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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#70, a revised NB-IoT WID [1] was approved based on the discussions and evaluations in RAN1 [2] and the outcome of the GERAN SI on Cellular IoT [3].
In this contribution, the performance of the optimized single-tone with hopping NB-PRACH design that is introduced in [4] is presented.
The design in [4] maintains perfect constant envelope and can be used by all UEs, irrespective of their coupling loss or whether they are single-tone or multi-tone. Hence it provides very high energy efficiency for the UE while also allowing a single PRACH design to be used for all scenarios.
Simulation setup
The simulation parameters are shown in Table 1.
[bookmark: _Ref438723119]Table 1: 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%
	0.85%

	164
	0.1%
	1.7%



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
[bookmark: _Ref438721666]
Table 3: ToA estimation performance summary
	MCL
	Probability of ToA Error in [-2.5~2.5]us

	144 dB
	96.0% 

	154 dB
	93.5% 

	164 dB
	92.0% 



Collision rate
The collision rates for different coverage levels were derived for resource configuration option #1 described in [4], based on the traffic models defined in TR 45.820 for capacity evaluations (i.e. 80/20 split between MAR periodic and Network command, see Annex E.2 of [3]). The split of devices was based on the geometry obtained assuming BPL scenario 1 with inter-site correlation coefficient of 0.5.
It can be seen that very low collision rate can be achieved for each coverage level.
Table 4: Collision rate, resource configuration option #1
	Coupling loss
	<144 dB
	[144 dB, 154 dB]
	>154 dB

	Percentage (%)
	46.21
	43.65
	10.14

	Mean arrival rate (/s)
	2.83
	2.68
	0.62

	Collision rate (%)
	0.04
	0.14
	0.12



Performance summary
The results shown in the previous sections can be summarized in the following observations:
Observation 1: 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. 
Observation 2: The design also has very low collision probability at all three coverage levels.
[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 1: 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. 
Observation 2: The design also has very low collision probability at all three coverage levels.
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