Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk534990442][bookmark: _Hlk536795849] 3GPP TSG RAN WG1 #96			 			 		 R1-1902102
Athens, Greece, 25th February – 1st March, 2019
Agenda Item:	7.2.10.1.4
Source: 	LG Electronics
Title: 	Discussion on Performance Evaluation for RAT-Dependent Positioning Techniques
[bookmark: Source]Document for:	   Discussion and decision
1 Introduction
In 3GPP #94bis and #95 meeting, the following agreements were made for the performance requirements for NR Positioning [1-2].
	Agreement:
· Regulatory requirements are considered as a minimum performance targets for NR Positioning studies
· Additional requirements based on commercial use cases can be used as input performance targets that are subject to further analysis in terms of performance / complexity tradeoffs in different evaluation scenarios
Agreement:
· For regulatory use cases, the following requirements are considered as a minimum performance targets for NR positioning
· Horizontal positioning error <= 50m for 80% of UEs
· Vertical positioning error [<5 m] for [80%] of UEs
· Note: The regulatory requirements refer to floor level vertical accuracy
· End to end latency and TTFF < 30 seconds
· As a starting point for commercial use cases, the following requirements are considered as performance targets for RAT dependent solutions, which are subject to further analysis in terms of performance / complexity tradeoffs of NR positioning radio-layer solutions
· Horizontal positioning error < [3]m for [80]% of UEs in indoor deployment scenarios
· Horizontal positioning error < [10]m for [80]% of UEs in outdoor deployments scenarios
· Vertical positioning error < [3]m for [80]% of UEs in indoor deployment scenarios
· Vertical positioning error < [3]m for [80]% of UEs in outdoor deployment scenarios
· End to end latency < [1]s
· Note: This does not eliminate more or less demanding commercial use cases.
Agreement:
· At least CDFs of horizontal and vertical (vertical error not necessarily applicable to all solutions and/or scenarios) positioning errors are used as a performance metrics in NR positioning evaluations
· At least the following percentiles of positioning error are analyzed 50%, 67%, 80%, 90%
· Physical layer latency, UE power consumption, scalability/capacity, network deployment complexity, availability, UE and gNB complexity can be considered as important design factors for NR positioning solutions and can be evaluated analytically for proposed solutions
Agreement:
· For commercial use cases, remove brackets from target performance requirements on horizontal positioning error that were agreed at the RAN1#94bis meeting
· Add Note:
· For commercial use cases, indoor deployment means indoor deployed UEs and gNBs
· For commercial use cases, outdoor deployment means outdoor deployed UEs and gNBs
Agreement:
The following note is added under the regulatory and commercial NR positioning target requirements
· Note: It is understood that no single positioning technology has to meet all the requirements for every scenario


In 3GPP NR Ad-Hoc 1901 meeting, templates for technical report were agreed. Based on the agreement, we provide our evaluation results for RAT-dependent positioning technique.

2 System Level Simulation Results
In this section, system level simulation results is presented. Simulation assumption can be found in Appendix.
2.1 Scenario 1 – Indoor Open Office
The text proposal capturing our results for scenario 1 is provided in appendix.
2.1.1 Simulation results
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Figure 1. Horizontal Positioning Accuracy Performance of OTDOA for Indoor Open Office Scenario
Figure 1 shows the horizontal positioning accuracy performance of OTDOA technique for indoor open office scenario for 5MHz, 50MHz BW for PRS transmission. It is observed that the regulatory requirement (Horizontal positioning error <= 50m for 80% of UEs) is satisfied, but the commercial requirement (Horizontal positioning error < 10m for 80% of UEs in outdoor deployments scenarios) cannot be satisfied.
Observation 1: 
· OTDOA technique using 5MHz, 50MHz PRS signal bandwidth satisfies the regulatory requirement (Horizontal positioning error <= 50m for 80% of UEs) for indoor open office scenario.

2.1.2 Summary of results for Scenario 1
As shown in Section 2.1.1, the performance of OTDOA for Indoor open office scenario satisfies the regulatory requirements, but it does not satisfy the commercial requirement.
2.2 Scenario 2 – Urban micro
The text proposal capturing our results for scenario 2 is provided in appendix.
 2.2.1 Simulation results
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Figure 2. Horizontal Positioning Detection Performance of OTDOA for UMi Scenario
Figure 2 shows the horizontal positioning accuracy performance of OTDOA technique for UMi Scenario for 5MHz, 50MHz BW for PRS transmission. It is observed that the regulatory requirement (Horizontal positioning error <= 50m for 80% of UEs) is satisfied, but the commercial requirement (Horizontal positioning error < 10m for 80% of UEs in outdoor deployments scenarios) cannot be satisfied
Observation 2: 
· OTDOA technique using 5MHz, 50MHz PRS signal bandwidth satisfies the regulatory requirement (Horizontal positioning error <= 50m for 80% of UEs) for UMi scenario.

2.2.2 Summary of results for Scenario 2
As shown in Section 2.1.2, the performance of OTDOA for UMi scenario satisfies the regulatory requirements, but it does not satisfy the commercial requirement.
2.3 Scenario 3 – Urban macro
The text proposal capturing our results for scenario 3 is provided in appendix.
2.3.1 Simulation results
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Figure 2. Horizontal Positioning Detection Performance of OTDOA for UMa Scenario
Figure 3 shows the horizontal positioning accuracy performance of OTDOA technique for UMa Scenario for 5MHz, 50MHz BW for PRS transmission. It is observed that the regulatory requirement (Horizontal positioning error <= 50m for 80% of UEs) is satisfied, but the commercial requirement (Horizontal positioning error < 10m for 80% of UEs in outdoor deployments scenarios) cannot be satisfied
Observation 3: 
· OTDOA technique using 5MHz, 50MHz PRS signal bandwidth satisfies the regulatory requirement (Horizontal positioning error <= 50m for 80% of UEs) for UMa scenario.

2.3.2 Summary of results for Scenario 3
As shown in Section 2.1.2, the performance of OTDOA for UMa scenario satisfies the regulatory requirements, but it does not satisfy the commercial requirement.
  
4 Conclusion
In this contribution, we reveal our system level simulation results for OTDOA technique, and summarize our observations as follows:
Observation 1: 
· OTDOA technique using 5MHz, 50MHz PRS signal bandwidth satisfies the regulatory requirement (Horizontal positioning error <= 50m for 80% of UEs) for indoor open office scenario.
Observation 2: 
· OTDOA technique using 5MHz, 50MHz PRS signal bandwidth satisfies the regulatory requirement (Horizontal positioning error <= 50m for 80% of UEs) for UMi scenario.
Observation 3: 
· [bookmark: _GoBack]OTDOA technique using 5MHz, 50MHz PRS signal bandwidth satisfies the regulatory requirement (Horizontal positioning error <= 50m for 80% of UEs) for UMa scenario.
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Appendix: TR skeleton for section 8

8 Evaluation Results of NR Positioning 
Editor’s Note: To be determined. Evaluate physical layer design options, measurements, and/or any additional impacts or enhancements, as applicable per technology, for RAT-dependent and RAT-independent positioning systems, including suitable frequencies and signals.
8.1 Downlink evaluations
8.1.1 System simulations for Scenario 1 – Indoor Open Office
8.1.1.1 Results from [source A]
--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in table 1 below.
Table 1 Parameters for Downlink evaluations in Scenario 1
	Parameter
	LGE, FR1

	Channel model (baseline, otherwise state any modifications)
	Baseline

	Carrier frequency 
	2 GHz

	Subcarrier spacing
	15 kHz

	Reference Signal Transmission Bandwidth
	5, 50 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Based on LTE PRS

	Reference signal (type of sequence, number of ports, …) 
	Based on LTE PRS

	Number of sites
	57

	Number of symbols used per occasion
	8

	number of occasions used per positioning estimate
	6

	Power-boosting level
	7.78 dB

	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, ….)
	Cross correlation

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

	Network synchronization assumptions
	Perfect Synchronization

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	No

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	No

	Additional notes, if any
	-



The results corresponding to the Indoor open office scenario are provided below
Table 2 results for downlink methods evaluations of Scenario 1 – Indoor Open Office
	Percentile
	10
	20
	30
	40
	50
	60
	67
	70
	80
	90
	95

	OTDOA, 5MHz
	-
	-
	-
	-
	19.07m
	-
	25.15m
	-
	-
	39.91 m
	-

	OTDOA, 50MHz
	-
	-
	-
	-
	9.85m
	-
	16.58m
	-
	-
	35.44 m
	-



-------------------- End TP ------------------------------
8.1.2 System simulations for Scenario 2 - Umi 
8.1.2.1 Results from [source A]
--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in table 3 below.
Table 3 Parameters for Downlink evaluations in Scenario 2
	Parameter
	LGE, FR1

	Channel model (baseline, otherwise state any modifications)
	Baseline

	Carrier frequency 
	2 GHz

	Subcarrier spacing
	15 kHz

	Reference Signal Transmission Bandwidth
	5, 50 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Based on LTE PRS

	Reference signal (type of sequence, number of ports, …) 
	Based on LTE PRS

	Number of sites
	57

	Number of symbols used per occasion
	8

	number of occasions used per positioning estimate
	6

	Power-boosting level
	7.78 dB

	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, ….)
	Cross correlation

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

	Network synchronization assumptions
	Perfect Synchronization

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	No

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	No

	Additional notes, if any
	-



The results corresponding to the Umi scenario are provided below
Table 4 results for downlink methods evaluations of Scenario 2 – Umi
	Percentile
	10
	20
	30
	40
	50
	60
	67
	70
	80
	90
	95

	OTDOA, 5MHz
	-
	-
	-
	-
	12.74m
	-
	17.71m
	-
	-
	33.44 m
	-

	OTDOA, 50MHz
	-
	-
	-
	-
	6.09m
	-
	11.01m
	-
	-
	25.91 m
	-



-------------------- End TP ------------------------------
8.1.3 System simulations for Scenario 3 - Uma
8.1.3.1 Results from [source A]
--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in table 5 below.
Table 5 Parameters for Downlink evaluations in Scenario 3
	Parameter
	LGE, FR1

	Channel model (baseline, otherwise state any modifications)
	Baseline

	Carrier frequency 
	2 GHz

	Subcarrier spacing
	15 kHz

	Reference Signal Transmission Bandwidth
	5, 50 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Based on LTE PRS

	Reference signal (type of sequence, number of ports, …) 
	Based on LTE PRS

	Number of sites
	57

	Number of symbols used per occasion
	8

	number of occasions used per positioning estimate
	6

	Power-boosting level
	7.78 dB

	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, ….)
	Cross correlation

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

	Network synchronization assumptions
	Perfect Synchronization

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	No

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	No

	Additional notes, if any
	-



The results corresponding to the Uma office scenario are provided below
Table 6 results for downlink methods evaluations of Scenario 3 – Uma
	Percentile
	10
	20
	30
	40
	50
	60
	67
	70
	80
	90
	95

	OTDOA, 5MHz
	-
	-
	-
	-
	15.29m
	-
	21.33m
	-
	-
	42.38 m
	-

	OTDOA, 50MHz
	-
	-
	-
	-
	8.24m
	-
	13.18m
	-
	-
	27.32 m
	-



-------------------- End TP ------------------------------
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