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Introduction
At RAN1#101e meeting, following agreements on NR positioning enhancements were approved [1]. 
Agreement (Proposal 4.1-1, Revision #2, in Section 4.1 of R1-2004868):
· Adopt the parameters defined in Table below as the baseline parameters for all scenarios in the evaluation of the positioning performance in Rel-17.
· Note: Individual companies may consider additional parameter values or different parameter settings in their simulation investigation
· Note: Optional scenarios and assumptions will be discussed separately and can be included

Table: Common scenario parameters applicable for all scenarios
	
	FR1 Specific Values
	FR2 Specific Values 

	Carrier frequency, GHz 
	3.5GHz

	28GHz

	Bandwidth, MHz
	100MHz
	400MHz


	Subcarrier spacing, kHz
	30kHz for 100MHz 
	120kHz

	gNB model parameters 
	
	

	gNB noise figure, dB
	5dB
	7dB

	UE model parameters 
	
	

	UE noise figure, dB
	9dB – Note 1
	13dB – Note 1

	UE max. TX power, dBm
	23dBm – Note 1
	23dBm – Note 1
EIRP should not exceed 43 dBm.

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


	UE antenna radiation pattern 
	Omni, 0dBi
	Antenna model according to Table 6.1.1-2 in TR 38.855

	PHY/link level abstraction
	Explicit simulation of all links, individual parameters estimation is applied. Companies to provide description of applied algorithms for estimation of signal location parameters.

	Network synchronization
	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]
–	T1:	0ns (perfectly synchronized), 50ns (Optional)


	Note 1:	According to 3GPP TR 38.802
Note 2:	According to 3GPP TR 38.901



Agreement:
Optional: The following UE antenna configuration can be considered
· 4 UE panels:
· The antenna elements of the same polarization of the same panel is virtualized into one TXRU
· FFS: Other details

Agreement:
Absolute-time-of arrival model defined in TR 38.901 without modification is considered in the evaluation of all scenarios.

Agreement:
Blockage model is not considered in the evaluation of all scenarios

Agreement: (Proposal 5.1-4, Revision 3, in Section 5.1 of R1-2004961)
· Adopt the parameters defined in the Table below as the baseline parameters for all InF scenarios in the evaluation of positioning performance in Rel-17.
· Note: Individual companies may consider additional parameter values or different parameter settings in their simulation investigation
Table: Parameters common to InF scenario(s)
	
	FR1 Specific Values 
	FR2 Specific Values

	Channel model
	InF-SH, InF-DH

	InF-SH, InF-DH


	Layout 
	Hall size
	InF-SH: 
(baseline) 300x150 m 
(optional) 120x60 m

InF-DH: 
(baseline) 120x60 m
(optional) 300x150 m

	
	BS locations
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
-	for the small hall (L=120m x W=60m): D=20m
-	for the big hall (L=300m x W=150m): D=50m
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	Room height
	10m

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

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ – Note 1
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ – Note 1
One TXRU per polarization per panel is assumed

	gNB antenna radiation pattern
	Single sector – Note 1
	3-sector antenna configuration – Note 1

	Peneteration loss
	0dB

	Number of floors
	1

	UE horizontal drop procedure
	Uniformly distributed over the horizontal evaluation area for obtaining the CDF values for positioning accuracy, The evaluation area should be at least the convex hull of the horizontal BS deployment. It can also be the whole hall area if the CDF values for positioning accuracy is obtained from whole hall area.

	UE antenna height
	Baseline: 1.5m
(Optional): FFS

	UE mobility
	3km/h
(Optional): FFS

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

	gNB antenna height
	Baseline: 8m
(Optional): FFS

	Clutter parameters: {density , height ,size }
	Low clutter density: 
{20%, 2m, 10m}
High clutter density:
See Proposal 5.1-7

	Note 1:	According to Table A.2.1-7 in 3GPP TR 38.802




Agreement:
Optional: For evaluating vertical positioning performance, UE antenna height can be uniformly distributed within [0.5, X2]m, where X2 = 2m for InF-SH and X2= for InF-DH defined in TR 38.901.

Agreement:
Clutter parameters {density , height ,size } for high clutter density are set as follows:
· (Baseline): {40%, 2m, 2m} for fixed UE antenna height and gNB antenna height
· (Optional): {40%, 3m, 5m}
· (Optional): {60%, 6m, 2m}

Agreement:
It will be left to companies to define the configurations for DL PRS and UL SRS for the evaluation of positioning performance.
· Note: Configurations of DL PRS and UL SRS supported by Rel-16 specifications are used for evaluation of the achievable performance based on Rel-16 positioning technologies.

Agreement:
CDFs of positioning errors are used as performance metrics in NR positioning evaluation with at least the following percentiles 50%, 67%, 80%, 90%. 
· Note: In addition to overall positioning accuracy performance, companies are encouraged to report the estimation accuracy of UE/gNB measurements (e.g., RSTD) for performance comparison.

Agreement:
CDF values for positioning accuracy for IIoT scenarios are derived based on:
· Case 1 (Required): The UEs inside the convex hull of the horizontal BS deployment area.
· Case 2 (Optional): All the UEs

Agreement:
Optional: For evaluating vertical positioning performance, gNB antenna height can also be set to two fixed heights, which is either {4, 8} m, or {max(4,), 8}.

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]This contribution discusses the evaluation of NR positioning performance with initial simulation results in InF scenarios.
Initial simulation evaluation of NR positioning performance in InF scenarios
This section discusses initial simulation evaluation of NR positioning performance in InF scenarios. Simulation assumptions are based on the agreements on baseline InF scenarios in RAN1#101-e with the additional parameters given in Table 1.
[bookmark: _Ref47623780][bookmark: _GoBack]Table 1: Simulation parameters common to InF scenario(s)
	Parameter
	DL PRS
	UL SRS-Pos

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

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	DL PRS,
Comb-size = 6
	UL SRS-Pos,
Comb-size = 8

	Reference signal (type of sequence, number of ports, …)
	Gold sequence,
 Port-1
	ZC sequence, 
Port-1

	Number of sites
	6
	6

	Number of symbols used per slot  per positioning estimate
	1 for FR1;
 12 for FR2
	1 for FR1; 
12 for FR2

	Number of slots per positioning estimate
	1
	1

	Power-boosting level
	10*log10(6)
	10*log10(8)

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

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

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	MUSIC algorithm
	MUSIC algorithm

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Chan algorithm [3]
	Chan algorithm [3]

	Network synchronization assumptions
	Perfect
	Perfect

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	No
	No

	Additional notes, if any
	No
	No



Four positioning methods (DL-TDOA, UL-TDOA, UL-TDOA + UL-AOA, and Multi-RTT) are evaluated. The simulation cases are shown from Table 2 to Table 5 with the simulation results presented from section 2.1 to section 2.4, respectively.

[bookmark: _Ref47624465]Table 2: Simulation cases for DL-TDOA
	CASE No.
	Scenarios
	gNB & UE antenna height and clutter parameter
	FR1
/FR2

	CASE 1.1
	InF-SH-2D: (baseline) 300x150 m
	Horizontal: gNB antenna height (8m), UE antenna height (1.5m) , low clutter{20%, 2m, 10m}
	FR1

	CASE 1.2
	InF-SH-2D: (baseline) 300x150 m
	Horizontal: gNB antenna height (8m), UE antenna height (1.5m), low clutter{20%, 2m, 10m}
	FR2

	CASE 1.3
	InF-SH-3D: (baseline) 300x150 m
	Horizontal and vertical: gNB antenna height (4m+8m), UE antenna height uniformly distributed [0.5m, 2m],low clutter{20%, 2m, 10m}
	FR1

	CASE 1.4
	InF-SH-3D: (baseline) 300x150 m
	Horizontal and vertical gNB antenna height (4m+8m), UE antenna height uniformly distributed  [0.5m, 2m],low clutter{20%, 2m, 10m}
	FR2

	CASE 1.5
	InF-DH-2D: (baseline) 120x60 m
	Horizontal: gNB antenna height (8m), UE antenna height (1.5m), low clutter{20%, 2m, 10m}
	FR1

	CASE 1.6
	InF-DH-2D: (baseline) 120x60 m
	Horizontal: gNB antenna height (8m), UE antenna height (1.5m), low clutter{20%, 2m, 10m}
	FR2

	CASE 1.7
	InF-DH-3D: (baseline) 120x60 m
	Horizontal and vertical: gNB antenna height (4m+8m), UE antenna height uniformly distributed  [0.5m, 3m],High clutter#2{40%, 3m, 5m}
	FR1

	CASE 1.8
	InF-DH-3D: (baseline) 120x60 m
	Horizontal and vertical: gNB antenna height (4m+8m), UE antenna height uniformly distributed  [0.5m, 3m],High clutter#2{40%, 3m, 5m}
	FR2



Table 3: Simulation cases for UL-TDOA
	CASE No.
	Scenarios
	gNB & UE antenna height and clutter parameter
	FR1
/FR2

	CASE 2.1
	InF-SH-2D: (baseline) 300x150 m
	Horizontal: gNB antenna height (8m), UE antenna height (1.5m), low clutter{20%, 2m, 10m}
	FR1

	CASE 2.2
	InF-SH-2D: (baseline) 300x150 m
	Horizontal: gNB antenna height (8m), UE antenna height (1.5m), low clutter{20%, 2m, 10m}
	FR2

	CASE 2.3
	InF-SH-3D: (baseline) 300x150 m
	Horizontal and vertical: gNB antenna height (4m+8m), UE antenna height uniformly distributed [0.5m, 2m], low clutter{20%, 2m, 10m}
	FR1

	CASE 2.4
	InF-SH-3D: (baseline) 300x150 m
	Horizontal and vertical gNB antenna height (4m+8m), UE antenna height uniformly distributed [0.5m, 2m], low clutter{20%, 2m, 10m}
	FR2

	CASE 2.5
	InF-DH-2D: (baseline) 120x60 m
	Horizontal: gNB antenna height (8m), UE antenna height (1.5m), low clutter{20%, 2m, 10m}
	FR1

	CASE 2.6
	InF-DH-2D: (baseline) 120x60 m
	Horizontal: gNB antenna height (8m), UE antenna height (1.5m), low clutter{20%, 2m, 10m}
	FR2

	CASE 2.7
	InF-DH-3D: (baseline) 120x60 m
	Horizontal and vertical: gNB antenna height (4m+8m), UE antenna height uniformly distributed [0.5m, 3m], high clutter#2{40%, 3m, 5m}
	FR1

	CASE 2.8
	InF-DH-3D: (baseline) 120x60 m
	Horizontal and vertical: gNB antenna height (4m+8m), UE antenna height uniformly distributed [0.5m, 3m], high clutter#2{40%, 3m, 5m}
	FR2



Table 4: Simulation cases for UL-TDOA + UL-AOA
	CASE No.
	Scenarios
	gNB & UE antenna height and clutter parameter
	FR1
/FR2

	CASE 3.1
	InF-SH-3D: (baseline) 300x150 m
	Horizontal and vertical: gNB antenna height (4m+8m), UE antenna height uniformly distributed [0.5m, 2m], low clutter{20%, 2m, 10m}
	FR1

	CASE 3.2
	InF-DH-3D: (baseline) 120x60 m
	Horizontal and vertical: gNB antenna height (4m+8m), UE antenna height uniformly distributed [0.5m, 3m], high clutter#2{40%, 3m, 5m}
	FR1



[bookmark: _Ref47624487]Table 5: Simulation cases for Multi-RTT
	CASE No.
	Scenarios
	gNB & UE antenna height and clutter parameter
	FR1
/FR2

	CASE 4.1
	InF-SH-2D: (baseline) 300x150 m
	Horizontal: gNB antenna height (8m), UE antenna height (1.5m), low clutter{20%, 2m, 10m}
	FR1

	CASE 4.2
	InF-SH-3D: (baseline) 300x150 m
	Horizontal and vertical: gNB antenna height (4m+8m), UE antenna height uniformly distributed [0.5m, 2m], low clutter{20%, 2m, 10m}
	FR1

	CASE 4.3
	InF-DH-2D: (baseline) 120x60 m
	Horizontal: gNB antenna height (8m), UE antenna height (1.5m), low clutter{20%, 2m, 10m}
	FR1

	CASE 4.4
	InF-DH-3D: (baseline) 120x60 m
	Horizontal and vertical: gNB antenna height (4m+8m), UE antenna height uniformly distributed [0.5m, 3m], high clutter#2{40%, 3m, 5m}
	FR1



DL-TDOA
Positioning performance of UEs within Convex Hull
The horizontal and vertical accuracy for DL-TDOA positioning method for the UEs located within convex hull are given in Table 6 and Table 7, respectively. The CDF curves of positioning errors are given in Section 5.1.1.
Observation 1: For DL-TDOA positioning method from CASE 1.1 to CASE 1.8, the range of horizontal accuracy is from 0.0372 meter to 1.5033 meter at 90% CDF point, while the range of vertical accuracy is from 0.6283 meter to 3.0578 meter at 90% CDF point.
[bookmark: _Ref47625033]Table 6: Horizontal accuracy obtained from UEs within convex hull (DL-TDOA)
	CASE No.
	FR1/FR2
	50%
	67%
	80%
	90%

	CASE 1.1
	FR1
	0.0386
	0.0503
	0.0662
	0.1127

	CASE 1.2
	FR2
	0.0136
	0.0223
	0.028
	0.0372

	CASE 1.3
	FR1
	0.079
	0.1083
	0.1379
	0.2045

	CASE 1.4
	FR2
	0.025
	0.0324
	0.046
	0.0789

	CASE 1.5
	FR1
	0.0602
	0.0891
	0.1114
	0.1378

	CASE 1.6
	FR2
	0.0178
	0.023
	0.0277
	0.0388

	CASE 1.7
	FR1
	0.1201
	0.2499
	0.4116
	0.7089

	CASE 1.8
	FR2
	0.0314
	0.089
	0.2996
	1.5033



[bookmark: _Ref47625060]Table 7: Vertical accuracy obtained from UEs within convex hull (DL-TDOA)
	CASE No.
	FR1/FR2
	50%
	67%
	80%
	90%

	CASE 1.3
	FR1
	0.608
	0.9636
	1.3383
	1.8954

	CASE 1.4
	FR2
	0.1581
	0.277
	0.3961
	0.6283

	CASE 1.7
	FR1
	0.461
	0.8138
	1.3474
	2.9917

	CASE 1.8
	FR2
	0.1337
	0.2703
	0.6779
	3.0578



Positioning performance of all UEs
For comparison, the horizontal and vertical accuracy for DL-TDOA positioning method for all UEs (within and out of the convex hull) are given in Table 8 and Table 9, respectively. The CDF curves of positioning errors are given in Section 5.1.2.
Observation 2: For DL-TDOA positioning method from CASE1.3 and CASE 1.7, the horizontal accuracy obtained from the UEs within Convex Hull performs better than that of all UEs (0.2045 meter vs 0.4159 meter at CDF 90% point), while the vertical accuracy obtained from the UEs within Convex Hull and that of all UEs are nearly the same.
[bookmark: _Ref47625809]Table 8: Horizontal accuracy obtained from all UEs (DL-TDOA)
	CASE No.
	FR1/FR2
	UE Type
	50%
	67%
	80%
	90%

	CASE 1.3
	FR1
	Convex Hull UE
	0.079
	0.1083
	0.1379
	0.2045

	CASE 1.3
	FR1
	All UE
	0.0996
	0.14
	0.2196
	0.4159

	CASE 1.7
	FR1
	Convex Hull UE
	0.1201
	0.2499
	0.4116
	0.7089

	CASE 1.7
	FR1
	All UE
	0.2007
	0.4052
	0.6782
	2.1255



[bookmark: _Ref47625818]Table 9: Vertical accuracy obtained from all UEs (DL-TDOA)
	CASE No.
	FR1/FR2
	UE Type
	50%
	67%
	80%
	90%

	CASE 1.3
	FR1
	Convex Hull UE
	0.608
	0.9636
	1.3383
	1.8954

	CASE 1.3
	FR1
	All UE
	0.6392
	0.9905
	1.3333
	1.8943

	CASE 1.7
	FR1
	Convex Hull UE
	0.461
	0.8138
	1.3474
	2.9917

	CASE 1.7
	FR1
	All UE
	0.5661
	0.9039
	1.5702
	3.4177



UL-TDOA
Positioning performance of UEs within Convex Hull 
The horizontal and vertical accuracy for UL-TDOA positioning method for the UEs located within convex hull are given in  Table 10 and Table 11, respectively. The CDF curves of positioning errors are given in Section 5.1.3.
Observation 3: For UL-TDOA positioning method from CASE 2.1 to CASE 2.8, the range of horizontal accuracy is from 0.0538 meter to 1.9448 meter at 90% CDF point, while the range of vertical accuracy is from 0.8304 meters to 3.1267 meter at 90% CDF point.
[bookmark: _Ref47626422]Table 10: Horizontal accuracy obtained from UEs within convex hull (UL-TDOA)
	CASE No.
	FR1/FR2
	50%
	67%
	80%
	90%

	CASE 2.1
	FR1
	0.0525
	0.0712
	0.0922
	0.1176

	CASE 2.2
	FR2
	0.022
	0.0296
	0.041
	0.0538

	CASE 2.3
	FR1
	0.0754
	0.1143
	0.1728
	0.2574

	CASE 2.4
	FR2
	0.0223
	0.0276
	0.0383
	0.0817

	CASE 2.5
	FR1
	0.0723
	0.098
	0.1284
	0.1893

	CASE 2.6
	FR2
	0.0204
	0.0296
	0.0416
	0.0553

	CASE 2.7
	FR1
	0.1075
	0.0155
	0.3692
	0.9437

	CASE 2.8
	FR2
	0.0282
	0.0561
	0.6127
	1.9448



[bookmark: _Ref47626432]Table 11: Vertical accuracy obtained from UEs within convex hull (UL-TDOA)
	CASE No.
	FR1/FR2
	50%
	67%
	80%
	90%

	CASE 2.3
	FR1
	0.608
	1.036
	1.3383
	2.0599

	CASE 2.4
	FR2
	0.2018
	0.3084
	0.4611
	0.8304

	CASE 2.7
	FR1
	0.4167
	0.6408
	1.0091
	2.049

	CASE 2.8
	FR2
	0.116
	0.2358
	0.5051
	3.1267



Positioning performance of all UEs
For comparison, the horizontal and vertical accuracy for UL-TDOA positioning method for all UEs (within and out of the convex hull) are given in Table 12 and Table 13, respectively. The CDF curves of positioning errors are given in Section 5.1.4.
Observation 4: For UL-TDOA positioning method from CASE 2.3 and CASE 2.7, the horizontal accuracy obtained from the UEs within Convex Hull performs better than that of all UEs (0.2574 meter vs 0.5174 meter at CDF 90% point), while the vertical accuracy obtained from the UEs within Convex Hull and that of all UEs are nearly the same.
[bookmark: _Ref47626518]Table 12: Horizontal obtained from all UEs (UL-TDOA)
	CASE No.
	FR1/FR2
	UE Type
	50%
	67%
	80%
	90%

	CASE 2.3
	FR1
	Convex Hull UE
	0.0754
	0.1143
	0.1728
	0.2574

	CASE 2.3
	FR1
	All UE
	0.1083
	0.1717
	0.2574
	0.5174

	CASE 2.7
	FR1
	Convex Hull UE
	0.1075
	0.155
	0.3692
	0.8386

	CASE 2.7
	FR1
	All UE
	0.4672
	0.7594
	1.261
	2.9364



[bookmark: _Ref47626523]Table 13: Vertical accuracy obtained from all UEs (UL-TDOA)
	CASE No.
	FR1/FR2
	UE Type
	50%
	67%
	80%
	90%

	CASE 2.3
	FR1
	Convex Hull UE
	0.608
	1.036
	1.3383
	2.0599

	CASE 2.3
	FR1
	All UE
	0.6392
	1.0359
	1.3411
	2.1666

	CASE 2.7
	FR1
	Convex Hull UE
	0.4167
	0.6408
	1.0091
	2.049

	CASE 2.7
	FR1
	All UE
	0.4672
	0.7594
	1.261
	2.9364



UL-TDOA+UL-AOA
Positioning performance of UEs within Convex Hull 
The horizontal and vertical accuracy for UL-TDOA+UL-AOA positioning method are given in Table 14 and Table 15 respectively. The CDF curves of positioning errors are given in Section 5.1.5.
Observation 5: For UL-TDOA+UL-AOA positioning method from CASE 3.1 and CASE 3.2, the range of horizontal accuracy is from 0.151 meter to 0.2677 meter at 90% CDF point, while the range of vertical accuracy is from 0.633 meter to 2.256 meter at 90% CDF point.
[bookmark: _Ref47627484]Table 14: Horizontal accuracy (UL-TDOA+UL-AOA)
	CASE No.
	FR1/FR2
	50%
	67%
	80%
	90%

	CASE 3.1
	FR1
	0.033
	0.054
	0.1428
	0.2677

	CASE 3.2
	FR1
	0.044
	0.062
	0.118
	0.151



[bookmark: _Ref47627501]Table 15: Vertical accuracy (UL-TDOA+UL-AOA)
	CASE No.
	FR1/FR2
	50%
	67%
	80%
	90%

	CASE 3.1
	FR1
	0.8572
	1.154
	1.516
	2.256

	CASE 3.2
	FR1
	0.334
	0.486
	0.593
	0.633



Multi-RTT
Positioning performance of UEs within Convex Hull 
The horizontal and vertical accuracy for Multi-RTT positioning method are given in Table 16 and Table 17 respectively. The CDF curves of positioning errors are given in Section 5.1.6.
Observation 6: For Multi-RTT positioning method from CASE 4.1 to CASE 4.4, the range of horizontal accuracy is from 0.069 meter to 0.562 meter at 90% CDF point, while the range of vertical accuracy is from 2.18 meter to 2.82 meter at 90% CDF point.
[bookmark: _Ref47627525]Table 16: Horizontal accuracy (Multi-RTT)
	CASE No.
	FR1/FR2
	50%
	67%
	80%
	90%

	CASE 4.1
	FR1
	0.031
	0.040
	0.057
	0.090

	CASE 4.2
	FR1
	0.08
	0.108
	0.153
	0.254

	CASE 4.3
	FR1
	0.03
	0.041
	0.056
	0.069

	CASE 4.4
	FR1
	0.029
	0.079
	0.431
	0.562



[bookmark: _Ref47627531]Table 17: Vertical accuracy (Multi-RTT)
	CASE No.
	FR1/FR2
	50%
	67%
	80%
	90%

	CASE 4.2
	FR1
	0.639
	0.917
	1.60
	2.18

	CASE 4.4
	FR1
	0.507
	0.723
	1.59
	2.82



Conclusions
In this contribution, we discussed the evaluation of NR positioning performance. Horizontal and vertical accuracy for four positioning methods are summarized in Table 18 and Table 19, respectively. The following observations are given.
Observation 1: For DL-TDOA positioning method from CASE 1.1 to CASE 1.8, the range of horizontal accuracy is from 0.0372 meter to 1.5033 meter at 90% CDF point, while the range of vertical accuracy is from 0.6283 meter to 3.0578 meter at 90% CDF point.
Observation 2: For DL-TDOA positioning method from CASE1.3 and CASE 1.7, the horizontal accuracy obtained from the UEs within Convex Hull performs better than that of all UEs (0.2045 meter vs 0.4159 meter at CDF 90% point), while the vertical accuracy obtained from the UEs within Convex Hull and that of all UEs are nearly the same. Observation 3: For UL-TDOA positioning method from CASE 2.1 to CASE 2.8, the range of horizontal accuracy is from 0.0538 meter to 1.9448 meter at 90% CDF point, while the range of vertical accuracy is from 0.8304 meters to 3.1267 meter at 90% CDF point.
Observation 4: For UL-TDOA positioning method from CASE 2.3 and CASE 2.7, the horizontal accuracy obtained from the UEs within Convex Hull performs better than that of all UEs (0.2574 meter vs 0.5174 meter at CDF 90% point), while the vertical accuracy obtained from the UEs within Convex Hull and that of all UEs are nearly the same.
Observation 5: For UL-TDOA+UL-AOA positioning method from CASE 3.2 to CASE 3.4, the range of horizontal accuracy is from 0.151 meter to 0.2677 meter at 90% CDF point, while the range of vertical accuracy is from 0.633 meter to 2.256 meter at 90% CDF point.
Observation 6: For Multi-RTT positioning method from CASE 4.1 to CASE 4.4, the range of horizontal accuracy is from 0.069 meter to 0.562 meter at 90% CDF point, while the range of vertical accuracy is from 2.18 meter to 2.82 meter at 90% CDF point.

Table 18: Horizontal accuracy for four positioning method
	CASE No.
	FR1/FR2
	50%
	67%
	80%
	90%

	CASE 1.1
	FR1
	0.0386
	0.0503
	0.0662
	0.1127

	CASE 1.2
	FR2
	0.0136
	0.0223
	0.028
	0.0372

	CASE 1.3
	FR1
	0.079
	0.1083
	0.1379
	0.2045

	CASE 1.4
	FR2
	0.025
	0.0324
	0.046
	0.0789

	CASE 1.5
	FR1
	0.0602
	0.0891
	0.1114
	0.1378

	CASE 1.6
	FR2
	0.0178
	0.023
	0.0277
	0.0388

	CASE 1.7
	FR1
	0.1201
	0.2499
	0.4116
	0.7089

	CASE 1.8
	FR2
	0.0314
	0.089
	0.2996
	1.5033

	CASE 2.1
	FR1
	0.0525
	0.0712
	0.0922
	0.1176

	CASE 2.2
	FR2
	0.022
	0.0296
	0.041
	0.0538

	CASE 2.3
	FR1
	0.0754
	0.1143
	0.1728
	0.2574

	CASE 2.4
	FR2
	0.0223
	0.0276
	0.0383
	0.0817

	CASE 2.5
	FR1
	0.0723
	0.098
	0.1284
	0.1893

	CASE 2.6
	FR2
	0.0204
	0.0296
	0.0416
	0.0553

	CASE 2.7
	FR1
	0.1075
	0.0155
	0.3692
	0.9437

	CASE 2.8
	FR2
	0.0282
	0.0561
	0.6127
	1.9448

	CASE 3.1
	FR1
	0.033
	0.054
	0.1428
	0.2677

	CASE 3.2
	FR1
	0.044
	0.062
	0.118
	0.151

	CASE 4.1
	FR1
	0.031
	0.040
	0.057
	0.090

	CASE 4.2
	FR1
	0.08
	0.108
	0.153
	0.254

	CASE 4.3
	FR1
	0.03
	0.041
	0.056
	0.069

	CASE 4.4
	FR1
	0.029
	0.079
	0.431
	0.562



Table 19: Vertical accuracy for four positioning method
	CASE No.
	FR1/FR2
	50%
	67%
	80%
	90%

	CASE 1.3
	FR1
	0.608
	0.9636
	1.3383
	1.8954

	CASE 1.4
	FR2
	0.1581
	0.277
	0.3961
	0.6283

	CASE 1.7
	FR1
	0.461
	0.8138
	1.3474
	2.9917

	CASE 1.8
	FR2
	0.1337
	0.2703
	0.6779
	3.0578

	CASE 2.3
	FR1
	0.608
	1.036
	1.3383
	2.0599

	CASE 2.4
	FR2
	0.2018
	0.3084
	0.4611
	0.8304

	CASE 2.7
	FR1
	0.4167
	0.6408
	1.0091
	2.049

	CASE 2.8
	FR2
	0.116
	0.2358
	0.5051
	3.1267

	CASE 3.1
	FR1
	0.8572
	1.154
	1.516
	2.256

	CASE 3.2
	FR1
	0.334
	0.486
	0.593
	0.633

	CASE 4.2
	FR1
	0.639
	0.917
	1.60
	2.18

	CASE 4.4
	FR1
	0.507
	0.723
	1.59
	2.82
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Appendix

CDF curves of positioning errors
0. DL-TDOA
[image: ]
Figure-1 : CASE 1.1 Vs  CASE 1.2 (InF-SH-2D)
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Figure-2 : CASE 1.3 Vs CASE 1.4 (InF-SH-3D-Horizontal)
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Figure-3 : CASE 1.3 Vs CASE 1.4 (InF-SH-3D-Vertical)
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Figure-4 : CASE 1.5 Vs CASE 1.6 (InF-DH-2D)
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Figure-5 : CASE 1.7 Vs CASE 1.8 (InF-DH-3D-Horizontal)
[image: ]
Figure-6 : CASE 1.7 Vs CASE 1.8 (InF-DH-3D-Vertical)
0. DL-TDOA (Impact of Convex Hull UE and all UE)
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Figure-7 : CASE 1.3 (InF-SH-3D-FR1-Horizontal)
[image: ]
Figure-8 : CASE 1.3 (InF-SH-3D-FR1-Vertical)
[image: ]
Figure-9 : CASE 1.7 (InF-DH-3D-FR1-Horizontal)

[image: ]
Figure-10 :  CASE 1.7 (InF-DH-3D-FR1-Vertical)

0. UL-TDOA
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Figure-11 : CASE 2.1 Vs  CASE2.2 (InF-SH-2D)
[image: ]
Figure-12 : CASE 2.3 Vs  CASE2.4 (InF-SH-3D-Horizontal)
[image: ] 
Figure-13 : CASE 2.3 Vs  CASE2.4 (InF-SH-3D-Vertical)
[image: ]
Figure-14 : CASE 2.5 Vs  CASE2.6 (InF-DH-2D)
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Figure-15 : CASE 2.7 Vs CASE2.8 (InF-DH-3D-Horizontal)
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Figure-16 : CASE 2.7 Vs CASE2.8 (InF-DH-3D-Vertical)


0. UL-TDOA (Impact of Convex Hull UE and all UE)
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Figure-17 : CASE2.3 (InF-SH-3D-FR1- Horizontal)
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Figure-18 : CASE2.3 (InF-SH-3D-FR1-Vertical)
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Figure-19 : CASE2.7 (InF-DH-3D-FR1-Horizontal)
[image: ]
Figure-20 : CASE2.7 (InF-DH-3D-FR1-Vertical)

0. UL-TDOA+UL-AOA
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Figure-21: CASE 3.1 (InF-SH-3D-FR1-Horizontal)
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Figure-22: CASE 3.1 (InF-SH-3D-FR1-Vertical)
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Figure-23: CASE 3.2 (InF-DH-3D-FR1-Horizontal)
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Figure-24: CASE 3.2 (InF-DH-3D-FR1-Vertical)

0. Multi-RTT
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Figure-25: CASE4.1 (InF-SH-2D-FR1)
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Figure-26: CASE 4.2 (InF-SH-3D-FR1-Horizontal)
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Figure-27: CASE 4.2 (InF-SH-3D-FR1-Vertical)
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Figure-28: CASE4.3 (InF-DH-2D-FR1)
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Figure-29: CASE 4.4 (InF-SH-3D-FR1-Horizontal)
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Figure-30: CASE 4.4 (InF-SH-3D-FR1-Vertical)
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