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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 adhoc meeting, a detailed design based on single-tone transmission was provided in [5] and the performance was also provided in [6], and a working assumption that NB-PRACH is based on single-tone transmission was approved. This contribution shows the performance of the single-tone hopping based NB-PRACH design that is updated in [4]. Improved performance is found for all formats, because resources are increased for format 0 and 1, and CFO estimation and compensation are performed for all formats at the receiver side.
Simulation setup
Configurations of NB-PRACH for 164/154/144dB MCL are shown in Table 1. In the contribution on NB-PRACH design [4], a set of 4 continuous groups is defined as a basic unit for NB-PRACH, where each group contains 6 symbols. For a given configuration, the NB-PRACH can be obtained by repeating the basic unit according to the number of repetitions.
Table 1: Configurations of NB-PRACH for 164/154/144dB MCL
	MCL
	Number of Repetitions
	Duration (ms)

	144
	2
	12.8

	154
	6
	38.4

	164
	30
	192


The simulation parameters are shown in Table 2.
[bookmark: _Ref438723119]Table 2: Simulation assumptions
	Parameter 
	Value 

	Channel model 
	TU 

	Doppler spread 
	1 Hz 

	Antenna configuration
	1Tx, 2Rx 

	MS transmit power
	23 dBm

	BS receiver noise figure
	3 dB

	Frequency error 
	±50 Hz 

	Frequency drift 
	±22.5 Hz/s 

	Cell size 
	35 km 

	DL sync. error 
	[-2.5, 2.5] us 



Coverage performance
The false alarm probabilities and miss detection probabilities of UEs with different coverage classes (144dB, 154dB and 164dB MCL) are shown in Table 2.
[bookmark: _Ref439339999]Table 2: False alarm and missed detection probabilities
	MCL (dB)
	False Alarm Probability
	Missed Detection Probability

	144
	0.05%
	0.5%

	154
	0.1%
	0.6%

	164
	0.1%
	0.8%



ToA estimation performance
The residual timing offset is shown in Figure 1 to Figure 3 for UEs with 144dB, 154dB and 164dB MCL, and the results are summarized in Table 3.
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[bookmark: _Ref438721622]Figure 1: Residual timing offset at 144dB MCL
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Figure 2: Residual timing offset at 154dB MCL
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[bookmark: _Ref438721630]Figure 3: Residual timing offset at 164dB MCL
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Table 3: ToA estimation performance summary
	MCL
	Probability of ToA Error in [-2.5~2.5]us

	144 dB
	98.1% 

	154 dB
	97.0% 

	164 dB
	96.1% 



Performance summary
The results shown in the previous sections can be summarized in the following observations:
Observation: The single-tone frequency-hopping NB-PRACH design proposed in [4] can provide sufficiently good ToA estimation accuracy and detection performance to support 15 kHz subcarrier spacing, with the normal cyclic prefix duration used in LTE (4.7-5.2) us. 
We therefore propose to confirm the single-tone NB-PRACH working assumption from the ad-hoc, along with the common understanding that it uses frequency hopping.
Proposal: NB-PRACH scheme is based on single-tone frequency hopping, i.e. confirm the working assumption from the ad-hoc meeting.
[bookmark: _Ref129681832]Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution presents performance simulation results for the NB-PRACH scheme proposed for NB-IoT in [4]. The following observations are made:
Observation: The single-tone frequency-hopping NB-PRACH design proposed in [4] can provide sufficiently good ToA estimation accuracy and detection performance to support 15 kHz subcarrier spacing, with the normal cyclic prefix duration used in LTE (4.7-5.2) us. 
Proposal: NB-PRACH scheme is based on single-tone frequency hopping, i.e. confirm the working assumption from the ad-hoc meeting.
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Appendix: ToA accuracy performance of NB-PRACH format 0, 1 under EPA1Hz channel
[image: cid:image012.png@01D152F4.9FEEF2F0]
Figure 4: Residual timing offset at 144dB MCL

	144dB MCL, Format0, EPA1

	TOA error (1/1.92 us)
	TOA error (us)
	Probability

	-5 ~ 5
	-2.60 ~ 2.60
	99.85%
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Figure 4: Residual timing offset at 154dB MCL

	154dB MCL, Format1, EPA1

	TOA error (1/1.92 us)
	TOA error (us)
	Probability

	-5 ~ 5
	-2.60 ~ 2.60
	99.50%
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