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Introduction
[bookmark: _Hlk510705081]Work on the current study item on positioning support in NR [1] began at RAN1#94-bis and the following agreements were made with regard to evaluation methodology for NR positioning studies taken from [2]:
Agreement:
· The following evaluation scenarios are defined for NR positioning studies
· Scenario 1. Indoor Office for FR1 and FR2 (Open office and Mixed Office)
· Scenario 2. UMi street canyon for FR1 and FR2 (ISD 200m)
· Scenario 3. UMa (ISD 500m, TBD: ISD > 500m) for FR1 only (Macro cell only deployment scenario)
· FFS if other evaluation scenarios are introduced (e.g. IIoT)
· Note: Specific parameters of evaluation scenarios are to be finalized at the RAN1#94bis based on assumptions defined in 3GPP TRs 38.901 / 38.802 / 37.857
Additional agreements on the evaluation assumptions and parameters are included in the Appendix of this contribution for completeness. The agreed assumptions were used to generate the simulation results presented below expect for where specified in the tables. In this contribution we discuss the remaining details on evaluation methodology and present initial simulation results for OTDOA at FR1. 
Discussion
Evaluation Methodology
At RAN1#94-bis good progress was made with respect to the evaluation scenarios and methodology for this SI. We feel that there would be additional benefit from including the option to have the gNB antenna radiation pattern be sectorized as well in all three scenarios. This would allow for clear study of what benefits beamforming would have for downlink positioning solutions and may give us an idea of whether beamforming is needed at the gNB for FR1 and FR2 or only FR2.
Proposal 1: In addition to the gNB antenna radiation patterns previously agreed to by RAN1, the option to have sectorized beam patterns for the gNB at FR1 for both UMi Street Canyon and Uma Scenarios should be included in this SI. 
For positioning accuracy, in order to be able to compare results of different companies, there may be a need to agree on a reference algorithm for position calculation. As an example, in case of OTDOA the aim of the analysis would be to study the impact of different configurations of Positioning Reference Signal (PRS) transmission on the achievable quality of RSTD measurements, but not the performance of the vendor-specific algorithm determining a position estimate out of a set of RSTD measurements. 
Proposal 2: For OTDOA, RAN1 shall agree on a reference algorithm for determining the position out of a set of RSTD measurements. The reference algorithm is FFS.
On the other hand, it may be helpful to include the study of these vendor-specific algorithms for some components of the SI, for example when determining the ability of a proposed solution to meet commercial use case requirements. One advanced positioning calculation algorithm is BLADE [3]. This algorithm helps to overcome the error introduced by the NLOS channel during the RSTD measurement portion of OTDOA. The basic idea is to try to find the NLOS bias error and attempt to compensate for the bias when doing the positioning calculation. BLADE does not require any additional UE complexity or reporting. 
In addition to baseline algorithms for positioning calculation RAN1 should also consider evaluation assumptions for UE receiver models and gNB receiver models. Specifically, for TDOA estimation the receiver model can take on many variations. While advanced receiver techniques should be studied, and companies are encouraged to provide results using such techniques it would be beneficial to have a baseline for comparison. This idea extends to not only TDOA at the UE side but at the gNB side as well. Additionally, baseline models for angle estimation could be agreed upon. 
Proposal 3: A baseline receiver model for parameter estimation should be agreed upon by RAN1.   
2.2 Performance Metrics
Good progress was made at RAN1#94-bis on the performance metrics for this SI. In addition to the CDF curves of positioning error and analytical metrics we feel it would be beneficial to include more metrics for comparisons between companies. In particular this is important as there is no current plan for calibration between companies for simulation of positioning solutions. For example, in OTDOA it is possible for companies to suggest advanced receiver algorithms and/or advanced post processing algorithms. While useful to determine how well a given solution can indeed perform these enhancements are up to implementation. 
Proposal 4: To facilitate comparisons between companies, where applicable RSTD measurement error CDFs should be provided in additional to CDFs of positioning error. This applies for at least OTDOA and UTDOA. If new solutions are studied by 3GPP (e.g. angle based solutions) similar measurement error CDFs should be agreed to be provided as well.    
2.3 Simulation Results
In this section initial simulation results for OTDOA are provided. The results for FR1 and all three agreed upon evaluation scenarios are included. In addition to the simulation assumptions in the Appendix the following evaluation assumptions were used: 
	System parameters
	Value

	Carrier Frequency
	4 GHz

	Number of PRS Subframes per PRS Occasion
	1 and 6

	PRS RE mapping
	LTE method defined in [4]

	PRS sequence
	LTE method defined in [4]

	PRS muting 
	Perfect muting assumed

	Network Synchronization Assumption
	Perfectly synchronized

	Layout
	7 sites for UMa and UMi

	gNB model parameters
	

	gNB Antenna Radiation pattern
	Sectorized beam pattern  

	gNB Antenna Height
	25 m

	UE model parameters
	

	UE Receiver Threshold
	No thresholding and 0.5 

	UE Antenna Combining
	Non-coherent combing across RX antennas




2.3.1 UMa Scenario
In this section we provide simulation results for the UMa scenario. The CDF curves shown below represent the horizontal positioning error in meters. Three plots are provided. The first one shows the results for the 5 MHz case and using no UE receiver thresholding. The second one shows the results for the 100 MHz case and using no UE receiver thresholding. The third one shows the results for both bandwidths, with 1 PRS subframe only, and using UE receiver thresholding of 0.5. These results are reflected in the summary tables provided in Section 2.3.5.
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Observation 1: In the UMa scenario, at FR1, with either UE receiver thresholding and/or using BLADE OTDOA is able to meet the regulatory requirement for horizontal positioning error. In some cases it may be able to exceed the requirement considerably. 
Observation 2: The assumption that higher BW will lead to higher positioning accuracy may not be true in all scenarios. 
2.3.2 UMi Street Canyon Scenario
In this section we provide simulation results for the UMi street canyon scenario. The CDF curves shown below represent the horizontal positioning error in meters. Three plots are provided. The first one shows the results for the 5 MHz case and using no UE receiver thresholding. The second one shows the results for the 100 MHz case and using no UE receiver thresholding. The third one shows the results for both bandwidths, with 1 PRS subframe only, and using UE receiver thresholding of 0.5. These results are reflected in the summary tables provided in Section 2.3.5.
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[image: ] Observation 3: In the UMi scenario, at FR1, with only UE receiver thresholding OTDOA is able to meet the regulatory requirement for horizontal positioning error. In some cases, OTDOA may be able to exceed the requirement considerably.
2.3.3 Indoor Office Scenario
In this section we provide simulation results for the Indoor Office scenario. The CDF curves shown below represent the horizontal positioning error in meters. Three plots are provided. The first one shows the results for the 5 MHz case and using no UE receiver thresholding. The second one shows the results for the 100 MHz case and using no UE receiver thresholding. The third one shows the results for both bandwidths, with 1 PRS subframe only, and using UE receiver thresholding of 0.5. These results are reflected in the summary tables provided in Section 2.3.5.
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[image: ] Observation 4: In the Indoor Office scenario at FR 1, OTDOA is able to meet the regulatory requirement for horizontal positioning error. In many cases it is able to exceed the requirement considerably.
2.3.4 RSTD Measurement Results
In Section 2.2 we propose that companies also disclose parameter estimation error curves as a performance metric to facilitate easier comparison between companies. In this section we provide some preliminary RSTD measurement error curves. The first figure is for the UMa Scenario and the second figure is for the UMi Scenario.
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2.3.5 Summary
The following table summarizes the OTDOA results for FR1 under various conditions.
Table 2.3.5.1: OTDOA Horizontal Positioning Error (m) with BLADE and without threshold
	Scenario
	50%
	80%
	90%

	UMa, 5 MHz, 1 PRS SF
	19.3
	50.9
	73.6

	UMa, 5 MHz, 6 PRS SF
	17.8
	47.0
	66.7

	UMa, 100 MHz, 1 PRS SF
	5.6
	30.0
	60.1

	UMa, 100 MHz, 6 PRS SF
	4.8
	29.6
	68.5

	UMi, 5 MHz, 1 PRS SF
	12.5
	32.4
	52.0

	UMi, 5 MHz, 6 PRS SF
	12.2
	33.1
	55.0

	UMi, 100 MHz, 1 PRS SF
	3.0
	7.8
	18.4

	UMi, 100 MHz, 6 PRS SF
	3.2
	9.3
	18.7

	InH, 5 MHz, 1 PRS SF
	3.3
	8.4
	11.7

	InH, 5 MHz, 6 PRS SF
	3.3
	8.5
	11.6

	InH, 100 MHz, 1 PRS SF
	1.0
	2.6
	5.9

	InH, 100 MHz, 6 PRS SF
	1.1
	2.5
	5.8


 
Table 2.3.5.2: OTDOA Horizontal Positioning Error (m) without BLADE and without threshold
	Scenario
	50%
	80%
	90%

	UMa, 5 MHz, 1 PRS SF
	21.8
	55.0
	88.2

	UMa, 5 MHz, 6 PRS SF
	20.9
	54.2
	82.9

	UMa, 100 MHz, 1 PRS SF
	38.3
	94.2
	156.4

	UMa, 100 MHz, 6 PRS SF
	40.0
	97.0
	167.5

	UMi, 5 MHz, 1 PRS SF
	15.7
	38.5
	58.1

	UMi, 5 MHz, 6 PRS SF
	15.8
	39.4
	59.5

	UMi, 100 MHz, 1 PRS SF
	19.7
	47.0
	63.7

	UMi, 100 MHz, 6 PRS SF
	19.9
	46.7
	64.3

	InH, 5 MHz, 1 PRS SF
	13.4
	21.0
	23.6

	InH, 5 MHz, 6 PRS SF
	13.4
	21.0
	23.8

	InH, 100 MHz, 1 PRS SF
	9.6
	14.1
	17.2

	InH, 100 MHz, 6 PRS SF
	9.6
	14.1
	17.2



Table 2.3.5.3: OTDOA Horizontal Positioning Error (m) with BLADE and with threshold = 0.5.
	Scenario
	50%
	80%
	90%

	UMa, 5 MHz, 1 PRS SF
	14.2
	30.6
	71.5

	UMa, 100 MHz, 1 PRS SF
	1.2
	2.9
	4.8

	UMi, 5 MHz, 1 PRS SF
	13.3
	31.3
	51.2

	UMi, 100 MHz, 1 PRS SF
	1.2
	2.7
	4.9

	InH, 5 MHz, 1 PRS SF
	3.2
	8.8
	12.1

	InH, 100 MHz, 1 PRS SF
	1.0
	2.4
	4.9



Table 2.3.5.4: OTDOA Horizontal Positioning Error (m) without BLADE and with threshold = 0.5.
	Scenario
	50%
	80%
	90%

	UMa, 5 MHz, 1 PRS SF
	14.7
	37.3
	59.4

	UMa, 100 MHz, 1 PRS SF
	7.0
	30.1
	59.4

	UMi, 5 MHz, 1 PRS SF
	16.2
	38.5
	60.5

	UMi, 100 MHz, 1 PRS SF
	13.2
	45.1
	63.7

	InH, 5 MHz, 1 PRS SF
	13.1
	21.2
	34.4

	InH, 100 MHz, 1 PRS SF
	9.6
	14.5
	16.8



Observation 5: At FR1, OTDOA reusing the PRS design from LTE and with reasonable UE receiver complexity can meet the regulatory requirements for horizontal positioning accuracy.
Observation 6: Using receiver thresholding and advanced positioning calculation algorithms with OTDOA grants accuracy that may be suitable for some commercial use cases.
Proposal 5: Enhancements to the LTE PRS design should be studied for NR to investigate the capabilities of OTDOA to further meet commercial use cases. 
Conclusion
Proposal 1: In addition to the gNB antenna radiation patterns previously agreed to by RAN1, the option to have sectorized beam patterns for the gNB at FR1 for both UMi Street Canyon and Uma Scenarios should be included in this SI. 
Proposal 2: For OTDOA, RAN1 shall agree on a reference algorithm for determining the position out of a set of RSTD measurements. The reference algorithm is FFS.
Proposal 3: A baseline receiver model for parameter estimation should be agreed upon by RAN1.   
Proposal 4: To facilitate comparisons between companies, where applicable RSTD measurement error CDFs should be provided in additional to CDFs of positioning error. This applies for at least OTDOA and UTDOA. If new solutions are studied by 3GPP (e.g. angle based solutions) similar measurement error CDFs should be agreed to be provided as well.   
Observation 1: In the UMa scenario, at FR1, with either UE receiver thresholding and/or using BLADE OTDOA is able to meet the regulatory requirement for horizontal positioning error. In some cases it may be able to exceed the requirement considerably. 
Observation 2: The assumption that higher BW will lead to higher positioning accuracy may not be true in all scenarios. 
Observation 3: In the UMi scenario, at FR1, with only UE receiver thresholding OTDOA is able to meet the regulatory requirement for horizontal positioning error. In some cases it may be able to exceed the requirement considerably.
Observation 4: In the Indoor Office scenario at FR 1, OTDOA is able to meet the regulatory requirement for horizontal positioning error. In many cases it is able to exceed the requirement considerably.
Observation 5: At FR1, OTDOA reusing the PRS design from LTE and with reasonable UE receiver complexity can meet the regulatory requirements for horizontal positioning accuracy.
Observation 6: Using receiver thresholding and advanced positioning calculation algorithms with OTDOA grants accuracy that may be suitable for some commercial use cases.
Proposal 5: Enhancements to the LTE PRS design should be studied for NR to investigate the capabilities of OTDOA to further meet commercial use cases.
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Appendix: Evaluation Scenarios Assumptions
The following represent the agreed evaluation parameters and assumptions from RAN1#94-bis. In the few instances where different values were used for our results ** is inserted and the RAN1 agreed value is provided in parentheses. 
[bookmark: _Ref525300239]Table 1: Parameters common for all evaluation scenarios
	Parameters
	FR1 Specific Values
	FR2 Specific Values

	System parameters
	
	

	Carrier Frequency, GHz
	4 GHz, 2GHz 
[TR 38.802]
	30 GHz
[TR 38.802]

	Bandwidth, MHz
	5MHz, 100 and 50MHz for 4 and 2 GHz respectively
	100, 400 MHz

	Subcarrier spacing, kHz
	15 kHz (for 5 and 50 MHz), 30kHz (for 100 MHz)
	120 kHz

	gNB model parameters
	
	

	gNB Noise Figure, dB
	5dB
	7dB

	UE model parameters
	
	

	UE Max. TX Power, dBm
	23dBm [TR 38.802]
	23dBm [TR 38.802],
EIRP should not exceed 43 dBm (*)

	UE Noise Figure, dB
	9dB [TR 38.802]
	13dB [TR 38.802]

	UE Antenna Configuration
	Panel model 1 [TR 38.802], 
Mg = 1, Ng = 1, P = 2, dH = 0.5λ, 
(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1)
	Baseline: Multi-panel Configuration 1 and Panel Configuration a [TR 38.802]
· Multi-panel Configuration 1: (Mg, Ng) = (1, 2); Θmg,ng=90°; Ω0,1=Ω0,0+180°; (dg,H, dg,V)=(0,0)
· Panel Configuration a:
· - Each antenna array has shape dH=dV=0.5λ
· - Config a: (M, N, P) = (2, 4, 2), 
the polarization angles are 0° and 90°
· - The antenna elements of the same polarization of the same panel is virtualized into one TXRU
· Optional: Provided by company

	UE Antenna
Radiation Pattern
	Omni, 0dBi
	Antenna model in Table 2

	PHY/Link Level abstraction
	Explicit simulation of all links, individual parameters estimation is applied. Companies to provide description of applied algorithms for estimation of signal location parameters. For future study whether a common algorithm is to be agreed upon.

	Network Synchronization assumption
	Network synchronization error. Network sync error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an gNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing  difference of T2 ns, the range of timing errors is [-T2, T2], T2 = 2*T1.

T1 = 0 (perfectly synchronized) and T1 =50 ns are evaluated


[bookmark: _Ref525300358]
[bookmark: _Ref526877956]Table 2: UE antenna radiation pattern model 1 (FR2) (same as Table A.2.1-8 in TR 38.802)
	Parameter
	Values

	Antenna element radiation pattern in  dim (dB)
	


	Antenna element radiation pattern in  dim (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	5dBi

	
	
Note:  are in local coordinate system.




Table 3: Summary of Evaluation Parameters for Indoor Office Scenario applicable at least for 4 GHz
	Parameters
	FR1 Specific Values
	FR2 Specific Values

	gNB model parameters
	
	

	Total gNB TX Power, dBm
	24dBm
	24 dBm, EIRP should not exceed 58 dBm

	gNB Antenna Configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ, [TR 38.802]
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH = dV = 0.5 λ, [TR 38.802]

One TXRU per polarization per panel is assumed

	gNB Antenna Radiation Pattern
	Single sector [TR 38.802]
	3-sector antenna configuration [TR 38.802]


	Propagation characteristics
	
	

	Channel Model
	According to 3GPP TR 38.901
(Indoor Open Office)
	According to 3GPP TR 38.901
(Indoor Open Office)

	Penetration Loss
	0dB
	0dB

	Layout considerations
	
	

	Layout
	Indoor floor: (12BSs per 120m x 50m), TRP number per floor:12, [TR 38.901] Inter-gNB distance = 20m
	Indoor floor: (12BSs per 120m x 50m), TRP number per floor:12, [TR 38.901] Inter-gNB distance = 20m

	Number of floors,
(floor height)
	1

	UE drop procedure
	100% indoor, uniformly distributed over the horizontal area

	UE mobility
	3 km/h

	UE antenna height
	1.5m

	Min. gNB - UE distance (2D), m
	0m

	gNB antenna height
	3m



Table 4: Summary of Evaluation Parameters for UMi Street Canyon Scenario
	Parameters
	FR1 Specific Values
	FR2 Specific Values

	gNB model parameters
	
	

	Total gNB TX Power, dBm
	44 dBm
	37 dBm per panel, EIRP should not exceed 73 dBm


	gNB Antenna Configuration
	 (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ, [TR 38.802]
	 (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2), (dH, dV) = (0.5, 0.5)λ, (dg,H,dg,V) = (4.0, 2.0)λ, [TR 38.802]

	gNB Antenna Radiation Pattern
	Single sector [TR 38.802] ** (Directional, 8dBi [TR 38.802], Please refer to Table 5)
	Directional, 8dBi [TR 38.802], Please refer to Table 5

	Propagation characteristics
	
	

	Channel Model
	According to 3GPP TR 38.901
(UMi Street Canyon)
	According to 3GPP TR 38.901
(UMi Street Canyon)

	Penetration Loss
	For outdoor UEs: 0 dB, 

	For outdoor UEs: 0 dB, 


	Layout considerations
	
	

	Layout
	Hexagonal grid, 7 macro sites, 3 sectors per site, ISD = 200m, [TR 38.802] Wrap-around is applied
Note: in case if interference considerations are not properly taken into account for 7 sites companies are encouraged to provide results for 19 sites
	Hexagonal grid, 19 or 7 macro sites, 3 sectors per site, ISD = 200m, [TR 38.802], Wrap-around is applied
Note: in case if interference considerations are not properly taken into account for 7 sites companies are encouraged to provide results for 19 sites

	Number of floors,
(floor height)
	All users are on the ground

	UE drop procedure
	100% outdoor uniformly distributed over the horizontal area
	100% outdoor uniformly distributed over the horizontal area

	UE mobility
	Outdoor: 3km/h
Only for modelling of Doppler effects
	Outdoor: 3km/h
Only for modelling of Doppler effects

	UE antenna height
	1.5 m

	Min. gNB - UE distance (2D), m
	10 m

	gNB antenna height
	10 m by default. Companies can bring results with uniform distribution [5-20]m
Default assumption can be revisited if benefits from using uniform distribution is shown



Table 5: 3-Sector BS antenna radiation pattern (same as Table A.2.1-6: in TR 38.802)
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	8dBi




Table 6: Summary of Evaluation Parameters for UMa Scenario
	Parameters
	FR1 Specific Values

	gNB model parameters
	

	Total gNB TX Power, dBm
	 49 dBm

	gNB Antenna Configuration
	 (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1),  (dH, dV) = (0.5, 0.8)λ, [TR 38.802]
Apllicable for 2GHz and 4 GHz carrier frequency. Could be reconsidered for 2GHz


	gNB Antenna Radiation Pattern
	 Single sector [TR 38.802] ** (Directional, 8dBi [TR 38.802], Please refer to Table 5)

	Propagation characteristics
	

	Channel Model
	 According to 3GPP TR 38.901 (UMa scenario)

	Penetration Loss
	For outdoor UEs: 0 dB, 
For indoor UEs: 20 dB + 0.5 d2D-in, [TR 38.901]

	Layout considerations
	

	Layout
	 Hexagonal grid, 19 or 7 macro sites, 3 sectors per site, ISD = 500m, [TR 38.802] Wrap-around is applied
Note: in case if interference considerations are not properly taken into account for 7 sites companies are encouraged to provide results for 19 sites

	Number of floors,
(floor height)
	 8, (3m), [TR 37.857]

	UE drop procedure
	 50% indoor and 50% outdoor uniformly distributed over the horizontal area (separate statistic)


	UE mobility (for modelling Doppler effects)
	 Indoor: 3km/h / Outdoor: 60km/h

	UE antenna height
	 1.5 m [TR 37.857]

	Min. gNB - UE distance (2D), m
	 35m [TR 37.857]

	gNB antenna height
	25 m ** (Uniformly distributed [20-50] m)
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