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1. Introduction
In RAN4#89 meeting, some ideal and impairment results for NR PRACH were provided by companies [1-2]. Only the requirements for PRACH preamble format 0 have been specified with brackets, the performance requirements for PRACH preamble format A1, A2, A3, B4, C0 and C2 are still TBD. In order to complete the performance for PRACH, companies are encouraged to provide more results in RAN4#90 meeting. 

In this contribution, we provide the updated ideal and impairment results for NR PRACH. We also share our view on MIMO correlation for NR PRACH performance requirements. 
2. Discussion
The MIMO correlation issue for NR PRACH has not been discussed during the previous meetings; however it will have some impacts on the simulation results. In LTE, low MIMO correlation is adopted for PRACH performance under fading propagation.  For NR PRACH, low correlation could be reused.

 Proposal:  Use low MIMO correlation for NR PRACH performance requirements.
3. Simulation assumptions
The approved simulation assumptions [3] for NR PRACH are given in Table 1.
Table 1 Simulation assumptions for NR PRACH
	FR
	Format
	SCS(KHz)
	Ncs
	v
	Frequency offset(Hz)
	Channel model

	FR1
	Format 0
	1.25
	13
	32
	0
	AWGN

	
	
	1.25
	13
	32
	400
	TDLC300-100

	
	Format A1
	15
	23
	0
	0
	AWGN

	
	
	15
	23
	0
	400
	TDLC300-100

	
	
	30
	46
	0
	0
	AWGN

	
	
	30
	46
	0
	400
	TDLC300-100

	
	Format A2
	15
	23
	0
	0
	AWGN

	
	
	15
	23
	0
	400
	TDLC300-100

	
	
	30
	46
	0
	0
	AWGN

	
	
	30
	46
	0
	400
	TDLC300-100

	
	Format A3
	15
	23
	0
	0
	AWGN

	
	
	15
	23
	0
	400
	TDLC300-100

	
	
	30
	46
	0
	0
	AWGN

	
	
	30
	46
	0
	400
	TDLC300-100

	
	Format B4
	15
	23
	0
	0
	AWGN

	
	
	15
	23
	0
	400
	TDLC300-100

	
	
	30
	46
	0
	0
	AWGN

	
	
	30
	46
	0
	400
	TDLC300-100

	
	Format C0
	15
	23
	0
	0
	AWGN

	
	
	15
	23
	0
	400
	TDLC300-100

	
	
	30
	46
	0
	0
	AWGN

	
	
	30
	46
	0
	400
	TDLC300-100

	
	Format C2
	15
	23
	0
	0
	AWGN

	
	
	15
	23
	0
	400
	TDLC300-100

	
	
	30
	46
	0
	0
	AWGN

	
	
	30
	46
	0
	400
	TDLC300-100

	FR2
	Format A1
	60
	69
	0
	0
	AWGN

	
	
	120
	69
	0
	4000
	TDLA30-300

	
	
	60
	69
	0
	0
	AWGN

	
	
	120
	69
	0
	4000
	TDLA30-300

	
	Format A2
	60
	69
	0
	0
	AWGN

	
	
	120
	69
	0
	4000
	TDLA30-300

	
	
	60
	69
	0
	0
	AWGN

	
	
	120
	69
	0
	4000
	TDLA30-300

	
	Format A3
	60
	69
	0
	0
	AWGN

	
	
	120
	69
	0
	4000
	TDLA30-300

	
	
	60
	69
	0
	0
	AWGN

	
	
	120
	69
	0
	4000
	TDLA30-300

	
	Format B4
	60
	69
	0
	0
	AWGN

	
	
	120
	69
	0
	4000
	TDLA30-300

	
	
	60
	69
	0
	0
	AWGN

	
	
	120
	69
	0
	4000
	TDLA30-300

	
	Format C0
	60
	69
	0
	0
	AWGN

	
	
	120
	69
	0
	4000
	TDLA30-300

	
	
	60
	69
	0
	0
	AWGN

	
	
	120
	69
	0
	4000
	TDLA30-300

	
	Format C2
	60
	69
	0
	0
	AWGN

	
	
	120
	69
	0
	4000
	TDLA30-300

	
	
	60
	69
	0
	0
	AWGN

	
	
	120
	69
	0
	4000
	TDLA30-300


The time error tolerance for AWGN and TDL channel reached in RAN4#89 meeting [4] are given in table 2. 

Table 2 Proposed time error tolerance for AWGN and TDL channel
	PRACH Preamble
	PRACH SCS
	PUSCH/PUCCH CP duration (normal CP)
	PRACH signal time resolution
	Proposed time error tolerance for AWGN
	Proposed time error tolerance for TDL channel

	Long sequence
	1.25kHz
	144/(15*10^3*2048) *10^6=4.69us
	0.95 us
	1.04 us
	1.04 us + 1.51 us = 2.55 us

	Short sequence
	15kHz
	· 144/(15*10^3*2048) *10^6=4.69us for 15kHz SCS PUSCH

· 144/(30*10^3*2048) *10^6=2.34us for 30kHz SCS PUSCH
	0.48 us
	0.52us
	0.52us+ 1.51 us = 2.03 us

	
	30kHz
	
	0.24 us
	0.26us
	0.26 us + 1.51 us = 1.77 us 

	
	60kHz
	· 144/(60*10^3*2048) *10^6=1.17us for 60kHz SCS PUSCH

· 144/(120*10^3*2048) *10^6=0.59us for 120kHz SCS PUSCH
	0.12 us
	0.13 us
	0.13 us + 0.15 us = 0.28 us

	
	120kHz
	
	0.06 us
	0.07 us
	0.07us + 0.15 us = 0.22us


4. Simulation results
Note: Low MIMO correlation is used in the simulation.
4.1 PRACH results with FR1 1.25KHz SCS
The simulation results for NR PRACH format 0 are given in Figure 1 and Figure 2.
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Figure 1: Simulation results for PRACH Format 0 (AWGN)
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Figure 2: Simulation results for PRACH Format 0 (TDLC300-100)
The summary ideal and impairment results for NR PRACH format 0 are listed in Table 3.

Table 3 Summary ideal and impairment results for NR PRACH format 0
	Format
	SCS(KHz)
	Ncs
	v
	Frequency offset(Hz)
	Channel model
	Tx/Rx
	SNR [dB] with missed detection probability 1 % 

	
	
	
	
	
	
	
	Ideal
	Impairment

	Format 0
	1.25
	13
	32
	0
	AWGN
	1x2
	-16.83
	-14.83

	Format 0
	1.25
	13
	32
	0
	AWGN
	1x4
	-19.38
	-17.38

	Format 0
	1.25
	13
	32
	0
	AWGN
	1x8
	-21.5
	-19.5

	Format 0
	1.25
	13
	32
	400
	TDLC300-100
	1x2
	-9.06
	-7.06

	Format 0
	1.25
	13
	32
	400
	TDLC300-100
	1x4
	-14.26
	-12.26

	Format 0
	1.25
	13
	32
	400
	TDLC300-100
	1x8
	-17.73
	-15.73


4.2 PRACH results with FR1 15KHz SCS
The simulation results for NR PRACH short sequence with FR1 15KHz SCS are given in Figure 3 to Figure 14.
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Figure 3: Simulation results for PRACH Format A1 (AWGN)
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Figure 4: Simulation results for PRACH Format A1 (TDLC300-100)
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Figure 5: Simulation results for PRACH Format A2 (AWGN)
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Figure 6: Simulation results for PRACH Format A2 (TDLC300-100)
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Figure 7: Simulation results for PRACH Format A3 (AWGN)
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Figure 8: Simulation results for PRACH Format A3 (TDLC300-100)
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Figure 9: Simulation results for PRACH Format B4 (AWGN)
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Figure 10: Simulation results for PRACH Format B4 (TDLC300-100)
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Figure 11: Simulation results for PRACH Format C0 (AWGN)
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Figure 12: Simulation results for PRACH Format C0 (TDLC300-100)
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Figure 13: Simulation results for PRACH Format C2 (AWGN)
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Figure 14: Simulation results for PRACH Format C2 (TDLC300-100)

The summary ideal and impairment results for short sequence with FR1 15KHz SCS are listed in Table 4.

Table 4 Summary ideal and impairment results for short sequence with FR1 15KHz SCS
	Format
	SCS(KHz)
	Ncs
	v
	Frequency offset(Hz)
	Channel model
	Tx/Rx
	SNR [dB] with missed detection probability 1 %

	
	
	
	
	
	
	
	Ideal
	Impairment

	Format A1
	15
	23
	0
	0
	AWGN
	1x2
	-11.92
	-9.92

	Format A1
	15
	23
	0
	0
	AWGN
	1x4
	-14.36
	-12.36

	Format A1
	15
	23
	0
	0
	AWGN
	1x8
	-16.68
	-14.68

	Format A1
	15
	23
	0
	400
	TDLC300-100
	1x2
	-5.3
	-3.3

	Format A1
	15
	23
	0
	400
	TDLC300-100
	1x4
	-10.34
	-8.34

	Format A1
	15
	23
	0
	400
	TDLC300-100
	1x8
	-13.61
	-11.61

	Format A2
	15
	23
	0
	0
	AWGN
	1x2
	-14.92
	-12.92

	Format A2
	15
	23
	0
	0
	AWGN
	1x4
	-17.4
	-15.4

	Format A2
	15
	23
	0
	0
	AWGN
	1x8
	-19.72
	-17.72

	Format A2
	15
	23
	0
	400
	TDLC300-100
	1x2
	-7.87
	-5.87

	Format A2
	15
	23
	0
	400
	TDLC300-100
	1x4
	-13.17
	-11.17

	Format A2
	15
	23
	0
	400
	TDLC300-100
	1x8
	-16.41
	-14.41

	Format A3
	15
	23
	0
	0
	AWGN
	1x2
	-16.69
	-14.69

	Format A3
	15
	23
	0
	0
	AWGN
	1x4
	-19.13
	-17.13

	Format A3
	15
	23
	0
	0
	AWGN
	1x8
	-21.44
	-19.44

	Format A3
	15
	23
	0
	400
	TDLC300-100
	1x2
	-9.48
	-7.48

	Format A3
	15
	23
	0
	400
	TDLC300-100
	1x4
	-14.76
	-12.76

	Format A3
	15
	23
	0
	400
	TDLC300-100
	1x8
	-18
	-16

	Format B4
	15
	23
	0
	0
	AWGN
	1x2
	-19.18
	-17.18

	Format B4
	15
	23
	0
	0
	AWGN
	1x4
	-21.49
	-19.49

	Format B4
	15
	23
	0
	0
	AWGN
	1x8
	-23.58
	-21.58

	Format B4
	15
	23
	0
	400
	TDLC300-100
	1x2
	-11.99
	-9.99

	Format B4
	15
	23
	0
	400
	TDLC300-100
	1x4
	-16.89
	-14.89

	Format B4
	15
	23
	0
	400
	TDLC300-100
	1x8
	-20.01
	-18.01

	Format C0
	15
	23
	0
	0
	AWGN
	1x2
	-8.95
	-6.95

	Format C0
	15
	23
	0
	0
	AWGN
	1x4
	-11.4
	-9.4

	Format C0
	15
	23
	0
	0
	AWGN
	1x8
	-13.67
	-11.67

	Format C0
	15
	23
	0
	400
	TDLC300-100
	1x2
	-2.07
	-0.07

	Format C0
	15
	23
	0
	400
	TDLC300-100
	1x4
	-7.13
	-5.13

	Format C0
	15
	23
	0
	400
	TDLC300-100
	1x8
	-10.62
	-8.62

	Format C2
	15
	23
	0
	0
	AWGN
	1x2
	-14.96
	-12.96

	Format C2
	15
	23
	0
	0
	AWGN
	1x4
	-17.49
	-15.49

	Format C2
	15
	23
	0
	0
	AWGN
	1x8
	-19.69
	-17.69

	Format C2
	15
	23
	0
	400
	TDLC300-100
	1x2
	-8.06
	-6.06

	Format C2
	15
	23
	0
	400
	TDLC300-100
	1x4
	-13.13
	-11.13

	Format C2
	15
	23
	0
	400
	TDLC300-100
	1x8
	-16.42
	-14.42


4.3 PRACH results with FR1 30KHz SCS
The simulation results for NR PRACH short sequence with FR1 30KHz SCS are given in Figure 15 to Figure 26.
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Figure 15: Simulation results for PRACH Format A1 (AWGN)
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Figure 16: Simulation results for PRACH Format A1 (TDLC300-100)
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Figure 17: Simulation results for PRACH Format A2 (AWGN)
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Figure 18: Simulation results for PRACH Format A2 (TDLC300-100)

[image: image19.jpg]a
a
=

i FR1 PRACH FormatA3 AWGN SC5=30KHz Nes=48 v=0





Figure 19: Simulation results for PRACH Format A3 (AWGN)
[image: image20.jpg]Missed Detection Probaility

o FR1 PRACH FormatA3 TDL-C SCS=30KHz Nes=46 v=0

10

10

10

25 20 15 Kl 5
SNR(E)




Figure 20: Simulation results for PRACH Format A3 (TDLC300-100)
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Figure 21: Simulation results for PRACH Format B4 (AWGN)
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Figure 22: Simulation results for PRACH Format B4 (TDLC300-100)
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Figure 23: Simulation results for PRACH Format C0 (AWGN)
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Figure 24: Simulation results for PRACH Format C0 (TDLC300-100)
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Figure 25: Simulation results for PRACH Format C2(AWGN)
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Figure 26: Simulation results for PRACH Format C2 (TDLC300-100)

The summary ideal and impairment results for short sequence with FR1 30KHz SCS are listed in Table 5.

Table 5 Summary ideal and impairment results for short sequence with FR1 30KHz SCS
	Format
	SCS(KHz)
	Ncs
	v
	Frequency offset(Hz)
	Channel model
	Tx/Rx
	SNR [dB] with missed detection probability 1 %

	
	
	
	
	
	
	
	Ideal
	Impairment

	Format A1
	30
	46
	0
	0
	AWGN
	1x2
	-11.79
	-9.79

	Format A1
	30
	46
	0
	0
	AWGN
	1x4
	-14.28
	-12.28

	Format A1
	30
	46
	0
	0
	AWGN
	1x8
	-16.53
	-14.53

	Format A1
	30
	46
	0
	400
	TDLC300-100
	1x2
	-5.59
	-3.59

	Format A1
	30
	46
	0
	400
	TDLC300-100
	1x4
	-10.2
	-8.2

	Format A1
	30
	46
	0
	400
	TDLC300-100
	1x8
	-13.58
	-11.58

	Format A2
	30
	46
	0
	0
	AWGN
	1x2
	-14.83
	-12.83

	Format A2
	30
	46
	0
	0
	AWGN
	1x4
	-17.3
	-15.3

	Format A2
	30
	46
	0
	0
	AWGN
	1x8
	-19.56
	-17.56

	Format A2
	30
	46
	0
	400
	TDLC300-100
	1x2
	-8.49
	-6.49

	Format A2
	30
	46
	0
	400
	TDLC300-100
	1x4
	-13.31
	-11.31

	Format A2
	30
	46
	0
	400
	TDLC300-100
	1x8
	-16.55
	-14.55

	Format A3
	30
	46
	0
	0
	AWGN
	1x2
	-16.59
	-14.59

	Format A3
	30
	46
	0
	0
	AWGN
	1x4
	-19.06
	-17.06

	Format A3
	30
	46
	0
	0
	AWGN
	1x8
	-21.3
	-19.3

	Format A3
	30
	46
	0
	400
	TDLC300-100
	1x2
	-10.34
	-8.34

	Format A3
	30
	46
	0
	400
	TDLC300-100
	1x4
	-15.14
	-13.14

	Format A3
	30
	46
	0
	400
	TDLC300-100
	1x8
	-18.15
	-16.15

	Format B4
	30
	46
	0
	0
	AWGN
	1x2
	-18.99
	-16.99

	Format B4
	30
	46
	0
	0
	AWGN
	1x4
	-21.34
	-19.34

	Format B4
	30
	46
	0
	0
	AWGN
	1x8
	-23.41
	-21.41

	Format B4
	30
	46
	0
	400
	TDLC300-100
	1x2
	-12.47
	-10.47

	Format B4
	30
	46
	0
	400
	TDLC300-100
	1x4
	-17.28
	-15.28

	Format B4
	30
	46
	0
	400
	TDLC300-100
	1x8
	-20.31
	-18.31

	Format C0
	30
	46
	0
	0
	AWGN
	1x2
	-8.84
	-6.84

	Format C0
	30
	46
	0
	0
	AWGN
	1x4
	-11.27
	-9.27

	Format C0
	30
	46
	0
	0
	AWGN
	1x8
	-13.59
	-11.59

	Format C0
	30
	46
	0
	400
	TDLC300-100
	1x2
	-2.52
	-0.52

	Format C0
	30
	46
	0
	400
	TDLC300-100
	1x4
	-7.23
	-5.23

	Format C0
	30
	46
	0
	400
	TDLC300-100
	1x8
	-10.61
	-8.61

	Format C2
	30
	46
	0
	0
	AWGN
	1x2
	-14.87
	-12.87

	Format C2
	30
	46
	0
	0
	AWGN
	1x4
	-17.25
	-15.25

	Format C2
	30
	46
	0
	0
	AWGN
	1x8
	-19.52
	-17.52

	Format C2
	30
	46
	0
	400
	TDLC300-100
	1x2
	-8.46
	-6.46

	Format C2
	30
	46
	0
	400
	TDLC300-100
	1x4
	-13.13
	-11.13

	Format C2
	30
	46
	0
	400
	TDLC300-100
	1x8
	-16.51
	-14.51


4.4 PRACH results with FR2 60KHz SCS
The simulation results for NR PRACH short sequence with FR2 60KHz SCS are given in Figure 27 to Figure 28.
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Figure 27: Simulation results for PRACH Format A1 to 
C2 (AWGN)
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Figure 28: Simulation results for PRACH Format A1 to C2 (TDLA30-300)
The summary ideal and impairment results for short sequence with FR2 60KHz SCS are listed in Table 6.

Table 6 Summary ideal and impairment results for short sequence with FR2 60KHz SCS
	Format
	SCS(KHz)
	Ncs
	v
	Frequency offset(Hz)
	Channel model
	Tx/Rx
	SNR [dB] with missed detection probability 1 %

	
	
	
	
	
	
	
	Ideal
	Impairment

	Format A1
	60
	69
	0
	0
	AWGN
	1x2
	-11.75
	-9.75

	Format A1
	60
	69
	0
	4000
	TDLA30-300
	1x2
	-4.58
	-2.58

	Format A2
	60
	69
	0
	0
	AWGN
	1x2
	-14.77
	-12.77

	Format A2
	60
	69
	0
	4000
	TDLA30-300
	1x2
	-6.57
	-4.57

	Format A3
	60
	69
	0
	0
	AWGN
	1x2
	-16.49
	-14.49

	Format A3
	60
	69
	0
	4000
	TDLA30-300
	1x2
	-7.06
	-5.06

	Format B4
	60
	69
	0
	0
	AWGN
	1x2
	-18.87
	-16.87

	Format B4
	60
	69
	0
	4000
	TDLA30-300
	1x2
	-9.34
	-7.34

	Format C0
	60
	69
	0
	0
	AWGN
	1x2
	-8.7
	-6.7

	Format C0
	60
	69
	0
	4000
	TDLA30-300
	1x2
	-1.65
	0.35

	Format C2
	60
	69
	0
	0
	AWGN
	1x2
	-14.72
	-12.72

	Format C2
	60
	69
	0
	4000
	TDLA30-300
	1x2
	-6.83
	-4.83


4.5 PRACH results with FR2 120KHz SCS
The simulation results for NR PRACH short sequence with FR2 120KHz SCS are given in Figure 29 to Figure 30.
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Figure 29: Simulation results for PRACH Format A1 to C2(AWGN)

[image: image30.jpg]FR2 PRACHTDL  1T2R SCS=120KHz Nes=69 =0

—e— formatAt
—e— formatA2
—e— formatA3
—&— farmatB4
—&— formatC0

o formatC2

Missed Detection Probailty





Figure 30: Simulation results for PRACH Format A1 to C2(TDLA30-300)
The summary ideal and impairment results for short sequence with FR2 120KHz SCS are listed in Table 7.

Table 7 Summary ideal and impairment results for short sequence with FR2 120KHz SCS
	Format
	SCS(KHz)
	Ncs
	v
	Frequency offset(Hz)
	Channel model
	Tx/Rx
	SNR [dB] with missed detection probability 1 %

	
	
	
	
	
	
	
	Ideal
	Impairment

	Format A1
	120
	69
	0
	0
	AWGN
	1x2
	-11.71
	-9.71

	Format A1
	120
	69
	0
	4000
	TDLA30-300
	1x2
	-3.73
	-1.73

	Format A2
	120
	69
	0
	0
	AWGN
	1x2
	-14.73
	-12.73

	Format A2
	120
	69
	0
	4000
	TDLA30-300
	1x2
	-6.7
	-4.7

	Format A3
	120
	69
	0
	0
	AWGN
	1x2
	-16.46
	-14.46

	Format A3
	120
	69
	0
	4000
	TDLA30-300
	1x2
	-8.26
	-6.26

	Format B4
	120
	69
	0
	0
	AWGN
	1x2
	-18.87
	-16.87

	Format B4
	120
	69
	0
	4000
	TDLA30-300
	1x2
	-10.63
	-8.63

	Format C0
	120
	69
	0
	0
	AWGN
	1x2
	-8.71
	-6.71

	Format C0
	120
	69
	0
	4000
	TDLA30-300
	1x2
	-1.17
	0.83

	Format C2
	120
	69
	0
	0
	AWGN
	1x2
	-14.73
	-12.73

	Format C2
	120
	69
	0
	4000
	TDLA30-300
	1x2
	-6.74
	-4.74


5. Conclusion
In this contribution, we provide the updated ideal and impairment results for NR PRACH. We also share our view on MIMO correlation for NR PRACH performance requirements.
Proposal:  Use low MIMO correlation for NR PRACH performance requirements.
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