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Introduction
At the RAN1 #94 meeting, UL signals and channels for NR-U operation was discussed based on [1], and RAN1 made following agreements [2]. 
	Agreement:
· For scenarios in which a block-interlaced waveform is used for PUCCH/PUSCH, it has been identified that from FDM-based user-multiplexing standpoint it can be beneficial to have UL channels on a common interlace structure, at least for PUSCH, PUCCH, associated DMRS, and potentially PRACH
· Note: This is only from a user-multiplexing perspective. Other aspects of PRACH design need to be considered, i.e., timing estimation accuracy, miss detection rate, PAPR, RACH capacity, transmission power
· For scenarios in which a contiguous allocation for PUSCH and PUCCH is used, it is beneficial to use contiguous resource allocation for PRACH
· FFS: Potential LBT blocking due to TA difference between FDM’d PUSCH, PUCCH, and PRACH

Agreement:
· For scenarios in which a block-interlaced waveform is used for UL transmission, a PRB-based block-interlace design has been identified as beneficial at least for 15 and 30 kHz SCS, and potentially for 60 kHz SCS
· Link budget limited cases with given PSD constraint
· It is observed that power boosting gains decrease with increasing SCS
· As one option to efficiently meet the occupied channel bandwidth requirement
· Comparatively less specification impact than Sub-PRB interlace design 
· Design for 60 kHz requires further discussion, e.g., sub-PRB vs. PRB-based block interlace designs
· The following has been observed for sub-PRB block interlace designs
· In some scenarios sub-PRB interlacing can be beneficial in terms of power boosting
· FFS: scenario details, e.g., small resource allocations
· Sub-PRB interlace design has at least the following specification impact:
· Reference signal design (e.g., DMRS)
· Channel estimation aspects
· Resource allocation

Agreement:
· It has been identified as beneficial to support a block-interlaced structure in which the number of interlaces (M) decreases with increasing SCS, and the nominal number of PRBs per interlace (N) is similar for each SCS (in a given bandwidth) at least for 15 and 30 kHz SCS, and potentially 60 kHz depending on supported interlace design
· FFS: M and N for each supported SCS
· FFS: 60 kHz in case a sub-PRB interlace is introduced

Agreement:
· From a RAN1 perspective it has been identified that supporting a non-uniform interlace structure in which the number of PRBs per interlace is allowed to be different for different interlaces is beneficial from a spectrum utilization point of view
· FFS: Exact number of PRBs per interlace for supported value(s) of M and N
· Note: M is the number of interlaces and N is the nominal number of PRBs per interlace in a given bandwidth
· FFS: Whether or not there are issues in the interlace design in the resource allocation to 2^n1*3^n2*5^n3 in the case of DFT-s-OFDM



In this contribution, we discuss on PRACH and PUCCH design for NR-U operation. 

Discussion 
PRACH design for NR-U
NR-PRACH needs to be redesigned for NR-U since bandwidth of NR-PRACH in FR1 is at most 4.2 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 extended PRACH numerology for NR-U-PRACH and consecutive preamble which can meet OCB requirement
Option 2: Support interlaced resource allocation for NR-U-PRACH in same numerology with NR-PRACH

As an example, in option 1, PRACH for NR-U sub-7 GHz band additionally supports 60 kHz SCS and sequence length 283. Bandwidth of NR-U-PRACH in new format is 16.98 MHz and it meets OCB requirement without interlacing. In terms of autocorrelation property, performance degrades with interlace transmission [4]. It is beneficial to support option 1 in which detection performance degradation can be avoided.
On the other hand, 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, transmission power per sub carrier can be strong with short sequence and interlacing. In terms of capacity, option 1 and 2 seem to be approximately equal with multiplexing in interlace number for option 2. 

Table 1 shows PRACH numerologies for NR-U sub-7 GHz band adding new numerologies as an example. 

Table 1: Example of NR-U-PRACH configurations 
	SCS [kHz]
	Sequence Length
	Sequence BW [MHz]

	1.25
	839
	1.04875

	5
	839
	4.195

	15
	139
	2.085

	30
	139
	4.17

	15
	1129
	16.94

	30
	569
	17.07

	60
	139
	8.34

	60
	283
	16.98



In addition, we think it is possible and beneficial to consider both of option 1 and option 2 to utilize wide bandwidth without losing coverage/capacity so much. In option 2, some companies are discussing which interlace unit is better for PRACH. We think additionally, sub-carrier based interlace can have some advantage in terms of reducing PAPR compared with PRB based interlace approach which is included in sub-RB based interlace method. 

Proposal 1: For NR-U PRACH design, both of consecutive waveform approach with new numerologies and interlacing approach should be considered.


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: Subcarrier based interlace
Option 2: PRB based interlace 
Option 3: PRB repetition based interlace 

Each options are shown in figure 1 (a), (b) and (c) respectively. Since the number of PUCCH PRBs for format {0, 1, 4} in frequency domain is 1, option 2 approach cannot work.  For PUCCH format {0, 1, 4} transmission, option 1 or 3 can work. Option 1 has an advantage to increase transmission power per sub-carrier. On the other hand, PUCCH transmitted with option 3 approach allows easier multiplexing in frequency domain with other PRB base interlaced UL data. 
To transmit PUCCH format {2, 3}, it seems better to apply option 2 to keep transmission power per sub-carrier and to achieve efficient multiplexing with other UL data signals.
Therefore, we propose to consider all approaches to transmit PUCCH in NR-U operation
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Figure 1: Approaches for PUCCH transmission

Proposal 2: For NR-U PUCCH design, subcarrier based interlace approach, PRB based interlace approach and PRB repetition based interlace approach should be considered.
[bookmark: _GoBack]

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: For NR-U PRACH design, both of consecutive waveform approach with new numerologies and interlacing approach should be considered.
Proposal 2: For NR-U PUCCH design, subcarrier based interlace approach, PRB based interlace approach and PRB repetition based interlace approach should be considered.
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