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1 Introduction
In RAN1 #97 meeting [1], the following agreement were reached:
Agreement:
For a new enhanced design of NR-U PRACH in addition to the Rel-15 design (sequence length of 139) further discussion is limited to the following options
· ZC sequence of the following lengths
· 15 kHz: Choose one of L_RA=[571, 1151]
· 30 kHz: Choose one of L_RA=[283, 571]
· Repetition of Rel-15 PRACH sequences in frequency domain with potentially some mechanisms to improve the cubic metric
· Consider one of 2 and 4 repetitions for 30 kHz and one of 4 and 8 repetitions for 15 kHz
· Note: Decision will be based on previously agreed evaluation metrics, capacity per cell (i.e., number of preambles per RACH occasion and number of RACH occasions) for the same time and frequency resources, specification impact and implementation complexity.
· Note: Companies should state any deviations in assumptions from the agreed evaluation assumptions.

And some topics are also under discussion in [2]. In this contribution, we discuss the PRACH design for NRU. 
2 Discussion on PRACH design for NR-U
There is a long debate on selection of new PRACH sequence in RAN1#98bis meeting. In this contribution, we simulate the CM for long ZC sequence and repetition with CM reduction which has the best CM performance according to [3] from RAN1#98bis meeting. One should be clarified that as long ZC sequence has more capacity than repetition, the CM compare between long ZC sequence for all root sequence and repetition is unfair. That is to say, we can preclude the logical index larger than 138 in spec directly or we can keep the whole logic index to root sequence mapping table but a smart gNB will never select logic index larger than 138 unless the capacity is not enough in which case repetition would not work.
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Figure 1. Long ZC sequence of all 282 logic index vs repetition of all 138 logic index
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Figure 2. Long ZC (571) of first 138 logic index vs repetition of all 138 logic index
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Figure 3. Long ZC (115) of first 138 logic index vs repetition of all 138 logic index
From Simulation we can found that the CM of first 138 logic index of long ZC sequence is better than repetition with CM reduction. And for repetition with CM reduction, the CM may not be increased by the increasing logic index any more.
Observation 1: The CM of first 138 logic index of long ZC sequence is better than repetition with CM reduction.
Observation 2: For repetition with CM reduction, the CM may not be increased by the increasing logic index any more. 
Proposal 1: For a new enhanced design of NR-U PRACH, long ZC sequence is proposed. It can either keep all logic index of long ZC sequence (but smart gNB would only configure the first 138 ones unless capacity issue happens in which case repetition cannot work) or keep only the first 138 logic index of long ZC sequence.
[bookmark: _GoBack]	For one root ZC sequence, cycling shift can be introduced and different cycling shift of one root ZC sequence means different PRACH sequence. The window/step of cycling shift is NCS defined for Rel-15 NR. The design and configuration of NCS consider the round trip delay of the cell, i.e. NCS determines the cell size. For NRU PRACH, as proposed new length of ZC sequence, NCS should also be designed.
	We can re-design new length of ZC sequence as what have done for length 139 and length 839. Meanwhile, the new PRACH may coexist with legacy one. For NCS design of new length, it’s beneficial that the NCS of time domain window is similar as that of legacy length, i.e. 139. In this way, only one zeroCorrelationZoneConfig value regardless of ZC sequence length could be indicated to UE. For that motivation, we can generate new table based on Y[i] = ceil( X[i]/ len_x * len_y), where X[i] means the N_CS value based on the table of legacy one for index i. Y[i] means the NCS value of the new table for index i, len_x = 139 and len_y = 1150 or 571. 
Figure 1. Example of NCS value
	index
	length 571
	length 1151

	0
	0
	0

	1
	9
	17

	2
	17
	34

	3
	25
	50

	4
	33
	67

	5
	43
	88

	6
	51
	104

	7
	57
	115

	8
	63
	127

	9
	71
	143

	10
	81
	164

	11
	95
	191

	12
	114
	230

	13
	142
	287

	14
	190
	383

	15
	285
	575




Proposal 2: For NCS design of new length, it’s {9, 17, 25, 33, 43, 51, 57, 63, 71, 81, 95, 114, 142, 190, 285} for 571 and {17, 34, 50, 67, 88, 104, 115, 127, 143, 164, 191, 230, 287, 383, 575} for 1151.
3 Summary
In this contribution, we have the following proposals:
Observation 1: The CM of first 138 logic index of long ZC sequence is better than repetition with CM reduction.
Observation 2: For repetition with CM reduction, the CM may not be increased by the increasing logic index any more. 
Proposal 1: For a new enhanced design of NR-U PRACH, long ZC sequence is proposed. It can either keep all logic index of long ZC sequence (but smart gNB would only configure the first 138 ones unless capacity issue happens in which case repetition cannot work) or keep only the first 138 logic index of long ZC sequence.
Proposal 2: For NCS design of new length, it’s {9, 17, 25, 33, 43, 51, 57, 63, 71, 81, 95, 114, 142, 190, 285} for 571 and {17, 34, 50, 67, 88, 104, 115, 127, 143, 164, 191, 230, 287, 383, 575} for 1151.
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