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[bookmark: _Toc55965367][bookmark: _Toc55965371][bookmark: _Toc55965382]C.1.1.8 Results from source [14]
[bookmark: _Toc55965368]C.1.1.8.1 Description of evaluation scenarios
In this section results are provided for the following scenarios. 
· InF-SH FR1/ FR2: 300x150 m, gNB height = 8m, UE antenna height = 1.5m, Low clutter density, {20%, 2m, 10m},
· InF-DH FR1/ FR2: 120x60 m, gNB height = 8m, UE antenna height = 1.5m, High clutter density, {40%, 2m, 2m},
· InH-OO FR1/ FR2: 120x50 m, gNB height = 3m.

Evaluation assumptions for system level analysis are provided in Table C.1.1.8.1-1.
Table C.1.1.8.1-1: Rel.16 NR positioning – vertical accuracy performance summary [14] 
	Parameter
	[Case1, InF- SH, FR2],
[Case3, InF-DH, FR2],
[Case5, InH-OO, FR2]
	[Case2, InF- SH, FR1],
[Case4, InF-DH, FR1],
[Case6, InH-OO, FR1]

	Channel model (baseline, otherwise state any modifications)
	Baseline (See Table 3)
	Baseline (See Table 3)

	Carrier frequency
	28 GHz
	1.5 GHz

	Subcarrier spacing
	120 kHz
	30 kHz

	Reference Signal Transmission Bandwidth
	400 MHz
	100 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Comb-6, 6 symbols
	Comb-6, 6 symbols

	Reference signal
(type of sequence, number of ports, …)
	Pseudo-random sequence, 1 antenna port

	Number of sites
	18 sites in InF, 12 sites in InH

	Number of symbols used per occasion
	6
	6

	number of occasions used per positioning estimate
	1
	1

	Power-boosting level
	6 dB
	6 dB

	Uplink power control (applied/not applied)
	not applied

	interference modelling (ideal muting, or other)
	ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Adaptive threshold-based first peak detection for TOA measurement

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	DL-TDOA + AoD positioning
Select the TRP by Fast peak average ratio (FPAR), Maximum likelihood positioning algorithm, AoD measurement

	Network synchronization assumptions
	Perfect synchronization

	UE/gNB Tx/Rx 
Calibration Error
	0

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Beam sweeping at Tx

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	DFT Codebook

	Additional notes, if any
	
	



[bookmark: _Toc55965369]C.1.1.8.2 Positioning accuracy evaluation results
Table C.1.1.8.2-1 provides summary of NR positioning evaluations results for horizontal location error.

Table C.1.1.8.2-1: Rel.16 NR positioning - horizontal location error results from [14]
	
	
	50%
	67%
	80%
	90%

	[Case 1], [InF-SH], [FR2], [400 MHz], [Comb-6], [6dB PB]
	Convex UEs
	0.028 
	0.038
	0.052
	0.24 

	
	(Optional) All UEs
	0.036 
	0.059 
	0.12 
	0.39 

	[Case 2], [InF-SH], [FR1], [100 MHz], [Comb-6], [6dB PB]
	Convex UEs
	0.11 
	0.16 
	0.24 
	0.70

	
	(Optional) All UEs
	0.14 
	0.21 
	0.37 
	1.06 

	[Case 3], [InF-DH], [FR2], [400 MHz], [Comb-6], [6dB PB]
	Convex UEs
	0.24 
	0.72 
	1.42 
	2.80 

	
	(Optional) All UEs
	0.30
	0.68
	1.31
	2.83 

	[Case 4], [InF-DH], [FR1], [100 MHz], [Comb-6], [6dB PB]
	Convex UEs
	0.35 
	0.82 
	1.79
	3.87

	
	(Optional) All UEs
	0.31 
	1.14 
	1.93 
	4.29

	[Case 5], [InH-OO], [FR2], [400 MHz], [Comb-6], [6dB PB]
	Convex UEs
	0.045 
	0.070 
	0.14 
	0.35

	
	(Optional) All UEs
	0.068
	0.13 
	0.28 
	0.50

	[Case 6], [InH-OO], [FR1], [100 MHz], [Comb-6], [6dB PB]
	Convex UEs
	0.20 
	0.31 
	0.50 
	1.00 

	
	(Optional) All UEs
	0.21 
	0.36 
	0.64 
	1.17 
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Figure C.1.1.8.2-1: Rel.16 positioning evaluation in InF-SH scenario. 

[image: ]   
Figure C.1.1.8.2-2: Rel.16 positioning evaluation in InF-DH scenario. 
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Figure C.1.1.8.2-3: Rel.16 positioning evaluation in InH-OO scenario. 
C.1.1.9	Results from source [20]
[bookmark: _Toc55965372]C.1.1.9.1	Description of evaluation scenarios
In this section, we present simulation results for positioning accuracies in Rel.16 under baseline assumptions. The scope of evaluation is limited to DL-TDOA and UL-TDOA. Both frequency ranges (FR1 and FR2) are considered.  The scenarios evaluated are:
· Urban Macro (UMa)
· Urban Micro (UMi) 
· Indoor Open Office ( IOO)
· Indoor Factory SH 
· Indoor Factory DH
Evaluation assumptions for system level analysis are provided in Table C.1.1.9.1-1a-b.
Table C.1.1.9.1-1a: Rel.16 NR positioning - evaluation scenarios and parameters 
	Parameter
	[20], source1, UMa,  FR1, DL-TDOA
	[20], source2, UMi, FR1, DL-TDOA
	[20], source3, UMi,  FR1, UL-TDOA 
	[20], source4, UMi, FR2, DL-TDOA

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

	Carrier frequency 
	3.5GHz
	3.5GHz
	3.5GHz
	28GHz

	Subcarrier spacing
	30kHz
	30kHz
	30kHz
	120kHz

	Reference Signal Transmission Bandwidth
	272 PRB
	272 PRB
	272 PRB
	272 PRB

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

	Reference signal 
(type of sequence, number of ports, …) 
	 Rel. 16
	 Rel. 16
	 Rel. 16
	 Rel. 16

	Number of sites
	 19 (3 sectors each)
	 19 (3 sectors each)
	 19 (3 sectors each)
	 19 (3 sectors each)

	Number of symbols used per occasion
	 DL: comb-12, 12 symbol

	 DL: comb-12, 12 symbol

	UL: comb-2, 2 symbol
	 DL: comb-12, 12 symbol


	number of occasions used per positioning estimate
	 1 & 9
	 1 & 9
	 1 & 9
	 1 & 9

	Power-boosting level
	 No power boosting
	 DL: No power boosting

	UL: Power boosting by comb factor.
	 DL: No power boosting


	Uplink power control (applied/not applied)
	 No power control
	 No power control
	 No power control
	No power control

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

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	 Interpolation by factor 10
	 Interpolation by factor 10
	 Interpolation by factor 10
	 Interpolation by factor 10

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	 Iterative Re-weighted Least Squares
	 Iterative Re-weighted Least Squares
	Iterative Re-weighted Least Squares
	 Iterative Re-weighted Least Squares

	Network synchronization assumptions
	 Perfect synch
	 Perfect synch
	 Perfect synch
	 Perfect synch

	UE/gNB Tx/Rx 
Calibration Error
	N/A 
	
	
	

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Baseline agreed in #101e
	 Baseline agreed in #101e
	 Baseline agreed in #101e
	 Baseline agreed in #101e

	Additional notes, if any
	 Two scenarios 50% indoor UEs and 100% outdoors UEs considered
	 N/A
	
	 N/A




Table C.1.1.9.1-1b: Rel.16 NR positioning - evaluation scenarios and parameters
	Parameter
	[20], source5, IOO,  FR1, DL-TDOA
	[20], source6, IOO,  FR1, UL-TDOA
	[20], source7, IOO,  FR2, DL-TDOA
	[20], source8, InF-SH,  FR1, DL-TDOA
	[20], source9,  InF-SH ,  FR1, UL-TDOA

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

	Carrier frequency 
	3.5GHz
	3.5GHz
	28GHz
	3.5GHz
	3.5GHz

	Subcarrier spacing
	30kHz
	30kHz
	120kHz
	30kHz
	30kHz

	Reference Signal Transmission Bandwidth
	272 PRB
	272 PRB
	272 PRB
	272 PRB
	272 PRB

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

	Reference signal 
(type of sequence, number of ports, …) 
	 Rel. 16
	 Rel. 16
	 Rel. 16
	 Rel. 16
	 Rel. 16

	Number of sites
	 12 (single sector)
	 12 (single sector)
	 12 (3 sectors each)
	 18 (single sector)
	 18 (single sector)

	Number of symbols used per occasion
	 DL: comb-12, 12 symbol

	UL: comb-2, 2 symbol
	 DL: comb-12, 12 symbol

	 DL: comb-12, 12 symbol

	UL: comb-2, 2 symbol

	number of occasions used per positioning estimate
	 1 & 9
	1 & 9
	 1 & 9
	 1
	1

	Power-boosting level
	 DL: No power boosting

	UL: Power boosting by comb factor.
	 DL: No power boosting

	Power boosting by comb factor. 
	Power boosting by comb factor.

	Uplink power control (applied/not applied)
	No power control
	No power control
	No power control
	No power control
	No power control

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

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	 Interpolation by factor 10
	 Interpolation by factor 10
	 Interpolation by factor 10
	 Interpolation by factor 10
	 Interpolation by factor 10

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	 Iterative Re-weighted Least Squares
	 Iterative Re-weighted Least Squares
	 Iterative Re-weighted Least Squares
	 Iterative Re-weighted Least Squares
	 Iterative Re-weighted Least Squares

	Network synchronization assumptions
	 Perfect synch
	Perfect synch
	 Perfect synch
	 Perfect synch
	Perfect synch

	UE/gNB Tx/Rx 
Calibration Error
	 N/A
	 N/A
	 N/A
	 N/A
	 N/A

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	 Baseline agreed in #101e
	Baseline agreed in #101e
	 Baseline agreed in #101e
	 Baseline agreed in #101e
	Baseline agreed in #101e

	Additional notes, if any
	 N/A
	
	 N/A
	 N/A
	



Table C.1.1.9.1-1c: Rel.16 NR positioning - evaluation scenarios and parameters
	Parameter
	[20], source10, InF-DH,  FR1, DL-TDOA
	[20], source11,  InF-DH ,  FR1, UL-TDOA
	[20], source12, InF-SH,  FR2, DL-TDOA
	[20], source13,  InF-SH ,  FR2, UL-TDOA
	[20], source14, InF-DH,  FR2, DL-TDOA
	[20], source15,  InF-DH ,  FR2, UL-TDOA

	Channel model (baseline, otherwise state any modifications)
	 Baseline (InF DH)
	 Baseline (InF DH)
	 Baseline (InF SH)
	Baseline (InF SH)
	 Baseline (InF DH)
	Baseline (InF DH)

	Carrier frequency 
	3.5GHz
	3.5GHz
	28GHz
	28GHz
	28GHz
	28GHz

	Subcarrier spacing
	30kHz
	30kHz
	120kHz
	120kHz
	120kHz
	120kHz

	Reference Signal Transmission Bandwidth
	272 PRB
	272 PRB
	272 PRB
	272 PRB
	272 PRB
	272 PRB

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

	Reference signal 
(type of sequence, number of ports, …) 
	 Rel. 16
	 Rel. 16
	 Rel. 16
	 Rel. 16
	 Rel. 16
	 Rel. 16

	Number of sites
	 18 (single sector)
	18 (single sector)
	 18 (3 sectors each)
	 18 (3 sectors each)
	 18 (3 sectors each)
	 18 (3 sectors each)

	Number of symbols used per occasion
	 DL: comb-12, 12 symbol

	UL: comb-2, 2 symbol
	 DL: comb-12, 12 symbol

	UL: comb-2, 2 symbol
	 DL: comb-12, 12 symbol

	UL: comb-2, 2 symbol

	number of occasions used per positioning estimate
	 1
	11
	 1
	
	 1
	1

	Power-boosting level
	Power boosting by comb factor. 
	Power boosting by comb factor.
	Power boosting by comb factor.
	Power boosting by comb factor.
	Power boosting by comb factor.
	Power boosting by comb factor.

	Uplink power control (applied/not applied)
	No power control
	No power control
	No power control
	No power control
	No power control
	No power control

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

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	 Interpolation by factor 10
	 Interpolation by factor 10
	 Interpolation by factor 10
	 Interpolation by factor 10
	 Interpolation by factor 10
	 Interpolation by factor 10

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	 Iterative Re-weighted Least Squares
	 Iterative Re-weighted Least Squares
	 Iterative Re-weighted Least Squares
	 Iterative Re-weighted Least Squares
	 Iterative Re-weighted Least Squares
	 Iterative Re-weighted Least Squares

	Network synchronization assumptions
	 Perfect synch
	 Perfect synch
	 Perfect synch
	 Perfect synch
	 Perfect synch
	 Perfect synch

	UE/gNB Tx/Rx 
Calibration Error
	0ns
	0ns
	0ns and 8ns
	0ns and 8ns
	0ns
	0ns

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	 Baseline agreed in #101e
	Baseline agreed in #101e
	 Baseline agreed in #101e
	Baseline agreed in #101e
	 Baseline agreed in #101e
	Baseline agreed in #101e

	Additional notes, if any
	 N/A
	
	 N/A
	
	 N/A
	



[bookmark: _Toc55965373]C.1.1.9.2	Positioning accuracy evaluation results
Table C.1.1.9.2-1 provides summary of NR positioning evaluations results for horizontal location error.
Table C.1.1.9.2-1: Rel.16 NR positioning - horizontal location error results from [20]
	
	
	50%
	67%
	80%
	90%

	[20], source1, UMa, FR1, DL-TDOA (50% UEs indoor)
	Convex UEs
	N/A
	N/A
	N/A
	N/A

	
	(Optional) All UEs
	2.2m (1 occasion)
1.6m (9 occasions)
	3.2m (1 occasion)
2.35m (9 occasions)
	5.3m (1 occasion)
3.4m (9 occasions)
	11.97m (1 occasion)
7.04m (9 occasions)

	[20], source1, UMa, FR1, DL-TDOA (100% UEs outdoor)
	Convex UEs
	N/A
	N/A
	N/A
	N/A

	
	(Optional) All UEs
	1.87m (1 occasion)
1.26m (9 occasions)
	2.5m (1 occasion)
1.61m (9 occasions)
	3.25m (1 occasion)
1.98m (9 occasions)
	4.5m (1 occasion)
2.5m (9 occasions)

	
	(Optional) All UEs
	
	
	
	

	[20], source2, UMi, FR1, DL-TDOA
	Convex UEs
	N/A
	N/A
	N/A
	N/A

	
	(Optional) All UEs
	0.58m (1 occasion)
0.41m (9 occasions)
	0.8m (1 occasion)
0.59m (9 occasions)
	1.14m (1 occasion)
0.77m (9 occasions)
	1.7m (1 occasion)
1.06m (9 occasions)

	[20], source3, UMi, FR1, UL-TDOA
	Convex UEs
	N/A
	N/A
	N/A
	N/A

	
	(Optional) All UEs
	1.4m (1 occasion)
1.01m (9 occasions)
	1.86m (1 occasion)
1.4m (9 occasions)
	2.39m (1 occasion)
1.84m (9 occasions)
	3.10m (1 occasion)
2.43m (9 occasions)

	[20], source4, UMi, FR2, DL-TDOA
	Convex UEs
	N/A
	N/A
	N/A
	N/A

	
	(Optional) All UEs
	 0.05m (1 occasion)
0.02m (9 occasions)
	0.07m (1 occasion)
0.03m (9 occasions)
	0.09m (1 occasion)
0.04m (9 occasions)
	0.13m (1 occasion)
0.06m (9 occasions)

	
	(Optional) All UEs
	
	
	
	

	[20], source5, IOO, FR1, DL-TDOA
	Convex UEs
	N/A
	N/A
	N/A
	N/A

	
	(Optional) All UEs
	0.41m (1 occasion)
0.26m (9 occasions)
	0.62m (1 occasion)
0.4m (9 occasions)
	0.9m (1 occasion)
0.58m (9 occasions)
	1.51m (1 occasion)
0.93m (9 occasions)

	[20], source6, IOO, FR1, UL-TDOA
	Convex UEs
	N/A
	N/A
	N/A
	N/A

	
	(Optional) All UEs
	0.39m (1 occasion)
0.24m (9 occasions)
	0.61m (1 occasion)
0.36m (9 occasions)
	0.93m (1 occasion)
0.55m (9 occasions)
	1.52m (1 occasion)
0.98m (9 occasions)

	[20], source7, IOO, FR2, DL-TDOA
	Convex UEs
	N/A
	N/A
	N/A
	N/A

	
	(Optional) All UEs
	0.04m (1 occasion)
0.017m (9 occasions)
	0.06m (1 occasion)
0.02m (9 occasions)
	0.1m (1 occasion)
0.04m (9 occasions)
	0.18m (1 occasion)
0.07m (9 occasions)

	
	(Optional) All UEs
	
	
	
	

	[20], source8, InF-SH, FR1, DL-TDOA
	Convex UEs
	0.06m
	0.089m
	0.13m
	0.19m

	
	(Optional) All UEs
	0.08m
	0.13m
	0.21m
	0.36m

	[20], source9, InF-SH, FR1, UL-TDOA
	Convex UEs
	0.06m
	0.09m
	0.13m
	0.18m

	
	(Optional) All UEs
	0.08m
	0.13m
	0.2m
	0.35m

	[20], source10, InF-DH,  FR1, DL-TDOA 
	Convex UEs
	1.88m
	3.63m
	5.4m
	7m

	
	(Optional) All UEs
	2.94m
	5.09m
	7.48m
	14.3m

	[20], source11,  InF-DH ,  FR1, UL-TDOA
	Convex UEs
	1.74m
	3.53m
	4.95m
	7.50m

	
	(Optional) All UEs
	3.03m
	5.06m
	7.91m
	14.55m

	[20], source12, InF-SH,  FR2, DL-TDOA
	Convex UEs
	0.0062m (no RX/Tx error)
1.24m (8ns Rx/Tx error)

	0.0088m(no RX/Tx error)
1.88m (8ns Rx/Tx error)

	0.0120m(no RX/Tx error)
2.57m (8ns Rx/Tx error)

	0.0172m(no RX/Tx error)
3.34m (8ns Rx/Tx error)


	
	(Optional) All UEs
	0.0081m (no RX/Tx error)
1.01m (8ns Rx/Tx error)
	0.0122m (no RX/Tx error)
1.81m (8ns Rx/Tx error)
	0.0196m (no RX/Tx error)
2.66m (8ns Rx/Tx error)
	0.0349m (no RX/Tx error)
3.68m (8ns Rx/Tx error)

	[20], source13,  InF-SH ,  FR2, UL-TDOA
	Convex UEs
	0.0059m (no RX/Tx error)
1.25m (8ns Rx/Tx error)
	0.0081m (no RX/Tx error)
1.90m (8ns Rx/Tx error)
	0.0112m (no RX/Tx error)
2.5m (8ns Rx/Tx error)
	0.0163m (no RX/Tx error)
3.36m (8ns Rx/Tx error)

	
	(Optional) All UEs
	0.0075m (no RX/Tx error)
1.16m (8ns Rx/Tx error)
	0.0114m (no RX/Tx error)
1.95m (8ns Rx/Tx error)
	0.0174m (no RX/Tx error)
2.76m (8ns Rx/Tx error)
	0.0313m (no RX/Tx error)
3.85m (8ns Rx/Tx error)

	[20], source14, InF-DH,  FR2, DL-TDOA
	Convex UEs
	1.78m
	3.28m
	5.08m
	7.06m

	
	(Optional) All UEs
	2.92m
	5.14m
	7.76m
	14.95m

	[20], source15,  InF-DH ,  FR2, UL-TDOA
	Convex UEs
	1.58m
	3.05m
	4.72m
	6.98m

	
	(Optional) All UEs
	2.78m
	4.65m
	7.11m
	13.48m



Simulations results showing accuracies reported in Table C.1.1.9.2-1 are showing in figures C.1.1.9.2-1-16.
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Figure C.1.1.9.2-1 UMa FR1 50% UEs indoor DL-TDOA.
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Figure C.1.1.9.2-2. UMa FR1 100% UEs outdoor DL-TDOA.
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Figure C.1.1.9.2-3. UMi FR1 DL-TDOA.
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Figure C.1.1.9.2-4. UMi FR2 DL-TDOA.
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Figure C.1.1.9.2-5. UMi FR1 UL-TDOA.
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Figure C.1.1.9.2-6. IOO FR1 DL-TDOA.
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Figure C.1.1.9.2-7. IOO FR2 DL-TDOA.
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Figure C.1.1.9.2-8. IOO FR1 UL-TDOA.
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Figure C.1.1.9.2-9 InF-SH FR1 DL-TDOA.
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Figure C.1.1.9.2-10. InF-SH FR1 UL-TDOA.
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Figure C.1.1.9.2-11. InF-DH FR1 DL-TDOA.
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Figure C.1.1.9.2-12. InF-DH FR1 UL-TDOA.
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Figure C.1.1.9.2-13 InF-DH FR2 DL-TDOA.
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Figure C.1.1.9.2-14 InF-DH FR2 UL-TDOA.
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Figure C.1.1.9.2-15. InF-SH FR2 DL-TDOA.
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Figure C.1.1.9.2-16. InF-SH FR2 UL-TDOA

[bookmark: _Toc55965375]C.1.1.10	Results from source [17]
[bookmark: _Toc55965376]C.1.1.10.1	Description of evaluation scenarios
Evaluation assumptions for system level analysis are provided in Table C.1.1.10.1-1.
Table C.1.1.10.1-1.
	Parameter
	Case 1, InF-DH, FR1,  DL-TDOA
	Case 2, InF-SH, FR1,
DL-TDOA
	Case 3, InF-DH, FR1, DL-TDOA
	Case 4, InF-SH, FR1,
DL-TDOA

	Channel model (baseline, otherwise state any modifications)
	Baseline Channel Model based on common assumptions defined related to the channel models of 3GPP TRs 38.901 / 38.802 / 37.857.

	Carrier frequency 
	3.5GHz
	3.5GHz
	3.5GHz
	3.5GHz

	Subcarrier spacing
	30KHz
	30KHz
	30KHz
	30KHz

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

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Comb6
	Comb6
	Comb6
	Comb6

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

	Number of sites
	18(1-sector)
	18(1-sector)
	18(1-sector)
	18(1-sector)

	Number of symbols used per occasion
	18
	18 
	18
	18 

	number of occasions used per positioning estimate
	1
	1
	1
	1

	Power-boosting level
	0
	0
	0
	0

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

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

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	TOA estimation with TOA pruning, before the positioning engine using the ratio of the estimated TOA peak over the median of the Channel Energy Response (CER).

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	TDOA: Chan's Algorithm according to: 
Y. T. Chan, K. C. Ho, " A Simple and Efficient Estimator for Hyperbolic Location", IEEE Transactions on Signal Processing, vol. 42, pp. 1905-1915, Aug. 1994.

Outlier Rejection: RANSAC according to:
https://en.wikipedia.org/wiki/Random_sample_consensus#:~:text=Random%20sample%20consensus%20(RANSAC)%20is,the%20values%20of%20the%20estimates.

	TDOA: Chan's Algorithm according to: 
Y. T. Chan, K. C. Ho, " A Simple and Efficient Estimator for Hyperbolic Location", IEEE Transactions on Signal Processing, vol. 42, pp. 1905-1915, Aug. 1994.

Outlier Rejection: RANSAC according to:
https://en.wikipedia.org/wiki/Random_sample_consensus#:~:text=Random%20sample%20consensus%20(RANSAC)%20is,the%20values%20of%20the%20estimates.

	TDOA: Chan's Algorithm according to: 
Y. T. Chan, K. C. Ho, " A Simple and Efficient Estimator for Hyperbolic Location", IEEE Transactions on Signal Processing, vol. 42, pp. 1905-1915, Aug. 1994.

Outlier Rejection: RANSAC according to:
https://en.wikipedia.org/wiki/Random_sample_consensus#:~:text=Random%20sample%20consensus%20(RANSAC)%20is,the%20values%20of%20the%20estimates.

	TDOA: Chan's Algorithm according to: 
Y. T. Chan, K. C. Ho, " A Simple and Efficient Estimator for Hyperbolic Location", IEEE Transactions on Signal Processing, vol. 42, pp. 1905-1915, Aug. 1994.

Outlier Rejection: RANSAC according to:
https://en.wikipedia.org/wiki/Random_sample_consensus#:~:text=Random%20sample%20consensus%20(RANSAC)%20is,the%20values%20of%20the%20estimates..


	Network synchronization assumptions
	Perfect Sync
	Perfect Sync
	Perfect Sync
	Perfect Sync

	UE/gNB Tx/Rx 
Calibration Error
	No calibration error
	No calibration error
	No calibration error
	NO calibration error

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	
In the earliest beam pair, scheme, the Tx and Rx beam pair are identified based on the criteria of receiving the earliest path given that the received power is larger than a threshold using the genie CDL channel profiles per TRP. 
	
In the earliest beam pair, scheme, the Tx and Rx beam pair are identified based on the criteria of receiving the earliest path given that the received power is larger than a threshold using the genie CDL channel profiles per TRP. 

	
In the earliest beam pair is identified based on the criteria of receiving the earliest path given that the received power is larger than a threshold using the genie CDL channel profiles. 

	
In the earliest beam pair, scheme, the Tx and Rx beam pair are identified based on the criteria of receiving the earliest path given that the received power is larger than a threshold using the genie CDL channel profiles per TRP. 


	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Kronecker product between vertical and horizontal weight vectors taken from DFT, with oversampling factor r. The DFT beam candidate in beam selection method is generated according to the uniform vertical and horizontal angular distribution shown as follows:

, for i=1,…,rN
where r denotes the oversampling factor, N denotes the number of vertical/horizontal antennas. For FR2, Tx oversampling factor r equals to 1 and Rx oversampling factor equals to 1.

	Additional notes, if any
	All gNB’s are at height 8m and All UEs are at height 1.5m
	All gNB’s are at height 8m and All UEs are at height 1.5m
	gNBs Heights: Half of gNBs at 4m height and half at 8m height.
UEs Heights: either Fixed UE heights at 1.5m or uniformly distributed U[0.5m,2m]

	gNBs Heights: Half of gNBs at 4m height and half at 8m height.
UEs Heights: either Fixed UE heights at 1.5m or uniformly distributed U[0.5m,2m]




	Parameter
	Case 5, InF-SH, FR2,  DL-TDOA
	Case 6, InF-SH, FR2, multi-RTT
	Case 7, InF-DH, FR2, DL-TDOA
	Case 8, InF-DH, FR2,
multi-RTT

	Channel model (baseline, otherwise state any modifications)
	Baseline Channel Model based on common assumptions defined related to the channel models of 3GPP TRs 38.901 / 38.802 / 37.857.

	Carrier frequency 
	28GHz
	28GHz
	28GHz
	28GHz

	Subcarrier spacing
	120KHz
	120KHz
	120KHz
	120KHz

	Reference Signal Transmission Bandwidth
	400MHz
	400MHz
	400MHz
	400MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Comb2
	Comb2
	Comb2
	Comb2

	Reference signal 
(type of sequence, number of ports, …) 
	DL-PRS
	DL-PRS&SRS-Pos
	DL-PRS
	DL-PRS&SRS-Pos

	Number of sites
	18(3-sector)
	18(3-sector)
	18(3-sector)
	18(3-sector)

	Number of symbols used per occasion
	54 (2 FDMed PRS symbols with two TRPs )
	54 (2 FDMed PRS symbols with two TRPs ) on DL/UL
	54 (2 FDMed PRS symbols with two TRPs )
	54 (2 FDMed PRS symbols with two TRPs ) on DL/UL

	number of occasions used per positioning estimate
	1
	1
	1
	1

	Power-boosting level
	0
	0
	0
	0

	Uplink power control (applied/not applied)
	NA
	Not applied (23 dBm Tx)
	NA
	Not applied (23 dBm Tx)

	interference modelling (ideal muting, or other)
	Ideal Muting
	Ideal muting for DL, interference from 4 UEs in UL
	Ideal Muting
	Ideal muting for DL, interference from 4 UEs in UL

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	TOA estimation with TOA pruning, before the positioning engine using the ratio of the estimated TOA peak over the median of the Channel Energy Response (CER).

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	TDOA: Chan's Algorithm according to: 
Y. T. Chan, K. C. Ho, " A Simple and Efficient Estimator for Hyperbolic Location", IEEE Transactions on Signal Processing, vol. 42, pp. 1905-1915, Aug. 1994.

Outlier Rejection: RANSAC according to:
https://en.wikipedia.org/wiki/Random_sample_consensus#:~:text=Random%20sample%20consensus%20(RANSAC)%20is,the%20values%20of%20the%20estimates.

	multi-RTT, the algebraic solution proposed in
-Norrdine, Abdelmoumen. (55). An Algebraic Solution to the Multilateration
Problem. 10.13140/RG.2.1.1681.3602.
Equal weight is used in the TOA covariance matrix.

Outlier Rejection: RANSAC according to:
https://en.wikipedia.org/wiki/Random_sample_consensus#:~:text=Random%20sample%20consensus%20(RANSAC)%20is,the%20values%20of%20the%20estimates.

	TDOA: Chan's Algorithm according to: 
Y. T. Chan, K. C. Ho, " A Simple and Efficient Estimator for Hyperbolic Location", IEEE Transactions on Signal Processing, vol. 42, pp. 1905-1915, Aug. 1994.

Outlier Rejection: RANSAC according to:
https://en.wikipedia.org/wiki/Random_sample_consensus#:~:text=Random%20sample%20consensus%20(RANSAC)%20is,the%20values%20of%20the%20estimates.

	multi-RTT, the algebraic solution proposed in
-Norrdine, Abdelmoumen. (55). An Algebraic Solution to the Multilateration
Problem. 10.13140/RG.2.1.1681.3602.
Equal weight is used in the TOA covariance matrix.

Outlier Rejection: RANSAC according to:
https://en.wikipedia.org/wiki/Random_sample_consensus#:~:text=Random%20sample%20consensus%20(RANSAC)%20is,the%20values%20of%20the%20estimates.


	Network synchronization assumptions
	Perfect Sync
	Perfect Sync
	Perfect Sync
	Perfect Sync

	UE/gNB Tx/Rx 
Calibration Error
	No calibration error
	No calibration error
	No calibration error
	NO calibration error

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	For a 3-sector scenario, the directions of beams are within [-60, 60] degrees in azimuth and [60,180] degrees in zenith.

In the earliest beam pair, scheme, the Tx and Rx beam pair are identified based on the criteria of receiving the earliest path given that the received power is larger than a threshold using the genie CDL channel profiles per TRP. 
In the strongest beam pair scheme, the strongest RX beam is identified based on the criteria of receiving the strongest path with the serving cell. And Tx beam is further identified in respect to the strongest RX beam per sector. 

	For a 3-sector scenario, the directions of beams are within [-60, 60] degrees in azimuth and [60,180] degrees in zenith.

In the earliest beam pair, scheme, the Tx and Rx beam pair are identified based on the criteria of receiving the earliest path given that the received power is larger than a threshold using the genie CDL channel profiles per TRP. 

	For a 3-sector scenario, the directions of beams are within [-60, 60] degrees in azimuth and [60,180] degrees in zenith.

The earliest beam pair is identified based on the criteria of receiving the earliest path given that the received power is larger than a threshold using the genie CDL channel profiles. 
In the strongest beam pair scheme, the strongest RX beam is identified based on the criteria of receiving the strongest path with the serving cell. And Tx beam is further identified in respect to the strongest RX beam per sector. 

	For a 3-sector scenario, the directions of beams are within [-60, 60] degrees in azimuth and [60,180] degrees in zenith.

In the earliest beam pair, scheme, the Tx and Rx beam pair are identified based on the criteria of receiving the earliest path given that the received power is larger than a threshold using the genie CDL channel profiles per TRP. 


	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Kronecker product between vertical and horizontal weight vectors taken from DFT, with oversampling factor r. The DFT beam candidate in beam selection method is generated according to the uniform vertical and horizontal angular distribution shown as follows:

, for i=1,…,rN
where r denotes the oversampling factor, N denotes the number of vertical/horizontal antennas. For FR2, Tx oversampling factor r equals to 1 and Rx oversampling factor equals to 1.

	Additional notes, if any
	
	The UE’s height is lower than gNBs’ height is assumed as prior knowledge in positioning
	
	The UE’s height is lower than gNBs’ height is assumed as prior knowledge in positioning



	Parameter
	Case 9, UMI, FR1, DL-TDOA  or RTT
	Case 10, UMI with , FR1, DL-TDOA and RTT
	Case 11, UMA, FR1, DL-TDOA
	

	Channel model (baseline, otherwise state any modifications)
	Baseline Channel Model based on common assumptions defined related to the channel models of 3GPP TRs 38.901 / 38.802 / 37.857.

	Carrier frequency 
	4 GHz
	4 GHz
	4 GHz
	

	Subcarrier spacing
	30KHz
	30KHz
	30KHz
	

	Reference Signal Transmission Bandwidth
	100MHz
	100MHz
	100MHz
	

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Comb6
	Comb6
	Comb6
	

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

	Number of sites
	19(3-sector)
	19(3-sector)
	19(3-sector)
	

	Number of symbols used per occasion
	48
	48
	48
	

	number of occasions used per positioning estimate
	1
	1
	1
	

	Power-boosting level
	0
	0
	0
	

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

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

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	TOA estimation with TOA pruning, before the positioning engine using the ratio of the estimated TOA peak over the median of the Channel Energy Response (CER).

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	TDOA: Chan's Algorithm according to: 
Y. T. Chan, K. C. Ho, " A Simple and Efficient Estimator for Hyperbolic Location", IEEE Transactions on Signal Processing, vol. 42, pp. 1905-1915, Aug. 1994.

Outlier Rejection: RANSAC according to:
https://en.wikipedia.org/wiki/Random_sample_consensus#:~:text=Random%20sample%20consensus%20(RANSAC)%20is,the%20values%20of%20the%20estimates.

	TDOA: Chan's Algorithm according to: 
Y. T. Chan, K. C. Ho, " A Simple and Efficient Estimator for Hyperbolic Location", IEEE Transactions on Signal Processing, vol. 42, pp. 1905-1915, Aug. 1994.

Outlier Rejection: RANSAC according to:
https://en.wikipedia.org/wiki/Random_sample_consensus#:~:text=Random%20sample%20consensus%20(RANSAC)%20is,the%20values%20of%20the%20estimates.

	TDOA: Chan's Algorithm according to: 
Y. T. Chan, K. C. Ho, " A Simple and Efficient Estimator for Hyperbolic Location", IEEE Transactions on Signal Processing, vol. 42, pp. 1905-1915, Aug. 1994.

Outlier Rejection: RANSAC according to:
https://en.wikipedia.org/wiki/Random_sample_consensus#:~:text=Random%20sample%20consensus%20(RANSAC)%20is,the%20values%20of%20the%20estimates.

	

	Network synchronization assumptions
	Perfect Sync
	Perfect Sync
	Perfect Sync
	

	UE/gNB Tx/Rx 
Calibration Error
	No calibration error
	No calibration error
	No calibration error
	

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	NA
	NA

	NA

	

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Single port wideband Hadamar precoder

	Additional notes, if any
	



	Parameter
	Case 12, UMi, FR2, DL-TDOA
	Case 13, InH, FR2, DL-TDOA

	Channel model (baseline, otherwise state any modifications)
	Baseline Channel Model based on common assumptions defined related to the channel models of 3GPP TRs 38.901 / 38.802 / 37.857.

	Carrier frequency 
	30GHz
	30GHz

	Subcarrier spacing
	120KHz
	120KHz

	Reference Signal Transmission Bandwidth
	400MHz
	400MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Comb2
	Comb2

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

	Number of sites
	19(3-sector)
	12(3-sector)

	Number of symbols used per occasion
	58(2 FDMed PRS symbols with two TRPs )
	36(2 FDMed PRS symbols with two TRPs)

	number of occasions used per positioning estimate
	1
	1

	Power-boosting level
	0
	0

	Uplink power control (applied/not applied)
	NA
	NA

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

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	TOA estimation with TOA pruning, before the positioning engine using the ratio of the estimated TOA peak over the median of the Channel Energy Response (CER).

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	TDOA: Chan's Algorithm according to: 
Y. T. Chan, K. C. Ho, " A Simple and Efficient Estimator for Hyperbolic Location", IEEE Transactions on Signal Processing, vol. 42, pp. 1905-1915, Aug. 1994.

Outlier Rejection: RANSAC according to:
https://en.wikipedia.org/wiki/Random_sample_consensus#:~:text=Random%20sample%20consensus%20(RANSAC)%20is,the%20values%20of%20the%20estimates.



	Network synchronization assumptions
	Perfect Sync
	Perfect Sync

	UE/gNB Tx/Rx 
Calibration Error
	No calibration error
	No calibration error

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	For a 3-sector scenario, the directions of beams are within [-60, 60] degrees in azimuth and [60, 180] degrees in zenith.

In the earliest beam pair, scheme, the Tx and Rx beam pair are identified based on the criteria of receiving the earliest path given that the received power is larger than a threshold using the genie CDL channel profiles per TRP. 
In the strongest beam pair scheme, the strongest RX beam is identified based on the criteria of receiving the strongest path with the serving cell. And Tx beam is further identified in respect to the strongest RX beam per sector. 


	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Kronecker product between vertical and horizontal weight vectors taken from DFT, with oversampling factor r. The DFT beam candidate in beam selection method is generated according to the uniform vertical and horizontal angular distribution shown as follows:

, for i=1,…,rN
where r denotes the oversampling factor, N denotes the number of vertical/horizontal antennas. For FR2, Tx oversampling factor r equals to 1 and Rx oversampling factor equals to 1.

	Additional notes, if any
	
	



	Parameter
	Case 14, UMI with , FR1, RTT
	Case 15, UMI with , FR1, DL-TDOA
	Case 16, UMI without , FR1, RTT
	Case 17, UMI without , FR1, DL-TDOA

	Channel model (baseline, otherwise state any modifications)
	Baseline Channel Model based on common assumptions defined related to the channel models of 3GPP TRs 38.901 / 38.802 / 37.857.

	Carrier frequency 
	4 GHz
	4 GHz
	4 GHz
	4 GHz

	Subcarrier spacing
	30KHz
	30KHz
	30KHz
	30KHz

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

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Comb6
	Comb6
	Comb6
	Comb6

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

	Number of sites
	19(3-sector)
	19(3-sector)
	19(3-sector)
	19(3-sector)

	Number of symbols used per occasion
	48
	48
	48
	48

	number of occasions used per positioning estimate
	1
	1
	1
	1

	Power-boosting level
	0
	0
	0
	0

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

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

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	TOA estimation with TOA pruning, before the positioning engine using the ratio of the estimated TOA peak over the median of the Channel Energy Response (CER).

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	TDOA: Chan's Algorithm according to: 
Y. T. Chan, K. C. Ho, " A Simple and Efficient Estimator for Hyperbolic Location", IEEE Transactions on Signal Processing, vol. 42, pp. 1905-1915, Aug. 1994.

Outlier Rejection: RANSAC according to:
https://en.wikipedia.org/wiki/Random_sample_consensus#:~:text=Random%20sample%20consensus%20(RANSAC)%20is,the%20values%20of%20the%20estimates.

	TDOA: Chan's Algorithm according to: 
Y. T. Chan, K. C. Ho, " A Simple and Efficient Estimator for Hyperbolic Location", IEEE Transactions on Signal Processing, vol. 42, pp. 1905-1915, Aug. 1994.

Outlier Rejection: RANSAC according to:
https://en.wikipedia.org/wiki/Random_sample_consensus#:~:text=Random%20sample%20consensus%20(RANSAC)%20is,the%20values%20of%20the%20estimates.

	TDOA: Chan's Algorithm according to: 
Y. T. Chan, K. C. Ho, " A Simple and Efficient Estimator for Hyperbolic Location", IEEE Transactions on Signal Processing, vol. 42, pp. 1905-1915, Aug. 1994.

Outlier Rejection: RANSAC according to:
https://en.wikipedia.org/wiki/Random_sample_consensus#:~:text=Random%20sample%20consensus%20(RANSAC)%20is,the%20values%20of%20the%20estimates.

	TDOA: Chan's Algorithm according to: 
Y. T. Chan, K. C. Ho, " A Simple and Efficient Estimator for Hyperbolic Location", IEEE Transactions on Signal Processing, vol. 42, pp. 1905-1915, Aug. 1994.

Outlier Rejection: RANSAC according to:
https://en.wikipedia.org/wiki/Random_sample_consensus#:~:text=Random%20sample%20consensus%20(RANSAC)%20is,the%20values%20of%20the%20estimates.


	Network synchronization assumptions
	Perfect Sync
	Perfect Sync
	Perfect Sync
	

	UE/gNB Tx/Rx 
Calibration Error
	The realistic Tx/Rx timing error and/or network sync error according to truncated Gaussian Distribution [-2*T1,2*T1] nsec, as agreed in previous 3GPP RAN1 meetings. The Tx errors at gNB are assumed to be independent 

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	NA
	NA

	NA

	NA


	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Single port wideband Hadamar precoder

	Additional notes, if any
	



	Parameter
	Case 18, InF-SH, FR2,
DL-TDOA
	Case 19, InF-DH, FR2,
DL-TDOA
	Case 20, UMi, FR2,
DL-TDOA
	Case 21, InH, FR2,
DL-TDOA

	Channel model (baseline, otherwise state any modifications)
	Baseline Channel Model based on common assumptions defined related to the channel models of 3GPP TRs 38.901 / 38.802 / 37.857.

	Carrier frequency 
	28GHz
	28GHz
	30GHz
	30GHz

	Subcarrier spacing
	120KHz
	120KHz
	120KHz
	120KHz

	Reference Signal Transmission Bandwidth
	400MHz
	400MHz
	400MHz
	400MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Comb2
	Comb2
	Comb2
	Comb2

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

	Number of sites
	18(3-sector)
	18(3-sector)
	19(3-sector)
	12(3-sector)

	Number of symbols used per occasion
	54(2 FDMed PRS symbols with two TRPs )
	54(2 FDMed PRS symbols with two TRPs )
	58(2 FDMed PRS symbols with two TRPs )
	36(2 FDMed PRS symbols with two TRPs)

	number of occasions used per positioning estimate
	1
	1
	1
	1

	Power-boosting level
	0
	0
	0
	0

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

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

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	TOA estimation with TOA pruning, before the positioning engine using the ratio of the estimated TOA peak over the median of the Channel Energy Response (CER).

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	TDOA: Chan's Algorithm according to: 
Y. T. Chan, K. C. Ho, " A Simple and Efficient Estimator for Hyperbolic Location", IEEE Transactions on Signal Processing, vol. 42, pp. 1905-1915, Aug. 1994.
Outlier Rejection: RANSAC according to:
https://en.wikipedia.org/wiki/Random_sample_consensus#:~:text=Random%20sample%20consensus%20(RANSAC)%20is,the%20values%20of%20the%20estimates.



.


	Network synchronization assumptions
	Perfect Sync
	Perfect Sync
	Perfect Sync
	Perfect Sync

	UE/gNB Tx/Rx 
Calibration Error
	The realistic Tx/Rx timing error and/or network sync error according to truncated Gaussian Distribution [-2*T1,2*T1] nsec, as agreed in previous 3GPP RAN1 meetings
The Tx errors at gNB are assumed to be independent and T1 = [0, 0.1 0.2 0.5 1 2].
The UE is assumed to has one panel, and thus no Rx timing error with DL-TDOA.


	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	For a 3-sector scenario, the directions of beams are within [-60, 60] degrees in azimuth and [60,180] degrees in zenith.

In the earliest beam pair, scheme, the Tx and Rx beam pair are identified based on the criteria of receiving the earliest path given that the received power is larger than a threshold using the genie CDL channel profiles per TRP. 
In the strongest beam pair scheme, the strongest RX beam is identified based on the criteria of receiving the strongest path with the serving cell. And Tx beam is further identified in respect to the strongest RX beam per sector. 



	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Kronecker product between vertical and horizontal weight vectors taken from DFT, with oversampling factor r. The DFT beam candidate in beam selection method is generated according to the uniform vertical and horizontal angular distribution shown as follows:

, for i=1,…,rN
where r denotes the oversampling factor, N denotes the number of vertical/horizontal antennas. For FR2, Tx oversampling factor r equals to 1 and Rx oversampling factor equals to 1.

	Additional notes, if any
	
	
	
	



[bookmark: _Toc55965377]C.1.1.10.2	Positioning accuracy evaluation results
Tables C.1.1.10.2-1 provides summary of NR positioning evaluations results for horizontal location error.
Table C.1.1.1.2-1: Rel.16 NR positioning - horizontal location error results from [17]
	
	
	50%
	67%
	80%
	90%

	Case 1, InF FR1 DH ISD20, 100MHz, Link Quality, DL TDOA
	Convex UEs
	0.55m
	6.42m
	15.35m
	46.647m

	
	(Optional) All UEs
	0.67m
	6.51m
	13.37m
	46.649m

	Case 1, InF FR1 DH ISD20, 100MHz, RANSAC, DL TDOA
	Convex UEs
	0.04m
	0.07m
	0.16m
	0.044m

	
	(Optional) All UEs
	0.05m
	0.09m
	0.18m
	0.045m



	
	
	50%
	67%
	80%
	90%

	Case 2, InF FR1 SH ISD50, 100MHz, Link Quality, DL TDOA
	Convex UEs
	0.035m
	0.06m
	0.25m
	16.556m

	
	(Optional) All UEs
	0.04m
	0.09m
	0.49m
	14.647m

	Case 2, InF FR1 SH ISD50, 100MHz, RANSAC, DL TDOA
	Convex UEs
	0.03m
	0.065
	0.16m
	0.038m

	
	(Optional) All UEs
	0.05m
	0.11m
	0.17m
	0.034m



	Horizontal Positioning Error
	
	50%
	67%
	80%
	90%

	Case 3, InF FR1 DH ISD20, 100MHz, RANSAC,  DL TDOA, Variable UE heights
	Convex UEs
	0.96m
	2.18m
	4.48m
	12.66m

	
	(Optional) All UEs
	1.67m
	5.39m
	12.11m
	30.9m

	Case 3, InF FR1 DH ISD20, 100MHz, RANSAC,  DL TDOA, Fixed UE heights
	Convex UEs
	1.33m
	3.56m
	5.32m
	13.1m

	
	(Optional) All UEs
	1.89m
	3.99m
	7.67m
	17.62m



	Horizontal Positioning Error
	
	50%
	67%
	80%
	90%

	Case 4, InF FR1 SH ISD50, 100MHz, RANSAC,  DL TDOA, Unequal gNBs heights, Variable UE heights
	Convex UEs
	0.03m
	0.05m
	0.1m
	0.22m

	
	(Optional) All UEs
	0.04m
	0.09m
	0.17m
	0.47m

	Case 4, InF FR1 SH ISD50, 100MHz, RANSAC,  DL TDOA, Unequal gNBs heights, Fixed UE heights
	Convex UEs
	0.03m
	0.05m
	0.08m
	0.12m

	
	(Optional) All UEs
	0.046m
	0.08m
	0.16m
	0.36m



	Horizontal Positioning Error (all UEs)
	Beam Pair
	50%
	67%
	80%
	90%

	Case 5 
InF-SH FR2 DL-TDOA
	Earliest
	0.0058
	0.0077
	0.011
	0.019

	
	Strongest
	0.0074
	0.010
	0.017
	0.027

	Case 6
InF-SH FR2 3d mRTT
	Earliest
	0.0061
	0.0085
	0.011
	0.015

	Case 7
InF-DH FR2 DL-TDOA
	Earliest
	0.0054
	0.0082
	0.013
	0.025

	
	Strongest
	0.0084
	0.0132
	0.0287
	9.40

	Case 8
InF-DH FR2 3d mRTT
	Earliest
	0.0061
	0.0088
	0.013
	0.020



	Horizontal Positioning Error (convex Hull)
	Beam Pair
	50%
	67%
	80%
	90%

	Case 5 
InF-SH FR2 DL-TDOA
	Earliest
	0.0043
	0.0059
	0.0071
	0.0087

	
	Strongest
	0.0057
	0.0080
	0.0104
	0.0170

	Case 7
InF-DH FR2 DL-TDOA
	Earliest
	0.0039
	0.0054
	0.0070
	0.0096

	
	Strongest
	0.0058
	0.0098
	0.0138
	1.6767



	Horizontal Positioning Error
	
	50%
	67%
	80%
	90%

	Case 9, UMI, FR1, DL-TDOA, Without ,  Perfect Sync, No Timing Errors, Likelihood Fusion Algorithm
	(Optional) All UEs
	0.23
	0.31
	0.4
	0.6

	Case 9, UMI, FR1, DL-TDOA, Without , Perfect Sync, No Timing Errors, RANSAC Algorithm
	(Optional) All UEs
	0.64
	1.2
	2
	3.2

	Case 9, UMI, FR1, RTT, Without , Perfect Sync, No Timing Errors, Likelihood Fusion Algorithm
	(Optional) All UEs
	0.16
	0.22
	0.3
	0.4



	Horizontal Positioning Error
	
	50%
	67%
	80%
	90%

	Case 10, UMI, FR1,DL-TDOA, with , Perfect Sync, No Timing Errors, Likelihood Fusion Algorithm
	(Optional) All UEs
	3.4
	5
	6.2
	8

	Case 10, UMI, FR1,RTT, with , Perfect Sync, No Timing Errors, Likelihood Fusion Algorithm
	(Optional) All UEs
	4
	4.2
	6.9
	9.4

	Case 10, UMI, FR1,DL-TDOA, with , Perfect Sync, No Timing Errors, RANSAC Algorithm
	(Optional) All UEs
	5.7
	8.1
	9.9
	17.3

	Case 10, UMI, FR1,DL-TDOA, with , Perfect Sync, No Timing Errors, LQ Algorithm
	(Optional) All UEs
	7.9
	11.5
	14.3
	20.1



	Horizontal Positioning Error
	
	50%
	67%
	80%
	90%

	Case 11, UMA, FR1, DL-TDOA, without , Perfect Sync, No Timing Errors, RANSAC Algorithm
	Outdoor UEs
	0.31
	0.5
	0.8
	1.5

	Case 11, UMA, FR1, RTT, without , Perfect Sync, No Timing Errors, RANSAC Algorithm
	Indoor UEs
	1.7
	6.9
	0.8
	96



	Horizontal Error (All UEs)
	
	50%
	67%
	80%
	90%

	Case 12
UMi FR2 DL-TDOA
	Earliest
	0.011
	0.018
	0.025
	0.040

	
	Strongest
	0.13
	0.80
	2.63
	6.32

	Case 13
InH FR2 DL-TDOA
	Earliest
	0.0058
	0.0093
	0.015
	0.024

	
	Strongest
	0.0092
	0.016
	0.028
	0.053



	Horizontal Error (convex Hull UEs)
	
	50%
	67%
	80%
	90%

	Case 12
UMi FR2 DL-TDOA
	Earliest
	0.0106
	0.0178
	0.0251
	0.0403

	
	Strongest
	0.1333
	0.7972
	2.6315
	6.3233

	Case 13
InH FR2 DL-TDOA
	Earliest
	0.0035
	0.0053
	0.0069
	0.0113

	
	Strongest
	0.0066
	0.0101
	0.0160
	0.0279



	Horizontal Positioning Error
	
	50%
	67%
	80%
	90%

	Case 14, UMI, FR1, RTT, With ,  Perfect Sync, Timing Error = 1 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	3.4
	4.8
	6
	7.3

	Case 14, UMI, FR1, RTT, With ,  Perfect Sync, Timing Error = 2 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	3.5
	4.8
	6
	7.4

	Case 14, UMI, FR1, RTT, With ,  Perfect Sync, Timing Error = 5 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	3.6
	4.8
	6
	7.6

	Case 14, UMI, FR1, RTT, With ,  Perfect Sync, Timing Error = 10 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	3.7
	4.8
	6
	7.9



	Horizontal Positioning Error
	
	50%
	67%
	80%
	90%

	Case 15, UMI, FR1,DL-TDOA, With Δ𝜏,  Sync Error = 10, Timing Error = 0 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	4.1
	5.4
	6.9
	9.3

	Case 15, UMI, FR1,DL-TDOA, With Δ𝜏,  Sync Error = 20, Timing Error = 0 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	4.1
	5.4
	6.9
	9.3

	Case 15, UMI, FR1,DL-TDOA, With Δ𝜏,  Sync Error = 50, Timing Error = 0 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	6.5
	8.4
	10.4
	12.5

	Case 15, UMI, FR1, DL-TDOA, With Δ𝜏,  Sync Error = 10, Timing Error = 2 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	4.1
	5.4
	6.9
	9.3

	Case 15, UMI, FR1,DL-TDOA, With Δ𝜏,  Sync Error = 20, Timing Error = 2 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	4.1
	5.4
	6.9
	9.3

	Case 15, UMI, FR1,DL-TDOA, With Δ𝜏,  Sync Error = 50, Timing Error = 2 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	6.5
	8.4
	10.4
	12.5

	Case 15, UMI, FR1, DL-TDOA, With Δ𝜏,  Sync Error = 10, Timing Error = 10 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	4.1
	5.4
	6.9
	9.3

	Case 15, UMI, FR1, DL-TDOA, With Δ𝜏,  Sync Error = 20, Timing Error = 10 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	4.4
	5.8
	7.2
	9.3

	Case 15, UMI, FR1, DL-TDOA, With Δ𝜏,  Sync Error = 50, Timing Error = 10 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	6.5
	8.4
	10.4
	12.5

	Case 15, UMI, FR1,DL-TDOA, With ,  Sync Error = 10, Timing Error = 0 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	4.1
	5.4
	6.9
	9.3

	Case 15, UMI, FR1,DL-TDOA, With ,  Sync Error = 20, Timing Error = 0 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	4.1
	5.4
	6.9
	9.3

	Case 15, UMI, FR1,DL-TDOA, With ,  Sync Error = 50, Timing Error = 0 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	6.5
	8.4
	10.4
	12.5

	Case 15, UMI, FR1, DL-TDOA, With ,  Sync Error = 10, Timing Error = 2 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	4.1
	5.4
	6.9
	9.3

	Case 15, UMI, FR1,DL-TDOA, With ,  Sync Error = 20, Timing Error = 2 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	4.1
	5.4
	6.9
	9.3

	Case 15, UMI, FR1,DL-TDOA, With ,  Sync Error = 50, Timing Error = 2 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	6.5
	8.4
	10.4
	12.5

	Case 15, UMI, FR1, DL-TDOA, With ,  Sync Error = 10, Timing Error = 10 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	4.1
	5.4
	6.9
	9.3

	Case 15, UMI, FR1, DL-TDOA, With ,  Sync Error = 20, Timing Error = 10 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	4.4
	5.8
	7.2
	9.3

	Case 15, UMI, FR1, DL-TDOA, With ,  Sync Error = 50, Timing Error = 10 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	6.5
	8.4
	10.4
	12.5



	Horizontal Positioning Error
	
	50%
	67%
	80%
	90%

	Case 16, UMI, FR1, RTT, Without Δ𝜏,  Perfect Sync, Timing Error = 2 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	0.38
	0.52
	0.66
	0.87

	Case 16, UMI, FR1, RTT, Without Δ𝜏,  Perfect Sync, Timing Error = 5 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	0.68
	0.89
	1.1
	1.37

	Case 16, UMI, FR1, RTT, Without Δ𝜏,  Perfect Sync, Timing Error = 10 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	1.11
	1.45
	1.75
	2.22

	Case 16, UMI, FR1,RTT, Without ,  Perfect Sync, Timing Error = 2 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	0.38
	0.52
	0.66
	0.87

	Case 16, UMI, FR1,RTT, Without ,  Perfect Sync, Timing Error = 5 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	0.68
	0.89
	1.1
	1.37

	Case 16, UMI, FR1,RTT, Without ,  Perfect Sync, Timing Error = 10 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	1.11
	1.45
	1.75
	2.22



	Horizontal Positioning Error
	
	50%
	67%
	80%
	90%

	Case 17, UMI, FR1, DL-TDOA, Without ,  Sync Error = 0, Timing Error = 0 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	0.23
	0.31
	0.41
	0.61

	Case 17, UMI, FR1, DL-TDOA, Without ,  Sync Error = 0, Timing Error = 2 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	0.46
	0.73
	0.76
	1

	Case 17, UMI, FR1, DL-TDOA, Without ,  Sync Error = 0, Timing Error = 10 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	1.2
	1.55
	1.89
	2.3



	Horizontal Positioning Error
	
	50%
	67%
	80%
	90%

	Case 17, UMI, FR1, DL-TDOA, Without ,  Sync Error = 0, Timing Error = 0 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	0.23
	0.31
	0.41
	0.61

	Case 17, UMI, FR1, DL-TDOA, Without ,  Sync Error = 0, Timing Error = 2 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	0.46
	0.73
	0.76
	1

	Case 17, UMI, FR1, DL-TDOA, Without ,  Sync Error = 0, Timing Error = 10 ns, Likelihood Fusion Algorithm
	(Optional) All UEs
	1.2
	1.55
	1.89
	2.3



	 Case ID
	Beam Pair 
	Tx T1
	50%
	67%
	80%
	90%

	


Case 18
InF-SH, FR2,
DL-TDOA
	Earliest beam pair

	0.0ns
	0.01
	0.01
	0.01
	0.01

	
	
	0.1ns
	0.02
	0.03
	0.04
	0.06

	
	
	0.2ns
	0.05
	0.07
	0.09
	0.13

	
	
	0.5ns
	0.14
	0.19
	0.27
	0.40

	
	
	1.0ns
	0.28
	0.40
	0.55
	0.96

	
	
	2.0ns
	0.55
	0.75
	1.08
	1.59

	
	Strongest beam pair

	0.0ns
	0.01
	0.01
	0.01
	0.02

	
	
	0.1ns
	0.03
	0.05
	0.07
	0.11

	
	
	0.2ns
	0.06
	0.10
	0.14
	0.25

	
	
	0.5ns
	0.19
	0.29
	0.47
	0.94

	
	
	1.0ns
	0.40
	0.63
	1.08
	2.30

	
	
	2.0ns
	0.82
	1.22
	1.87
	5.19

	



Case 19
InF-DH,
FR2,
DL-TDOA
	Earliest beam pair

	0.0ns
	0.01
	0.01
	0.01
	0.02

	
	
	0.1ns
	0.03
	0.04
	0.06
	0.10

	
	
	0.2ns
	0.06
	0.08
	0.12
	0.24

	
	
	0.5ns
	0.16
	0.24
	0.40
	0.76

	
	
	1.0ns
	0.34
	0.47
	0.78
	2.10

	
	
	2.0ns
	0.74
	1.17
	2.15
	6.31

	
	Strongest beam pair

	0.0ns
	0.01
	0.01
	0.05
	43.94

	
	
	0.1ns
	0.05
	0.08
	3.61
	36.56

	
	
	0.2ns
	0.10
	0.21
	7.91
	35.28

	
	
	0.5ns
	0.29
	0.73
	18.49
	44.16

	
	
	1.0ns
	0.74
	1.96
	18.90
	40.33

	
	
	2.0ns
	1.73
	6.42
	20.03
	46.31

	



Case 20
InH,
FR2,
DL-TDOA
	Earliest beam pair

	0.0ns
	0.01
	0.01
	0.02
	0.03

	
	
	0.1ns
	0.05
	0.08
	0.13
	0.31

	
	
	0.2ns
	0.11
	0.17
	0.28
	0.47

	
	
	0.5ns
	0.23
	0.40
	0.60
	1.16

	
	
	1.0ns
	0.51
	0.71
	1.19
	2.04

	
	
	2.0ns
	0.97
	1.49
	2.23
	4.11

	
	Strongest beam pair

	0.0ns
	0.01
	0.01
	0.03
	0.21

	
	
	0.1ns
	0.10
	0.22
	0.76
	7.44

	
	
	0.2ns
	0.22
	0.48
	1.94
	8.22

	
	
	0.5ns
	0.70
	2.42
	5.24
	11.37

	
	
	1.0ns
	1.26
	3.45
	6.88
	14.94

	
	
	2.0ns
	2.08
	4.38
	8.21
	18.87

	



Case 21
UMi,
FR2,
DL-TDOA
	Earliest beam pair

	0.0ns
	0.01
	0.01
	0.02
	0.03

	
	
	0.1ns
	0.04
	0.05
	0.08
	0.13

	
	
	0.2ns
	0.07
	0.10
	0.13
	0.20

	
	
	0.5ns
	0.15
	0.20
	0.26
	0.38

	
	
	1.0ns
	0.32
	0.42
	0.54
	0.73

	
	
	2.0ns
	0.63
	0.82
	1.02
	1.38

	
	Strongest beam pair

	0.0ns
	0.47
	3.08
	7.73
	16.21

	
	
	0.1ns
	2.10
	6.20
	12.72
	23.54

	
	
	0.2ns
	1.20
	4.23
	9.16
	16.59

	
	
	0.5ns
	1.69
	3.81
	7.18
	19.30

	
	
	1.0ns
	2.08
	4.00
	7.50
	14.27

	
	
	2.0ns
	2.95
	6.52
	12.89
	21.65



Table C.1.1.10.2-2 provides summary of NR positioning evaluations results for vertical location error.
Table C.1.1.10.2-2: Rel.16 NR positioning - altitude location error results from [17]
	Vertical Positioning error
	
	50%
	67%
	80%
	90%

	Case 3, InF FR1 DH ISD20, 100MHz, RANSAC,  DL TDOA, Variable UE heights
	Convex UEs
	2.75m
	6.79m
	10.12m
	20.6m

	
	(Optional) All UEs
	4.6m
	8.91m
	17.21m
	38.9m

	Case 3, InF FR1 DH ISD20, 100MHz, RANSAC,  DL TDOA, Fixed UE heights
	Convex UEs
	2.35m
	6.78m
	12.5m
	18.44m

	
	(Optional) All UEs
	3.07m
	7.34m
	13.92m
	22.98m



	Vertical Positioning error
	
	50%
	67%
	80%
	90%

	Case 4, InF FR1 SH ISD50, 100MHz, RANSAC, DL TDOA, , Unequal gNBs heights, Variable UE heights
	Convex UEs
	0.183m
	0.33m
	0.75m
	1.89m

	
	(Optional) All UEs
	0.162m
	0.37m
	0.78m
	2.63m

	Case 4, InF FR1 SH ISD50, 100MHz, RANSAC, Unequal gNBs heights, DL TDOA, Unequal gNBs heights, Fixed UE heights
	Convex UEs
	0.178m
	0.298m
	0.41m
	0.9m

	
	(Optional) All UEs
	0.19m
	0.34m
	0.64m
	1.34m



	Vertical (Across All UEs)
	Beam Pair
	50%
	67%
	80%
	90%

	Case 6
InF-SH FR2 3d mRTT
	Earliest
	0.037    
	0.048    
	0.061    
	0.084

	Case 8
InF-SH FR2 3d mRTT
	Earliest
	0.010
	0.015
	0.023
	0.041



[bookmark: _Toc55965379]C.1.1.11	Results from source [18]
[bookmark: _Toc55965380]C.1.1.11.1	Description of evaluation scenarios
Table C.1.1.11.1-1: Rel.16 NR positioning - evaluation scenarios and parameters
	Parameter
	Case 1- config 445 
(InF-DH, FR1,UL-TDOA)

	Case 2- config1011 
(UMi, FR1,UL-TDOA)

	Case 3- config config1112 
(UMi, FR1,UL-TDOA)


	Channel model (baseline, otherwise state any modifications)
	InF-DH
(r =0.4,hc=2m, dClutter=2m)
	UMi
(ATOA modelling with mu=-8)
	UMi
(No ATOA modelling)

	Carrier frequency 
	4GHz
	4GHz
	4GHz

	Subcarrier spacing
	30kHz
	30kHz
	30kHz

	Reference Signal Transmission Bandwidth
	100MHz
	100MHz
	100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	KTC = 4
 nbSymb = 4
	KTC = 8
 nbSymb = 8
	KTC = 8
 nbSymb = 8
(o/w KTC = 4 nbSymb = 4; or 
KTC = 2 nbSymb = 1)


	Reference signal 
(type of sequence, number of ports, …) 
	SRS,
1 Port
	SRS,
1 Port
	SRS,
1 Port

	Number of sites
	18
	19
	19

	Number of symbols used per occasion
	4
	8
	8/4/1

	number of occasions used per positioning estimate
	1
	1
	1

	Power-boosting level
	Power boosting by comb factor
	Power boosting by comb factor
	Power boosting by comb factor

	Uplink power control (applied/not applied)
	+23dBm
	+23dBm
	+23dBm

	interference modelling (ideal muting, or other)
	No Interference (no resource sharing)
	No Interference (no resource sharing)
	No Interference (no resource sharing)

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	IFP: First arrival path detection and evaluation of the first rising edge of the correlation function
	IFP: First arrival path detection and evaluation of the first rising edge of the correlation function
	IFP: First arrival path detection and evaluation of the first rising edge of the correlation function

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	Levenberg Marquardt
	Levenberg Marquardt
	Levenberg Marquardt

	Network synchronization assumptions
	Ideal
	Ideal
	Ideal

	UE/gNB Tx/Rx 
Calibration Error
	Not applied
	Not applied
	Not applied

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Power of the first arriving taps
	Power of the first arriving taps
	Power of the first arriving taps

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Per site (Rx): 3 sectors (3 panels, 5 dual polarized beams 
1 TXRU per panel per polarization dimension 
UE (Tx): Omni pattern per element, 2 dual polarized antennas
(1,2,2), random orientation of UE
4 sequential SRS transmissions 
	Per site (Rx): 3 sectors (= 3 panels, 5 dual polarized beams per panel) 
1 TXRU per panel per polarization dimension
UE (Tx): Omni antenna
One polarization used for UE-TX 
Random UE orientation (random polarization orientation
	Per site (Rx): Omni antenna
1 TXRU per panel per polarization dimension 
UE (Tx): Omni antenna
One polarization used for UE-TX 
Random UE orientation (random polarization orientation

	Additional notes, if any
	No LOS detection
	LOS detection not applicable (number of LOS links not sufficient, all Links are used)
	LOS detection not applicable (number of LOS links not sufficient, all Links are used)



[bookmark: _Toc55965381]C.1.1.11.2	Positioning accuracy evaluation results

	FR1 Results
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Figure C.1.1.11.2-1- CDF 2D (horizontal) error for UTDOA in InF for Rel-16 evaluation.
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Figure C.1.1.11.2-2 -CDF 2D (horizontal) error for UTDOA in UMi for Rel-16 evaluation 




Table C.1.1.11.2-3: NR positioning enhancements - horizontal location error results from [18]
	
	
	50%
	67%
	80%
	90%

	Case 1- config ID  445
  (FR1-InF DH)
	Convex UEs
	2.45
	4.18
	6.87
	≥10

	Case 3- config ID  1112
  (FR1-UMi)
	All UEs
	0.87
	1.39   
	2.07
	3.24

	Case 2- config ID  1011
  (FR1-UMi with ATOA)
	All UEs
	3.32
	5.12  
	7.34 
	≥10



Table C.1.1.11.2-3: NR positioning enhancements - altitude location error results from [18]
	
	
	50%
	67%
	80%
	90%

	Case 1- config ID  445
  (FR1-InF DH)
	Convex UEs
	4.54
	6.33
	6.33
	≥10

	Case 3- config ID  1112
  (FR1-UMi)
	All UEs
	8.50

	8.50

	8.50

	≥10


	Case 2- config ID  1011
  (FR1-UMi with ATOA)
	All UEs
	8.46

	8.46

	≥10

	≥10
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