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1 Introduction
At RAN1#1901ah [1], it was agreed to provide text proposals for subsections of TR 38.855 [2] with system-level simulation results from each company, by considering the channel models in TR 38.901 [3].
In this contribution, we show simulation results on OTDoA at FR1 for Scenario 2 and 3 (UMi and UMa) [4]. The baseline simulation methodology is adopted by considering the maximum system bandwidth of 100 MHz with a 0ns or 50ns root-mean-square (RMS) network synchronization error. These simulations are complemented with a modification of the channel model to include a non-line-of-sight (NLoS) bias. In addition, this contribution discusses the applicability of the agreed simulation methodology in real scenarios. As it was discussed in [5], the agreed simulation methodology leads to optimistic positioning results, due to the assumption of perfect network synchronization, maximum system bandwidth and absence of NLoS bias. 
2 Discussion
2.1. Simulation methodology for OTDOA
The OTDoA observables are simulated according to the baseline scenario parameters agreed by RAN1 and listed in the simulation methodology section of TR 38.855 [2]. The OTDoA simulation methodology is based on the generation of the physical received signals and the estimation of the time delay for each positioning link. Thus, there is no physical or link level abstraction in this methodology. First, the positioning reference signal (PRS) is convolved with the propagation channel, which is simulated according to TR 38.901 [3]. Then, AWGN is added to the resulting signal, by considering the signal-to-noise (SNR) obtained from the link budget calculation. Finally, a threshold-based approach is used to estimate the time-delay of the received NR signals. OTDoA observables are obtained from 6 gNBs with a PRS system bandwidth of 100 MHz. UMa and UMi scenarios are evaluated for outdoor UEs. The network synchronization is defined to 0ns (perfect or ideal scenario) or 50ns of RMS error. More details are provided in [4].
In TR 38.855 simulation methodology, dedicated or optimized networks for positioning are assumed, because the maximum system bandwidth is allocated for positioning and the necessary synchronization infrastructure is adopted in the 5G network, such as by using GNSS-based synchronization procedures. However, this methodology provides optimistic performance results if the network is not optimized for positioning. That is, conventional or nominal networks are expected to have higher synchronization errors than 50ns rms error, and they may only dedicate a reduced system bandwidth for PRS. As a result, the positioning performance can be significantly degraded. 
Observation 1: This simulation methodology provides optimistic positioning performance results for conventional or non-optimized 5G networks (in terms of positioning), because these networks are expected to have large synchronization errors and reduced PRS bandwidth. 
2.2. NLOS bias modelling
In contrast to communications systems, data transmission is not of high importance in navigation systems. The key performance criteria in positioning are location estimation and tracking accuracy. These criteria significantly depend on the ranging estimate. Therefore, the absolute delay information, i.e., the true propagated time of the multipath component from the transmitter to the receiver, is of significance in positioning. It provides the additional delay offset to the delay of the Geometric LoS (GLoS) path. This absolute delay information is ignored in classical communication channel models. 
The 3GPP channel model in TR 38.901 [3] lacks an absolute time for the NLoS scenario. It results in ignoring the NLoS bias as it is currently done with a ranging error that is proportional to the delay between the geometric LOS path (i.e. the virtual propagation delay between the BS and MS in case of LoS) and the first multipath. In TR 38.901 [3], this effect is caused by the fact that equation 7.5-2, in step 5 Cluster delays generation , introduces normalization of the spread delays:

This approach holds true only for LOS condition. Therefore, to introduce a representative NLoS bias in [3] and as an example, we have removed the normalization of (7.5-2 equation) for NLOS conditions as in [4]: 

The rationale behind this proposal is to consider a representative NLoS bias, by using a minimum modification of the methodology. 
Figure 1 show the difference in NR ranging error (expressed as CDF) when it is assumed there is no NLOS bias and when there is an NLOS bias. Both in the case of perfect network synchronization and 50-ns rms network synchronization error, the addition of the NLoS bias results in a significant pseudorange error, which is especially severe in UMa scenarios.
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[bookmark: _Ref533882711]Figure 1. CDF of the ToA pseudorange error for UMi (left) and UMa (right) scenarios.
Observation 2: In NLOS channel model the first ray corresponds to the propagation delay but does not correspond to LOS direction between transmitter and receiver. Therefore, the inclusion or exclusion of NLOS bias in the simulation methodology has a significant impact on the pseudorange error, and finally, on the positioning accuracy. 
Observation 3: Currently, the 3GPP channel models do not consider absolute time information. In [4] the issue of NLoS scenario is described and its impact on the ranging error is assessed. The removal of the normalization of the path delays for NLoS conditions, in order to introduce the absolute time information, can be one possibility.

Observation 4: TR 38.901 captures the channel model(s) for frequencies from 0.5GHz up to 100GHz. A common proposal discussed by RAN1 in the frame of the Industrial IoT study[6] is to add the absolute time of arrival information. This would permit to use the 3GPP channel model for positioning, especially for NLoS indoor industrial scenarios. When positioning performance is evaluated, the absolute time information should be considered by 3GPP also for outdoor scenarios and especially for NLoS conditions.
Proposal 1: 	A representative NLoS bias should defined in 3GPP channel models and adopted in the simulation methodology of future studies on positioning services.
2.3. Position computation
The OTDoA position is computed with a weighted least squares (WLS) classical solution, which is obtained with the well-known iterative Gauss-Newton (GN) method. The main assumptions are the use of OTDoA observables from 6 gNBs, perfect knowledge of the gNBs location, and known standard deviation of the OTDoA errors, which is used in the weighting matrix of the WLS positioning algorithm.
3 System Level Simulation Results
This section includes the system-level simulation results for Scenario 2 (UMi) and Scenario 3 (UMa).
3.1 Scenario 2 – Urban micro
The text proposal capturing our results for scenario 2 is provided in appendix.
3.1.1 Simulation results
 The results corresponding to the UMi scenario are provided below:
[bookmark: _Ref533953059][image: ]
Figure 2. Scenario 2 - UMi: CDF of the horizontal positioning accuracy.

Table 1. Results of horizontal accuracy for downlink methods evaluations of Scenario 2 – UMi.
	Percentile
	10
	20
	30
	40
	50
	60
	70
	90
	95

	OTDOA, FR1, 0ns, baseline channel model
	0.24
	0.42
	0.59
	0.76
	0.93
	1.11
	1.33
	2.11
	2.60

	OTDOA, FR1, 0ns, modified channel model
	0.68
	1.10
	1.46
	1.82
	2.22
	2.67
	3.28
	6.10
	9.51

	OTDOA, FR1, 50ns, baseline channel model
	4.28
	6.28
	7.98
	9.68
	11.32
	13.20
	15.36
	26.15
	>30

	OTDOA, FR1, 50ns, modified channel model
	4.50
	6.50
	8.34
	10.04
	11.79
	13.75
	16.08
	>30
	>30
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Figure 3. Scenario 2 - UMi: CDF of the vertical positioning accuracy.
Table 2. Results of vertical accuracy for downlink methods evaluations of Scenario 2 – UMi.
	Percentile
	10
	20
	30
	40
	50
	60
	70
	90
	95

	OTDOA, FR1, 0ns, baseline channel model
	0.71
	1.67
	2.84
	4.27
	6.03
	8.06
	10.85
	24.72
	>30

	OTDOA, FR1, 0ns, modified channel model
	1.90
	4.08
	6.69
	9.52
	13.24
	18.23
	24.68
	>30
	>30

	OTDOA, FR1, 50ns, baseline channel model
	10.19
	20.00
	28.30
	>30
	>30
	>30
	>30
	>30
	>30

	OTDOA, FR1, 50ns, modified channel model
	10.49
	20.72
	>30
	>30
	>30
	>30
	>30
	>30
	>30



Observation 5: The baseline simulation methodology leads to optimistic results, because it assumes a perfect network synchronization, maximum PRS bandwidth and absence of NLoS bias. When these assumptions are relaxed, the resulting OTDoA performance does not fulfil the target positioning requirements. Thus, in realistic scenarios, RAT-dependent positioning technologies may need to be complemented with RAT-independent positioning technologies, in order to meet the target performance.
3.1.2 Summary of results for Scenario 2
The OTDoA horizontal accuracy is <2m for the 80% with perfect synchronization and in the absence of NLoS bias. The OTDoA horizontal accuracy degrades to <5m at 80% when NLoS bias is taken into account. With the introduction of a 50ns rms synchronization error, the target performance is not accomplished. 
3.2 Scenario 3 – Urban macro
The text proposal capturing our results for scenario 3 is provided in appendix.
3.2.1 Simulation results
The results corresponding to the UMa scenario are provided below:
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Figure 4. Scenario 3 - UMa: CDF of the horizontal positioning accuracy.
Table 3. Results of horizontal accuracy for downlink methods evaluations of Scenario 3 – UMa.
	Percentile
	10
	20
	30
	40
	50
	60
	70
	90
	95

	OTDOA, FR1, 0ns, baseline channel model
	0.15
	0.30
	0.42
	0.55
	0.69
	0.85
	1.05
	1.78
	2.34

	OTDOA, FR1, 0ns, modified channel model
	2.15
	3.41
	4.62
	6.02
	7.72
	10.04
	13.29
	>30
	>30

	OTDOA, FR1, 50ns, baseline channel model
	4.24
	6.27
	8.00
	9.60
	11.34
	13.23
	15.41
	26.62
	>30

	OTDOA, FR1, 50ns, modified channel model
	5.65
	8.31
	10.64
	13.01
	15.39
	18.40
	22.69
	>30
	>30
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Figure 5. Scenario 3 - UMa: CDF of the vertical positioning accuracy.
Table 4. Results of vertical accuracy for downlink methods evaluations of Scenario 3 - UMa.
	Percentile
	10
	20
	30
	40
	50
	60
	70
	90
	95

	OTDOA, FR1, 0ns, baseline channel model
	0.78
	1.75
	2.93
	4.30
	6.04
	8.14
	10.99
	23.59
	>30

	OTDOA, FR1, 0ns, modified channel model
	6.99
	14.54
	22.90
	>30
	>30
	>30
	>30
	>30
	>30

	OTDOA, FR1, 50ns, baseline channel model
	11.10
	22.44
	>30
	>30
	>30
	>30
	>30
	>30
	>30

	OTDOA, FR1, 50ns, modified channel model
	13.44
	27.00
	>30
	>30
	>30
	>30
	>30
	>30
	>30



Observation 6: 	As for Scenario 2, the simulation methodology of Scenario 3 also provides optimistic results, due to the assumption of perfect network synchronization, maximum PRS bandwidth and absence of NLoS bias. When 50ns-rms synchronization errors and a NLoS bias are applied, the OTDoA positioning performance is significantly degraded. Indeed, the impact of the NLoS bias is more severe in UMa scenarios than in UMi scenarios. Thus, RAT-independent positioning technologies should be further considered as complement to RAT-dependent positioning in realistic UMa scenarios.   
3.2.2 Summary of results for Scenario 3
The performance target can be achieved in UMa with OTDoA (< 2m at 80%) but only under perfect synchronization of TRPs, absence of NLOS bias and wide bandwidth (100 MHz) PRS signals. The performance of OTDoA is considerably degraded in the absence of perfect synchronization (with a synchronization error of 50ns rms). The addition of the NLoS bias degrades the OTDoA performance even further. 
4 Conclusion
In this document, we have shown downlink simulation results on OTDoA at FR1. 
This document also presents the following observations and contributions: 
Observation 1: This simulation methodology provides optimistic positioning performance results for conventional or non-optimized 5G networks (in terms of positioning), because these networks are expected to have large synchronization errors and reduced PRS bandwidth. 
Observation 2: In NLOS channel model the first ray corresponds to the propagation delay but does not correspond to LOS direction between transmitter and receiver. Therefore, the inclusion or exclusion of NLOS bias in the simulation methodology has a significant impact on the pseudorange error, and finally, on the positioning accuracy. 
Observation 3: Currently, the 3GPP channel models do not consider absolute time information. In [4] the issue of NLoS scenario is described and its impact on the ranging error is assessed. The removal of the normalization of the path delays for NLoS conditions, in order to introduce the absolute time information, can be one possibility.
Observation 4: TR 38.901 captures the channel model(s) for frequencies from 0.5GHz up to 100GHz. A common proposal discussed by RAN1 in the frame of the Industrial IoT study[6] is to add the absolute time of arrival information. This would permit to use the 3GPP channel model for positioning, especially for NLoS indoor industrial scenarios. When positioning performance is evaluated, the absolute time information should be considered by 3GPP also for outdoor scenarios and especially for NLoS conditions.
Observation 5: The baseline simulation methodology leads to optimistic results, because it assumes a perfect network synchronization, maximum PRS bandwidth and absence of NLoS bias. When these assumptions are relaxed, the resulting OTDoA performance does not fulfil the target positioning requirements. Thus, in realistic scenarios, RAT-dependent positioning technologies may need to be complemented with RAT-independent positioning technologies, in order to meet the target performance.
Observation 6: 	As for Scenario 2, the simulation methodology of Scenario 3 also provides optimistic results, due to the assumption of perfect network synchronization, maximum PRS bandwidth and absence of NLoS bias. When 50ns-rms synchronization errors and a NLoS bias are applied, the OTDoA positioning performance is significantly degraded. Indeed, the impact of the NLoS bias is more severe in UMa scenarios than in UMi scenarios. Thus, RAT-independent positioning technologies should be further considered as complement to RAT-dependent positioning in realistic UMa scenarios.   
Proposal 1: 	A representative NLoS bias should defined in 3GPP channel models and adopted in the simulation methodology of future studies on positioning services.
Proposal 2: 	Add the text proposal from the appendix to the TR 38.355. 
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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
8.1.2 System simulations for Scenario 2 - Umi 
8.1.2.1 Results from ESA
--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in table 1 below.
Table 1 Parameters for Downlink evaluations in Scenario 2 - UMi
	Parameter
	ESA, FR1, 0ns, baseline channel model
	ESA, FR1, 0ns, modified channel model
	ESA, FR1, 50ns, baseline channel model
	ESA, FR1, 50ns, modified channel model

	Channel model (baseline, otherwise state any modifications)
	Baseline
	Baseline + removal of path delays norm. for NLoS
	Baseline
	Baseline + removal of path delays norm. for NLoS

	Carrier frequency 
	4 GHz
	4 GHz
	4 GHz
	4 GHz

	Subcarrier spacing
	30 kHz
	30 kHz
	30 kHz
	30 kHz

	Reference Signal Transmission Bandwidth
	100 MHz
	100 MHz
	100 MHz
	100 MHz

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

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

	Number of sites
	19 micro sites
	19 micro sites
	19 micro sites
	19 micro sites

	Number of symbols used per occasion
	1
	1
	1
	1

	number of occasions used per positioning estimate
	1
	1
	1
	1

	Power-boosting level
	0 dB
	0 dB
	0 dB
	0 dB

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

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

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Adaptive threshold-based with a fine estimation range
	Adaptive threshold-based with a fine estimation range
	Adaptive threshold-based with a fine estimation range
	Adaptive threshold-based with a fine estimation range

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Weighted least squares (WLS) 
	Weighted least squares (WLS) 
	Weighted least squares (WLS) 
	Weighted least squares (WLS) 

	Network synchronization assumptions
	Perfect sync.
	Perfect sync.
	50 ns rms sync. error
	50 ns rms sync. error

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	8 TX antenna elements, 2 RX antenna elements
	8 TX antenna elements, 2 RX antenna elements
	8 TX antenna elements, 2 RX antenna elements
	8 TX antenna elements, 2 RX antenna elements

	Additional notes, if any
	100% outdoor
	100% outdoor
	100% outdoor
	100% outdoor



The results corresponding to the UMi scenario are provided below:
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Figure 2. Scenario 2 - UMi: CDF of the horizontal positioning accuracy.
Table 1. Results of horizontal accuracy for downlink methods evaluations of Scenario 2 – UMi.
	Percentile
	10
	20
	30
	40
	50
	60
	70
	90
	95

	OTDOA, FR1, 0ns, baseline channel model
	0.24
	0.42
	0.59
	0.76
	0.93
	1.11
	1.33
	2.11
	2.60

	OTDOA, FR1, 0ns, modified channel model
	0.68
	1.10
	1.46
	1.82
	2.22
	2.67
	3.28
	6.10
	9.51

	OTDOA, FR1, 50ns, baseline channel model
	4.28
	6.28
	7.98
	9.68
	11.32
	13.20
	15.36
	26.15
	>30

	OTDOA, FR1, 50ns, modified channel model
	4.50
	6.50
	8.34
	10.04
	11.79
	13.75
	16.08
	>30
	>30
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Figure 3. Scenario 2 - UMi: CDF of the vertical positioning accuracy.
Table 2. Results of vertical accuracy for downlink methods evaluations of Scenario 2 – UMi.
	Percentile
	10
	20
	30
	40
	50
	60
	70
	90
	95

	OTDOA, FR1, 0ns, baseline channel model
	0.71
	1.67
	2.84
	4.27
	6.03
	8.06
	10.85
	24.72
	>30

	OTDOA, FR1, 0ns, modified channel model
	1.90
	4.08
	6.69
	9.52
	13.24
	18.23
	24.68
	>30
	>30

	OTDOA, FR1, 50ns, baseline channel model
	10.19
	20.00
	28.30
	>30
	>30
	>30
	>30
	>30
	>30

	OTDOA, FR1, 50ns, modified channel model
	10.49
	20.72
	>30
	>30
	>30
	>30
	>30
	>30
	>30



-------------------- End TP ------------------------------
8.1.3 System simulations for Scenario 3 - Uma
8.1.3.1 Results from ESA
--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in table 1 below.
Table 1 Parameters for Downlink evaluations in Scenario 3
	Parameter
	ESA, FR1, 0ns, baseline channel model
	ESA, FR1, 0ns, modified channel model
	ESA, FR1, 50ns, baseline channel model
	ESA, FR1, 50ns, modified channel model

	Channel model (baseline, otherwise state any modifications)
	Baseline
	Baseline + removal of path delays norm. for NLoS
	Baseline
	Baseline + removal of path delays norm. for NLoS

	Carrier frequency 
	4 GHz
	4 GHz
	4 GHz
	4 GHz

	Subcarrier spacing
	30 kHz
	30 kHz
	30 kHz
	30 kHz

	Reference Signal Transmission Bandwidth
	100 MHz
	100 MHz
	100 MHz
	100 MHz

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

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

	Number of sites
	19 macro sites
	19 macro sites
	19 macro sites
	19 macro sites

	Number of symbols used per occasion
	1
	1
	1
	1

	number of occasions used per positioning estimate
	1
	1
	1
	1

	Power-boosting level
	0 dB
	0 dB
	0 dB
	0 dB

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

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

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Adaptive threshold-based with a fine estimation range
	Adaptive threshold-based with a fine estimation range
	Adaptive threshold-based with a fine estimation range
	Adaptive threshold-based with a fine estimation range

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Weighted least squares (WLS) 
	Weighted least squares (WLS) 
	Weighted least squares (WLS) 
	Weighted least squares (WLS) 

	Network synchronization assumptions
	Perfect sync.
	Perfect sync.
	50 ns rms sync. error
	50 ns rms sync. error

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	8 TX antenna elements, 2 RX antenna elements
	8 TX antenna elements, 2 RX antenna elements
	8 TX antenna elements, 2 RX antenna elements
	8 TX antenna elements, 2 RX antenna elements

	Additional notes, if any
	100% outdoor
	100% outdoor
	100% outdoor
	100% outdoor



The results corresponding to the UMa scenario are provided below:
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Figure 4. Scenario 3 - UMa: CDF of the horizontal positioning accuracy.
Table 3. Results of horizontal accuracy for downlink methods evaluations of Scenario 3 – UMa.
	Percentile
	10
	20
	30
	40
	50
	60
	70
	90
	95

	OTDOA, FR1, 0ns, baseline channel model
	0.15
	0.30
	0.42
	0.55
	0.69
	0.85
	1.05
	1.78
	2.34

	OTDOA, FR1, 0ns, modified channel model
	2.15
	3.41
	4.62
	6.02
	7.72
	10.04
	13.29
	>30
	>30

	OTDOA, FR1, 50ns, baseline channel model
	4.24
	6.27
	8.00
	9.60
	11.34
	13.23
	15.41
	26.62
	>30

	OTDOA, FR1, 50ns, modified channel model
	5.65
	8.31
	10.64
	13.01
	15.39
	18.40
	22.69
	>30
	>30


[image: ]
Figure 5. Scenario 3 - UMa: CDF of the vertical positioning accuracy.
Table 4. Results of vertical accuracy for downlink methods evaluations of Scenario 3 - UMa.
	Percentile
	10
	20
	30
	40
	50
	60
	70
	90
	95

	OTDOA, FR1, 0ns, baseline channel model
	0.78
	1.75
	2.93
	4.30
	6.04
	8.14
	10.99
	23.59
	>30

	OTDOA, FR1, 0ns, modified channel model
	6.99
	14.54
	22.90
	>30
	>30
	>30
	>30
	>30
	>30

	OTDOA, FR1, 50ns, baseline channel model
	11.10
	22.44
	>30
	>30
	>30
	>30
	>30
	>30
	>30

	OTDOA, FR1, 50ns, modified channel model
	13.44
	27.00
	>30
	>30
	>30
	>30
	>30
	>30
	>30



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