can work well in practical systems.
Proposal 1: Define requirements for PUCCH format 4.
2) UCI payload and test metric
The channel coding schemes for different payload sizes are summarized in Table 5.3.3-1 of TS 38.300 and copied below. Note that code block segmentation and CRC attachment is performed when the payload size is no smaller than 12. For selecting the UCI payload size, one criterion is to cover all the 4 channel coding schemes. 
Table 1: Channel coding for uplink control information (Table 5.3.3-1 of TS 38.300)
	Uplink Control Information size including CRC, if present
	Channel code

	1
	Repetition code

	2
	Simplex code

	3-11
	Reed Muller code

	>11
	Polar code


In the WF agreed in the last meeting, 1, 2, [4], [16] bits payload size was listed as an option respectively for format 0, 1, 2, 3. We are fine with these values, and additionally, propose to use 16 bits payload size for format 4. 
Considering the UCI content for format 2/3/4, our preference is to carry ACK/NACK bits in format 2 and carry CSI bits in format 3/4.
Proposal 2: Payload sizes for format 2/3/4 are 4/16/16 respectively. Carry ACK/NACK bits in format 2 and carry CSI bits in format 3/4.
3) Test metric

For PUCCH carrying CSI, similarly to LTE PUCCH test, false alarm probability and block error probability are proposed as the test metric.

Proposal 3: For PUCCH carrying CSI, use false alarm probability and block error probability as the test metric.
4) Frequency-domain location
It was agreed to enable intra-slot frequency hopping for PUCCH (if applicable) in the last meeting. In the following, we will discuss how to configure the PRBs to be used before and after frequency hopping.

According to RAN1/2 specifications, in case frequency hopping is configured for PUCCH format 1, 3, or 4, the number of symbols in the first hop is given by [image: image1.wmf]ë
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 is the length of the PUCCH transmission in OFDM symbols. Moreover, the frequency resource for the 2nd hop is configurable, and an index of the first PRB after frequency hopping is indicated by higher layer parameter. 
To simplify the demodulation test setup, we can assume that the first PUCCH PRB prior to frequency hopping is the lowest PRB under test, and the last PUCCH PRB after frequency hopping is the highest PRB under test.
For PUCCH format 0/2 with 1-symbol duration and no frequency hopping, the first PUCCH PRB is the lowest PRB under test.
Proposal 4: 
· For PUCCH format 1/3/4 and format 0/2 with 2-symbol duration, the first PUCCH PRB prior to frequency hopping is the lowest PRB under test, and the last PUCCH PRB after frequency hopping is the highest PRB under test.

· For PUCCH format 0/2 with 1-symbol duration, the first PUCCH PRB is the first PRB within the lowest PRB under test.

5) Multi-user PUCCH
Multiple users can be multiplexed in the same time and frequency resource for some PUCCH formats such as format 0, 1 and 4. 
In RAN4 #86bis, it was agreed to study multiple user test cases after single user tests cases are completed, if needed [3]. 

In our view, the multi-user PUCCH performance needs to be verified to ensure its performance in real systems. It is also noted that for LTE, the requirements for multi user PUCCH format 1a is defined.
Proposal 5: Cover multi-user PUCCH test.

6) Rx antenna number

The following agreements on Rx antenna number was reached in the last meeting:

· Rx:

· Option 1: For conducted, 2, 4 and 8Rx are included
· Other options are not precluded 

· For simulation alignment, use 2Rx 
For FR1 BS receiver with conducted test, similarly to LTE PUCCH tests, it is suggested to cover 2, 4 and 8 Rx antennas for NR PUCCH demodulation requirements. 
Proposal 6: For conducted test, 2, 4 and 8Rx are included.
7) Modulation order

Pi/2-BPSK can be used for PUCCH format 3/4. It is proposed to cover pi/2-BPSK in the test, and its test applicability can be discussed later.

Proposal 7: Cover pi/2-BPSK in the test, and its test applicability can be discussed later.
8) DMRS

Considering whether to configure additional DMRS for PUCCH format 3/4, similarly to the discussion on NR PUSCH DMRS, we think it depends on the propagation conditions. Therefore, the DMRS configuration can be discussed later when the propagation conditions are decided.

Proposal 8: Discuss the DMRS configuration later when the propagation conditions are decided.
3. Conclusions
This contribution presented our views on NR PUCCH demodulation requirements, and had the following proposals:
Proposal 1: Define requirements for PUCCH format 4.
Proposal 2: Payload sizes for format 2/3/4 are 4/16/16 respectively. Carry ACK/NACK bits in format 2 and carry CSI bits in format 3/4.
Proposal 3: For PUCCH carrying CSI, use false alarm probability and block error probability as the test metric.
Proposal 4: 
· For PUCCH format 1/3/4 and format 0/2 with 2-symbol duration, the first PUCCH PRB prior to frequency hopping is the lowest PRB under test, and the last PUCCH PRB after frequency hopping is the highest PRB under test.

· For PUCCH format 0/2 with 1-symbol duration, the first PUCCH PRB is the first PRB within the lowest PRB under test.
Proposal 5: Cover multi-user PUCCH test.

Proposal 6: For conducted test, 2, 4 and 8Rx are included.
Proposal 7: Cover pi/2-BPSK in the test, and its test applicability can be discussed later.
Proposal 8: Discuss the DMRS configuration later when the propagation conditions are decided.
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