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1	Text Proposal
From various offline discussions, we propose the following text proposal. It contains the scenario and simulation results provided by one source simulating GNSS+RAT dependent positioning. The GNSS models and scenarios has not been agreed in 3GPP, so therefore, a comment is provided to emphasize that.
[…]
8.x GNSS and Hybrid NR-GNSS Evaluations

8.x.1	Hybrid GNSS-DL-TDOA evaluation (ESA) [28]

One source provided simulation results [28] for hybrid NR and GNSS positioning. No GNSS models or scenarios have been agreed in 3GPP for positioning evaluations whereas 3GPP agreed models and scenarios have been used for RAT-dependent. No conclusions should be drawn from the results in this section. 
8.x.1.1	Scenarios and Methodology 
For evaluating GNSS and hybrid positioning GNSS and DL-TDOA performance, only outdoor scenarios are selected, namely UMa and UMi. In [28] the GNSS conditions (signal attenuation, multipath, etc.) were modelled accordingly ETSI TS 103 246-3 Operational Environments [28]: Urban Canyon and Asymmetric Visibility. Furthermore, in order to evaluate GNSS and RAT-dependent under same environmental conditions, in [28] the Operational Environments were aligned to 3GPP UMa and UMi based on elevation mask profiles for the GNSS satellites. 
Code-based measurements have been generated for all four GNSS constellations (GPS, Galileo, BeiDou, and GLONASS) on two frequency carriers, namely 1.575 GHz and 1.176 GHz. The DL-TDOA observables are simulated according to the scenario parameters agreed by RAN1 and listed section 6.1. DL-TDOA observables are obtained from 6 gNBs with a PRS system bandwidth of 100 MHz and ideal muting pattern. The channel model as provided in the TR 38.901 is used as baseline while results with modifications to the channel model adding a NLOS bias are also presented.


Table 8.x.1.1-1: Hybrid GNSS-DL-TDOA Evaluation assumptions
	Parameter
	GNSS
	DL-TDOA

	Layout
	A GNSS constellation simulator has been used to generate the geometry of each constellation for a specific latitude, longitude and date.
(NOTE 1)
	For UMa: Hexagonal grid, 19 macro sites, 3 sectors per site ISD = 500m.

For UMi: Hexagonal grid, 19 micro sites, 3 sectors per site ISD = 200m

	System Bandwidth per Carrier
	L1/E1: 24.552 MHz
L5/E5a: 20.460 MHz
	100 MHz

	GNSS constellations
	Galileo, GPS, GLONASS, BeiDou
	N.A

	Carrier Frequency
	L1: 1.575 GHz
L5: 1.176 GHz
	4 GHz

	Number of Carriers
	2
	1

	Subcarrier spacing
	N.A
	30 kHz

	HDOP range
	1.6 to 2.5
	0.6 to 2.0

	Penetration
	From [32]:
For outdoor UEs in UMa: X1=0 dB, X2=100 dB, X3=15 dB

For outdoor UEs in UMi: X1=0 dB, X2=100 dB
	For outdoor UEs: 0dB


	Satellite / BS antenna Height 
	GPS = 20 200 km
Galileo = 23 222 km
GLONASS = 19 100 km
BeiDou MEO = 21 528 km
(NOTE 2)
	For UMa: 25m + α
α ~ uniform(-5,25) m
For UMi: 10m + β, where β~uniform[-5, 10

	Satellite masking
	From [32]:
For UMa: 60 degrees, one side of the street.

For UMi: 60 degrees, both sides of the street
	N.A

	Antenna Configuration
	N.A
	For UMa: 4 GHz: 	(8, 8, 2, 1, 1)
(dH, dV) = 	(0.5, 0.8)  

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


	Network synchronization assumptions
	N.A
	T1: 0ns (perfectly synchronized), 50ns

The network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB 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]

	UE Height
	hUT = 1.5 m

	UE Dropping
	For outdoor UEs: uniform in cell 

	UE noise figure
	9 dB

	UE Speed
	3 km/h

	Description of positioning technique / applied positioning algorithm
	GNSS standalone: Weighted Least Square

Hybrid GNSS-DL-TDOA: tight integration i.e., measurement level in Weighted Least Square estimator

	Note 1: The assumption is that all GNSS constellations are at Full Operational Capabilities i.e., all satellites are deployed and operational. 
Note 2: All GNSS satellites are placed in Medium Earth Orbit (MEO). Each GNSS constellation has a specific height at which its satellites are placed.




8.x.1.2	Simulation results
Simulation results for GNSS and hybrid GNSS-RAT-dependent were provided by one source [28]. The following section presents the evaluation results obtained for hybrid positioning between standalone GNSS and hybrid positioning between GNSS and DL-TDOA at FR1.
Table 8.x.1.2-1: UMa - GNSS horizontal positioning error [m]
	Source
	50%
	67%
	80%
	90%
	95%

	[28]
	2.33
	3.01
	3.72
	4.64
	5.42



Table 8.x.1.2-2: UMa - Hybrid GNSS-DL-TDOA horizontal positioning error [m]
	Source
	Conditions
	50%
	67%
	80%
	90%
	95%

	[28]
	0ns
	Baseline channel model
	0.70
	0.96
	1.24
	1.59
	1.98

	
	
	Modified channel model
	2.24
	2.91
	3.63
	4.51
	5.33

	
	50ns
	Baseline channel model
	2.29
	2.99
	3.71
	4.61
	5.43

	
	
	Modified channel model
	2.29
	2.99
	3.71
	4.61
	5.45

	NOTE:  To modify the channel model, the normalization of the spread delays has been removed from equation 7.5-2 in TR 38.901 to introduce a NLOS bias.
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Figure 8.x.1.2-1: Horizontal positioning error in UMa for GNSS and hybrid GNSS-DL-TDOA
Table 8.x.1.2-3: UMi - GNSS horizontal positioning error [m]
	Source
	50%
	67%
	80%
	90%
	95%

	[28]
	4.07
	5.56
	7.19
	9.30
	10.51



Table 8.x.1.2-4: UMi - Hybrid GNSS-DL-TDOA horizontal positioning error [m]
	Source
	Conditions
	50%
	67%
	80%
	90%
	95%

	[28]
	0ns
	Baseline channel model
	0.83
	1.14
	1.46
	1.85
	2.26

	
	
	Modified channel model
	2.0
	2.67
	3.40
	4.37
	5.48

	
	50ns
	Baseline channel model
	3.84
	5.16
	6.61
	8.40
	10.02

	
	
	Modified channel model
	3.87
	5.16
	6.66
	8.47
	10.09

	NOTE:  To modify the channel model, the normalization of the spread delays has been removed from equation 7.5-2 in TR 38.901 to introduce a NLOS bias.
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Figure 8.x.1.2-2: Horizontal positioning error in UMi for GNSS and hybrid GNSS-DL-TDOA
Below are the vertical positioning error for GNSS and hybrid GNSS-DL-TDOA.
Table 8.x.1.2-5: UMa - GNSS vertical positioning error [m]
	Source
	50%
	67%
	80%
	90%
	95%

	[28]
	2.28
	3.40
	4.55
	5.87
	7.05



Table 8.x.1.2-6: UMa - Hybrid GNSS-DL-TDOA vertical positioning error [m]
	Source
	Conditions
	50%
	67%
	80%
	90%
	95%

	[28]
	0ns
	Baseline channel model
	1.89
	2.82
	3.76
	4.98
	6.06

	
	
	Modified channel model
	2.25
	3.36
	4.50
	5.86
	6.98

	
	50ns
	Baseline channel model
	2.29
	3.39
	4.53
	5.89
	7.07

	
	
	Modified channel model
	2.28
	3.40
	4.55
	5.89
	7.04

	NOTE:  To modify the channel model, the normalization of the spread delays has been removed from equation 7.5-2 in TR 38.901 to introduce a NLOS bias.
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Figure 8.x.1.2-3: Vertical positioning error in UMa for GNSS and hybrid GNSS-DL-TDOA


Table 8.x.1.2-7: UMi - GNSS vertical positioning error [m]
	Source
	50%
	67%
	80%
	90%
	95%

	[28]
	2.74
	4.03
	5.48
	7.12
	8.64



Table 8.x.1.2-8: UMi - Hybrid GNSS-DL-TDOA vertical positioning error [m]
	Source
	Conditions
	50%
	67%
	80%
	90%
	95%

	[28]
	0ns
	Baseline channel model
	2.18
	3.27
	4.41
	5.81
	7.02

	
	
	Modified channel model
	2.77
	4.03
	5.39
	7.00
	8.47

	
	50ns
	Baseline channel model
	2.49
	3.72
	4.98
	6.37
	7.77

	
	
	Modified channel model
	2.76
	4.03
	5.37
	7.02
	8.46

	NOTE:  To modify the channel model, the normalization of the spread delays has been removed from equation 7.5-2 in TR 38.901 to introduce a NLOS bias.
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Figure 8.x.1.2-4: Vertical positioning error in UMi for GNSS and hybrid GNSS-DL-TDOA

8.x.1.3	Summary for horizontal and vertical positioning error
Below are the summary of the simulations results. Due to usage of GNSS all UEs are considered to be outdoor.
Table 8.x.1.3-1: GNSS and Hybrid GNSS-DL-TDOA CDF percentiles for 50m, 10m, 3m and 1m horizontal positioning error [%]
	Scenario
	50m
	10m
	3m
	1m

	
	UMa
	UMi
	UMa
	UMi
	UMa
	UMi
	UMa
	UMi

	GNSS
	100% 
	100%
	100%
	92%
	67%
	35%
	14%
	7%

	Hybrid GNSS – DL-TDOA perfect synchronisation
	100%
	100%
	100%
	100%
	100%
	99%
	70%
	61%

	Hybrid GNSS – DL-TDOA 50 ns synchronisation error
	100%
	100%
	100%
	95%
	68%
	38%
	15%
	7%

	Hybrid GNSS – DL-TDOA perfect synchronisation, modified channel model
	100%
	100%
	100%
	100%
	70%
	74%
	16%
	23%

	Hybrid GNSS – DL-TDOA 50ns synchronisation error, modified channel model
	100%
	100%
	100%
	95%
	68%
	38%
	15%
	7%

	NOTE:   The 3m target corresponds to the horizontal positioning accuracy requirement for NR Positioning Service Level 2 while the 1m target corresponds to the horizontal positioning accuracy requirement for NR Positioning Service Levels 3 and 4 as defined in TS 22.261.



Table 8.x.1.3-2: GNSS and Hybrid GNSS-DL-TDOA CDF percentiles for 50m, 10m, 3m and 2m vertical positioning error [%]
	Scenario
	50m
	10m
	3m
	2m

	
	UMa
	UMi
	UMa
	UMi
	UMa
	UMi
	UMa
	UMi

	GNSS
	100%
	100%
	100%
	98%
	62%
	54%
	45%
	38%

	Hybrid GNSS – DL-TDOA perfect synchronisation
	100%
	100%
	100%
	100%
	70%
	64%
	53%
	47%

	Hybrid GNSS – DL-TDOA 50 ns synchronisation error
	100%
	100%
	100%
	98%
	62%
	54%
	46%
	38%

	Hybrid GNSS – DL-TDOA perfect synchronisation, modified channel model
	100%
	100%
	100%
	99%
	63%
	58%
	46%
	42%

	Hybrid GNSS – DL-TDOA 50ns synchronisation error, modified channel model
	100%
	100%
	100%
	98%
	62%
	54%
	46%
	38%

	NOTE:    The 3m target corresponds to the horizontal positioning accuracy requirement for NR Positioning Service Levels 1 and 2 while the 2m target corresponds to the horizontal positioning accuracy requirement for NR Positioning Service Levels 3 to 6 as defined in TS 22.261.
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