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Introduction
At the RAN1 NR #92-bis meeting, potential physical layer channel design for NR-U operation was discussed based on [1], and RAN1 made following agreements [2]. 
	Agreements:
· Study the design changes needed to support the following channels /signals in NR-U
· PDCCH/PDSCH
· PUCCH/PUSCH
· PSS/SSS/PBCH
· PRACH
· DL and UL reference signals applicable to the operational frequency range


In this contribution, we discuss on UL signals and channels for NR-U operation. 

Discussion 
PRACH design for NR-U
We think that NR-PRACH needs to be redesigned for NR-U since bandwidth of NR-PRACH in FR1 is at most 4.32 MHz and it cannot meet the COB requirement in EU regulation [3]. Possible strategies of NR-PRACH enhancement are as followings.
Option 1: Broaden NR-PRACH SCS to support
Option 2: Expand NR-PRACH bandwidth with interlace approach
Option 3: Broaden NR-PRACH sequence length to support

We think it is very simple that PRACH for NR-U sub-7 GHz band additionally supports 60 and 120 kHz SCS at least for short sequence as shown in like Table 1. 
Table 1: Example of NR-U-PRACH configuration (Option 1 approach) 
	SCS [kHz]
	Sequence Length
	Sequence BW [MHz]
	Frequency Range

	1.25
	839
	1.04875
	FR1

	5
	839
	4.195
	FR1

	15
	139
	2.085
	FR1

	30
	139
	4.17
	FR1

	60
	139
	8.34
	FR1, FR2

	120
	139
	16.68
	FR1, FR2

	240
	139
	33.36
	FR2




It may be possible that PRACH for NR-U sub-7 GHz band additionally supports middle length of sequence (e.g. 283 and/or 421) to support larger capacity than that in case with short sequence length as shown in Table 2. 



Table 2: Example of NR-U-PRACH configuration (Option 3 approach) 
	SCS [kHz]
	Sequence Length
	Sequence BW [MHz]
	Frequency Range

	1.25
	839
	1.04875
	FR1

	5
	839
	4.195
	FR1

	15
	283
	4.245
	FR1

	30
	283
	8.49
	FR1

	60
	283
	16.98
	FR1

	15
	139
	2.085
	FR1

	30
	139
	4.17
	FR1

	60
	139
	8.34
	FR2

	120
	139
	16.68
	FR2

	240
	139
	33.36
	FR2



Option 2 can potentially achieve efficient FDM between PRACH and other UL channel such as PUSCH based on eLAA-like Block-interleaved FDMA design. In addition, we think it is possible and beneficial to combine option 1 or 3 with option 2 to utilize wide bandwidth without losing coverage/capacity so much. 

Proposal 1: RAN1 needs to discuss the approaches for PRACH design for NR-U operation with considering regional regulations.

PUCCH design for NR-U
At least some NR-PUCCH design such as PUCCH format {1, 3, 4} also needs to be redesigned for NR-U to meet the COB requirement. Possible approaches of PUCCH enhancement are as followings.
Option 1: Expand NR-PUCCH bandwidth with interlace approach
Option 2: Send copies of NR-PUCCH in multiple RBs
Option 3: Broaden the number of frequency hopping for long PUCCH to support

[bookmark: _GoBack]When the format RB size is 1, option 1 cannot work alone but combination of option 1 and 2 can work. Compared with option 2 alone, it seems better to use option 1 and 2 together in terms of resource utilization efficiency and coverage. On the other hand, option 3 can work alone but it cannot work with short PUCCH format. 
In unlicensed band, there are some possibilities that any interference from hidden node comes to receiving entity. So we think that it may be possible to use the combination of option 1 and 2 to provide the reliability of PUCCH.

Proposal 2: RAN1 needs to discuss the approaches for PUCCH design for NR-U operation with considering regional regulations. 

Conclusion 
In this contribution, we discussed on UL signals and channels for NR-U operation. Based on the discussion above, we made following proposals. 

Proposal 1: RAN1 needs to discuss the approaches for PRACH design for NR-U operation with considering regional regulations.

Proposal 2: RAN1 needs to discuss the approaches for PUCCH design for NR-U operation with considering regional regulations. 
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