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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN#86 meeting, we have the following conclusions on NR Positioning [1]:
	1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
a. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]
b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
c. [bookmark: _GoBack]Identify and evaluate positioning techniques, DL/UL positioning reference signals, signaling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]


[bookmark: _Ref129681832]And in this contribution, we present our simulation results of positioning in indoor factory scenario.
Simulation results of positioning in indoor factory
Positioning accuracy evaluation for FR1
Table 1 Parameter of positioning accuracy evaluation for FR1 in InF-SH
	Parameter
	[Source 1, InF-SH,  FR1]

	Channel model (baseline, otherwise state any modifications)
	Baseline

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	TS38.211 R16 PRS comb-12 pattern

	Reference signal (type of sequence, number of ports, …) 
	TS38.211 R16 PRS

	Number of sites
	18

	Number of symbols used per slot  per positioning estimate
	12 symbols

	Number of slots per positioning estimate
	8000 slots

	Power-boosting level
	1

	Uplink power control (applied/not applied)
	not applied

	interference modelling (ideal muting, or other)
	ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Phase tracking

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Chan

	Network synchronization assumptions
	Perfect Synchronization

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Ideal alignment

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	nrof antenna elements used

	Additional notes, if any
	 



[image: ]
Figure 1 CDF of positioning error for FR1 in InF-SH

Table 2 Positioning Error in different percentiles for source1
	
	50%
	67%
	80%
	90%

	Positioning Error
	0.161m
	0.273m
	0.387m
	0.617m



Table 3 Parameter of positioning accuracy evaluation for FR1 in InF-DH
	Parameter
	[Source 2, InF-DH,  FR1]

	Channel model (baseline, otherwise state any modifications)
	Baseline

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	TS38.211 R16 PRS comb-12 pattern

	Reference signal (type of sequence, number of ports, …) 
	TS38.211 R16 PRS

	Number of sites
	18

	Number of symbols used per slot  per positioning estimate
	12 symbols

	Number of slots per positioning estimate
	8000 slots

	Power-boosting level
	1

	Uplink power control (applied/not applied)
	not applied

	interference modelling (ideal muting, or other)
	ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Phase tracking

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Chan

	Network synchronization assumptions
	Perfect Synchronization

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Ideal alignment

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	nrof antenna elements used

	Additional notes, if any
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Figure 2 CDF of positioning error for FR1 in InF-DH

Table 4 Positioning Error in different percentiles for source2
	
	50%
	67%
	80%
	90%

	Positioning Error
	0.139m
	0.174m
	0.224m
	0.293m


Positioning accuracy evaluation for FR2
Table 5 Parameter of positioning accuracy evaluation for FR2 in InF-SH
	Parameter
	[Source 3, InF-SH,  FR2]

	Channel model (baseline, otherwise state any modifications)
	Baseline

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	TS38.211 R16 PRS comb-12 pattern

	Reference signal (type of sequence, number of ports, …) 
	TS38.211 R16 PRS

	Number of sites
	18

	Number of symbols used per slot  per positioning estimate
	12 symbols

	Number of slots per positioning estimate
	8000 slots

	Power-boosting level
	1

	Uplink power control (applied/not applied)
	not applied

	interference modelling (ideal muting, or other)
	ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Phase tracking

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Chan

	Network synchronization assumptions
	Perfect Synchronization

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Ideal alignment

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	nrof antenna elements used

	Additional notes, if any
	 


[image: ]
Figure 3 CDF of positioning error for FR2 in InF-SH

Table 6 Positioning Error in different percentiles for source3
	
	50%
	67%
	80%
	90%

	Positioning Error
	0.044m
	0.060m
	0.094m
	0.179m



Table 7 Parameter of positioning accuracy evaluation for FR2 in InF-DH
	Parameter
	[Source 4, InF-DH,  FR2]

	Channel model (baseline, otherwise state any modifications)
	Baseline

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	TS38.211 R16 PRS comb-12 pattern

	Reference signal (type of sequence, number of ports, …) 
	TS38.211 R16 PRS

	Number of sites
	18

	Number of symbols used per slot  per positioning estimate
	12 symbols

	Number of slots per positioning estimate
	8000 slots

	Power-boosting level
	1

	Uplink power control (applied/not applied)
	not applied

	interference modelling (ideal muting, or other)
	ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Phase tracking

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Chan

	Network synchronization assumptions
	Perfect Synchronization

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Ideal alignment

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	nrof antenna elements used

	Additional notes, if any
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Figure 4 CDF of positioning error for FR2 in InF-DH

Table 2 Positioning Error in different percentiles for source4
	
	50%
	67%
	80%
	90%

	Positioning Error
	0.028m
	0.044m
	0.073m
	0.116m


Conclusions
In this contribution, we presented our simulation results of positioning in indoor factory based on R16 PRS. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[1] 3GPP RP-193237, “New SID on NR Positioning Enhancements”, RAN#86, Sitges, Spain, December 9th – 12th, 2019.
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