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1. Introduction

In RAN1#96bis meeting [1], the following agreements were made related to PRACH sequence/mapping for NR-U.
	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


In this contribution, we provide evaluation results of PRACH sequence repetition in frequency domain preferred for NR-U.
2. Performance evaluations 

In this section, evaluation results of PRACH preamble mapping in frequency domain based on the assumption agreed in In RAN1 AH-1901 meeting are presented. The evaluation assumptions are summarized in Table A-1 in Appendix A. For the performance comparison of different PRACH preamble mapping, following three cases are considered in this evaluation. 
(1) Case 1: Contiguous mapping of single PRACH sequence (Rel-15 NR)

(2) Case 2: Repetition of two PRACH sequences in frequency domain (Alt4-ZC139x2)
(3) Case 3: Repetition of four PRACH sequences in frequency domain (Alt4-ZC139x4)
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Figure 1. Different PRACH preamble mapping cases for performance evaluations.
Figure 1 shows three cases of different PRACH preamble mapping considered in the performance evaluations. For Case 1 in the figure, length-139 PRACH sequence is mapped on consecutive 12 RBs as in Rel-15 NR. 
For Case 2 in the figure, two PRACH sequences are repeatedly mapped in non-contiguous manner with interval of 39 RBs to satisfy the OCB requirement where each of two sequences is mapped on consecutive 12 RBs, respectively. In this Case 2, the sequence hopping (with different cyclic shift) is considered across PRACH sequences in order to achieve good PAPR and/or CM property. 
For Case 3 in this figure, four PRACH sequences are repeatedly mapped in non-contiguous manner with interval of 1 RB between the sequences, and each of four sequences is mapped on consecutive 12 RBs, respectively. In this Case 3, the sequence hopping (with different root index and/or cyclic shift) is also considered across PRACH sequences in order to achieve good PAPR and/or CM property.
2.1. Miss-detection rate and false alarm probability
Figure 2 shows the miss-detection rate based on the 0.1 % maximum false alarm probability in TDL-C channel with delay spread 100ns, and the false alarm probability of each case is shown in Figure 3. As seen in Figure 2, considering 1% miss-detection rate requirement, the frequency domain repetition of two PRACH sequences can achieve better miss-detection performance (relatively larger gain compared to 3 dB power gap) than the legacy Rel-15 NR PRACH mapping. In addition, the repetition of four PRACH sequences can also achieve much better miss-detection performance (relatively larger gain compared to 6 dB power gap) than the legacy Rel-15 NR PRACH mapping.
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Figure 2. Miss-detection rate for different cases in TDL-C channel with delay spread 100ns.
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Figure 3. False Alarm Probability for different cases in TDL-C channel with delay spread 100ns.
Observation #1: Both F-domain repetition of two PRACH sequences and F-domain repetition of four PRACH sequences could provide much better miss-detection performance than the legacy Rel-15 NR PRACH mapping.

2.2. Timing estimation error performance
Figure 4 shows the CDF of timing estimation error based on the 1% maximum miss-detection probability in TDL-C channel with delay spread 100ns. The operating SNRs for CDF of timing estimation error are considered as -5 dB for Case 1, -9 dB for Case 2, and -11 dB for Case 3, respectively, based on the miss-detection rate in Figure 2. As seen in Figure 4, both frequency domain repetition of two PRACH sequences and the repetition of four PRACH sequences could provide similar timing estimation performance as the legacy Rel-15 NR PRACH mapping.
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Figure 4. Timing estimation error for different cases in TDL-C channel with delay spread 100ns.
Observation #2: Both F-domain repetition of two PRACH sequences and F-domain repetition of four PRACH sequences could provide similar timing estimation performance as the legacy Rel-15 NR PRACH mapping.

2.3. MCL calculation results
In RAN1#96 meeting, the MCL calculation table for PRACH preamble mapping was agreed. Table 1 shows MCL calculation results for the Case 1/2/3 in Figure 1. In the table, the SNRs (dB) are determined based on the 1% miss-detection rate in Figure 2, and the Backoff (dB) are obtained from the 95% percentile of CCDF of CM for PRACH signal generated based on each of the cases.

Table 1. MCL for different PRACH preamble mapping (Case 1/2/3).
	Parameter
	Value
	Value
	Value

	Scheme
	Rel-15 (Case 1)
	Alt4-ZC139x2 (Case 2)
	Alt4-ZC139x4 (Case 3)

	SCS
	30 kHz
	30 kHz
	30 kHz

	PRACH sequence length (L_RA)
	139
	139
	139

	# of repetition (R)
	1
	2
	4

	N_cs
	11
	11
	11

	# of RBs used for one RO (N_RB)
	12
	24
	48

	# of interlaces used by one RO (N_interlace)
	-
	-
	-

	RACH frequency occupancy (MHz)
	30k*139*1 = 4.17M
	30k*139*2 = 8.34M
	30k*139*4 = 16.68M

	Noise level, Np (dBm)
	-174 + 10log10(4.17M) + 5 = -102.8
	-174 + 10log10(8.34M) + 5 = -99.8
	-174 + 10log10(16.68M) + 5 = -96.8

	SNR (dB)
	-5
	-9.4
	-11.9

	P_max (dBm)
	10+10log10(4.17) = 16.2
	10+10log10(8.34) = 19.2
	10+10log10(16.68) = 22.2

	Backoff (dB)
	1.9750
	2.127
	3.079

	P_TX (dBm)
	min(16.2, 23-1.9750) = 16.2
	min(19.2, 23-2.127) = 19.2
	min(22.2, 23-3.079) = 19.921

	MCL (dB)

= P_TX-SNR-Np
	16.2-(-5)-(-102.8) = 124.0
	19.2-(-9.4)-(-99.8) = 128.4
	19.921-(-11.9)-(-96.8) = 128.621

	N_FDM

(# of ROs in 20MHz)
	4
	1
	1

	Capacity
	4*138*12 = 6624
	1*138*12 = 1656
	1*138*12 = 1656


As seen in the above Table 1, the frequency domain repetition of two PRACH sequences can achieve better MCL (4.4 (dB) more) than the legacy Rel-15 NR PRACH mapping. In addition, the frequency domain repetition of four PRACH sequences can also provide better MCL (4.621 (dB) more) than the legacy Rel-15 NR PRACH mapping. Note here that, even though two sequence repetition uses less transmit power and less frequency resources than four sequence repetition, it is revealed that almost same MCL could be obtained by the two approaches.
Observation #3: Both two PRACH sequence repetition and four PRACH resource repetition could provide better MCL than the legacy Rel-15 NR PRACH mapping.

Observation #4: Two PRACH sequence repetition and four PRACH resource repetition could obtain almost same MCL, even though the former uses less transmit power and less frequency resources than the latter.

In summary, it is expected that the frequency domain repetition of two PRACH sequences could well operate under NR-U environments in terms of the miss-detection rate, timing estimation performance and MCL. 

Observation #5: F-domain repetition of two PRACH sequences could well operate under NR-U environments in terms of the miss-detection rate, timing estimation performance and MCL.
3. Conclusion
We provided evaluation results on the PRACH preamble mapping in frequency domain for NR-U, and the observations are as follows.
Observation #1: Both F-domain repetition of two PRACH sequences and F-domain repetition of four PRACH sequences could provide much better miss-detection performance than the legacy Rel-15 NR PRACH mapping.
Observation #2: Both F-domain repetition of two PRACH sequences and F-domain repetition of four PRACH sequences could provide similar timing estimation performance as the legacy Rel-15 NR PRACH mapping.
Observation #3: Both two PRACH sequence repetition and four PRACH resource repetition could provide better MCL than the legacy Rel-15 NR PRACH mapping.
Observation #4: Two PRACH sequence repetition and four PRACH resource repetition could obtain almost same MCL, even though the former uses less transmit power and less frequency resources than the latter.
Observation #5: F-domain repetition of two PRACH sequences could well operate under NR-U environments in terms of the miss-detection rate, timing estimation performance and MCL.
4. Reference

[1] RAN1#96bis chairman’s note
5. Appendix A
Table A-1. Assumptions and parameters used for the performance evaluations.
	Parameter
	Value

	Carrier frequency
	5 GHz

	Channel model
	TDL-C

	Delay scaling
	100ns

	Antenna configuration at BS
	(M,N,P) = (1,1,2) with omni-directional antenna element

	Antenna configuration at UE
	Single omni-directional antenna element

	Frequency offset
	0.05ppm (fixed) at TRP, and 0.1 ppm (fixed) at UE

	UE speed
	3 km/h

	Initial timing offset
	Uniformly distributed in [0, 1.2 µs (corresponding to 300 m ISD)]

	PRACH format
	A1 (4.7 us CP + 2×33.3 us symbols) with randomly-selected root sequence and cyclic shift (NCS = 11)

	Subcarrier spacing
	30 kHz

	Maximum timing estimation error
	50% of the normal CP length
(the normal CP length = 2.34 us @ 30kHz SCS)

	Definition of SNR
	Received signal power to noise power ratio on the subcarriers used for PRACH sequence mapping


[image: image5.png]0.9
0.8
0.7
0.6

0.5

CDF

0.3
0.2

0.1

30kHz SCS, 100ns Delay Spread, PRACH format Al

-0.4

-0.3

-0.2

-0.1 0 0.1
Timing Estimation Error (us)

—Rel-15
-=-Alt4-ZC139x2
----- Alt4-7ZC139x4

0.2

0.3

0.4



[image: image6.png]False Alarm Probability

1.0E+00

1.0E-01

1.0E-02

1.0E-03

1.0E-04

1.0E-05

30kHz SCS, 100ns Delay Spread, PRACH format Al

-o-Rel-15
-+ Alt4-ZC139x2
-u-Alt4-ZC139x4

-12

-11

-10

7 -6 -
SNR (dB)

5




[image: image7.png]Miss-Detection Rate

1.0E+00

1.0E-01

1.0E-02

1.0E-03

30kHz SCS, 100ns Delay Spread, PRACH format Al

-o-Rel-15
-+ Alt4-ZC139x2
--Alt4-ZC139x4

-12

-11

-10

7 -6 -
SNR (dB)

5




_1617622662.vsd
13 RBs


51 RBs (20 MHz @ 30kHz SCS)


Frequency (RB)


12 RBs


39 RBs


Case 1


Case 2


Case 3



