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1 Introduction

At the RAN#81 WG meeting, the final version of study item on NR Positioning was approved [1]. One of the study item objectives is to evaluate potential solutions for NR Positioning [1].

	Objective:

· Study and evaluate potential solutions of positioning technologies based on the above identified requirements, evaluation scenarios/methodologies [RAN1]

· The solutions should include at least NR-based RAT dependent positioning to operate in both FR1 and FR2 whereas other positioning technologies are not precluded.

· Minimum bandwidth target (e.g. 5MHz) of NR with scalability is supported towards general extension for any applications.


During the RAN1 AdHoc-1901 meeting, the following agreements were made by RAN1 WG with respect to RAT-dependent solutions and DL based positioning in particular.

	RAN1#94bis Agreement:

· The RAT dependent solutions considered for study include

· Downlink based solutions

· Downlink and uplink based solutions

· Uplink based solutions


In this contribution, we provide summary of NR positioning evaluation results for all agreed evaluation scenarios and provide text proposal for the 3GPP TR 38.855. Our views on other NR Positioning aspects are provided in companion contributions [3]-[8].
2 Text Proposal for 3GPP TR 38.855
In the next subsections, we provide our inputs to draft text proposals for NR Positioning evaluation results for each agreed evaluation scenario.
2.1 Summary Text Proposal for Scenario 1 (Indoor Open Office)

Based on analysis of NR positioning evaluation results for Scenario 1, the following observations can be made for indoor UEs:

· Indoor open office environment is characterized by high probability of LOS links and small ISDs that lead to a favorable channel propagation conditions for NR positioning.
· For both FR1 and FR2, DL-TDOA/UL-TDOA for NR positioning in indoor open office environment can reach horizontal positioning error < 3m for 80% of UEs (commercial requirements) under ideal network synchronization assumptions. For both techniques the non-perfect network synchronization leads to degraded positioning performance, where level of degradation depends on network synchronization accuracy. 

· RTT based technique for NR positioning provides additional enhancements to NR positioning performance and is robust against network synchronization errors.
· The timing super-resolution algorithms can further improve performance of the NR positioning. The reporting of the received signal waveform can facilitate more accurate network based positioning if advanced algorithms for estimation of signal location parameters are applied.

· The orthogonal transmission of reference signals is essential to achieve accurate positioning performance.
2.2 Summary Text Proposal for Scenario 2 (UMi Street Canyon)

Based on analysis of NR positioning evaluation results for Scenario 2, the following observations can be made for outdoor UEs:

· For both FR1 and FR2, DL-TDOA/UL-TDOA for NR positioning in UMi street canyon environment can reach horizontal positioning error < 10m for 80% of outdoor UEs (commercial requirements) under ideal network synchronization assumptions. For both techniques, the non-perfect network synchronization leads to degraded positioning performance, where level of degradation depends on network synchronization accuracy.

· RTT based technique for NR positioning provides additional enhancements to NR positioning performance and is robust against network synchronization errors.

· The timing super-resolution algorithms can further improve performance of the NR positioning. The reporting of the received signal waveform can facilitate more accurate network based positioning if advanced algorithms for estimation of signal location parameters are applied.

2.3 Summary Text Proposal for Scenario 3 (UMa)
Based on analysis of NR positioning evaluation results for Scenario 3, the following observations can be made:

· DL-TDOA positioning technique outperforms UL-TDOA and RTT in UMa scenario, where both UL-TDOA and RTT based techniques suffer from UL link budget constraints. 
· In UMa scenario, DL-TDOA positioning technique can meet regulatory requirements for horizontal positioning error <= 50m for 80% of UEs under practical network synchronization assumptions

· Accurate network synchronization is needed to improve positioning performance in UMa scenario and the use of DL-TDOA in FR1 is a viable candidate option.
In the next section, we provide text proposal for the Section 8 of the 3GPP TR 38.855 which is supposed to capture evaluation results for NR positioning.

--------------------------------------------------------------Start of Text Proposal -----------------------------------------------------

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]

The parameters used for evaluation of the DL based positioning in Scenario 1 (Indoor Open Office) are listed in Table 8.1.1.1-1 below.

Table 8.1.1.1-1 Parameters for Downlink evaluations in Scenario 1
	Parameter
	Setup 1
	Setup 2
	Setup 3

	Channel model (baseline, otherwise state any modifications)
	Baseline
	Baseline
	Baseline

	Carrier frequency 
	4 GHz
	4 GHz
	30 GHz

	Subcarrier spacing
	15 kHz
	30 kHz
	120 kHz

	Reference Signal Transmission Bandwidth
	5 MHz
	100 MHz
	100 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	12 REs per PRB,
single symbol
	12 REs per PRB,
single symbol
	12 REs per PRB,
single symbol

	Reference signal (type of sequence, number of ports, …) 
	QPSK, Pseudo random, single Tx port
	QPSK, Pseudo random, single Tx port
	QPSK, Pseudo random, single Tx port

	Number of sites
	12 sectors / 12 sites
	12 sectors / 12 sites
	36 sectors / 12 sites

	Number of symbols used per occasion
	1x12(sites)
	1x12(sites)
	8(beams)x36(sectors)

	Number of occasions used per positioning estimate
	1
	1
	1

	Power-boosting level
	0 dB
	0 dB
	0 dB

	Uplink power control (applied/not applied)
	NA
	NA
	NA

	Interference modelling (ideal muting, or other)
	Ideal muting
	Ideal muting
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Option 1: Threshold based algorithm for the first arrival path (FAP) estimation

Option 2: MUSIC
	Threshold based algorithm for the first arrival path (FAP) estimation
	Threshold based algorithm for the first arrival path (FAP) estimation

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Taylor based, measurements above -15 dB are used for positioning
	Taylor based, measurements above -15 dB are used for positioning 
	Taylor based, measurements above -15 dB are used for positioning 

	Network synchronization assumptions
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Single Tx port
	Single Tx port
	Single Tx port

	Additional notes, if any
	RX Waveform reporting is  assumed to perform super resolution timing estimation algorithm at gNB side
	
	


The system level evaluation results for DL positioning in Scenario 1 (Indoor open office) are provided below
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(a) FR1 evaluations
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(b) FR2 evaluations


8.1.2
System simulations for Scenario 2 – UMi
8.1.2.1
Results from [Source A]

The parameters used for evaluation of the DL based positioning in Scenario 2 (UMi) are listed in Table 8.1.2.1-1 below.

Table 8.1.2.1-1 Parameters for Downlink evaluations in Scenario 2
	Parameter
	Setup 1
	Setup 2
	Setup 3

	Channel model (baseline, otherwise state any modifications)
	Baseline
	Baseline
	Baseline

	Carrier frequency 
	4 GHz
	4 GHz
	30 GHz

	Subcarrier spacing
	15 kHz
	30 kHz
	120 kHz

	Reference Signal Transmission Bandwidth
	5 MHz
	100 MHz
	100 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	12 REs per PRB, single symbol
	12 REs per PRB,
single symbol
	12 REs per PRB,
single  symbol

	Reference signal (type of sequence, number of ports, …) 
	QPSK, Pseudo random, single Tx port
	QPSK, Pseudo random, single Tx port
	QPSK, Pseudo random, single Tx port

	Number of sites
	57 sectors / 19 sites
	57 sectors / 19 sites
	57 sectors / 19 sites

	Number of symbols used per occasion
	1x57(sectors)
	1x57(sectors)
	16(beams)x57(sectors)

	Number of occasions used per positioning estimate
	1
	1
	1

	Power-boosting level
	0 dB
	0 dB
	0 dB

	Uplink power control (applied/not applied)
	NA
	NA
	NA

	Interference modelling (ideal muting, or other)
	Ideal muting
	Ideal muting
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Option 1: Threshold based algorithm for the first arrival path (FAP) estimation

Option 2: MUSIC
	Threshold based algorithm for the first arrival path (FAP) estimation
	Threshold based algorithm for the first arrival path (FAP) estimation

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Taylor based, measurements above -15 dB are used for positioning
	Taylor based, measurements above -15 dB are used for positioning 
	Taylor based, measurements above -15 dB are used for positioning 

	Network synchronization assumptions
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Single Tx port
	Single Tx port
	Single Tx port

	Additional notes, if any
	RX Waveform reporting is  assumed to perform super resolution timing estimation algorithm at gNB side
	
	


The system level evaluation results for DL positioning in Scenario 2 (UMi) are provided below.
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(a) FR1 evaluations
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(b) FR2 evaluations


8.1.3
System simulations for Scenario 3 – UMa
8.1.3.1
Results from [Source A]

The parameters used for evaluation of the DL based positioning in Scenario 3 (UMa) are listed in Table 8.1.3.1-1 below.
Table 8.1.3.1-1 Parameters for Downlink evaluations in Scenario 3
	Parameter
	Setup 1
	Setup 2

	Channel model (baseline, otherwise state any modifications)
	Baseline
	Baseline

	Carrier frequency 
	4 GHz
	4 GHz

	Subcarrier spacing
	15 kHz
	30 kHz

	Reference Signal Transmission Bandwidth
	5 MHz
	100 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	12 REs per PRB, single symbol
	12 REs per PRB,
single symbol

	Reference signal (type of sequence, number of ports, …) 
	QPSK, Pseudo random, single Tx port
	QPSK, Pseudo random, single Tx port

	Number of sites
	57 sectors / 19 sites
	57 sectors / 19 sites

	Number of symbols used per occasion
	1x57(sectors)
	1x57(sectors)

	Number of occasions used per positioning estimate
	1
	1

	Power-boosting level
	0 dB
	0 dB

	Uplink power control (applied/not applied)
	NA
	NA

	Interference modelling (ideal muting, or other)
	Ideal muting
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Option 1: Threshold based algorithm for the first arrival path (FAP) estimation

Option 2: MUSIC
	Threshold based algorithm for the first arrival path (FAP) estimation

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Taylor based, measurements above -15 dB are used for positioning
	Taylor based, measurements above -15 dB are used for positioning 

	Network synchronization assumptions
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Single Tx port
	Single Tx port

	Additional notes, if any
	RX Waveform reporting is  assumed to perform super resolution timing estimation algorithm at gNB side
	


The system level evaluation results for DL positioning in Scenario 3 (UMa) are provided below.
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(a) FR1 evaluations


8.2
Uplink evaluations
8.2.1
System simulations for Scenario 1 – Indoor Open Office

8.2.1.1
Results from [Source A]

The parameters used for evaluation of the UL based positioning in Scenario 1 (Indoor Open Office) are listed in Table 8.2.1.1-1 below.

Table 8.2.1.1-1 Parameters for Uplink evaluations in Scenario 1
	Parameter
	Setup 1
	Setup 2
	Setup 3

	Channel model (baseline, otherwise state any modifications)
	Baseline
	Baseline
	Baseline

	Carrier frequency 
	4 GHz
	4 GHz
	30 GHz

	Subcarrier spacing
	15 kHz
	30 kHz
	120 kHz

	Reference Signal Transmission Bandwidth
	5 MHz
	100 MHz
	100 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	4 REs per PRB,
4 symbols
	4 REs per PRB,
4 symbols
	4 REs per PRB,
4 symbols

	Reference signal (type of sequence, number of ports, …) 
	QPSK, Pseudo random, single Tx port
	QPSK, Pseudo random, single Tx port
	QPSK, Pseudo random, single Tx port

	Number of sites
	12 sectors / 12 sites
	12 sectors / 12 sites
	36 sectors / 12 sites

	Number of symbols used per occasion
	4(symb)xUE number
	4(symb)xUE number
	4(symb)x8(beams)xUE number

	Number of occasions used per positioning estimate
	1
	1
	1

	Power-boosting level
	6 dB
	6 dB
	6 dB

	Uplink power control (applied/not applied)
	Max power
	Max power
	Max power

	Interference modelling (ideal muting, or other)
	Ideal muting
	Ideal muting
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Threshold based algorithm for the first arrival path (FAP) estimation
	Threshold based algorithm for the first arrival path (FAP) estimation

MUSIC based algorithm for the angle of arrival (AoA) estimation
	Threshold based algorithm for the first arrival path (FAP) estimation



	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Taylor based, measurements above -15 dB are used for positioning
	Taylor based, measurements above -15 dB are used for positioning 
	Taylor based, measurements above -15 dB are used for positioning 

	Network synchronization assumptions
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Single Tx port
	Single Tx port
	Single Tx port

	Additional notes, if any
	
	
	


The system level evaluation results for UL positioning in Scenario 1 (Indoor Open Office) are provided below.
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(a) FR1 evaluations
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(b) FR2 evaluations


8.2.2
System simulations for Scenario 2 – UMi
8.2.2.1
Results from [Source A]

The parameters used for evaluation of the UL based positioning in Scenario 2 (UMi) are listed in Table 8.2.2.1-1 below.

Table 8.2.2.1-1 Parameters for Uplink evaluations in Scenario 2

	Parameter
	Setup 1
	Setup 2
	Setup 3

	Channel model (baseline, otherwise state any modifications)
	Baseline
	Baseline
	Baseline

	Carrier frequency 
	4 GHz
	4 GHz
	30 GHz

	Subcarrier spacing
	15 kHz
	30 kHz
	120 kHz

	Reference Signal Transmission Bandwidth
	5 MHz
	100 MHz
	100 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	4 REs per PRB,
4 symbols
	4 REs per PRB,
4 symbols
	4 REs per PRB,
4 symbols

	Reference signal (type of sequence, number of ports, …) 
	QPSK, Pseudo random, single Tx port
	QPSK, Pseudo random, single Tx port
	QPSK, Pseudo random, single Tx port

	Number of sites
	57 sectors / 19 sites
	57 sectors / 19 sites
	57 sectors / 19 sites

	Number of symbols used per occasion
	4(symb)xUE number
	4(symb)xUE number
	4(symb)x16(beams)xUE number

	Number of occasions used per positioning estimate
	1
	1
	1

	Power-boosting level
	6 dB
	6 dB
	6 dB

	Uplink power control (applied/not applied)
	Max power
	Max power
	Max power

	Interference modelling (ideal muting, or other)
	Ideal muting
	Ideal muting
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Threshold based algorithm for the first arrival path (FAP) estimation
	Threshold based algorithm for the first arrival path (FAP) estimation
	Threshold based algorithm for the first arrival path (FAP) estimation

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Taylor based, measurements above -15 dB are used for positioning
	Taylor based, measurements above -15 dB are used for positioning 
	Taylor based, measurements above -15 dB are used for positioning 

	Network synchronization assumptions
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Single Tx port
	Single Tx port
	Single Tx port

	Additional notes, if any
	
	
	


The system level evaluation results for UL positioning in Scenario 2 (UMi) are provided below.
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(a) FR1 evaluations
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(b) FR2 evaluations


8.2.3
System simulations for Scenario 3 – UMa
8.2.3.1
Results from [Source A]

The parameters used for evaluation of the UL based positioning in Scenario 3 (UMa) are listed in Table 8.2.3.1-1 below.

Table 8.2.3.1-1 Parameters for Uplink evaluations in Scenario 3
	Parameter
	Setup 1
	Setup 2

	Channel model (baseline, otherwise state any modifications)
	Baseline
	Baseline

	Carrier frequency 
	4 GHz
	4 GHz

	Subcarrier spacing
	15 kHz
	30 kHz

	Reference Signal Transmission Bandwidth
	5 MHz
	100 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	4 REs per PRB,
4 symbols
	4 REs per PRB,
4 symbols

	Reference signal (type of sequence, number of ports, …) 
	QPSK, Pseudo random, single Tx port
	QPSK, Pseudo random, single Tx port

	Number of sites
	57 sectors / 19 sites
	57 sectors / 19 sites

	Number of symbols used per occasion
	4(symb)xUE number
	4(symb)xUE number

	Number of occasions used per positioning estimate
	1
	1

	Power-boosting level
	6 dB
	6 dB

	Uplink power control (applied/not applied)
	Max power
	Max power

	Interference modelling (ideal muting, or other)
	Ideal muting
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Threshold based algorithm for the first arrival path (FAP) estimation
	Threshold based algorithm for the first arrival path (FAP) estimation

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Taylor based, measurements above -15 dB are used for positioning
	Taylor based, measurements above -15 dB are used for positioning 

	Network synchronization assumptions
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Single Tx port
	Single Tx port

	Additional notes, if any
	
	


The system level evaluation results for UL positioning in Scenario 3 (UMa) are provided below.
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(a) FR1 evaluations


8.3
Downlink + uplink evaluations
8.3.1
System simulations for Scenario 1 – Indoor Open Office

8.3.1.1
Results from [Source A]

The parameters used for evaluation of the DL & UL based positioning in Scenario 1 (Indoor Open Office) are listed in Table 8.3.1.1-1 below.

Table 8.3.1.1-1 Parameters for Downlink and Uplink evaluations in Scenario 1

	Parameter
	Setup 1
	Setup 2
	Setup 3

	Channel model (baseline, otherwise state any modifications)
	Baseline
	Baseline
	Baseline

	Carrier frequency 
	4 GHz
	4 GHz
	30 GHz

	Subcarrier spacing
	15 kHz
	30 kHz
	120 kHz

	Reference Signal Transmission Bandwidth
	5 MHz
	100 MHz
	100 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	DL: 12 REs per PRB,
single symbol
UL: 4 REs per PRB,
4 symbols
	DL: 12 REs per PRB,
single symbol
UL: 4 REs per PRB,
4 symbols
	DL: 12 REs per PRB,
single symbol
UL: 4 REs per PRB,
4 symbols

	Reference signal (type of sequence, number of ports, …) 
	QPSK, Pseudo random, single Tx port
	QPSK, Pseudo random, single Tx port
	QPSK, Pseudo random, single Tx port

	Number of sites
	12 sectors / 12 sites
	12 sectors / 12 sites
	36 sectors / 12 sites

	Number of symbols used per occasion
	DL: 1x12(sites)

UL: 4(symb)xUE number
	DL: 1x12(sites)

UL: 4(symb)xUE number
	DL: 8(beams)x36(sectors)
UL: 4(symb)x8(beams)x 36(sectors)

	Number of occasions used per positioning estimate
	1
	1
	1

	Power-boosting level
	DL: 0 dB
UL: 6 dB
	DL: 0 dB
UL: 6 dB
	DL: 0 dB
UL: 6 dB

	Uplink power control (applied/not applied)
	Max power
	Max power
	Max power

	Interference modelling (ideal muting, or other)
	Ideal muting
	Ideal muting
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Threshold based algorithm for the first arrival path (FAP) estimation
	Threshold based algorithm for the first arrival path (FAP) estimation
	Threshold based algorithm for the first arrival path (FAP) estimation

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Taylor based, measurements above -15 dB are used for positioning
	Taylor based, measurements above -15 dB are used for positioning 
	Taylor based, measurements above -15 dB are used for positioning 

	Network synchronization assumptions
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	No sweeping
	No sweeping
	DL: Tx sweeping
UL: Rx sweeping

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Single Tx port
	Single Tx port
	Single Tx port

	Additional notes, if any
	
	
	


The system level evaluation results for DL & UL positioning in Scenario 1 (Indoor Open Office) are provided below.
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(a) FR1 evaluations
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(b) FR2 evaluations


8.3.2
System simulations for Scenario 2 – UMi
8.3.2.1
Results from [Source A]

The parameters used for evaluation of the DL & UL based positioning in Scenario 2 (UMi) are listed in Table 8.3.2.1-1 below.

Table 8.3.2.1-1 Parameters for Downlink and Uplink evaluations in Scenario 2

	Parameter
	Setup 1
	Setup 2
	Setup 3

	Channel model (baseline, otherwise state any modifications)
	Baseline
	Baseline
	Baseline

	Carrier frequency 
	4 GHz
	4 GHz
	30 GHz

	Subcarrier spacing
	15 kHz
	30 kHz
	120 kHz

	Reference Signal Transmission Bandwidth
	5 MHz
	100 MHz
	100 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	DL: 12 REs per PRB,
single symbol
UL: 4 REs per PRB,
4 symbols
	DL: 12 REs per PRB,
single symbol
UL: 4 REs per PRB,
4 symbols
	DL: 12 REs per PRB,
single symbol
UL: 4 REs per PRB,
4 symbols

	Reference signal (type of sequence, number of ports, …) 
	QPSK, Pseudo random, single Tx port
	QPSK, Pseudo random, single Tx port
	QPSK, Pseudo random, single Tx port

	Number of sites
	57 sectors / 19 sites
	57 sectors / 19 sites
	57 sectors / 19 sites

	Number of symbols used per occasion
	DL: 1x57(sites)

UL: 4(symb)xUE number
	DL: 1x57(sites)

UL: 4(symb)xUE number
	DL: 16(beams)x57(sectors)
UL: 4(symb)x16(beams)x 57(sectors)

	Number of occasions used per positioning estimate
	1
	1
	1

	Power-boosting level
	DL: 0 dB
UL: 6 dB
	DL: 0 dB
UL: 6 dB
	DL: 0 dB
UL: 6 dB

	Uplink power control (applied/not applied)
	Max power
	Max power
	Max power

	Interference modelling (ideal muting, or other)
	Ideal muting
	Ideal muting
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Threshold based algorithm for the first arrival path (FAP) estimation
	Threshold based algorithm for the first arrival path (FAP) estimation
	Threshold based algorithm for the first arrival path (FAP) estimation

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Taylor based, measurements above -15 dB are used for positioning
	Taylor based, measurements above -15 dB are used for positioning 
	Taylor based, measurements above -15 dB are used for positioning 

	Network synchronization assumptions
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	No sweeping
	No sweeping
	DL: Tx sweeping
UL: Rx sweeping

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Single Tx port
	Single Tx port
	Single Tx port

	Additional notes, if any
	
	
	


The system level evaluation results for DL & UL positioning in Scenario 2 (UMi) are provided below.
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(a) FR1 evaluations
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(b) FR2 evaluations


8.3.3
System simulations for Scenario 3 – UMa
8.3.3.1
Results from [Source A]

The parameters used for evaluation of the DL & UL based positioning in Scenario 3 (UMa) are listed in Table 8.3.3.1-1 below.

Table 8.3.3.1-1 Parameters for Downlink and Uplink evaluations in Scenario 3

	Parameter
	Setup 1
	Setup 2

	Channel model (baseline, otherwise state any modifications)
	Baseline
	Baseline

	Carrier frequency 
	4 GHz
	4 GHz

	Subcarrier spacing
	15 kHz
	30 kHz

	Reference Signal Transmission Bandwidth
	5 MHz
	100 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	DL: 12 REs per PRB,
single symbol
UL: 4 REs per PRB,
4 symbols
	DL: 12 REs per PRB,
single symbol
UL: 4 REs per PRB,
4 symbols

	Reference signal (type of sequence, number of ports, …) 
	QPSK, Pseudo random, single Tx port
	QPSK, Pseudo random, single Tx port

	Number of sites
	57 sectors / 19 sites
	57 sectors / 19 sites

	Number of symbols used per occasion
	DL: 1x57(sites)

UL: 4(symb)xUE number
	DL: 1x57(sites)

UL: 4(symb)xUE number

	Number of occasions used per positioning estimate
	1
	1

	Power-boosting level
	DL: 0 dB
UL: 6 dB
	DL: 0 dB
UL: 6 dB

	Uplink power control (applied/not applied)
	Max power
	Max power

	Interference modelling (ideal muting, or other)
	Ideal muting
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Threshold based algorithm for the first arrival path (FAP) estimation
	Threshold based algorithm for the first arrival path (FAP) estimation

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Taylor based, measurements above -15 dB are used for positioning
	Taylor based, measurements above -15 dB are used for positioning 

	Network synchronization assumptions
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns
	Option 1: T1 = 0ns(Perfect)

Option 2: T1 = 50ns

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Single Tx port
	Single Tx port

	Additional notes, if any
	
	


The system level evaluation results for DL & UL positioning in Scenario 3 (UMa) are provided below.

	
[image: image15]
(a) FR1 evaluations


----------------------------------------------------- End of Text Proposal -------------------------------------------------
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