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1. Introduction

In RAN1#97 meeting [1], the following agreements were made related to PRACH sequence/mapping for NR-U.
	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.


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. 
2.1. 30 kHz SCS

In this sub-section, 30 kHz subcarrier spacing PRACH structure is considered. For the performance comparison of different PRACH preamble mapping, following four 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) 
(4) Case 4: Contiguous mapping of single long PRACH sequence (Alt4-ZC571)
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Figure 1. Different PRACH preamble mapping cases for performance evaluations. (30 kHz SCS)
Figure 1 shows four 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 36 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 contiguous manner, and each of four sequences is mapped on consecutive 12 RBs, respectively. In this Case 3, the sequence hopping (with different cyclic shift and phase shift) is also considered across PRACH sequences in order to achieve good PAPR and/or CM property.
For Case 4 in this figure, length-571 ZC sequence is mapped on consecutive 48 RBs.

· Some mechanisms to improve the performance of PAPR and CM
In case of this F-domain sequence repetition, considering the performance in terms of PAPR and cubic metric, some mechanisms such as use of cyclic shift hopping and/or phase shift pattern across repeated sequences is to be considered. Table 1 shows some evaluation results on the cyclic shift hopping and/or phase shift pattern in terms of PAPR and cubic metric. 

Regarding to ‘cyclic shift’ (CS), the cyclic shift value ‘a’ is determined according to the current PRACH preamble selection formula in Rel-15 NR. To be specific, the cyclic shift value ‘a’ is set as a multiple of NCS (e.g. a = k x NCS, where NCS = 11) with time-domain sample granularity when the time domain random-access preamble sequence is generated. Correspondingly, the cyclic shift value ‘a+1’ means a shift of {a+1} time-domain samples (e.g. a + 1 = k x NCS + 1, where NCS = 11). Meanwhile, regarding to ‘phase shift’ (PS), four phase shift candidates, such as [1, 1i, -1, -1i], are considered. In this evaluation, the F-domain sequence-level phase shift is considered. For examples, if ‘1i’ is selected as the phase shift candidate for a given sequence, all the resource elements (RE) of the sequence are multiplied by the phase ‘1i’.
Table 1. Evaluation results with PAPR and CM patterns according to subcarrier spacing
	Sequence type with Cyclic shift & Phase shift
	PAPR (dB)
	CM (dB)

	Length-139 ZC sequence (Legacy NR)
	3.2191
	1.975

	30 kHz
	Length-571 ZC sequence
	3.2046
	1.989

	
	x4 Repetition PRACH with Length-139 ZC sequence
 without additional mechanisms
	6.4557
	7.166

	
	x4 Repetition PRACH with Length-139 ZC sequence
CS [a, a+11, a+22, a+33]*
	4.4755
	4.86

	
	x4 Repetition PRACH with Length-139 ZC sequence
CS [a, a+1, a, a+1]
	5.3586
	4.043

	
	x4 Repetition PRACH with Length-139 ZC sequence
CS [a, a+1, a+2, a+3]
	4.3672
	4.482

	
	x4 Repetition PRACH with Length-139 ZC sequence
PS [1, 1i, 1i, 1], [2]
	4.0131
	3.29

	
	x4 Repetition PRACH with Length-139 ZC sequence
CS [a, a+11, a+22, a+33]* & PS [1, 1i, 1i, 1]
	4.5232
	4.697

	
	x4 Repetition PRACH with Length-139 ZC sequence
CS [a, a+1, a, a+1] & PS [1, 1i, 1i, 1]
	3.4331
	1.804

	
	x4 Repetition PRACH with Length-139 ZC sequence
CS [a, a+1, a+2, a+3] & PS [1, 1i, 1i, 1]
	4.3989
	3.801

	
	x2 Repetition PRACH with Length-139 ZC sequence
CS [a, a+1]
	3.6069
	2.127


* NCS=11

According to Table 1, 4-times PRACH sequence repetition by using CS pattern [a, a+1, a, a+1] and PS pattern [1, 1i, 1i, 1] could achieve better performance than other cases in terms of cubic metric. Similarly, 2-times PRACH sequence repetition by using CS pattern [a, a+1] could achieve better performance than other cases.
· 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, both the repetition of four PRACH sequences and contiguous mapping of length-571 ZC sequence 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: Three cases, F-domain repetition of two PRACH sequences, F-domain repetition of four PRACH sequences, and contiguous mapping of length-571 ZC sequence, could provide much better miss-detection performance than the legacy Rel-15 NR PRACH mapping.
· 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, -11 dB for Case 3, and -12 dB for Case 4, respectively, based on the miss-detection rate in Figure 2. As seen in Figure 4, three cases, F-domain repetition of two PRACH sequences, F-domain repetition of four PRACH sequences, and contiguous mapping of length-571 ZC sequence, 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: Three cases, F-domain repetition of two PRACH sequences, F-domain repetition of four PRACH sequences, and contiguous mapping of length-571 ZC sequence, could provide similar timing estimation performance as the legacy Rel-15 NR PRACH mapping. 
· MCL calculation results
In RAN1#96 meeting, the MCL calculation table for PRACH preamble mapping was agreed. Table 2 shows MCL calculation results for the Case 1/2/3/4 in Figure 1. Note that, aforementioned CS and PS patterns are used for the Case 2 and the Case 3. 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 2. MCLs for different PRACH preamble mapping (Case 1/2/3/4).
	Parameter
	Value
	Value
	Value
	Value

	Scheme
	Rel-15 (Case 1)
	Alt4-ZC139x2 (Case 2)
	Alt4-ZC139x4 (Case 3)
	Alt4-ZC571 (Case 4)

	SCS
	30 kHz
	30 kHz
	30 kHz
	30 kHz

	PRACH sequence length (L_RA)
	139
	139
	139
	571

	# of repetition (R)
	1
	2
	4
	1

	N_cs
	11
	11
	11
	47

	# of RBs used for one RO (N_RB)
	12
	24
	48
	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
	30k*571*1 = 17.13M

	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
	-174 + 10log10(17.13M) + 5 = -96.7

	SNR (dB) 
	-5
	-9.4
	-11.9
	-12.2

	P_max (dBm)
	10+10log10(4.17) = 16.2
	10+10log10(8.34) = 19.2
	10+10log10(16.68) = 22.2
	10+10log10(17.13) = 22.3

	Backoff (dB)
	1.9750
	2.127
	1.804
	1.989

	P_TX (dBm)
	min(16.2, 23-1.9750) = 16.2
	min(19.2, 23-2.127) = 19.2
	min(22.2, 23-1.804) = 21.196
	min(22.3, 23-1.989) = 21.011

	MCL (dB)

= P_TX-SNR-Np
	16.2-(-5)-(-102.8) = 124.0
	19.2-(-9.4)-(-99.8) = 128.4
	21.196-(-11.9)-(-96.8) = 129.896
	21.011-(-12.2)-(-96.7) = 129.911

	N_FDM

(# of ROs in 20MHz)
	4
	1
	1
	1

	# of preambles per RO
	64
	64
	64
	64

	Capacity
	4*64 = 256
	1*64 = 64
	1*64 = 64
	1*64 = 64


As seen in the above Table 2, the F-domain repetition of two PRACH sequences can achieve better MCL (4.4 dB) than the legacy Rel-15 NR PRACH mapping. In addition, the F-domain repetition of four PRACH sequences can also provide better MCL (5.9 dB) than the legacy Rel-15 NR PRACH mapping. Moreover, contiguous mapping of length-571 ZC sequence can also provide better MCL (5.9 dB) than the legacy Rel-15 NR PRACH mapping. Note here that, the F-domain repetition of four PRACH sequences can achieve similar MCL with contiguous mapping of length-571 ZC sequence.
Observation #3: Three cases, F-domain repetition of two PRACH sequences, F-domain repetition of four PRACH sequences, and contiguous mapping of length-571 ZC sequence, could provide better MCL than the legacy Rel-15 NR PRACH mapping.
Observation #4: Four PRACH sequence repetition and the length-571 contiguous mapping PRACH sequence could obtain almost same MCL.

2.2. 15 kHz SCS

In this sub-section, 15 kHz subcarrier spacing PRACH structure is considered. For the performance comparison of different PRACH preamble mapping, following four cases are considered in this evaluation. 

(1) Case 1: Contiguous mapping of single PRACH sequence (Rel-15 NR)

(2) Case 2: Repetition of four PRACH sequences in frequency domain (Alt4-ZC139x4)
(3) Case 3: Repetition of eight PRACH sequences in frequency domain (Alt4-ZC139x8) 
(4) Case 4: Contiguous mapping of single long PRACH sequence (Alt4-ZC1151)

[image: image5.emf]96 RBs (20 MHz @ 15kHz SCS)

Frequency (RB)

12 RBs

12 RBs

Case 1

Case 3

Case 2

96 RBs

Case 4

24 RBs

Figure 5. Different PRACH preamble mapping cases for performance evaluations. (15 kHz SCS)
Figure 5 shows four 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, four PRACH sequences are repeatedly mapped in non-contiguous manner with interval of 24 RBs where each of four sequences is mapped on consecutive 12 RBs, respectively. In this Case 2, the sequence hopping (with different cyclic shift and phase shift) is considered across PRACH sequences in order to achieve good PAPR and/or CM property. 

For Case 3 in this figure, eight PRACH sequences are repeatedly mapped in contiguous manner, and each of eight sequences is mapped on consecutive 12 RBs, respectively. In this Case 3, the sequence hopping (with different cyclic shift and phase shift) is also considered across PRACH sequences in order to achieve good PAPR and/or CM property.

For Case 4 in this figure, length-1151 ZC sequence is mapped on consecutive 96 RBs.

· Some mechanisms to improve the performance of PAPR and CM
As mentioned above, in case of this F-domain sequence repetition, considering the performance in terms of PAPR and cubic metric, some mechanisms such as use of cyclic shift hopping and/or phase shift pattern across repeated sequences is to be considered. So, similar mechanisms as in the table 1 can be also considered to improve the performance of PAPR and cubic metric. Table 3 shows some evaluation results on the cyclic shift hopping and/or phase shift pattern in terms of PAPR and cubic metric.
Table 3. Evaluation results with PAPR and CM patterns according to subcarrier spacing
	Sequence type with Cyclic shift & Phase shift
	PAPR (dB)
	CM (dB)

	Length-139 ZC sequence (Legacy NR)
	3.2191
	1.975

	15 kHz
	Length-1151 ZC sequence
	3.1963
	1.976

	
	x8 Repetition PRACH with Length-139 ZC sequence 
without additional mechanisms
	8.2422
	10.374

	
	x8 Repetition PRACH with Length-139 ZC sequence 
 CS [a, a+11, a+22, a+33, a+44, a+55, a+66, a+77]*
	4.4459
	5.91

	
	x8 Repetition PRACH with Length-139 ZC sequence 
 CS [a, a+1, a, a+1, a, a+1, a, a+1]
	7.2317
	7.062

	
	x8 Repetition PRACH with Length-139 ZC sequence 
 CS [a, a+1, a+2, a+3, a+4, a+5, a+6, a+7]
	4.1739
	6.24

	
	x8 Repetition PRACH with Length-139 ZC sequence 
 PS [1, 1i, 1i, -1, -1, 1i, 1i, 1], [2]
	4.3751
	3.741

	
	x8 Repetition PRACH with Length-139 ZC sequence 
 CS [a, a+11, a+22, a+33, a+44, a+55, a+66, a+77]* 
& PS [1, 1i, 1i, -1, -1, 1i, 1i, 1]
	4.5263
	5.228

	
	x8 Repetition PRACH with Length-139 ZC sequence 
 CS [a, a+1, a, a+1, a, a+1, a, a+1] 
& PS [1, 1i, 1i, -1, -1, 1i, 1i, 1]
	3.5189
	1.899

	
	x8 Repetition PRACH with Length-139 ZC sequence 
 CS [a, a+1, a+2, a+3, a+4, a+5, a+6, a+7] 
& PS [1, 1i, 1i, -1, -1, 1i, 1i, 1]
	4.4209
	5.163

	
	x4 Repetition PRACH with Length-139 ZC sequence
CS [a, a+1, a, a+1] & PS [1, 1i, 1i, 1]
	3.4351
	1.806


* NCS=11

According to Table 3, 8-times PRACH sequence repetition by using CS pattern [a, a+1, a, a+1, a, a+1, a, a+1] and PS pattern [1, 1i, 1i, -1, -1, 1i, 1i, 1] could obtain better performance than other cases in terms of cubic metric. Similarly, 4-times PRACH sequence repetition by using CS pattern [a, a+1, a, a+1] and PS pattern [1, 1i, 1i, 1] could achieve better performance than other cases.

· Miss-detection rate and false alarm probability

Figure 6 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 7. As seen in Figure 6, considering 1% miss-detection rate requirement, the frequency domain repetition of four PRACH sequences can achieve better miss-detection performance (relatively larger gain compared to 6 dB power gap) than the legacy Rel-15 NR PRACH mapping. In addition, both the repetition of eight PRACH sequences and contiguous mapping of length-1151 ZC sequence can also achieve much better miss-detection performance (relatively larger gain compared to 9 dB power gap) than the legacy Rel-15 NR PRACH mapping.
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Figure 6. Miss-detection rate for different cases in TDL-C channel with delay spread 100ns.
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Figure 7. False Alarm Probability for different cases in TDL-C channel with delay spread 100ns.
Observation #5: Three cases, F-domain repetition of four PRACH sequences, F-domain repetition of eight PRACH sequences, and contiguous mapping of length-1151 ZC sequence, could provide much better miss-detection performance than the legacy Rel-15 NR PRACH mapping.

· Timing estimation error performance

Figure 8 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 -4 dB for Case 1, -12 dB for Case 2, -14 dB for Case 3, and -14 dB for Case 4, respectively, based on the miss-detection rate in Figure 6. As seen in Figure 8, three cases, F-domain repetition of four PRACH sequences, F-domain repetition of eight PRACH sequences, and contiguous mapping of length-1151 ZC sequence, could provide similar timing estimation performance as the legacy Rel-15 NR PRACH mapping.


[image: image8]
Figure 8. Timing estimation error for different cases in TDL-C channel with delay spread 100ns.
Observation #6: Three cases, F-domain repetition of four PRACH sequences, F-domain repetition of eight PRACH sequences, and contiguous mapping of length-1151 ZC sequence, could provide similar timing estimation performance as the legacy Rel-15 NR PRACH mapping. 
· MCL calculation results
In RAN1#96 meeting, the MCL calculation table for PRACH preamble mapping was agreed. Table 4 shows MCL calculation results for the Case 1/2/3/4 in Figure 5. Note that, aforementioned CS and PS patterns are used for the Case 2 and the Case 3. In the table, the SNRs (dB) are determined based on the 1% miss-detection rate in Figure 6, 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 4. MCLs for different PRACH preamble mapping (Case 1/2/3/4).
	Parameter
	Value
	Value
	Value
	Value

	Scheme
	Rel-15 (Case 1)
	Alt4-ZC139x4 (Case 2)
	Alt4-ZC139x8 (Case 3)
	Alt4-ZC1151 (Case 4)

	SCS
	15 kHz
	15 kHz
	15 kHz
	15 kHz

	PRACH sequence length (L_RA)
	139
	139
	139
	1151

	# of repetition (R)
	1
	4
	8
	1

	N_cs
	11
	11
	11
	95

	# of RBs used for one RO (N_RB)
	12
	48
	96
	96

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

	RACH frequency occupancy (MHz)
	15k*139*1 = 2.085M
	15k*139*4 = 8.34M
	15k*139*8 = 16.68M
	15k*1151*1 = 17.265M

	Noise level, Np (dBm)
	-174 + 10log10(2.085M) + 5 = -105.81
	-174 + 10log10(8.34M) + 5 = -99.8
	-174 + 10log10(16.68M) + 5 = -96.8
	-174 + 10log10(17.265M) + 5 = -96.6

	SNR (dB) 
	-4.6
	-11.9
	-14.7
	-14.8

	P_max (dBm)
	10+10log10(2.085) = 13.19
	10+10log10(8.34) = 19.21
	10+10log10(16.68) = 22.22
	10+10log10(17.265) = 22.37

	Backoff (dB)
	1.975
	1.805
	1.899
	1.976

	P_TX (dBm)
	min(13.19, 23-1.975) = 13.19
	min(19.21, 23-1.805) = 19.21
	min(22.22, 23-1.899) = 21.101
	min(22.37, 23-1.976) = 21.024

	MCL (dB)

= P_TX-SNR-Np
	13.19-(-4.6)-(-105.81) = 123.6
	19.21-(-11.9)-(-99.8) = 130.91
	21.101-(-14.7)-(-96.8) = 132.601
	21.024-(-14.8)-(-96.6) = 132.424

	N_FDM

(# of ROs in 20MHz)
	8
	2
	1
	1

	# of preambles per RO
	64
	64
	64
	64

	Capacity
	8*64 = 512
	2*64 = 128
	1*64 = 64
	1*64 = 64


As seen in the above Table 4, the F-domain repetition of four PRACH sequences can achieve better MCL (7.3 dB) than the legacy Rel-15 NR PRACH mapping. In addition, the F-domain repetition of eight PRACH sequences can also provide better MCL (9.0 dB) than the legacy Rel-15 NR PRACH mapping. Moreover, contiguous mapping of length-1151 ZC sequence can also provide better MCL (8.8 dB) than the legacy Rel-15 NR PRACH mapping. Note here that, the F-domain repetition of eight PRACH sequences can achieve similar MCL with (or slightly better MCL than) contiguous mapping of length-1151 ZC sequence.
Observation #7: Three cases, F-domain repetition of four PRACH sequences, F-domain repetition of eight PRACH sequences, and contiguous mapping of length-1151 ZC sequence, could provide better MCL than the legacy Rel-15 NR PRACH mapping.

Observation #8: Eight PRACH sequence repetition and the length-1151 contiguous mapping PRACH sequence could obtain almost same MCL.
3. Conclusion
We provided evaluation results on the PRACH preamble mapping in frequency domain for NR-U, and the observations are as follows.
· 30 kHz SCS
Observation #1: Three cases, F-domain repetition of two PRACH sequences, F-domain repetition of four PRACH sequences, and contiguous mapping of length-571 ZC sequence, could provide much better miss-detection performance than the legacy Rel-15 NR PRACH mapping.

Observation #2: Three cases, F-domain repetition of two PRACH sequences, F-domain repetition of four PRACH sequences, and contiguous mapping of length-571 ZC sequence, could provide similar timing estimation performance as the legacy Rel-15 NR PRACH mapping.

Observation #3: Three cases, F-domain repetition of two PRACH sequences, F-domain repetition of four PRACH sequences, and contiguous mapping of length-571 ZC sequence, could provide better MCL than the legacy Rel-15 NR PRACH mapping.

Observation #4: Four PRACH sequence repetition and the length-571 contiguous mapping PRACH sequence could obtain almost same MCL.
· 15 kHz SCS
Observation #5: Three cases, F-domain repetition of four PRACH sequences, F-domain repetition of eight PRACH sequences, and contiguous mapping of length-1151 ZC sequence, could provide much better miss-detection performance than the legacy Rel-15 NR PRACH mapping.

Observation #6: Three cases, F-domain repetition of four PRACH sequences, F-domain repetition of eight PRACH sequences, and contiguous mapping of length-1151 ZC sequence, could provide similar timing estimation performance as the legacy Rel-15 NR PRACH mapping.

Observation #7: Three cases, F-domain repetition of four PRACH sequences, F-domain repetition of eight PRACH sequences, and contiguous mapping of length-1151 ZC sequence, could provide better MCL than the legacy Rel-15 NR PRACH mapping.

Observation #8: Eight PRACH sequence repetition and the length-1151 contiguous mapping PRACH sequence could obtain almost same MCL.
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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)]

	Subcarrier spacing
	15 kHz, 30 kHz

	PRACH format at 30 kHz
	A1 (4.7 us CP + 2×33.3 us symbols) with randomly-selected root sequence 

	PRACH format at 15 kHz
	A1 (9.4 us CP + 2×66.6 us symbols) with randomly-selected root sequence

	NCS
	Case 1, 2, and 3: 11

Case 4 at 15 kHz: 95

Case 4 at 30 kHz: 47

	Maximum timing estimation error
	50% of the normal CP length
(the normal CP length = 2.345 us @ 30kHz SCS 
and 4.69 us @ 15 kHz SCS)

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


[image: image9.png]False Alarm Probability

1.0E+00

1.0E-01

1.0E-02

1.0E-03

1.0E-04

15kHz SCS, 100ns Delay Spread, PRACH format Al

-e-Rel-15

-+ Alt4-ZC139x4
-=-Alt4-ZC139x8
—-Alt4-ZC1151

-20

-19

-18

-17

-16

-15

-4 -13 -12

SNR (dB)

-11

-10 -9 -8 -7




[image: image10.png]Miss-Detection Rate

1.0E+00

1.0E-01

1.0E-02

1.0E-03

15kHz SCS, 100ns Delay Spread, PRACH format Al

-e-Rel-15
-+ Alt4-ZC139x4
-»-Alt4-ZC139x8
--Alt4-ZC1151

-20

-18 -16 -14 -12 -10 -8
SNR (dB)




[image: image11.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

—Rel-15

-0.4

-0.3

-0.2

-0.1 0 0.1
Timing Estimation Error (us)

---Alt4-ZC139x2
----- Alt4-ZC139x4
- - Alt4-ZC571

0.2

0.3

0.4



[image: image12.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

-e-Rel-15

-+ Alt4-ZC139x2
- Alt4-ZC139x4
--Alt4-7ZC571

-12

-11

-10

7 -6 -
SNR (dB)

5




[image: image13.png]Miss-Detection Rate

1.0E+00

1.0E-01

1.0E-02

1.0E-03

-12

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

-11

-10

7 -6 -
SNR (dB)

5

-e-Rel-15

-+ Alt4-ZC139x2
-#-Alt4-ZC139x4
--Alt4-7ZC571



_1627301033.vsd
48 RBs (20 MHz @ 30kHz SCS)
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96 RBs (20 MHz @ 15kHz SCS)
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