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RAN4 has been working on NPRACH performance requirements for a number of meetings (e.g., [1-5]), including NPRACH detection performance and ToA timing estimation performance.  It was observed that significant gap exists between NPRACH detection performance and timing estimation performance [1,2], the cell-ID and signature have significant impact on NPRACH ToA estimation performance [3], total NPRACH error probability (joint probability of missed detection and error timing estimation) is higher than targets and it is channel dependent [4]. 

In RAN4#80, a WF on NPRACH performance requirements was agreed [5], where it states 

The SNR for minimum performance shall be defined to satisfy
· Option 1: Missed detection probability <=1%, including: detecting different preamble than the one that was sent, not detecting a preamble at all, or detecting the correct preamble detection but with the wrong timing estimation. 
· Option 2: Pmd<=1%, and Pte<=1%, where Pmd includes: detecting different preamble than the one that was sent, or not detecting a preamble at all.
· Other options are not excluded
Timing limit
· Option 1: 2.5us
· Option 2: 5us
· Other options (such as 3.125us) are not excluded
· Note: 3.75us is also used in this paper
Repetition number: 
· Greater or equal to 8
Cell-ID and signature: 
· Fixed

In addition, the NPRACH simulation assumptions were updated as follows:

	Parameter
	Values

	NPRACH preamble format 
	0

	Number of Repetitions
	8, 32 

	Number of Subcarriers
	12 

	Antenna configuration
	1 x 2

	Cell-ID 
	0 

	NPRACH signature
	0

	Timing offset (us)
	[30] 

	frequency offset
	0Hz (AWGN); [200Hz] EPA1 

	Propagation channels
	AWGN, EPA1 

	Detection performance
	Missed detection rate (1%) with false alarm rate (0.1%) 

	Timing estimation
	Timing error probability with limits in Slide 3 




In this paper, we provide the ideal simulation results with the updated simulation assumptions, and then further discuss the NPRACH performance requirements based on the agreed WF.
 
Simulation Results
Based on the Options listed in the agreed WF (R4-167115), the simulation results may be provided for the following scenarios for defining the NPRACH performance requirements.
Scenario 1: Option 1 (Pmd+Pte<1%) with timing limit 2.5us and repetition 8;
Scenario 2: Option 1 (Pmd+Pte<1%) with timing limit 3.75us and repetition 8;
Scenario 3: Option 1 (Pmd+Pte<1%) with timing limit 5us and repetition 8;
Scenario 4: Option 2 (Pmd<=1%, Pte<=1%) with timing limit 2.5us and repetition 8;
Scenario 5: Option 2 (Pmd<=1%, Pte<=1%) with timing limit 3.75us and repetition 8;
Scenario 6: Option 2 (Pmd<=1%, Pte<=1%) with timing limit 5us and repetition 8;
Scenario 7: Option 1 (Pmd+Pte<1%) with timing limit 2.5us and repetition 32;
Scenario 8: Option 1 (Pmd+Pte<1%) with timing limit 3.75us and repetition 32;
Scenario 9: Option 1 (Pmd+Pte<1%) with timing limit 5us and repetition 32;
Scenario 10: Option 2 (Pmd<=1%, Pte<=1%) with timing limit 2.5us and repetition 32;
Scenario 11: Option 2 (Pmd<=1%, Pte<=1%) with timing limit 3.75us and repetition 32;
Scenario 12: Option 2 (Pmd<=1%, Pte<=1%) with timing limit 5us and repetition 32;

Table 1 NPRACH requirements for Scenario 1: Pmd+Pte<1%, timing limit 2.5us, repetition 8
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0 
	Burst format 1

	1
	2
	AWGN
	0
	-1.97
	-1.97

	
	
	EPA1 Low
	200 Hz
	5.50
	5.50

	
	4
	AWGN
	0
	-4.58
	-4.58

	
	
	EPA1Low
	200 Hz
	-0.78
	-0.78

	
	8
	AWGN
	0
	-6.87
	-6.87

	
	
	EPA1Low
	200 Hz
	-4.41
	-4.41



Table 2 NPRACH requirements for Scenario 2: Pmd+Pte<1%, timing limit 3.75us, repetition 8
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0 
	Burst format 1

	1
	2
	AWGN
	0
	-4.64
	-4.64

	
	
	EPA1 Low
	200 Hz
	4.17
	4.17

	
	4
	AWGN
	0
	-6.96
	-6.96

	
	
	EPA1Low
	200 Hz
	-2.15
	-2.15

	
	8
	AWGN
	0
	-8.98
	-8.98

	
	
	EPA1Low
	200 Hz
	-6.17
	-6.17



Table 3 NPRACH requirements for Scenario 3: Pmd+Pte<1%, timing limit 5us, repetition 8

	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0 
	Burst format 1

	1
	2
	AWGN
	0
	-5.83
	-5.83

	
	
	EPA1 Low
	200 Hz
	3.74
	3.74

	
	4
	AWGN
	0
	-8.05
	-8.05

	
	
	EPA1Low
	200 Hz
	-2.62
	-2.62

	
	8
	AWGN
	0
	-9.99
	-9.99

	
	
	EPA1Low
	200 Hz
	-6.55
	-6.55



Table 4 NPRACH requirements for Scenario 4: Pmd<1%, Pte<1%, timing limit 2.5us, repetition 8
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0 
	Burst format 1

	1
	2
	AWGN
	0
	-1.97
	-1.97

	
	
	EPA1 Low
	200 Hz
	4.29
	4.29

	
	4
	AWGN
	0
	-4.58
	-4.58

	
	
	EPA1Low
	200 Hz
	-1.06
	-1.06

	
	8
	AWGN
	0
	-6.87
	-6.87

	
	
	EPA1Low
	200 Hz
	-4.46
	-4.46




Table 5 NPRACH requirements for Scenario 5: Pmd<1%, Pte<1%, timing limit 3.75us, repetition 8
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0 
	Burst format 1

	1
	2
	AWGN
	0
	-4.64
	-4.64

	
	
	EPA1 Low
	200 Hz
	3.14
	3.14

	
	4
	AWGN
	0
	-6.96
	-6.96

	
	
	EPA1Low
	200 Hz
	-2.94
	-2.94

	
	8
	AWGN
	0
	-8.98
	-8.98

	
	
	EPA1Low
	200 Hz
	-6.62
	-6.62



Table 6 NPRACH requirements for Scenario 6: Pmd<1%, Pte<1%, timing limit 5us, repetition 8
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0 
	Burst format 1

	1
	2
	AWGN
	0
	-5.87
	-5.87

	
	
	EPA1 Low
	200 Hz
	3.14
	3.14

	
	4
	AWGN
	0
	-8.18
	-8.18

	
	
	EPA1Low
	200 Hz
	-2.94
	-2.94

	
	8
	AWGN
	0
	-10.13
	-10.13

	
	
	EPA1Low
	200 Hz
	-6.83
	-6.83




Table 7 NPRACH requirements for Scenario 7: Pmd+Pte<1%, timing limit 2.5us, repetition 32
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0 
	Burst format 1

	1
	2
	AWGN
	0
	-7.25
	-7.25

	
	
	EPA1 Low
	200 Hz
	-0.31
	-0.31



Table 8 NPRACH requirements for Scenario 8: Pmd+Pte<1%, timing limit 3.75us, repetition 32
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0 
	Burst format 1

	1
	2
	AWGN
	0
	-9.17
	-9.17

	
	
	EPA1 Low
	200 Hz
	-1.34
	-1.34




Table 9 NPRACH requirements for Scenario 9: Pmd+Pte<1%, timing limit 5us, repetition 32
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0 
	Burst format 1

	1
	2
	AWGN
	0
	-9.92
	-9.92

	
	
	EPA1 Low
	200 Hz
	-1.62
	-1.62




Table 10 NPRACH requirements for Scenario 10: Pmd<1%, Pte<1%, timing limit 2.5us, repetition 32
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0 
	Burst format 1

	1
	2
	AWGN
	0
	-7.25
	-7.25

	
	
	EPA1 Low
	200 Hz
	-1.20
	-1.20




Table 11 NPRACH requirements for Scenario 11: Pmd<1%, Pte<1%, timing limit 3.75us, repetition 32
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0 
	Burst format 1

	1
	2
	AWGN
	0
	-9.18
	-9.18

	
	
	EPA1 Low
	200 Hz
	-1.96
	-1.96




Table 12 NPRACH requirements for Scenario 12: Pmd<1%, Pte<1%, timing limit 5us, repetition 32
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0 
	Burst format 1

	1
	2
	AWGN
	0
	-10.12
	-10.12

	
	
	EPA1 Low
	200 Hz
	-1.96
	-1.96




Summary
Further simulation results, together with the performance of total timing error probability, are provided in the contribution to study possible specification for NPRACH performance requirements.  From our study and our previous investigations, e.g., in [5], we would like to propose:
Proposal 1:	Define the SNR value at the minimum performance requirement for NPRACH to satisfy both Pmd≤1% and Pte≤1%.
Proposal 2:	Set timing limit=3.75us for timing estimation error probability Pte.
Proposal 3:	Pick #Rep=8 for NPRACH performance requirement specification.

References
[1] R4-164350, “Investigation on NPRACH performance”, Nokia
[2] 	R4-164351, “Considerations on NPRACH performance requirements”, Nokia
[3] 	R4-79AH-0067, “Impact to NPRACH ToA estimation performance”, Nokia
[4] R4-166616, Further analysis on the NPRACH performance specification, Nokia
[5] R4-167115, WF on NPRACH performance requirements, Nokia, Ericsson, ZTE
[6] 3GPP TS 36.211
[7] 3GPP TS 36.213
[8] 3GPP TS 36.321
[9] 3GPP TS 36.331	
4

1

