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1. Introduction
This contribution is revised from [1]. In this contribution, we would like to discuss some issues related to PRACH sequence and RO configuration. Some related agreements in previous meetings are listed in the Appendix.
2. Discussion
PRACH sequence
In the last meeting, to meet OCB requirement for PRACH transmission, it is agreed to further study the following two alternatives, in which Alt.1 uses the legacy NR PRACH sequence while Alt.2 requires new sequence design. From the perspective of standardization and implementation work effort, Alt.1 should be supported. 
· Alt 1: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency
· Alt 2: A single PRACH sequence mapped to contiguous PRBs according to one of the following alternatives
· Alt 2.1: ZC sequence with longer length than 139
· Alt 2.2: New sequence with longer length than 139
Proposal 1: To meet OCB requirement for PRACH transmission, support Alt 1, i.e. legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency.

RO configuration
In NR Rel-15, for the short preamble formats, i.e. PRACH formats with sequence of 139, time-domain RACH occasions (ROs) are configured continuously within a PRACH slot. One example is as illustrated in Figure 1. In addition, the Guard Time of each format is shown in Table 1. Therefore, assuming the LBT for PRACH takes at least 25 us (it would take a longer time if it is Cat-4 LBT), for the most of the short preamble formats, there would be no enough extra space in the GT period for LBT between two neighboring time-domain ROs. That means the transmission on the prior RO would block the later one, resulting in wasting resources, reducing PRACH capacity and increasing latency. RO configuration should be enhanced to avoid potential blocking between neighboring time-domain ROs.


Figure 1. Example of time-domain ROs within a PRACH slot.
Table 1. Guard Time of short preamble formats
	Format
	

	

	

	PRACH duration
	Guard Time

	
	
	
	
	
	
	15 kHz
(us)
	30 kHz
(us)
	60 kHz
(us)

	[bookmark: _Hlk494194986]A1
	

	

	

	2
	0
	0
	0
	0

	A2
	

	

	

	4
	0
	0
	0
	0

	A3
	

	

	

	6
	0
	0
	0
	0

	B1
	

	

	

	2
	
	2.34
	1.17
	0.59

	B2
	

	

	

	4
	
	7.03
	3.52
	1.76

	B3
	

	

	

	6
	
	11.72
	5.86
	2.93

	B4
	

	

	

	12
	
	25.78
	12.89
	6.45

	C0
	

	

	

	2
	
	35.68
	17.84
	8.92

	C2
	

	

	

	6
	
	94.79
	47.40
	23.70


Observation 1：Based on RO configuration in NR Rel-15, there would be no enough blank period for LBT between neighboring time-domain ROs.
[bookmark: _GoBack]Proposal 2: For NR-U, NR Rel-15 RO configuration should be enhanced to avoid potential blocking between neighboring time-domain ROs. 

3. Conclusion
Proposals in this contribution are summarized as following:
Proposal 1: To meet OCB requirement for PRACH transmission, support Alt 1, i.e. legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency.
Observation 1：Based on RO configuration in NR Rel-15, there would be no enough blank period for LBT between neighboring time-domain ROs.
Proposal 2: For NR-U, NR Rel-15 RO configuration should be enhanced to avoid potential blocking between neighboring time-domain ROs.

Appendix
RAN1#93 [2]
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

RAN1#94 [3]
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.

RAN1#96 [4]
Agreement:
LBT other than Cat4 is not considered for UL transmissions that are part of a RACH procedure that initiate a channel occupancy
· Note: This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths

RAN1#96bis [5]
Agreement:
PRB/RE-interlaced PRACH is not considered further. Consider the following alternatives should be studied further as options.
· Alt 1: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency
· FFS: Guard bands between repetitions
· FFS: Number of repetitions
· FFS: Whether repetitions are constrained to be contiguous in frequency or not
· Alt 2: A single PRACH sequence mapped to contiguous PRBs according to one of the following alternatives
· Alt 2.1: ZC sequence with longer length than 139
· Alt 2.2: New sequence with longer length than 139
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Assume Format B1, starting symbol is #2, number of ROs within a PRACH slot is 6
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