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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#86bis, the following conclusions were reached on UTDOA positioning for NB-IoT:
Conclusions:
· Rel-13 NPRACH preamble is the best candidate and can be used as a signal for NB-IoT UTDOA in some scenarios.
· Whether it is feasible in a given network deployment depends on issues including network coordination, interference handling, power control, in-band emissions, capacity impacts, etc.
· Companies are encouraged to identify in RAN1#87 scenarios where it is and is not feasible.
In this contribution, we evaluate the accuracy of uplink positioning based on reusing NB-IoT Rel-13 NPRACH preamble, as per WID’s guidance [1], both for indoor and outdoor scenarios under agreed simulation assumptions [2]. 
Positioning accuracy evaluation
In this section, we evaluate accuracy performance of uplink positioning for NB-IoT starting based on NPRACH with maximum 128 repetitions, following agreed simulation assumptions in [1]. Additional results for ETU [3] case are provided in the appendix.
[bookmark: OLE_LINK2]A general link-to-system mapping methodology is used for positioning accuracy evaluation where positioning signal quality are observed from system-level simulation with interference from neighbor cells and timing error at each signal quality level per cell is measured by applying a base station receiver algorithm to link-level simulation, where a sampling rate of 15.36MHz is used at the eNB receiver. 
3.1	Indoor scenario
For the indoor case, performance results of horizontal accuracy under fading channel of EPA 1Hz with 3 different system loads are shown in Figure 1. The corresponding horizontal accuracy with percentile of 67% is summarized in Table 1.
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Figure 1	CDF of positioning error for indoor case of EPA 1 Hz
Table 1	Positioning accuracy (meters of error) performance with percentile of 67% in EPA 1 Hz
	
	Load = 0.1
	Load = 0.5
	Load = 1.0

	Horizontal accuracy
	17.3 m
	48.9 m
	72.7 m



Observation 1: For indoor scenario with EPA 1 Hz, uplink positioning based on NPRACH achieves 17.3 m, 48.9 m and 72.7 m horizontal accuracy@67% corresponding to uplink system loads of 10%, 50% and 100% respectively.
3.2	Outdoor scenario
For the outdoor case, performance results of horizontal accuracy under fading channel of EPA 2.5Hz with 3 different system loads are shown in Figure 2. The corresponding horizontal accuracy with percentile of 67% is summarized in Table 2.
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Figure 2	CDF of positioning error for outdoor (2.5 Hz) case of EPA 2.5 Hz



Table 2	Positioning accuracy (meters of error) performance with percentile of 67% in EPA 2.5 Hz
	
	Load = 0.1
	Load = 0.4
	Load = 0.5
	Load = 1.0

	Horizontal accuracy
	12.1 m
	48.3 m
	59.9 m
	74.5 m



Observation 2: For outdoor scenario with EPA 2.5 Hz, uplink positioning based on NPRACH achieves 12.1 m, 48.3 m, 59.9 m and 74.5 m horizontal accuracy@67% corresponding to uplink system loads of 10%, 40%, 50% and 100% respectively.
Similar link-level performance of timing error estimation based on NPRACH for Doppler 2.5 Hz and 25 Hz are shown in Figure 3. Thus it can be expected outdoor positioning accuracy will be similar between the two cases.
[bookmark: _GoBack][image: ]
Figure 3	CDF of uplink timing error for EPA with Doppler 2.5 Hz and 25 Hz
Observation 3: For outdoor scenario, positioning accuracy is expected to be similar between Doppler 2.5 Hz and 25 Hz.
The above results are evaluated under an assumption of frequency reuse 1. As discussed in our overview contribution [4], inter-cell interference can be further reduced by network coordination to enhance hearability of positioning signal. Thus, it is expected that positioning accuracy of NPRACH can be further improved.
Observation 4: Positioning accuracy of NPRACH can be further improved by network coordination to reduce inter-cell interference.
Conclusion
In this contribution, the positioning accuracy along with the complexity and power consumption of UTDOA is evaluated for NB-IoT based on NPRACH, which is an existing NB-IoT transmission. We have the following proposals and observations:
Observation 1: For indoor scenario with EPA 1 Hz, uplink positioning based on NPRACH achieves 17.3 m, 48.9 m and 72.7 m horizontal accuracy@67% corresponding to uplink system loads of 10%, 50% and 100% respectively.
Observation 2: For outdoor scenario with EPA 2.5Hz, uplink positioning based on NPRACH achieves 12.1 m, 48.3 m, 59.9 m and 74.5 m horizontal accuracy@67% corresponding to uplink system loads of 10%, 40%, 50% and 100% respectively.
Observation 3: For outdoor scenario, positioning accuracy is expected to be similar between Doppler 2.5 Hz and 25 Hz.
Observation 4: Positioning accuracy of NPRACH can be further improved by network coordination to reduce inter-cell interference.
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Appendix
Positioning accuracy study for ETU is provided below. 
1) Indoor scenario
[image: ]
Figure 2	CDF of positioning error in meter for indoor case of ETU 1Hz
	
	Load = 0.1
	Load = 0.3
	Load = 0.5
	Load = 1.0

	Horizontal accuracy
	34.1 m
	57.1 m
	66.7 m
	93.1 m



2) Outdoor scenario

[image: ]
Figure 4	CDF of positioning error for outdoor case of ETU 2.5 Hz
	
	Load = 0.1
	Load = 0.3
	Load = 0.5
	Load = 1.0

	Horizontal accuracy
	27.6 m
	48.2 m
	74.5 m
	90.8 m
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