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In RAN#72, WID for enhancements of NB-IoT was approved, and the following was agreed on positioning functionality [1]:
Support of UTDOA or OTDOA:
· Study accuracy, UE complexity, UE power consumption for both UTDOA and OTDOA using NB-IoT and provide recommendation to RAN#73 on which one solution to adopt [RAN1]  
· 3GPP network operators are invited to provide inputs to RAN1#86 on their positioning requirements. Companies are encouraged to include both methods in their evaluations.
· Based on the study make a choice (either uplink positioning or OTDOA) during RAN#73
In this contribution, the accuracy performance of uplink positioning of NB-IoT is evaluated. In section 2, timing error performances of a new UL positioning signal designed in [2], based on single-tone hopping similar to NPRACH, is shown. The timing error performance of the existing NPRACH is provided for comparison. In section 3, based on the new UL positioning signal, a system-level simulation is performed to evaluate the positioning accuracy performance for UTDOA in NB-IoT.
Link-level timing error performance
In this section, estimated timing error performances are evaluated by link-level simulation for the new UL positioning signal and Rel-13 NPRACH under MCL levels of 144 dB, 154 dB and 164 dB, where 128 repetitions are assumed for both signals. Simulation assumptions can be found in Table A.1 in the appendix, where fading channel of EPA 1 Hz is considered. The CDF curves of estimated timing errors for the new positioning signal and Rel-13 NPRACH are shown in Figure 1 and Figure 2 respectively, and the percentiles corresponding to the timing error threshold of 65ns are summarized in Table 1.
It can be found that there is a significant difference between the performances of timing error of the new UL positioning signal and Rel-13 NPRACH. Therefore, for the sake of higher positioning accuracy, the new positioning signal is always assumed to be used for the uplink positioning for NB-IoT in the following evaluations.
Table 1	CDF of 65 ns timing error for the new UL positioning signal and NPRACH
	Signal
	[1] 144 dB MCL
	[2] 154 dB MCL
	[3] 164 dB MCL

	New UL positioning signal with 128 reps (819.2ms)
	95.5%
	93.6%
	71.4%

	Rel-13 NPRACH with 128 reps (819.2ms)
	52.9%
	44.8%
	22.2%
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 Figure 1 CDF of uplink timing error for the new UL positioning signal
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Figure 2 CDF of uplink timing error for Rel-13 NPRACH

System-level positioning accuracy performance
In this section, positioning accuracy performance of UTDOA is evaluated for NB-IoT. The collision between the new positioning RS and the uplink transmissions from neighbor cells may worsen the performance of uplink positioning, so three system loads of 10%, 50% and 100%, representing different interference power levels are considered in this evaluation. For current evaluation, some of specific assumptions are listed in Table A.2 in the appendix while others can refer to another contribution where a framework for the study is discussed [3].
A general link-to-system mapping methodology is used for positioning accuracy evaluation where signal quality of different cells are observed from system-level simulation and timing error at each signal quality level per cell is measured by applying a base station receiver algorithm to link-level simulation.
Performance results of horizontal accuracy under different system load are shown in Figure 3. It can be seen that the percentiles corresponding to the accuracy threshold of 50 meters are 95%, 82%, 74% for system load 10%, 50% and 100% respectively, further performances are summarized in Table 3.
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[bookmark: _Ref456106642]Figure 3	CDF of positioning error for UTDOA

Table 3	Positioning accuracy (meters of error) performance for UTDOA
	System load
	40%
	50%
	70%
	80%
	90%

	load = 0.1
	11.44
	13.94
	20.81
	26.02
	36.44

	load = 0.5
	20.34
	24.69
	36.41
	47
	67.84

	load = 1.0
	24.74
	30.22
	45.15
	58.06
	82.27



Conclusion
In this contribution, the positioning accuracy of UTDOA is evaluated for NB-IoT. Base stations perform physical layer timing measurement based on single-tone frequency-hopping transmission in a 180 kHz bandwidth per UE [2]. We have the following observations:
Observation 1: The new UL positioning signal based on single-tone frequency hopping has significantly better timing accuracy than Rel-13 NPRACH.
Observation 2: 50 meters horizontal accuracy can be achieved by UTDOA for 95%, 82%, 74% of UEs for system loads of 10%, 50% and 100% respectively.
Observation 3: At the 67% level, UTDOA achieves 20 m, 36 m, 45 m horizontal error for system loads of 10%, 50% and 100% respectively.
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Appendix
Table A.1	Link-level simulation assumptions for UTDOA
	Carrier frequency
	900MHz

	UE Tx antenna
	2

	BS Rx antenna
	1

	Fading channel model
	EPA 1Hz

	Residual frequency error
	Randomly chosen from the set {-50, 50} Hz

	Frequency drift
	22.5 Hz/second



Table A.2	Simulation assumptions for accuracy study of UTDOA
	Network synchronization
	Synchronized without timing error

	Mobility
	Static

	Fading channel
	EPA 1Hz

	Reference signal
	Single-tone frequency hopping transmission in [2]

	Transmit power
	Max. 23 dBm per uplink transmission with open loop power control
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