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1. Introduction
At RAN#81 the latest version of the study item on NR Positioning SID [1] was revised and approved [2]. Besides native NR positioning methods and prioritization of regulatory use cases, the study item will address positioning solutions suitable for commercial services too i.e., RAT-independent and various hybrid positioning schemes. In the context of NR positioning capabilities, the support for commercial use cases needs further thinking as suggested by one of the SID´s main objectives:
· This SI covers RAT dependent, RAT independent, and hybrid of those positioning technologies (hybrid of RAT-dependent positioning techniques as well as hybrid of RAT-dependent and RAT-independent positioning technologies). This study item will study both NR-based RAT-dependent as well as RAT-independent and hybrid positioning methods to address regulatory as well as commercial use cases.
The objective of this document is to present a simple and representative methodology for the hybridisation of GNSS and RAT-dependent positioning technologies, and to discuss the simulation results of this methodology for NR positioning in the context of commercial use cases.

2. Evaluation methodology for hybrid positioning based on GNSS and RAT-dependent
The work logic followed to carry out this study is summarized in Figure 1. This structure is intended to guide the reader along the path we have followed to generate the simulation results on hybrid positioning based on GNSS and OTDOA.
[bookmark: _Hlk528767903][image: ]
         Figure 1. Study Logic.
This section discusses the hybrid evaluation methodology, based on [3], [4], and [5], that we adopted in our study:
· Methodology for RAT-dependent – defined and included by RAN1 in TR 38.855 [5],
· Methodology for GNSS, 
· Methodology for hybrid positioning. 
2.1. Scenarios selection
Currently, GNSS receivers are becoming more and more sensitive due to increasing microchip processing power. High sensitivity GNSS receivers are able to receive satellite signals in light indoor environments especially when users are close to windows or entrance points. Besides increasing the sensitivity of the receivers, the technique of A-GNSS is used, where the almanac and other information are transferred through UE. Due to the signal attenuation caused by construction materials, GNSS loses significant power indoors affecting the positioning performance and even the reception of the signals altogether. Because of this reason we have decided to evaluate baseline performance of hybrid positioning based on GNSS and RAT-dependent in UMi street canyon (ISD = 200m) and UMa (ISD = 500m) for FR1. 
[bookmark: _Ref529441684]Observation 1: UMa and UMi, including the parameters suggested by RAN1 in TR 38.855 [5], are the scenarios selected to perform hybrid GNSS and RAT-dependent positioning.
2.2. Association of GNSS Operational Environments (ETSI TS 103 246-3) to NR Deployment Scenarios (3GPP TR 38.855)
The UMa and UMi scenarios are defined for RAT-dependent methodology but there is no modeling of GNSS behavior in such environments yet. Luckily, ETSI TS 103 246-3 defines three Operational Environments for GNSS, including details on the associated conditions: open areas (open sky condition), urban area (urban canyon sky condition) and asymmetric area (asymmetric visibility sky condition). Before proceeding to next phases, the GNSS conditions (signal attenuation, multipath, etc.) have to be modelled accordingly to 3GPP UMa and UMi in order to represent coherent environment conditions for both GNSS and RAT-dependent. To be more specific, it has been decided to align the Urban Canyon to UMi and Asymmetric Visibility to UMa with the profile of elevation masks of the GNSS satellites. Assuming a negligible diffraction contribution at the building edges, the height of the surrounding buildings determines the minimum elevation of a visible satellite. The GNSS satellite visibility can be defined by an elevation mask  and an azimuth . Following ETSI TS 103 246-3, an elevation mask can be defined for each GNSS Operational Environments and associated to the NR network Deployment Scenarios. 
Observation 2: In the context of hybrid GNSS-RAT-dependent positioning, an Operational Environment can be thought of as the counterpart of the NR Deployment Scenarios when applied to GNSS (see more details in Annex A.2, extracted from ETSI TS 103 246-3 [4]).
Observation 3: Urban Area and Asymmetric Visibility Area (GNSS) are aligned to UMi and UMa (RAT-dependent) based on elevation mask  and an azimuth  classification defined in ETSI TS 103 246-3 [4] (see Figure 2).  
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Figure 2. Geometry description (left) and GNSS sky condition in Urban Canyon and Asymmetric Visibility (right). The colour codes define different attenuation areas where green symbolizes no attenuation and red severe attenuation (see Table 1 for more details).

		GNSS Operational Environment
(ETSI TS 103 246-3)
	Elevation mask

	Description of conditions

	Asymmetric visibility
	60 degrees (one side of the street)
	Degraded conditions with moderate and severe attenuation regions;

	Urban canyon
	60 degrees (left and right of the street)
	Harsh conditions with severe attenuation;




	






corresponds to

		NR Deployment Scenario (TR 38.855)

	Urban Macro (UMa)

	Urban Micro (UMi)





Table 1. Summary: Alignment of GNSS Operational Environments to NR Deployment Scenario. UMa and UMi scenarios follow TR 38.901 channel models [6].
2.3. Positioning Technologies and Simulations Setup

As candidate positioning technologies, we have selected GNSS in combination with OTDOA at FR1 (could also be extended to FR2). On the GNSS side, we have assumed a code-base only dual frequency standalone multi - GNSS UE.  The four main GNSS constellations are simulated with full operational capabilities by using an orbiter generator, i.e., GPS with 24 satellites, Galileo with 27 satellites, GLONASS with 24 satellites and Beidou with 27 satellites. More details on the assumptions for the two technologies are presented at large in Annex A.
2.3.1. GNSS code observables
Once the GNSS and 3GPP scenarios are aligned, GNSS observables can be generated to be hybridised with RAT-dependent observables. After extracting satellite elevation and satellite azimuth of the GNSS constellation over a certain period of time, the visible satellites are obtained based on elevation mask filtering and scenario characteristics, i.e., UMi and UMa. With the visible satellite position computed based on information from the navigation message, the User Equivalent Range Error (UERE) is calculated as function of the k-th visible satellite elevation, by using the table of standard deviation of each error source in the total link budget (see Annex A.3) and the following equation:

where  is the orbit and clock error variance,  is the residual ionosphere error variance,  is the residual troposphere error variance, is the AWGN receiver noise error variance,  is the multipath error variance. The pseudorange error is assumed Gaussian-distributed as . 
NLOS tracking errors appear with a certain probability for those signals in NLoS conditions that get to the receiver and are successfully tracked after bouncing off nearby objects. Their influence was partly removed by masking low elevation satellites while remaining residuals have been includes in the multipath values.
2.3.2. Simulation methodology for OTDOA
The OTDoA observables are simulated according to the scenario parameters agreed by RAN1 and listed in the evaluation methodology section of TR 38.855 [5]. 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 [6]. 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. More details are provided in Annex A.1 and A.4. 
2.3.3. 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 as depicted in Figure 3. This absolute delay information is ignored in classical communication channel models. 
[image: ]
Figure 3: NLoS bias  for a channel impulse response.  is the propagation time along the geometric LoS (GLoS) path and  is the propagation time of the first detectable multipath component.

The 3GPP channel model in TR 38.901 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 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 we have removed normalization of (7.5-2 equation) for NLOS conditions  and tested it to show it is representative for certain UMi and UMa scenarios: 

The rationale behind this proposal is to consider a representative NLoS bias, by using a minimum modification of the methodology. The inclusion of the NLoS bias on the 5G pseudorange observable results in

where  is the NLoS bias.
Figure 4 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 4. CDF of the ToA pseudorange error for UMi (left) and UMa (right) scenarios.

Observation 4: 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. The removal of the normalization of the path delays for NLoS conditions, in order to adequately consider the impact of NLoS ranging measurements, can be one possibility.

2.3.4. Simulation methodology for hybrid GNSS and OTDoA

The hybrid GNSS and OTDoA methodology is here based on the tightly-coupled hybridisation of GNSS and OTDoA observables. Given the known location of the GNSS satellites and the gNodeBs, the unknown parameters of the hybrid positioning problem will be solved in a weighted least squares (WLS) classical solution, based on the well-known iterative Gauss-Newton (GN) method. A thorough description of the integration of GNSS and OTDoA is provided in Annex B.


3. Evaluation results – Horizontal Positioning Error (CDF)
The evaluation results, generated for UMa and UMi, are obtained based on hybrid positioning algorithm using pseuduroanges from all four GNSS constellations, and OTDoA at FR1 (4GHz) frequency band. In the current analysis we have used PRS signal with ideal muting and 100 MHz BW. In addition, results with no modification and with modification of the channel model in TR 38.901 are provided.
As explained in section 2 the number of visible GNSS satellites depends on the characteristics of the environment adopted in the simulations. In Annex A.1 the difference in number of visible satellites when single-, double-, and multi-constellation GNSS are simulated is presented both for UMa and UMi scenarios. 
Observation 5: Two constellations can already provide a sufficient number of satellites in view, but to have at least 10 satellites in view at all times, all four GNSS constellations are needed.
3.1. Scenario 1: UMa
3.1.1. Hybrid Positioning between GNSS and OTDoA using TR 38.901 channel model
Figure 4 shows the difference in horizontal positioning accuracy when using standalone OTDoA, standalone code-based dual frequency GNSS, and GNSS in combination with OTDoA. Results under the assumption of perfect synchronization and a synchronization error of 50 ns are both depicted below. 
 [image: ] [image: ]
[bookmark: _Ref533953059]Figure 4. UMa: CDF of the horizontal positioning accuracy using TR 38.901 channel model and perfect synchronization (left) and synchronization error of 50ns rms (right).

3.1.2.   Hybrid Positioning between GNSS + OTDOA adding a NLOS bias to TR 38.901 channel model
At the RAN1#95 meeting RAN1 acknowledged that the methodology used in the SI relies on channel model designed for communication instead of positioning. Therefore, it has been agreed to use the existing channel models as provided in the TR 38.901 as baseline for NR positioning evaluation while additional results obtained based on modifications made for NLOS channel model are not precluded [8]. Below, we have presented results with modifications to the channel model.
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[bookmark: _Ref533953287]Figure 5. UMa: CDF of the horizontal positioning accuracy adding a NLOS bias to TR 38.901 channel model and perfect synchronization (left) and synchronization error of 50ns rms (right).
3.1.3. Summary of Simulation Results

	Conditions


Techno.
	Network sync.
	Horizontal accuracy (m)
	Success rate / availability (yield)

	
	
	50%
	67%
	80%
	90%
	95%
	

	OTDoA
	Perfect sync.
	0.69
	0.98
	1.32
	1.78
	2.34
	100.0%

	
	50-ns sync. err.
	11.34
	14.69
	18.57
	26.62
	>30
	97.0%

	Multi-GNSS
	-
	2.33
	3.01
	3.72
	4.64
	5.42
	100.0%

	Hybrid GNSS+OTDoA
	Perfect sync.
	0.70
	0.96
	1.24
	1.59
	1.98
	100.0%

	
	50-ns sync. err.
	2.29
	2.99
	3.71
	4.61
	5.43
	100.0%


Table 2. Summary of evaluation results in UMa scenario: OTDoA at FR1 using TR 38.901 channel model, GNSS, and hybrid GNSS-OTDoA.

	      Conditions


Techno.
	Network sync.
	Horizontal accuracy (m)
	Success rate / availability (yield)

	
	
	50%
	67%
	80%
	90%
	95%
	

	OTDoA
	Perfect sync.
	7.72
	12.17
	19.66
	>30
	>30
	96.9%

	
	50-ns sync. err.
	15.39
	21.15
	>30
	>30
	>30
	95.3%

	Multi-GNSS
	-
	2.33
	3.01
	3.72
	4.64
	5.42
	100.0%

	Hybrid GNSS+OTDoA
	Perfect sync.
	2.24
	2.91
	3.63
	4.51
	5.33
	100.0%

	
	50-ns sync. err.
	2.29
	2.99
	3.71
	4.61
	5.45
	100.0%


Table 3. Summary of evaluation results in UMa scenario: OTDoA at FR1 adding a NLOS bias to TR 38.901 channel model, GNSS, and hybrid GNSS-OTDoA.

Observation 6: For UMa, based on the assumptions and methodology adopted in the simulations, it can be observed:
· The performance target of <10m for 80% of the UEs can be achieved only under perfect synchronization of TRPs, absence of NLOS bias, and wide bandwidth (100 MHz) PRS signals.
· In reality, meeting all the above conditions is not an easy task; most likely, the performance of OTDoA is expected to degrade considerably in the absence of perfect synchronization –with 50ns rms, the 10m target can be reached with a probability of about 45%. The addition of the NLoS bias degrades OTDoA performance even further but can improve the general methodology adopted in this study.
· Code -based multi-GNSS is capable to meet the 10m target for 80% of the UEs.
· Hybrid positioning based on multi-GNSS and OTDoA yields the best performance no matter the conditions. The addition of the NLOS bias degrades the performance of hybrid positioning considerably.

3.2. Scenario 2: UMi
3.2.1. Hybrid Positioning between GNSS + OTDOA using TR 38.901 channel model
On the left, Figure 6 shows the difference in horizontal positioning accuracy when using standalone OTDoA, standalone code-based dual frequency GNSS, and GNSS in combination with OTDoA under the assumption of perfect synchronization and signals with BW of 100 MHz. On the right, similar results are presented but when the synchronization error is 50 ns. 
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[bookmark: _Ref533953383][bookmark: _Hlk533958736]Figure 6. UMi: CDF of the horizontal positioning accuracy using TR 38.901 channel model and perfect synchronization (left) and synchronization error of 50ns rms (right).

3.2.2. Hybrid Positioning between GNSS + OTDoA adding a NLOS bias to TR 38.901 channel model 
This section provides evaluation results of GNSS, OTDoA and hybrid positioning in UMi scenario at FR1 adding a NLOS bias to TR 38.901 channel model.
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[bookmark: _Ref533953440]Figure 7. UMi: CDF of the horizontal positioning accuracy adding a NLOS bias to TR 38.901 channel model and perfect synchronization (left) and synchronization error of 50ns rms (right).

3.2.3. Summary of Simulation Results 

Observation 7: For UMi, based on the assumptions and methodology adopted in the simulations, it can be observed:
· The OTDoA horizontal accuracy is <2m for the 80% of outdoor UEs  but only with perfect synchronization. However, with the introduction of a 50ns rms synchronization error, the use of multi-GNSS is needed to fulfil the horizontal accuracy requirement (OTDoA standalone performance reaches <10m for about 40% of the UE outdoor). 
· The impact of NLoS bias on OTDoA horizontal accuracy is less severe than in UMa scenarios. However, a significant degradation of the OTDoA accuracy starts to be noticed at the 95th percentile even in the case of perfect synchronization: 9.51m compared to 2.6m when no NLOS bias is introduced.
· There is a significant degradation of the satellite availability, the use of all four GNSS constellations becomes a must.
· Code-based multi-GNSS is capable to meet the 10m target for 80% of the UEs.
· Hybrid positioning based on multi-GNSS and OTDoA yields the best performance no matter the conditions. The addition of the NLOS bias degrades the performance of hybrid positioning considerably.

	      Conditions


Techno.
	Network sync.
	Horizontal accuracy (m)
	Success rate / availability (yield)

	
	
	50%
	67%
	80%
	90%
	95%
	

	OTDoA
	Perfect sync.
	0.93
	1.26
	1.61
	2.11
	2.60
	100.0%

	
	50-ns sync. err.
	11.32
	14.65
	18.38
	26.15
	>30
	97.0%

	Multi-GNSS
	-
	4.07
	5.56
	7.19
	9.30
	10.51
	100.0%

	Hybrid GNSS+OTDoA
	Perfect sync.
	0.83
	1.14
	1.46
	1.85
	2.26
	100.0%

	
	50-ns sync. err.
	3.84
	5.16
	6.61
	8.40
	10.02
	100.0%


[bookmark: _Ref533953366]Table 4. Summary of evaluation results in UMi scenario: OTDoA at FR1 with TR 38.901 channel model, GNSS, and hybrid GNSS-OTDoA.

	Conditions


Techno.
	Network sync.
	Horizontal accuracy (m)
	Success rate / availability (yield)

	
	
	50%
	67%
	80%
	90%
	95%
	

	OTDoA
	Perfect sync.
	2.22
	3.07
	4.15
	6.10
	9.51
	99.5%

	
	50-ns sync. err.
	11.79
	15.34
	19.54
	29.77
	>30
	96.6%

	Multi-GNSS
	-
	4.07
	5.56
	7.19
	9.30
	11.51
	100.0%

	Hybrid GNSS+OTDoA
	Perfect sync.
	2.00
	2.67
	3.40
	4.37
	5.48
	100.0%

	
	50-ns sync. err.
	3.87
	5.16
	6.66
	8.47
	10.09
	100.0%


[bookmark: _Ref533953453]Table 5. Summary of evaluation results in UMi scenario: OTDoA at FR1 adding a NLOS bias to TR 38.901 channel model, GNSS, and hybrid GNSS-OTDoA.


4. Evaluation results – Vertical Positioning Error (CDF)
4.1. Scenario 1: UMa

4.1.1. Hybrid Positioning between GNSS and OTDoA using TR 38.901 channel model

[image: ][image: ]
Figure 8. UMa: CDF of the vertical positioning accuracy using TR 38.901 channel model and perfect synchronization (left) and synchronization error of 50ns rms (right).





4.1.2. Hybrid Positioning between GNSS and OTDoA adding NLoS bias to TR 38.901 channel model
[image: ][image: ]
Figure 9. UMa: CDF of the vertical positioning accuracy adding a NLOS bias to TR 38.901 channel model and perfect synchronization (left) and synchronization error of 50ns rms (right).

4.1.3. Summary Simulation Results

	Conditions


Techno.
	Network sync.
	Vertical accuracy (m)
	Success rate / availability (yield)

	
	
	50%
	67%
	80%
	90%
	95%
	

	OTDoA
	Perfect sync.
	6.04
	10.02
	15.33
	23.59
	>30
	100.0%

	
	50-ns sync. err.
	>30
	>30
	>30
	>30
	>30
	97.0%

	Multi-GNSS
	-
	2.28
	3.40
	4.55
	5.87
	7.05
	100.0%

	Hybrid GNSS+OTDoA
	Perfect sync.
	1.89
	2.82
	3.76
	4.98
	6.06
	100.0%

	
	50-ns sync. err.
	2.29
	3.39
	4.53
	5.89
	7.07
	100.0%


[bookmark: _Ref533953025]Table 6. Summary of evaluation results in UMa scenario: OTDoA at FR1 with TR 38.901 channel model, GNSS, and hybrid GNSS-OTDoA.

	Conditions


Techno.
	Network sync.
	Vertical accuracy (m)
	Success rate / availability (yield)

	
	
	50%
	67%
	80%
	90%
	95%
	

	OTDoA
	Perfect sync.
	>30
	>30
	>30
	>30
	>30
	96.9%

	
	50-ns sync. err.
	>30
	>30
	>30
	>30
	>30
	95.3%

	Multi-GNSS
	-
	2.28
	3.40
	4.55
	5.87
	7.05
	100.0%

	Hybrid GNSS+OTDoA
	Perfect sync.
	2.25
	3.36
	4.50
	5.86
	6.98
	100.0%

	
	50-ns sync. err.
	2.28
	3.40
	4.55
	5.89
	7.04
	100.0%


[bookmark: _Ref533953307]Table 7. Summary of evaluation results in UMa scenario: OTDoA at FR1 adding a NLOS bias to TR 38.901 channel model, GNSS, and hybrid GNSS-OTDoA.

4.2. Scenario 2: UMi
4.2.1. Hybrid Positioning between GNSS and OTDoA using TR 38.901 channel model
[image: ][image: ]
Figure 10. UMi: CDF of the vertical positioning accuracy using TR 38.901 channel model and perfect synchronization (left) and synchronization error of 50ns rms (right).
4.2.2. Hybrid Positioning between GNSS and OTDoA adding NLoS bias to TR 38.901 channel model
[image: ] [image: ]
Figure 11. UMi: CDF of the vertical positioning accuracy adding a NLOS bias to TR 38.901 channel model and perfect synchronization (left) and synchronization error of 50ns rms (right).

4.2.3. Summary of Simulation Results

	Conditions


Techno.
	Network sync.
	Vertical accuracy (m)
	Success rate / availability (yield)

	
	
	50%
	67%
	80%
	90%
	95%
	

	OTDoA
	Perfect sync.
	6.03
	9.88
	15.32
	24.72
	>30
	100.0%

	
	50-ns sync. err.
	>30
	>30
	>30
	>30
	>30
	97.0%

	Multi-GNSS
	-
	2.74
	4.03
	5.48
	7.12
	8.64
	100.0%

	Hybrid GNSS+OTDoA
	Perfect sync.
	2.18
	3.27
	4.41
	5.81
	7.02
	100.0%

	
	50-ns sync. err.
	2.77
	4.03
	5.39
	7.00
	8.47
	100.0%


Table 8. Summary of evaluation results in UMi scenario: OTDoA at FR1 using TR 38.901 channel model, GNSS, and hybrid GNSS-OTDoA.

	Conditions


Techno.
	Network sync.
	Vertical accuracy (m)
	Success rate / availability (yield)

	
	
	50%
	67%
	80%
	90%
	95%
	

	OTDoA
	Perfect sync.
	13.24
	22.59
	>30
	>30
	>30
	99.5%

	
	50-ns sync. err.
	>30
	>30
	>30
	>30
	>30
	96.6%

	Multi-GNSS
	-
	2.74
	4.03
	5.48
	7.12
	8.64
	100.0%

	Hybrid GNSS+OTDoA
	Perfect sync.
	2.49
	3.72
	4.98
	6.37
	7.77
	100.0%

	
	50-ns sync. err.
	2.76
	4.03
	5.37
	7.02
	8.46
	100.0%


Table 9. Summary of evaluation results in UMi scenario: OTDoA at FR1 adding a NLOS bias to TR 38.901 channel model, GNSS, and hybrid GNSS-OTDoA.

Observation 8: 
· Although the vertical accuracy requirement is not fulfilled, hybrid positioning achieves the best vertical performance in UMa and UMi.

5. Considerations on 5G Positioning Service Levels
[bookmark: _GoBack]TS 22.261 [7] defines the 5G positioning requirements needed by a wide diversity of verticals and services. These requirements are further classified in seven different Service Levels, six for absolute positioning and one for relative positioning. 
Table 11 and 12 assigns a colour depending on the level of accomplishment (measured on the classification scale in table 10) of the requirements for 5G Positioning Service Levels achieved by each of the technologies studied in this contribution. 
	Performance targets fully met (at least 95%)
	Performance targets largely met (at least 90%)
	Performance targets met (at least 80%)
	Performance targets rarely met (at least 67%)
	Performance targets very rarely met (50%)
	Performance targets not met


Table 10. Classification scale.

	5G Positioning Service 
	UMa
	UMi

	
	TR 38.901 Channel Model
	Adding NLOS bias to TR 38.901
	TR 38.901 Channel Model
	Adding NLOS bias to TR 38.901

	
	0ns
	50ns
	0ns
	50ns
	0ns
	50ns
	0ns
	50ns

	
	
	
	
	
	
	
	
	

	Level 1 
(Hz=10m, 95% availability)
	OTDoA
	GNSS
	OTDoA
	GNSS
	OTDoA
	GNSS
	OTDoA
	GNSS

	
	GNSS
	
	GNSS
	
	GNSS
	
	GNSS
	

	
	Hybrid
	Hybrid
	Hybrid
	Hybrid
	Hybrid
	Hybrid
	Hybrid
	Hybrid

	
	
	
	
	
	
	
	
	

	Level 2 
(Hz=3m, 99% availability)
	OTDoA
	GNSS
	GNSS
	GNSS
	OTDoA
	GNSS
	OTDoA
	GNSS

	
	GNSS
	
	
	
	GNSS
	
	GNSS
	

	
	Hybrid
	Hybrid
	Hybrid
	Hybrid
	Hybrid
	Hybrid
	Hybrid
	Hybrid

	
	
	
	
	
	
	
	
	

	Level 3 
(Hz=1m, 99% availability)
	OTDoA
	None
	None
	None
	OTDoA
	None
	None
	None

	
	Hybrid
	
	
	
	Hybrid
	
	
	

	
	
	
	
	
	
	
	
	

	Level 4 
(Hz=1m, 99.9% availability)
	OTDoA
	None
	None
	None
	OTDoA
	None
	None
	None

	
	Hybrid
	
	
	
	Hybrid
	
	
	

	
	
	
	
	
	
	
	
	

	Level 5 
(Hz=0.3m, 99% availability)
	None
	None
	None
	None
	None
	None
	None
	None

	
	
	
	
	
	
	
	
	

	Level 6 
(Hz=0.3m, 99.9% availability)
	None
	None
	None
	None
	None
	None
	None
	None


Table 11. Horizontal positioning error: Positioning Technologies and 5G Requirements for Positioning Service Levels (TS 22.261).

	5G Positioning Service
	UMa
	UMi

	
	TR 38.901 Channel Model
	Adding NLOS bias to TR 38.901
	TR 38.901 Channel Model
	Adding NLOS bias to TR 38.901

	
	0ns
	50ns
	0ns
	50ns
	0ns
	50ns
	0ns
	50ns

	
	
	
	
	
	
	
	
	

	Level 1 
(V=3m, 95% availability)
	GNSS
	GNSS
	GNSS
	GNSS
	GNSS
	GNSS
	GNSS
	GNSS

	
	Hybrid
	Hybrid
	Hybrid
	Hybrid
	Hybrid
	Hybrid
	Hybrid
	Hybrid

	
	
	
	
	
	
	
	
	

	Level2 
(V=3m, 99% availability)
	GNSS
	GNSS
	GNSS
	GNSS
	GNSS
	GNSS
	GNSS
	GNSS

	
	Hybrid
	Hybrid
	Hybrid
	Hybrid
	Hybrid
	Hybrid
	Hybrid
	Hybrid

	
	
	
	
	
	
	
	
	

	Level3 
(V=2m, 99% availability)
	GNSS
	N.A
	N.A
	N.A
	N.A
	N.A
	N.A
	N.A

	
	Hybrid
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Level4 
(V=2m, 99.9% availability)
	GNSS
	N.A
	N.A
	N.A
	N.A
	N.A
	N.A
	N.A

	
	Hybrid
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Level5 
(V=2m, 99% availability)
	GNSS
	N.A
	N.A
	N.A
	N.A
	N.A
	N.A
	N.A

	
	Hybrid
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Level6 
(V=2m, 99.9% availability)
	GNSS
	N.A
	N.A
	N.A
	N.A
	N.A
	N.A
	N.A

	
	Hybrid
	
	
	
	
	
	
	


Table 12. Vertical positioning error: Positioning Technologies and 5G Requirements for Positioning Service Levels (TS 22.261).

OTDoA: The horizontal results show that OTDoA with 100 MHz system bandwidth at FR1 is able to satisfy up to Positioning Service Level 2 (<3 m) in UMa and UMi scenarios but only if the network is perfectly synchronized and assuming that there is no NLOS bias in the channel model. The presence of NLOS in the channel model degrades the OTDoA performances only allowing to satisfy Positioning Service Level 1 (<10 m) in UMi scenarios. The OTDoA performances are very sensitive to network synchronization errors and the introduction of a 50ns rms network synchronization error prevents OTDoA from reaching Positioning Service Level 1. OTDoA is not satisfying any of vertical Positioning Service Levels.
Multi-GNSS: The horizontal performances show that Multi-GNSS can accomplish or is close to accomplish Positioning Service Level 1 (<10 m) in urban environment, and the vertical performances are between 2 and 3 times greater in urban than the required value Positioning Service Level 1 (<3 m). 
Hybrid GNSS+OTDoA: The hybridization of both positioning methods provides the advantages of each method in the different scenarios and attenuates significantly the impact of the shortcoming of each of the methods. The horizontal results show that, when the network is perfectly synchronized and assuming there is no NLOS bias, the even Positioning Service Level 3 and 4 can be met when a confidence level of 67% is accepted. Besides, in the presence of network errors or NLOS bias, the hybrid solution can still satisfy Positioning Service Level 1 horizontal requirement (<10 m). Regarding the vertical performances, thanks to the hybridization with GNSS, the OTDoA performances are considerably improved.
Observation 9: Note that, while OTDoA has been presented in an ideal case, the GNSS methods are represented by the least performant one, namely code-based standalone GNSS. 
Observation 10: Results with HA-GNSS techniques like RTK are more difficult to produce due to the challenges in simulating cycle slips and ambiguity resolutions present in carrier phase measurements. 
Observation 11: When RTK and PPP are used it is expected to meet even the most stringent requirements, Positioning Service Level 6, albeit at confidence level smaller than 95% percentile in the case of UMi.

6. Conclusion
This contribution has been prepared with the help of University Autonoma de Barcelona (UAB) German Space Agency (DLR) and GMV Spain, and presents a hybrid evaluation methodology and simulation results for NR positioning based on GNSS and OTDoA. The proposed methodology helps to characterize the hybrid positioning performance of GNSS and OTDoA with a simple and representative approach in which the GNSS Operational Environments defined in (ETSI TS 103 246-3) and NR Deployment Scenarios selected in (TR 38.855) are linked up to form a common framework where GNSS and RAT-dependent positioning methods can be simulated jointly. Furthermore, a simple modification on TR 38.901 channel model is proposed to add the NLoS bias. 
This document presents the following observations and contributions: 
Observation 1: UMa and UMi, including the parameters suggested by RAN1 in TR 38.855 [5], are the scenarios    selected to perform hybrid GNSS and RAT-dependent positioning.
Observation 2: In the context of hybrid GNSS-RAT-dependent positioning, an Operational Environment can be thought of as the counterpart of the NR Deployment Scenarios when applied to GNSS (see more details in Annex A.2, extracted from ETSI TS 103 246-3 [4]).
Observation 3: Urban Area and Asymmetric Visibility Area (GNSS) are aligned to UMi and UMa (RAT-dependent) based on elevation mask  and an azimuth  classification defined in ETSI TS 103 246-3 [4] (see Figure 2).  
Observation 4: 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. The removal of the normalization of the path delays for NLoS conditions, in order to adequately consider the impact of NLoS ranging measurements, is one possibility.
Observation 5: Two constellations can already provide a sufficient number of satellites in view, but to have at least 10 satellites in view at all times, all four GNSS constellations are needed.
Observation 6: For UMa, based on the assumptions and methodology adopted in the simulations, it can be observed:
· The performance target of <10m for 80% of the UEs can be achieved only under perfect synchronization of TRPs, absence of NLOS bias, and wide bandwidth (100 MHz) PRS signals.
· In reality, meeting all the above conditions is not an easy task; most likely, the performance of OTDoA is expected to degrade considerably in the absence of perfect synchronization –with 50ns rms, the 10m target can be reached with a probability of about 45%. The addition of the NLoS bias degrades OTDoA performance even further but can improve the general methodology adopted in this study.
· Code -based multi-GNSS is capable to meet the 10m target for 80%.
· Hybrid positioning based on multi-GNSS and OTDoA yields the best performance no matter the conditions. The addition of the NLOS bias degrades the performance of hybrid positioning considerably.
Observation 7: For UMi, based on the assumptions and methodology adopted in the simulations, it can be observed:
· The OTDoA horizontal accuracy is <2m for the 80% of outdoor UEs  but only with perfect synchronization. However, with the introduction of a 50ns rms synchronization error, the use of multi-GNSS is needed to fulfil the horizontal accuracy requirement (OTDoA standalone performance reaches <10m for about 40% of the UE outdoor). 
· The impact of NLoS bias on OTDoA horizontal accuracy is less severe than in UMa scenarios. However, this bias still results in a significant degradation of the OTDoA accuracy at the 95th percentile even in the case of perfect synchronization: 9.51m compared to 2.6m when no NLOS bias is introduced.
· There is a significant degradation of the satellite availability, the use of all four GNSS constellations becomes a must.
· Code-based multi-GNSS is capable to meet the 10m target for 80% of the UEs.
· Hybrid positioning based on multi-GNSS and OTDoA yields the best performance no matter the conditions. The addition of the NLOS bias degrades the performance of hybrid positioning considerably.
Observation 8: 
· Although the vertical accuracy requirement is not fulfilled, hybrid positioning achieves the best vertical performance in UMa and UMi.
Observation 9: Note that, while OTDoA has been presented in an ideal case, the GNSS methods are represented by the least performant one, namely code-based standalone GNSS. 
Observation 10: Results with HA-GNSS techniques like RTK are more difficult to produce due to the challenges in simulating cycle slips and ambiguity resolutions present in carrier phase measurements. 
Observation 11: When RTK and PPP are used it is expected to meet even the most stringent requirements, Positioning Service Level 6, albeit at confidence level smaller than 95% percentile in the case of UMi.

Proposal 1: The simulation results reported in this contribution shall be included in TR 38.855.
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Annex A: 
Evaluation Assumptions for Hybrid Positioning
	
[bookmark: _Toc485286360]A.1	GNSS and NR-dependent system level evaluation assumptions
Table A.1-1: GNSS Constellations NR system parameters
	Scenario
	UMa
	UMi-street canyon

	Technology
	GNSS

	GNSS constellations

(NOTE 1)
	Galileo
GPS
GLONASS
BeiDou


	Carrier Frequency

(NOTE 2)
	1.575 GHz
1.176 GHz


	Minimum number of visible satellites


	[image: ]
	[image: ]

	HDOP range
	1.6 to 2.5


	Penetration Loss
	X1 = 0 dB
X2 = 100 dB
X3 = 15 dB
	X1 = 0 dB
X2 = 100 dB

	
 Satellite height 
	Per each GNSS constellation design. GPS = 20 200 km; Galileo = 23 222 km; BeiDou MEO = 21 528 km; GLONASS = 19 100 km

	Satellite clock and orbit errors
	Yes. See Table X in Annex A.2

	Multipath
(NOTE 3)
	Yes. See Table X in Annex A.2


	UE Receiver Noise Figure
(NOTE 3)
	Yes. See Table X in Annex A.2

	Inter-system bias between GNSS constellations
	Assumed to be known and corrected for.


	Technology
	RAT-dependent

	Cell layout
	Hexagonal grid, 19 macro sites, 3 sectors per site ISD = 500m
	Hexagonal grid, 19 micro sites, 3 sectors per site ISD = 200m

	Carrier Frequency
	4 GHz
	4 GHz

	System Bandwidth per carrier
	100 MHz 

	100 MHz

	Carrier number
	1
	1

	Duplex
	FDD/TDD
	FDD/TDD

	Subcarrier Spacing
	30 kHz
	30 kHz

	BS antenna configurations
(M, N, P, Mg, Ng)

(NOTE 1)
	4 GHz: 	(8, 8, 2, 1, 1)
(dH, dV) = 	(0.5, 0.8)  
	4 GHz: 	(8, 8, 2, 1, 1)
(dH, dV) = 	(0.5, 0.8) 
 

	BS Antenna Element Gain Pattern
	According to TR 38.901, Table 7.3-1
	According to TR 38.901, Table 7.3-1

	BS TX Power
	4 GHz: 	49 dBm
	4 GHz: 	44 dBm

	BS Receiver Noise Figure
	4 GHz: 	5 dB
	4 GHz: 	5 dB

	
BS antenna height 
	25m + α, where α~uniform[-5, 25] 
(NOTE 2)
	10m + β, where β~uniform[-5, 10]
(NOTE 2)

	Pathloss, shadow fading
	UMa (3D)
(NOTE 3)
	UMi (3D)
(NOTE 3)

	Penetration Loss
	For outdoor UEs: 0 dB

	For outdoor UEs: 0 dB


	Fast fading/multipath channel (NOTE 1)
	UMa 

	UMi


	UE height
	For outdoor UEs: 1.5 m
(NOTE 2)
	For outdoor UEs: 1.5 m
 (NOTE 2)

	UE dropping/distribution (horizontal)
	For outdoor UEs:
uniform in cell

	For outdoor UEs:
uniform in cell


	Min. UE–BS 2D distance
(Refers to d2D for outdoor UEs and d2D-out for indoor UEs)
	35 m

	10 m


	Indoor UE fraction
	Due to usage of OTDoA together with GNSS, all UEs are outdoor.

	UE speed (horizontal)

	For outdoor UEs:
3 km/h

	For outdoor UEs:
3 km/h


	UE antenna configurations
(M, N, P, Mg, Ng)
	4 GHz: 	(1, 2, 2, 1, 1), (dH, dV) = (0.5, 0.5) λ

	UE Antenna Element Gain Pattern
	Table A.2.1-8 in TR 38.802 

	UE array orientation
	ΩUT, uniformly distributed on [0, 360] degree, ΩUT, = 0°, ΩUT, = 0° 

	UE TX Power
	23 dBm

	UE Receiver Noise Figure
	4 GHz: 	9 dB

	Network synchronization
	Perfectly synchronized for baseline. 
The network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an BS and a timing reference source which is assumed to have perfect timing, subject to a largest timing difference of T2 ns, where T2 = 2*T1.
That is, the range of timing errors is [-T2, T2]
(NOTE 2)

	PHY/Link Level Abstraction
	No PHY/Link Level Abstraction. All positioning links are explicitly simulated, and the individual quantity (e.g., TOAs) are estimated. 

	Metrics
	Separately for outdoor and indoor UEs:
1) CDF of horizontal positioning error.
2) CDF of vertical positioning error (optional).
3) Latency (max. PHY measurement/processing time).
4) Success rate / availability (yield).

	NOTE 1: 	All GNSS constellations have been simulated at Full Operational Capabilities, i.e., all satellites have been deployed in orbit
NOTE 2:               GNSS dual frequency use is considered at present to remove the ionosphere errors. In the future all GNSS will transmit signals in L1/E1 and L5/E5a.
NOTE 3:               See Annex A.2 for details description of the error sources affecting GNSS.

NOTE 1: 	TR 38.901
NOTE 2: 	TR 37.857
NOTE 3: 	TR 38.901, Table 7.4.1-1; LOS probability Table 7.4.2-1.





A.2	GNSS sky attenuation conditions from ETSI TS 103 246-3
The sky plots below define the solid angles (defined by elevation and azimuth angles) associated with a given attenuation in the hemisphere of the sky above the GNSS receiver.
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	Zone
	Elevation range (deg)
	Azimuth range (deg)
	Attenuation (dB)

	A
	0 to 5
	0 to 360
	x2 = 100

	B
	5 to 60
	210 to 330
	x2 = 100

	C
	5 to 60
	30 to 150
	x2 = 100

	Back-ground
	Angles out of Zones 
A, B, C
	x1 = 0






Figure A.2.1: Urban canyon plot – corresponds to UMi when applied to GNSS
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	Zone
	Elevation range (deg)
	Azimuth range (deg)
	Attenuation (dB)

	A
	0 to 5
	0 to 360
	x2 = 100

	B
	5 to 60
	30 to 150
	x2 = 100

	C
	10 to 60
	230 to 310
	x1 = 0

	Back-ground
	Angles out of 
Zones A, B, C
	X3 = 15






Figure A.2.2: Asymmetric visibility plot – corresponds to UMa when applied to GNSS


A.3	GNSS Range Generation and Error Configuration

Once the GNSS and 3GPP scenarios are aligned, GNSS observables can be generated to be hybridised (in a loosely- or tightly-coupled approach) with RAT-dependent observables. 

Step 1: Filter visible satellites
Extract satellite elevation and satellite azimuth of the GNSS constellation over a certain period of time, e.g. over 24 hours. This can be done with an orbiter generator and the visible satellites are obtained by filtering the available satellites by the elevation mask for a certain azimuth.

Step 2: Calculate visible satellite position
The satellite position is defined in spherical coordinates by the distance to the satellite , the satellite elevation  and the satellite azimuth . The satellite position can then be transformed from spherical coordinates to cartesian coordinates as
 = ·.

Step 3: Calculate UERE of visible satellites
The user equivalent range error (UERE) is calculated as function of the -th visible satellite elevation  from a certain constellation, by using the table of standard deviation of each error source defined in the Annex A. The UERE from the       -th satellite is then computed as

where  is the orbit and clock error variance,  is the residual ionosphere error variance,  is the residual troposphere error variance, is the AWGN receiver noise error variance,  is the multipath error variance.

For the operational environment with asymmetric visibility (associated with UMa), the GNSS signals are modelled with an additional attenuation for certain elevations and azimuths. This attenuation is here simulated by doubling the standard deviation of the AWGN receiver noise error, i.e., .
The inter-system bias between GNSS constellations is assumed to be known and corrected, because this parameter is stable enough to be estimated using information from long intervals.
The probability of having a NLOS bias in the measurements depends on the satellite elevation and on the urban conditions (very low probability above 30-40º of elevation). Nevertheless, most of the measurements having NLOS bias are usually detected, and discarded or down-weighted by the GNSS navigation algorithms: taking into account the satellite elevation, they are detected by comparing with other measurements based on the high amount of available GNSS measurements when using two or more constellations. The larger the bias errors, the easier to detect and correct for measurements with NLOS bias. For smaller NLOS biases, more difficult to detect, residuals have been introduced within the simulated multipath error. Therefore, the GNSS simulation methodology assumes that NLOS biases have been filtered out so the results are obtained with GNSS satellites in LoS conditions with a representative multipath error. Dynamic multipath is assumed in the simulations, which implies that multipath error is virtually time decorrelated, i.e., uncorrelated contribution between epochs. 
Step 4: Generation of a code observable
The general formulation of the -th GNSS code pseudorange is:

where 
·  is the time-of-flight of the GNSS signal, 
·  is the satellite position, 	
·  is the user equipment (UE) position, 
·  is the clock offset of the UE (wrt reference GNSS time), and 
·  is the pseudorange error.
The pseudorange error is assumed Gaussian-distributed as . 

The GNSS measurement errors to be simulated can be classified between non-local errors, i.e., satellite orbits, satellite clocks and atmospheric effects, and local errors, i.e., loss of satellite tracking, multipath caused by signal reflections on nearby objects, NLOS tracking (or tracking of obstructed satellites by the receiver) and receiver noise. The approach followed in the GNSS simulation methodology models error contribution as an AWGN with the standard deviations defined in Table A.3.1. The errors sources are considered to be independent random variables, so they can be grouped in a single AWGN with variance equal to the sum of the variances of each contribution.

Table A.3-1: 1- Error budgets for GNSS simulations
	[bookmark: _Ref234748272][bookmark: _Toc235593450]Error Source
(1-, m)
	Elevation bin (degrees)

	
	5
	10
	15
	20
	30
	40
	50
	60
	90

	GPS Orbit & Clock Error
	0.95 
	0.95 
	0.95 
	0.95 
	0.95 
	0.95 
	0.95 
	0.95 
	0.95 

	Galileo Orbit & Clock Error
	0.67 
	0.67 
	0.67 
	0.67 
	0.67 
	0.67 
	0.67 
	0.67 
	0.67 

	Glonass Orbit & Clock Error
	1.8 
	1.8 
	1.8 
	1.8 
	1.8 
	1.8 
	1.8 
	1.8 
	1.8 

	Beidou Orbit & Clock Error
	2 
	2 
	2 
	2 
	2 
	2 
	2 
	2 
	2 

	Residual Ionosphere Error
	0.08
	0.07
	0.06
	0.06
	0.05
	0.04
	0.03
	0.03
	0.03

	Residual Troposphere Error
	1.35 
	0.75 
	0.51 
	0.39 
	0.27 
	0.21 
	0.18 
	0.16 
	0.14 

	GPS AWGN Rx Noise
	0.75 
	0.63 
	0.52 
	0.42 
	0.30 
	0.22 
	0.18 
	0.18 
	0.18 

	Galileo AWGN Rx Noise
	0.75 
	0.63 
	0.52 
	0.42 
	0.30 
	0.22 
	0.18 
	0.18 
	0.18 

	Glonass AWGN Rx Noise
	1.05 
	0.88 
	0.72 
	0.58 
	0.42 
	0.30 
	0.25 
	0.25 
	0.25 

	Beidou AWGN Rx Noise
	0.75 
	0.63 
	0.52 
	0.42 
	0.30 
	0.22 
	0.18 
	0.18 
	0.18 

	Urban Multipath Error (UMa and UMi)
	4.61
	4.37
	4.22
	4.14
	4.05
	4.02
	4.01
	4.00
	4.00



The non-local 1- error budgets employed in the GNSS simulations were obtained or extrapolated from several sources [9-19]. Regarding the local errors, the receiver noise values are obtained from what can be provided by an average GNSS receiver [17]. The values employed for each error source are considered to be representative in average during long periods of time, different locations and for average GNSS receivers, which means that there could be situations or receiver types for which the errors would be above or below those figures. Nevertheless, the total GNSS error budget would not suffer major changes so it is considered representative.

A.4	PRS Signal Configuration

Table A.4-1: PRS signal configuration
	Parameter
	FR1 Specific Values

	System bandwidth
	100 MHz

	Subcarrier Spacing
	30 kHz

	Cell planning
	PCI planning

	Network synchronization
	Synchronous

	Duplex modes
	FDD

	Cyclic prefix
	Normal

	DRX
	Off

	Number of PRS antenna ports
	1 (antenna port 6)

	Number of receive antennas
	2

	Number of consecutive positioning subframes in one occasion Nprs
	1

	PRS periodicity
	160 ms

	PRS bandwidth
	Full system bandwidth

	Measurement bandwidth
	Full system bandwidth

	Measurement period
	Single symbol

	PRS muting
	Ideal PRS muting (single active BS per subframe) 

	PDSCH transmission
	No PDSCH transmission in PRS transmission occasions

	RSTD report quantization
	0.01 m

	Adaptive threshold 
	13 dB below maximum peak of cross-correlation

	Time-delay estimation range
	[-2 m, 10 m]



The positioning reference signal (PRS) is convolved with the propagation channel, which is simulated according to TR 38.901. 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 5G signals . This time-delay estimation (TDE) is defined as

where the estimation range is bounded by  and , the likelihood function is , being  the cross-correlation function of the received and transmitted signal, and the adaptive likelihood threshold is . This threshold is here defined with respect to the maximum peak of the likelihood function, e.g. .

The -th OTDoA observable is computed as the time difference of pseudoranges from the serving and neighbour BSs as

where  is the pseudorange observable from the serving BS, and  is the pseudorange observable from the        -th neighbour BS. The 5G pseudorange observable from the -th BS is then formulated as

where 
·  is the time-of-flight of the 5G signal, 
·  is the -th base station (BS) position, 
·  is the user equipment (UE) position, 
·  is the clock offset of the UE (wrt reference 5G time),
·  is the BS synchronization error, and 
·  is the TDE error.

Annex B: 
Algorithm for Hybrid GNSS and OTDoA

The hybrid GNSS and OTDoA methodology is here based on the tightly-coupled hybridisation of GNSS and OTDoA observables. Given the known location of the GNSS satellites and the gNodeBs, the unknown parameters of the hybrid positioning problem are . The weighted least squares (WLS) classical solution is considered to solve this positioning problem, based on the well-known iterative Gauss-Newton (GN) method. The GN solution at the -th iteration is defined as

where
·  is the  geometry matrix, being  the total number of observables from  satellites and  BSs, 
·  is the weighting matrix,
· , being 
·  for  and 
·  for , and
·  is the vector of hybrid observables.
	
The geometry matrix is defined as


The weighting matrix is formed by the weighting coefficients of the GNSS and OTDoA observables as

where
·  is the vector of GNSS weights, and
·  is the vector of OTDoA weights.

For this simulation methodology, the variance of the -th OTDoA observable is defined as

where  is the variance of the TDE from the serving BS,  is the variance of the TDE from -th neighbour BS, and  is the variance of the network synchronization error.
 
The use of multiple constellations is considered within this simulation methodology by adding the corresponding satellites and UERE values. The inter-system bias between GNSS constellations is assumed to be known and corrected, because this parameter is stable enough to be estimated using information from long intervals.
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