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Introduction
At the RAN1 #93 meeting, UL signals and channel design for NR-U operation was discussed based on [1], and RAN1 made following agreements [2]. 
	Agreement:
· An interlaced waveform can have benefits in some scenarios including
· Link budget limited cases with given PSD constraint
· As one option to efficiently meet the occupied channel bandwidth requirement. 
· A waveform contiguous in frequency may be adequate in some scenarios
· To inherit legacy contiguous allocation designs.
Note: It is RAN1’s understanding that the temporal allowance of not meeting occupied channel bandwidth by regulation can be exploited if the minimum bandwidth requirement, e.g., 2 MHz, is satisfied.


Agreement:
· Support for Rel-15 NR PUCCH formats can be considered. Exclusion of the support of certain formats is to be identified. 
· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 
· It is identified that block-interlaced based PUSCH can be beneficial. 
· It is beneficial to use the same interlace structure for PUCCH and PUSCH. 
· The following aspects can be considered for interlace waveform based PUCCH design:
· Flexible number of OFDM symbols
· Flexible payload size
· User multiplexing
· Number of formats


Agreement:
· Support for Rel-15 NR PRACH formats can be considered. Exclusion of the support of certain formats is to be identified. 
· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 
· It is identified that interlaced based PRACH can be beneficial. 
· The following aspects can be considered for Interlace waveform based PRACH design for 4-step random access:
· Interlacing based on PRB or REs
· Targeted cell sizes
· Targeted PRACH capacity
· Targeted false alarm and detection rates
· Targeted timing estimation accuracy
· Number of formats
· Multiplexing with other channels such as block interlaced PUCCH and PUSCH



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 occupied channel bandwidth (OCB) requirement in EU regulation [3]. Possible strategies of NR-PRACH enhancement are as followings.
Option 1: Support wider SCS for NR PRACH
Option 2: Support interlaced resource allocation for NR PRACH
Option 3: Support new PRACH sequence length

We think option 1 is the simplest approach to meet OCB requirement. As an example, we propose that PRACH for NR-U sub-7 GHz band additionally supports 60 and 120 kHz SCS for short sequence as shown in Table 1. In addition, we think the long sequence is not needed for NR-U because the capacity requirement for NR-U may be smaller than NR in licensed band and the sequence length in time domain is better to be as short as possible in unlicensed band operation..

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
	-

	5
	839
	4.195
	-

	15
	139
	2.085
	FR1

	30
	139
	4.17
	FR1

	60
	139
	8.34
	FR1, FR2

	120
	139
	16.68
	FR1, FR2



Proposal 1: PRACH formats based on long sequence is not supported for NR-U.

Proposal 2: 60 and 120 kHz SCS are supported for PRACH in NR-U operation in sub-7GHz frequency range.


If long sequence is not supported and if the PRACH capacity based on short sequence is concerned, 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 middle length of sequence between 139 and 839 as shown in Table 2. It may be possible to design the PRACH sequence of middle length so that PRACH capacity, bandwidth and sequence length in time domain fits to NR-U operation.

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

	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
	FR1, FR2

	120
	139
	16.68
	FR1, FR2



Proposal 3: Middle length of PRACH sequence can be considered for NR-U.


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 and/or 3 with option 2 to utilize wide bandwidth without losing coverage/capacity so much. In option 2, sub-carrier based interlace can have some advantage in terms of reducing PAPR compared with PRB based interlace approach. 

Proposal 4: Sub-carrier based interlace can be considered for NR-U.


PUCCH design for NR-U
At least some NR-PUCCH design also needs to be redesigned for NR-U to meet the OCB requirement. Possible approaches of PUCCH enhancement are followings.
Option 1: Support interlaced resource allocation for NR PUCCH
Option 2: Support frequency domain repetition for NR PUCCH

Since the number of PUCCH PRBs for format {0, 1, 4} in frequency domain is 1, option 1 with PRB based interlace approach cannot work alone but combination with option 2 can work. In addition, also for option 2, combination with option 1 is beneficial to utilize wide bandwidth with saving coverage loss. Although option 1 with sub-carrier based interlace approach may be able to work alone, combination between sub-carrier based interlace approach and option 2 would be beneficial for robustness. 
In unlicensed band, there is a possibility that interference from hidden node comes to receiving entity. So we think that it is beneficial to use the combination of option 1 and 2 to provide the reliability of PUCCH. The transmission power per sub-carrier can be kept high with option 1 while meeting OCB regulation. Additionally, frequency diversity gain and combining gain are expected with option 2.

Proposal 5: PRB based or sub-carrier based interlace approaches and sending copies of NR-PUCCH in frequency domain can be considered for NR-U. 

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: PRACH formats based on long sequence is not supported for NR-U.

Proposal 2: 60 and 120 kHz SCS are supported for PRACH in NR-U operation in sub-7GHz frequency range.

Proposal 3: Middle length of PRACH sequence can be considered for NR-U.

Proposal 4: Sub-carrier based interlace can be considered for NR-U.

Proposal 5: PRB based or sub-carrier based interlace approaches and sending copies of NR-PUCCH in frequency domain can be considered for NR-U. 
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