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1. Introduction

NR BS 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) MIMO
According to TS 38.211, single antenna port transmission are defined for NR PUCCH, thus 1 Tx antenna can be set in the demodulation test. 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 1: Cover 1 Tx antenna and 2/4/8 Rx antennas.

2) PUCCH formats
As seen from Table 1 (copied from Table 6.3.2.1-1 in TS 38.211), 5 PUCCH formats are specified for NR. PUCCH format 0/2 with short time duration are designed mainly for fast feedback, and format 1/3/4 with long time duration are designed mainly for better coverage performance. 

Table 1: PUCCH formats (Table 6.3.2.1-1 in TS 38.211)

	PUCCH format
	Length in OFDM symbols 
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	Number of bits

	0
	1 – 2
	≤2

	1
	4 – 14
	≤2

	2
	1 – 2
	>2

	3
	4 – 14
	>2

	4
	4 – 14
	>2


In Table 2, we summarized the main characteristics of different PUCCH formats according to the current version of TS 38.211/212/213/300. As stated in TS 38.300, generally, the short PUCCH format of up to two UCI bits is based on sequence selection, while the short PUCCH format of more than two UCI bits frequency multiplexes UCI and DMRS. The long PUCCH formats time-multiplex the UCI and DMRS. Frequency hopping is supported for long PUCCH formats and for short PUCCH formats of duration 2 symbols. Long PUCCH formats can be repeated over multiple slots.

Table 2: Summary of main characteristics of different PUCCH formats
	PUCCH format
	Occupied RB number
	DMRS
	Basic feature

	0
	1 RB
	No
	· Low-PAPR sequence selection based, i.e., cyclic shift is selected depends on the information to be transmitted
· Frequency hopping can be enabled for 2-symbol PUCCH

	1
	1 RB
	· Low-PAPR sequence 
· UCI and DMRS are TDM multiplexed, i.e., occupy different symbols
	· UCI is BPSK or QPSK modulated

· UCI is multiplied with a low-PAPR sequence in frequency domain and with a OCC in time domain
· Frequency hopping can be enabled

	2
	1-16 RBs
	· Pseudo-random sequence 
· UCI and DMRS are FDM multiplexed, i.e., occupy different REs
	· UCI is QPSK modulated

· Frequency hopping can be enabled for 2-symbol PUCCH

	3
	1,2,3,4,5,6,8,9,10,12,15 or 16 RBs:

· 
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 is a set of non-negative integers
· Maximal allowed RB number is 16
	· Low-PAPR sequence 
· UCI and DMRS are TDM multiplexed, i.e., occupy different symbols
· Additional DM-RS can be configured for PUCCH length of 10 or more symbols
	· UCI is QPSK or π/2-BPSK modulated

· Transform precoding (DFT) is applied

· Frequency hopping can be enabled

	4
	1 RB
	· 
	· UCI is QPSK or π/2-BPSK modulated

· OCC based spreading before DFT is applied
· Transform precoding (DFT) is applied

· Frequency hopping can be enabled

	Note: Format 1/3/4 can be repeated over multiple slots.


It is obvious 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.
Proposal 2: Cover all the 5 PUCCH formats.
3) UCI payload size

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 3: 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


Proposal 3: Cover all the 4 channel coding schemes when selecting the UCI payload size.
4) Frequency-domain location and intra-slot frequency hopping
As seen in Table 2, intra-slot frequency hopping can be configured for NR PUCCH format 1/3/4 and format 0/2 with 2-symbol duration. Moreover, as stated in sub-clause 6.3.2.1 of TS 38.211, 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: image4.wmf]ë
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 is the length of the PUCCH transmission in OFDM symbols.
As known, frequency hopping is introduced to utilize the channel diversity gain and improve link performance for PUCCH. Thus it is proposed to enable frequency hopping for PUCCH format 1/3/4 and format 0/2 with 2-symbol duration in the demodulation test.
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 first PRB within the channel bandwidth, and the last PUCCH PRB after frequency hopping is the last PRB within the channel bandwidth.
For PUCCH format 0/2 with 1-symbol duration and no frequency hopping, the first PUCCH PRB is the first PRB within the channel bandwidth.
Proposal 4: 
· For PUCCH format 1/3/4 and format 0/2 with 2-symbol duration, intra-slot frequency hopping is enabled; the first PUCCH PRB prior to frequency hopping is the first PRB within the channel bandwidth, and the last PUCCH PRB after frequency hopping is the last PRB within the channel bandwidth.

· For PUCCH format 0/2 with 1-symbol duration, the first PUCCH PRB is the first PRB within the channel bandwidth.

5) Long PUCCH over multi-slots
Long PUCCH formats can be repeated over multiple slots in order to improve the coverage. It should be discussed whether to cover long PUCCH over multi-slots and check PUCCH demodulation performance in low SINR region.
Proposal 5: Discuss whether to cover long PUCCH over multi-slots.
6) Multi-user PUCCH
Multiple users can be multiplexed in the same time and frequency resource for some PUCCH formats such as format 1 and 4. 
In the last meeting, it was agreed to study multiple user test cases after single user tests cases are completed, if needed [1]. 

In our view, the multi-user PUCCH performance needs to be verified to ensure its performance in practical systems. It is also noted that for LTE, the requirements for multi user PUCCH format 1a is defined.
Proposal 6: Cover multi-user PUCCH test.

7) Normal or extended CP

Extended CP is supported for NR control with 60 kHz sub-carrier spacing. Whether to cover the requirements for extended CP for 60 kHz sub-carrier spacing needs further discussion.

Proposal 7: Discuss whether to cover extended CP for 60 kHz sub-carrier spacing.
3. Conclusions
This contribution presented our views on NR PUCCH demodulation requirements, and had the following proposals:
Proposal 1: Cover 1 Tx antenna and 2/4/8 Rx antennas.

Proposal 2: Cover all the 5 PUCCH formats.
Proposal 3: Cover all the 4 channel coding schemes when selecting the UCI payload size.
Proposal 4: 
· For PUCCH format 1/3/4 and format 0/2 with 2-symbol duration, intra-slot frequency hopping is enabled; the first PUCCH PRB prior to frequency hopping is the first PRB within the channel bandwidth, and the last PUCCH PRB after frequency hopping is the last PRB within the channel bandwidth.

· For PUCCH format 0/2 with 1-symbol duration, the first PUCCH PRB is the first PRB within the channel bandwidth.

Proposal 5: Discuss whether to cover long PUCCH over multi-slots.
Proposal 6: Cover multi-user PUCCH test.

Proposal 7: Discuss whether to cover extended CP for 60 kHz sub-carrier spacing.
4. Reference
[1] R4-1806015, Way forward on NR BS demodulation performance, Huawei, Nokia, Nokia Shanghai Bell, Ericsson, Samsung, RAN4 #86bis, Apr 2018.
[2] TS 38.211

[3] TS 38.212

[4] TS 38.213

[5] TS 38.300
4

[image: image1.wmf]PUCCH

symb

N

_1579544871.unknown

