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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#73, a revised WID for enhancements of NB-IoT was approved, with the following was agreed on positioning functionality [1]:
· OTDOA is supported
· Baseline signal(s) are: NB-IoT Rel-13 signals, LTE CRS/PRS in 1 PRB
· To use a new signal other than above, RAN1 should find substantial performance/UE complexity benefit over using a signal in the above list, without significant UE complexity or power consumption impact
· UTDOA positioning is supported under the following conditions:
· It uses an existing NB-IoT transmission
· It can be used by Rel-13 UEs
· Any signal used for positioning needs to have its accuracy, complexity, UE power consumption performance confirmed in RAN1
· Final approval of RAN3, RAN4 CRs relating to a particular method (OTDOA/UTDOA) are conditional on this RAN1 verification
This contribution will show the downlink positioning performance based on the NPRS proposed in [3].
Evaluations of positioning accuracy
Two channel models of EPA and ETU are considered for downlink positioning evaluations in [2]. However, the results presented in [4] indicate that the typical time dispersion in urban deployments is significantly smaller than what is experienced in the 3GPP TU channel model that is often used to represent such scenarios. Therefore, EPA is in practice considered more typical than ETU, and employed in our simulations to verify the positioning performance of NPRS. Additionally, in the simulations, NPRS is assumed to have power boosting of 10log10(6)dB. Other simulation assumptions are according to [2]. For reference, simulations with ETU channel model are also included in Appendix B.
1.1 Link-level simulations
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: _GoBack][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Under EPA channel model, timing error performances are evaluated for the new NPRS design [3] in standalone and in-band operation modes, where 1Hz, 2.5Hz, the optional 25Hz Doppler are considered. In this simulation, measurement time duration of 600, and 1200 ms are used. The sampling rate in the simulations is 7.68 MHz. Detailed timing error CDFs can be found in appendix A.1. The timing errors achieved with a probability of 90% are summarized in Table 1 and Table 2.
[bookmark: OLE_LINK105]







[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Table 1	Timing error performance based on measurement time of 600ms
	
	144 dB MCL
	154 dB MCL
	164 dB MCL

	standalone
	EPA 1Hz
	[bookmark: OLE_LINK134][bookmark: OLE_LINK135][-0.07, 0.07]us
	[-0.07, 0.07]us 
	[-0.13, 0.13]us 

	
	EPA 2.5Hz
	[-0.07, 0.07]us
	[-0.07, 0.07]us 
	[-0.13, 0.13]us 

	
	EPA 25Hz
	[bookmark: OLE_LINK138][bookmark: OLE_LINK139][-0.07, 0.07]us
	[-0.07, 0.07]us 
	[bookmark: OLE_LINK140][bookmark: OLE_LINK141][-0.13, 0.13]us 

	In-band
	EPA 1Hz
	[bookmark: OLE_LINK144][bookmark: OLE_LINK145][-0.07, 0.07]us 
	[bookmark: OLE_LINK146][-0.13, 0.13]us 
	[bookmark: OLE_LINK147][bookmark: OLE_LINK148][-0.39, 0.39]us

	
	EPA 2.5Hz
	[bookmark: OLE_LINK149][bookmark: OLE_LINK150][-0.07, 0.07]us 
	[bookmark: OLE_LINK153][bookmark: OLE_LINK154][-0.13, 0.13]us 
	[-0.33, 0.33]us 

	
	EPA 25Hz
	[-0.07, 0.07]us 
	[-0.13, 0.13]us 
	[-0.46, 0.46]us



Table 2	Timing error performance based on measurement time of 1200ms
	
	144 dB MCL
	154 dB MCL
	164 dB MCL

	standalone
	EPA 1Hz
	[-0.07, 0.07]us 
	[bookmark: OLE_LINK136][bookmark: OLE_LINK137][-0.07, 0.07]us
	[-0.07, 0.07]us

	
	EPA 2.5Hz
	[-0.07, 0.07]us 
	[-0.07, 0.07]us
	[-0.07, 0.07]us

	
	EPA 25Hz
	[bookmark: OLE_LINK142][bookmark: OLE_LINK143][-0.07, 0.07]us 
	[-0.07, 0.07]us
	[-0.07, 0.07]us

	In-band
	EPA 1Hz
	[-0.07, 0.07]us 
	[-0.07, 0.07]us 
	[-0.26, 0.26]us

	
	EPA 2.5Hz
	[bookmark: OLE_LINK151][bookmark: OLE_LINK152][-0.07, 0.07]us 
	[-0.07, 0.07]us 
	[-0.20, 0.20]us

	
	EPA 25Hz
	[-0.07, 0.07]us 
	[-0.07, 0.07]us 
	[-0.33, 0.33]us


1.2 System-level simulations
In this section, positioning accuracy performance of OTDOA using new NPRS designed in [3] is evaluated for NB-IoT. 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 UE receiver algorithm to link-level simulation.
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Under EPA channel model, horizontal positioning accuracy is evaluated for in-band and standalone modes, where indoor and outdoor scenarios are considered. CDF curves of horizontal accuracy can be found in Appendix B.1. Furthermore, the positioning accuracy with a probability more than 67% are summarized in Table 3.








Table 3	Positioning accuracy performance for OTDOA (meters)
	Scenarios
	[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Based on measurement time of 600ms 
	Based on measurement time of 1200ms 

	In-band
	Indoor
(1 Hz Doppler)
	22.9 m
	15.7 m

	
	Outdoor
(2.5 Hz Doppler)
	19.2 m
	13.9 m

	
	Outdoor
(25 Hz Doppler)
	26.1 m
	18.4 m

	Standalone
	Indoor
(1 Hz Doppler)
	18.2 m
	13.1 m

	
	Outdoor
(2.5 Hz Doppler)
	15.2 m
	11.9 m

	
	Outdoor
(25 Hz Doppler)
	20.3 m
	14.6 m



[bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK19]Observation 1: For in-band deployments, 22.9, 19.2 and 26.1 meters horizontal accuracy can be achieved for 67% of UEs in indoor 1Hz Doppler, outdoor 2.5Hz Doppler, and outdoor 25Hz Doppler scenarios, assuming a measurement time of 600ms.
[bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK17][bookmark: OLE_LINK18]Observation 2: In standalone deployments, 18.2, 15.2 and 20.3 meters horizontal accuracy can be achieved for 67% of UEs in indoor 1Hz Doppler, outdoor 2.5Hz Doppler, and outdoor 25Hz Doppler scenarios, assuming a measurement time of 600ms.
Conclusion
In this contribution, the positioning accuracy of OTDOA based on the NPRS design in [2] for both standalone operation mode and in-band operation modes are evaluated respectively. We have the following observations:
For the new NPRS design in [3]:
Observation 1: For in-band deployments, 22.9, 19.2 and 26.1 meters horizontal accuracy can be achieved for 67% of UEs in indoor 1Hz Doppler, outdoor 2.5Hz Doppler, and outdoor 25Hz Doppler scenarios, assuming a measurement time of 600ms.
Observation 2: In standalone deployments, 18.2, 15.2 and 20.3 meters horizontal accuracy can be achieved for 67% of UEs in indoor 1Hz Doppler, outdoor 2.5Hz Doppler, and outdoor 25Hz Doppler scenarios, assuming a measurement time of 600ms.
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Appendix A	Simulation results under EPA channel
A.1	Timing error performance
[image: ][image: ]
Figure A.1.1 CDFs of downlink timing error performance for standalone mode (EPA-1Hz)
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Figure A.1.2 CDFs of downlink timing error performance for standalone mode (EPA-2.5Hz)
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Figure A.1.3 CDFs of downlink timing error performance for standalone mode (EPA-25Hz)
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Figure A.1.4 CDFs of downlink timing error performance for in-band mode (EPA-1Hz)
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Figure A.1.5 CDFs of downlink timing error performance for in-band mode (EPA-2.5Hz)
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Figure A.1.6 CDFs of downlink timing error performance for in-band mode (EPA-25Hz)
A.2	Positioning error performance
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[bookmark: OLE_LINK92][bookmark: OLE_LINK93]Figure A.2.1 CDFs of positioning error performance for standalone/in-band mode (Indoor-1Hz)

[image: ]
Figure A.2.2 CDFs of positioning error performance for standalone/in-band mode (Outdoor-2.5Hz)
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Figure A.2.3 CDFs of positioning error performance for standalone/in-band mode (Outdoor-25Hz)
Appendix B	Simulation results under ETU channel
B.1	Timing error performance
Based on the proposed NPRS in [2], timing error performances under ETU channel model are summarized in Table B.1.1 and B.1.2. Detailed CDF curves of timing error are shown in Figure B.1.1 – B.1.6.
Table B.1.1	Timing error performance based on measurement time of 600ms
	
	144 dB MCL
	154 dB MCL
	164 dB MCL

	standalone
	ETU-1Hz
	[-0.46, 1.11]us
	[-0.46, 1.11]us
	[bookmark: OLE_LINK115][bookmark: OLE_LINK116][-0.46, 1.11]us

	
	ETU-2.5Hz
	[-0.20, 0.91]us
	[-0.20, 0.91]us
	[bookmark: OLE_LINK119][bookmark: OLE_LINK120][-0.20, 0.91]us

	
	ETU-25Hz
	[0.07, 0.46]us
	[bookmark: OLE_LINK123][bookmark: OLE_LINK124][0.07, 0.46]us
	[0.07, 0.52]us

	inband
	ETU-1Hz
	[-0.65, 1.17]us
	[bookmark: OLE_LINK125][bookmark: OLE_LINK126][-0.65, 1.17]us
	[-0.65, 1.37]us

	
	ETU-2.5Hz
	[bookmark: OLE_LINK131][-0.20, 0.91]us
	[-0.20, 0.91]us
	[-0.39, 1.11]us

	
	ETU-25Hz
	[0.07, 0.46]us
	[0.07, 0.52]us
	[-0.26, 0.91]us



Table B.1.2	Timing error performance based on measurement time of 1200ms
	
	144 dB MCL
	154 dB MCL
	164 dB MCL

	standalone
	ETU-1Hz
	[-0.26, 0.91]us
	[-0.26, 0.91]us
	[bookmark: OLE_LINK117][bookmark: OLE_LINK118][-0.26, 0.91]us

	
	ETU-2.5Hz
	[-0.07, 0.65]us
	[-0.07, 0.65]us
	[bookmark: OLE_LINK121][bookmark: OLE_LINK122][-0.07, 0.65]us

	
	ETU-25Hz
	[0.13, 0.39]us
	[0.13, 0.46]us
	[0.07, 0.46]us

	inband
	ETU-1Hz
	[-0.33, 0.91]us
	[bookmark: OLE_LINK127][bookmark: OLE_LINK128][bookmark: OLE_LINK129][bookmark: OLE_LINK130][-0.33, 0.91]us
	[-0.33, 1.04]us

	
	ETU-2.5Hz
	[bookmark: OLE_LINK132][bookmark: OLE_LINK133][-0.07, 0.72]us
	[-0.07, 0.72]us
	[-0.13, 0.85]us

	
	ETU-25Hz
	[0.13, 0.39]us
	[0.07, 0.46]us
	[-0.13, 0.72]us



[image: ][image: ]
[bookmark: OLE_LINK94][bookmark: OLE_LINK95]Figure B.1.1 CDFs of downlink timing error performance for standalone mode (ETU-1Hz)
[image: ][image: ]
Figure B.1.2 CDFs of downlink timing error performance for standalone mode (ETU-2.5Hz)
6[image: ][image: ]
Figure B.1.3 CDFs of downlink timing error performance for standalone mode (ETU-25Hz)
[image: ][image: ]
Figure B.1.4 CDFs of downlink timing error performance for in-band mode (ETU-1Hz)
[image: ][image: ]
Figure B.1.5 CDFs of downlink timing error performance for in-band mode (ETU-2.5Hz)
[image: ][image: ]
Figure B.1.6 CDFs of downlink timing error performance for in-band mode (ETU-25Hz)



B.2	Positioning error performance
[bookmark: OLE_LINK103][bookmark: OLE_LINK104]Based on the proposed NPRS, horizontal positioning accuracy under ETU channel model is summarized in Table B.2. Detailed CDF curves of horizontal accuracy are shown in Figure B.2.1 – B.2.3.
Table B.2	Positioning accuracy performance for OTDOA (meters)
	Scenarios
	Based on measurement time of 600ms
	Based on measurement time of 1200ms

	Inband
	Indoor
(1Hz Doppler)
	129.1 m
	89.7 m

	
	Outdoor
(2.5Hz Doppler)
	83.2 m
	60.1 m

	
	Outdoor
(25Hz Doppler)
	57.3 m
	41.9 m

	Standalone
	Indoor
(1Hz Doppler)
	116.1 m
	82.7 m

	
	Outdoor
(2.5Hz Doppler)
	76 m
	56.4 m

	
	Outdoor
(25Hz Doppler)
	50.9 m
	38.5 m



[image: ]
Figure B.2.1 CDFs of positioning error performance for standalone/in-band mode (Indoor-1Hz)
[image: ]
Figure B.2.2 CDFs of positioning error performance for standalone/in-band mode (Outdoor-2.5Hz)
[image: ]
Figure B.2.3 CDFs of positioning error performance for standalone/in-band mode (Outdoor-25Hz)
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