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Introduction
A study item on NR positioning enhancements in Rel-17 was approved [1]. One of the objectives is to study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases:
1. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]
2. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
3. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]
In RAN1 #101e meeting, the following agreements related to positioning requirements were made [2]:
Agreement:
· In Rel-17 target positioning requirements for commercial use cases are defined as follows:
· Horizontal position accuracy (< 1 m) for [90%] of UEs
· Vertical position accuracy (< [2 or 3] m) for [90%] of UEs
· End-to-end latency for position estimation of UE (< [100 ms])
· FFS: Physical layer latency for position estimation of UE (< [10 ms])
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< X m) for [90%] of UEs
· X = [0.2 or 0.5] m
· Vertical position accuracy (< Y m) for [90%] of UEs
· Y = [0.2 or 1] m
· End-to-end latency for position estimation of UE (< [10ms, 20ms, or 100ms])
· FFS: Physical layer latency for position estimation of UE (< [10ms])
· Note: Target positioning requirements may not necessarily be reached for all scenarios

In RAN1 #102e meeting, some of the agreements are as follows [3]:
Agreement:
Capture the following in TR as an observation:
· Performance analysis of baseline I-IoT InF scenarios shows that InF-SH scenario is characterized by high probability of LOS links. In InF-DH the probability of LOS links is reduced substantially while probability of NLOS links is increased accordingly.

Conclusion:
· Evaluations show that high probability of NLOS links and propagation delay offset imposed by NLOS links may cause performance degradation of positioning accuracy, that was especially observed in InF-DH scenario
Agreement:
· At least the following information is provided for positioning physical layer latency analysis:
· Source initiating request for positioning measurements/location for a given UE (UE, Network)
· Destination awaiting for positioning measurements/location for a given UE (UE, Network)
· Start and end triggers/events for physical layer latency evaluation 
· For Rel.16 solutions, it is based on specification for each solution
· Initial and final RRC State of positioned UE (RRC IDLE, INACTIVE, CONNECTED) at the start and end time for the physical layer latency evaluation
· Positioning 
· technique (enumeration): (1) DL-TDOA, (2) DL AoD, (3) UL-TDoA, (4) UL-AoA, (5) Multi-RTT, (6) E-CID
· type: DL, UL, DL+UL
· mode: UE-based, UE-assisted
· Latency component w/ value range and description, including information on any parallel (simultaneous) components
· Total latency value

In this contribution, we provide our simulation results on positioning accuracy based on the agreed simulation scenarios and parameters in the previous meetings and our view on achieving stringent positioning latency for IIoT use-cases. The simulation results and latency analysis are presented according to the agreed format/template in RAN1#102e meeting.

This contribution is the revised version of R1-2008364 by providing additional simulation results for the baseline scenario with UE height [0.5, 2] m.

Performance Evaluation
Evaluation of Positioning Accuracy

In this contribution, we provide the following simulation results: 
· Positioning accuracy using Rel-16 techniques
· Positioning accuracy using potential enhancements in Rel-17 
· Horizontal and Vertical accuracy 
· UE dropping with convex hull and all areas
· Impact of the gNB height on the vertical positioning accuracy
· Impact of BW size. 

The details of general simulation assumption can be found in Appendix A and the details of the simulation results can be found in Appendix B.
Performance analysis of Rel-16 positioning solutions
In this section, we provide a performance analysis for the distance error in horizontal plane by using the Rel.16 positioning techniques and agreed RAN1 evaluation assumptions. Our research is mainly focused on the DL-TDOA positioning solution. The performance from the Rel.16 technology is considered as the reference in comparison with the performance in Rel.17. 
To address the NLOS bias in the TOA measurement, in Rel.16, we use first path average ratio (FPAR) as the indicator indicating if a TOA is measured from LOS or NLOS. In the real application, we consider using a pre-defined threshold to filter out some TOA measurements having low FPAR. The UE would only report the remaining TOA to the Location server (LS).   
Table 2.1.1-1 shows the assumption of the Rel.16 positioning. InF-SH, InF-DH and InH-OO are the three main scenarios that we are focused on. The followed table 2.1.2-2 shows the horizontal error for X % of the UEs by using Rel.16 positioning technology. In each case, UEs have two different type of distribution: Convex UE and All UE. The former one means that UEs were uniformly distributed over the convex hull of the horizontal BS deployment and later one means that UE could be anywhere in the horizontal plane. 
Table 2.1.1-3 summarize the performance of the Rel.16 technology in term of if the results meet the commercial or the IIoT requirement or not.

Table 2.1.1-1: Rel.16 NR DL positioning - evaluation scenarios and parameters
	Parameter
	[Case1, InF- SH, FR2],
[Case2, InF-DH, FR2],
[Case3, InH-OO, FR2]
	[Case4, InF- SH, FR1],
[Case5, 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)
	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
	
	



Table 2.1.1-2: Rel.16 NR positioning - horizontal location error results from [X]
	
	
	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-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 3], [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 4], [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 5], [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 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 



Table 2.1.1-3: Rel.16 NR positioning – horizontal accuracy performance summary [X]
	Simulation case
(Horizontal Error)
	Commercial horizontal accuracy requirements [1]m @[90]% are met - Yes/No.
 If no, provide performance gaps
	IIoT horizontal accuracy requirements of [0.2]m @[90]%are met - Yes/No.
If no, provide performance gaps
	IIoT horizontal accuracy requirements of [0.5]m @[90]%are met -Yes/No.
 If no, provide performance gaps

	[Case 1], [InF-SH], [FR2], [400 MHz], [Comb-6], [6dB PB]
	Y
	N, 0.047 m
	Y

	[Case 2], [InF-DH], [FR2], [400 MHz], [Comb-6], [6dB PB]
	N, 1.81 m
	N, 2.60 m
	N, 2.30 m

	[Case 3], [InH-OO], [FR2], [400 MHz], [Comb-6], [6dB PB]
	Y
	N, 0.15 m
	Y

	[Case 4], [InF-SH], [FR1], [100 MHz], [Comb-6], [6dB PB]
	Y
	N, 0.50 m
	N, 0.20 m

	[Case 5], [InF-DH], [FR1], [100 MHz], [Comb-6], [6dB PB]
	N, 2.87 m
	N, 3.67 m
	N, 3.37 m

	[Case 6], [InH-OO], [FR1], [100 MHz], [Comb-6], [6dB PB]
	Y
	N, 0.80 m
	N, 0.50 m



The following observations were made based on the aforementioned results:
Observation 1 (Horizontal accuracy of Rel.16 NR positioning): 
Performance of Rel.16 NR positioning techniques meet the commercial horizontal accuracy requirements in InF-SH and InH-OO scenarios in both DL FR1 and FR2 cases. The performance in InF-DH is relatively worse than the former two scenarios.
By using Rel.16 NR positioning techniques, none of these scenarios can achieve the IIoT requirements of 0.2 m horizontal accuracy at 90% of the UE. 

Performance of studied NR positioning enhancements
The system level simulation was performed based on the agreed simulation assumptions and parameters in RAN1 102e meeting [3]. We were evaluating both commercial use cases and IIoT use cases. For commercial use cases, we used Indoor Open Office (IOO) scenario. For IIoT use cases, we used Indoor Factory - Sparse Clutter High base-station placement (InF-SH) and Indoor Factory - Dense Clutter High base-station placement (InF-DH). We evaluate the operation in both FR1 & FR2. All the details on simulation scenarios and its parameters are given in Tables 2.1.2-1 and 2.1.2-2.

The CDFs of the horizontal error are shown in the figure 4 to figure 15. Figure 4 to Figure 9 are the simulation from the ‘convex UE’ (UE is uniformly distributed in the convex hull). Figure 10 to Figure 15 are the simulation from the ‘All UE’ (UE is uniformly distributed in the whole area). 4 different positioning techniques are used in each case which are: ‘TDOA’, ‘TDOA/AOD’, ‘TDOA+NLOS’ and ‘TDOA/AOD+NLOS’. ‘TDOA’ means using DL-TDOA only in the location estimate. ‘AOD’ means using DL-AOD to be used together with DL-TDOA. ‘NLOS’ in here is notation for using NLOS mitigation algorithm to further refine the location estimate. 

The UE performs both DL-TDOA and AoD measurement. As part of DL-TDOA operation, the UE uses adaptive threshold-based first peak detection for TOA estimate. The power delay profiles are calculated and all the peaks (local maxima) are detected. A predefined threshold which is adaptive to the estimated noise is used to filter out unqualified peaks. Among the rest of the peaks, the first one is selected as the TOA estimate and further used/reported as RSTD to LS. The location server applies the AOD estimation based on the UE measurement report together with some other prior information related to TRP (beam configuration, TRP bearing, etc.) In case of FR2, the UE performs Rx beamforming in by combining the signals received from multiple antenna elements. To obtain the maximum beamforming gain in UE side, we first apply MUSIC algorithm to estimate the AOA and subsequently apply the corresponding combining vector to the signals.

One of the enhancements in Rel.17 DL positioning is adapting the ZoD (Zenith of Departure) detection method to support DL vertical positioning. To measure the ZOD, we consider using Tx beam-sweeping not only in horizontal plane but also in the vertical plane. In the Rel.16, the phase shift applied to two nearby horizontal element layers were zero and therefore, the beams could only point to the horizontal direction. However, in Rel.17, by applying phase shift to each horizontal element layers, we can tilt the beams to a certain vertical angle. In our setup, we use the same beam sweeping pattern as we use before and applied it in 5 different vertical angles. Therefore, in total, 60 beams are used for angle measurement: 12 horizontal beams and 5 vertical beams. To achieve this, we start to use Kronecker product codebook which is basically a Kronecker product of two oversampled DFT codewords. 

The Flow chart of the NLOS mitigation technique used in Rel.17 is shown in the figure1:

TOA measurements

Apply Maximum likelihood Positioning algorithm
UE location estimate
Use NSE algorithm in LS side to identify the most likely NLOS TRP. And then remove it.
Select the TOA based on First peak average ratio (FPAR) with a predefined threshold.









Figure 1: Flow Chart of the NLOS mitigation technique.

On the location server operation (LS), we used maximum likelihood estimation (MLE) TDOA+ AOD algorithm for location estimate. Here, it is assumed that the TOA error and the AOD error in the LOS link are Gaussian distributed. A prior information of the standard deviation of the distribution is known. Then, the conditional probability of the UE location given by TOAs and AODs is derived in the location server. The MLE will search for the best UE estimate that can maximize the probability. We also introduce a method to enhance the positioning estimation accuracy by utilizing a NLOS detection estimator (NLOS). Based on N TRPs, there is a probability that a RSTD measurement is from NLOS link. In total, there are 2^N possible combinations which is denoted as ‘State’. The NLOS detection algorithm will calculate all the UE location candidates and select one as the best estimate.

Table 2.1.2-1: NR positioning enhancements - evaluation scenarios and parameters
	[bookmark: _Hlk55386792]Parameter
	[Case7, InF- SH, FR2],
[Case9, InF-DH, FR2],
[Case11, InH-OO, FR2]
	[Case8, InF- SH, FR1],
[Case10, InF-DH, FR1],
[Case12, InH-OO, FR1]
	Case13, InF- SH, FR2],
[Case15, InF-DH, FR2],
	[Case14, InF- SH, FR1],
[Case16, InF-DH, FR1],

	Case17, InF- SH, FR2],
[Case19, InF-DH, FR2],
	[Case18, InF- SH, FR1],
[Case20, InF-DH, FR1],


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

	Carrier frequency
	28 GHz
	1.5 GHz
	28 GHz
	1.5 GHz
	28 GHz
	1.5 GHz

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

	Reference Signal Transmission Bandwidth
	400 MHz
	100 MHz
	400 MHz
	100 MHz
	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
	Comb-6, 6 symbols
	Comb-6, 6 symbols
	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
	6
	6
	6
	6

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

	Power-boosting level
	6 dB
	6 dB
	6 dB
	6 dB
	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)
	1. Filtering the TOA measurements by FPAR using a predefined threshold,
2. AoD measurement from the estimated angular spectrum,
3. NLOS Detection algorithms,
4. TDOA-AOD based maximum likelihood positioning algorithm.

	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, MUSIC based signal combining at Rx


	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Kronecker Product Codebook (Kronecker product of two oversampled DFT codewords)


	Evaluated Enhancement 
for Rel.17
	NLOS Detection algorithms (NLOS state estimator)

	Additional notes, if any
	Horizontal positioning only,
Fixed gNB height,
Fixed UE height
	Horizontal and vertical positioning,
Fixed gNB height or various gNB height,
UE height ∈ [0.5, 2] m
	Horizontal and vertical positioning,
Fixed gNB height or various gNB height,
UE height ∈ [0, 8] m




Table 2.1.2-2: NR positioning enhancements - evaluation scenarios and parameters
	Parameter
	[Case21, InF- SH, FR2]
	[Case21, InF- SH, FR2]
	[Case22, InF- SH, FR2]
	[Case23, InF- SH, FR2]

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

	Carrier frequency
	28 GHz
	28 GHz
	28 GHz
	28 GHz

	Subcarrier spacing
	120 kHz
	120 kHz
	120 kHz
	120 kHz

	Reference Signal Transmission Bandwidth
	100 MHz
	100 MHz
	50 MHz
	20 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Comb-4, 4 symbols
	Comb-4, 4 symbols
	Comb-4, 4 symbols
	Comb-4, 4 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
	6
	6

	number of occasions used per positioning estimate
	1
	1
	1
	1

	Power-boosting level
	6 dB
	6 dB
	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)
	1. Filtering the TOA measurements by FPAR using a predefined threshold,
2. AoD measurement from the estimated angular spectrum,
3. NLOS Detection algorithms,
4. TDOA-AOD based maximum likelihood positioning algorithm.

	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, MUSIC based signal combining at Rx

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Kronecker Product Codebook (Kronecker product of two oversampled DFT codewords)

	Evaluated Enhancement 
for Rel.17
	NLOS Detection algorithms (NLOS state estimator)

	Additional notes, if any
	Horizontal positioning only,
Fixed gNB height,
Fixed UE height




The simulation results in terms of horizontal location error are summarized in Table 2.1.2-3 and Table 2.1.2-4.  

Table 2.1.2-2: NR positioning enhancements - horizontal location error results from [X]
	
	
	50%
	67%
	80%
	90%

	[Case 7], [InF-SH], [FR2], [400 MHz], [Comb-6], [6dB PB]
	Convex UEs
	0.025
	0.0344
	0.046
	0.074

	
	(Optional) All UEs
	0.033
	0.048
	0.075
	0.23

	[Case 8], [InF-SH], [FR1], [100 MHz], [Comb-6], [6dB PB]
	Convex UEs
	0.10
	0.14
	0.20
	0.38

	
	(Optional) All UEs
	0.13
	0.19
	0.30
	0.67

	[Case 9], [InF-DH], [FR2], [400 MHz], [Comb-6], [6dB PB]

	Convex UEs
	0.044
	0.075
	0.53
	1.96

	
	(Optional) All UEs
	0.063
	0.31
	1.31
	2.12

	[Case 10], [InF-DH], [FR1], [100 MHz], [Comb-6], [6dB PB]
	Convex UEs
	0.20
	0.46
	1.49
	2.13

	
	(Optional) All UEs
	0.29
	0.75
	1.60
	3.62

	[Case 11], [InH-OO], [FR2], [400 MHz], [Comb-6], [6dB PB]

	Convex UEs
	0.041
	0.062
	0.11
	0.31

	
	(Optional) All UEs
	0.054
	0.095
	0.18
	0.39

	[Case 12], [InH-OO], [FR1], [100 MHz], [Comb-6], [6dB PB]
	Convex UEs
	0.20
	0.29
	0.42
	0.69

	
	(Optional) All UEs
	0.20
	0.33
	0.53
	0.98



Table 2.1.2-3: Rel.17 NR positioning – horizontal accuracy performance summary [X]
	Simulation case
(Horizontal Error)
	Accuracy achieved @[90]%
	Commercial horizontal accuracy requirements [1]m @[90]% are met - Yes/No.
 If no, provide performance gaps
	IIoT horizontal accuracy requirements of [0.2]m @[90]%are met - Yes/No.
If no, provide performance gaps
	IIoT horizontal accuracy requirements of [0.5]m @[90]%are met -Yes/No.
 If no, provide performance gaps

	[Case 7], [InF-SH], [FR2], [400 MHz], [Comb-6], [6dB PB]
	0.074
	Y
	Y
	Y

	[Case 8], [InF-SH], [FR1], [100 MHz], [Comb-6], [6dB PB]
	0.38
	N, 0.96 m
	N, 1.76 m
	N, 1.46 m

	[Case 9], [InF-DH], [FR2], [400 MHz], [Comb-6], [6dB PB]
	1.96
	Y
	N, 0.11 m
	Y

	[Case 10], [InF-DH], [FR1], [100 MHz], [Comb-6], [6dB PB]
	2.13
	Y
	N, 0.18 m
	Y

	[Case 11], [InH-OO], [FR2], [400 MHz], [Comb-6], [6dB PB]
	0.31
	N, 1.13 m
	N, 1.93 m
	N, 1.63 m

	[Case 12], [InH-OO], [FR1], [100 MHz], [Comb-6], [6dB PB]
	0.69
	Y
	N, 0.49 m
	N, 0.19 m



Observation 2 (Horizontal accuracy of Rel.17 NR positioning): 
The IIoT horizontal requirement (< 0.2 m accuracy @ 90% CDF) can be achieved in InF-SH FR2 scenario. 
In 3 scenarios, InF-SH FR2, InF-SH FR1 and InH-OO FR2, the IIoT, the achievable accuracy is < 0.5 m at 90% CDF.
The enhancement of NLOS detection algorithm from Rel.16 to Rel.17 improves the horizontal positioning accuracy, especially in InF-DH scenario. The improvement can be up to 1.7 m in InF-DH FR1 case.

Performance of the vertical positioning
In this section, we show the result of the vertical positioning measured from InF-SH and InF-DH scenarios in both FR1 and FR2 cases in Table 2.1.3-1 to 2.1.3-2. The CDFs of the vertical error in various scenarios and gNB deployments are shown in the figure 16 to figure 26. In each of the scenario, we present both CDF of the vertical location error (The left subplot) and the CDF of the horizontal location error (The right subplot). 

In RAN1#101e meeting [2], the gNB height is recommended using a fixed height which is 8 meter or using various heights which is in the range of {4, 8} m. Therefore, these two deployments would be the main deployments and we simulate both of these deployments in each scenario. Furthermore, we evaluate 2 different range of UE heights. One is from 0.5 meters to 2 meters which is the baseline deployment. Additionally, we propose another UE range which is from 0 meter to 8 meters. In the table below, the ‘gNBH’ stands for the gNB height. ‘gNBH ∈ {4,8} m’ means that the gNBs have two different height. Half of them is 4-meter-high and the other half are 8 meters. ‘UEH’ in here stands for the UE antenna height which is assumed to be uniformly distributed within the range of [0, 8] m.

Table 2.1.3-1: NR positioning enhancements - vertical location error results from [X]
	Case
	gNB Deployment
	50%
	67%
	80%
	90%

	[Case 13], [InF-SH], [FR2], [400 MHz], [Comb-6], [6dB PB],
[ UEH ∈ [0.5, 2] m]
	gNBH ∈ {4,8} m
	0.17
	0.29
	0.48
	0.77

	
	gNBH = 8 m
	0.17
	0.31
	0.48
	0.83

	[Case 14], [InF-SH], [FR1], [100 MHz], [Comb-6], [6dB PB],
[UEH ∈ [0.5, 2] m]
	gNBH ∈ {4,8} m,
	0.78
	1.06
	1.29
	1.51

	
	gNBH = 8 m,
	0.86
	1.12
	1.38
	1.59

	[Case 15], [InF-DH], [FR2], [400 MHz], [Comb-6], [6dB PB],
[UEH ∈ [0.5, 2] m]
	gNBH ∈ {4,8} m,
	0.69
	0.91
	1.10
	1.34

	
	gNBH = 8 m,
	0.44
	0.69
	1.01
	1.42

	[Case 16], [InF-DH], [FR1], [100 MHz], [Comb-6], [6dB PB],
[UEH ∈ [0.5, 2] m]
	gNBH ∈ {4,8} m,
	0.77
	1.01
	1.23
	1.47

	
	gNBH = 8 m,
	0.84
	1.08
	1.34
	1.58

	[Case 17], [InF-SH], [FR2], [400 MHz], [Comb-6], [6dB PB],
[UEH ∈ [0, 8] m]
	gNBH ∈ {4,8} m
	0.84 
	1.01 
	1.18 
	1.34 

	
	gNBH = 8 m

	0.75 
	1.12 
	1.51 
	1.88 

	
	gNBH ∈ {2, 4, 6, 8} m

	0.45 
	0.58 
	0.72 
	0.93 

	
	gNBH = {1, 2, 3, 4, 5, 6, 7, 8} m,
	0.35 
	0.48 
	0.65 
	0.86 

	
	gNBH = {1: 0.5: 8} m
	0.26 
	0.39 
	0.57 
	0.79 

	[Case 18], [InF-SH], [FR1], [100 MHz], [Comb-6], [6dB PB],
[UEH ∈ [0, 8] m]
	gNBH ∈ {4,8}m

	0.96 
	1.25 
	1.50 
	1.73 

	
	gNBH = 8 m

	0.98 
	1.38 
	1.78 
	2.16

	[Case 19], [InF-DH], [FR2], [400 MHz], [Comb-6], [6dB PB],
[UEH ∈ [0, 8] m]
	gNBH ∈ {4,8} m
	0.85 
	1.22 
	1.62 
	2.11

	
	gNBH = 8 m

	1.56 
	2.02 
	2.53 
	3.04

	[Case 20], [InF-DH], [FR1], [100 MHz], [Comb-6], [6dB PB],
[UEH ∈ [0, 8] m]
	gNBH ∈ {4,8}m

	0.85 
	1.25 
	1.77 
	2.57

	
	gNBH = 8 m

	1.31 
	1.74
	2.18 
	2.69




Table 2.1.3-2: Rel.16 NR positioning – vertical accuracy performance summary [X]
	Simulation case
(Vertical Error)
	Accuracy achieved @[90]%
	Commercial vertical accuracy requirements [3]m @[90]% are met - Yes/No.
 If no, provide performance gaps
	IIoT vertical accuracy requirements of [0.2]m @[90]% are met - Yes/No.
If no, provide performance gaps
	IIoT vertical accuracy requirements of [1]m at @[90]% are met - Yes/No.
 If no, provide performance gaps

	[Case 13], [InF-SH], [FR2], [400 MHz], [Comb-6], [6dB PB], [ UEH ∈ [0.5, 2] m]
	0.77
	Y
	N, 0.57 m
	Y

	[Case 14], [InF-SH], [FR1], [100 MHz], [Comb-6], [6dB PB], [UEH ∈ [0.5, 2] m]
	1.51
	Y
	N, 1.31 m
	N, 0.51m

	[Case 15], [InF-DH], [FR2], [400 MHz], [Comb-6], [6dB PB], [UEH ∈ [0.5, 2] m]
	1.34
	Y
	N, 1.14 m
	N, 0.34 m

	[Case 16], [InF-DH], [FR1], [100 MHz], [Comb-6], [6dB PB], [UEH ∈ [0.5, 2] m]
	1.47
	Y
	N, 1.27 m
	N, 0.47 m

	[Case 17], [InF-SH], [FR2], [400 MHz], [Comb-6], [6dB PB], [UEH ∈ [0, 8] m]
	1.34
	Y
	N, 1.34 m
	N, 0.34 m 

	[Case 18], [InF-SH], [FR1], [100 MHz], [Comb-6], [6dB PB], [UEH ∈ [0, 8] m]
	1.73
	Y
	N, 1.53 m
	N, 0.73 m

	[Case 19], [InF-DH], [FR2], [400 MHz], [Comb-6], [6dB PB], [UEH ∈ [0, 8] m]
	2.11
	Y
	N, 1.91 m
	N, 1.11 m

	[Case 20], [InF-DH], [FR1], [100 MHz], [Comb-6], [6dB PB], [UEH ∈ [0, 8] m]
	2.57
	Y
	N, 2.37 m
	N, 1.57 m



Observation 3 (Vertical accuracy of Rel.17 NR positioning):
The commercial requirements (< 3 m accuracy) can be fulfilled in all scenarios under evaluation. 
The performance gap between the IIoT requirement (0.2m) and the simulation results are still relatively large. None of the cases with default gNB/UE height can achieve the IIoT requirement (< 0.2 m).
In configuration (Case 13) with InF-SH FR2 scenario, the achievable performance is less than 1 m accuracy.

Investigation on the impact of the gNB height on the vertical positioning accuracy
From the previous simulation, we found that the proposal gNB deployment ‘gNBH ∈ {2, 4, 6, 8} m’ is better than ‘gNBH ∈ {4,8} m’ in terms of vertical positioning accuracy, and which arouse our interest in investigating on the impact of the gNB height. In this section, we show our simulation results using the following gNB deployment in InF-SH FR2 scenario. Note that in each of these deployments, the amount of the gNBs having the same height would be the same. Figure 2 is the comparison among Deployment 1 to 5 in terms of CDF of the vertical error. Table 2.1.4-1 shows the vertical error at X% in the CDF from these 5 deployments.

Deployment 1: gNB height = 8 m, 
Deployment 2: gNB height = {4, 8} m,
Deployment 3: gNB height = {2, 4, 6, 8} m,
Deployment 4: gNB height = {1, 2, 3, 4, 5, 6, 7, 8} m,
Deployment 5: gNB height = {1: 0.5: 8} m. (= {1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5, 7, 7.5, 8} m) 
In all the test deployment, the UE antenna height is within the range of [0, 8]. 
[image: ]
Figure 2: The vertical positioning error using various gNB deployments in InF-SH FR2 scenario.

Table 2.1.4-1: NR positioning enhancements - vertical location error results from [X]
	Case
	Bandwidth
	50%
	67%
	80%
	90%

	[Case 21], [InF-SH], [FR2], [400 MHz], [Comb-4], [6dB PB]
	400 MHz
	0.025
	0.034
	0.046
	0.086

	[Case 22], [InF-SH], [FR2], [100 MHz], [Comb-4], [6dB PB]
	100 MHz
	0.14
	0.19
	0.25
	0.36

	[Case 23], [InF-SH], [FR2], [50 MHz], [Comb-4], [6dB PB]
	50 MHz
	0.20
	0.27
	0.38
	0.77

	[Case 24], [InF-SH], [FR2], [20 MHz], [Comb-4], [6dB PB]
	20 MHz
	0.39
	0.60
	0.90
	1.45



Observation 4: (the impact of gNB height): 
The vertical positioning become more accurate as the gNB height are getting diverse. In other word, using gNBs with different height can improve the vertical positioning accuracy. 
In the deployment 3 to 5 and in InF-SH FR2 scenario, the achievable performance is less than  1 m accuracy.

Investigation on the impact of the bandwidth
The simulation results for InF-SH in FR2 with various bandwidth configuration is shown in Figure 3. Here, we consider the positioning technique: DL-TDoA+AoD with NLOS detection. It can be observed that the PRS bandwidth configuration is heavily affecting the positioning accuracy performance. The performance accuracy target cannot be made especially with the usage of PRS in smaller bandwidth configuration. This basically reflect the real deployment as the operator is expected to utilize a portion of its cell bandwidth for PRS allocation.

[image: ]
Figure 3: Simulation results in Indoor Factory Sparse High (InF-SH) FR2, using Comb4 PRS signal, applying different bandwidth.

Table 2.1.6-1: NR positioning enhancements - horizontal location error results from [X]
	
	Bandwidth
	50%
	67%
	80%
	90%

	[Case 7], [InF-SH], [FR2], [Comb-4], [6dB PB]
	400 MHz
	0.0250 
	0.0345 
	0.0467 
	0.0863 

	
	100 MHz
	0.1448 
	0.1953 
	0.2556 
	0.3656

	
	50 MHz
	0.2019 
	0.2772 
	0.3851 
	0.7773

	
	20 MHz
	0.3945 
	0.6006 
	0.9000 
	1.4567



Observation 5: (the impact of PRS bandwidth):
The usage of PRS configuration in a smaller bandwidth degrades the positioning accuracy performance. In the other word, by changing the bandwidth, we can control the positioning accuracy.



Evaluation of Physical Layer Latency

The physical layer latency for DL-TDOA in legacy NR Rel-16 is studied in this section.  The signaling is grouped into 4 main time entities. 
1. LMF send Location request to UE. 
2. UE request/receive and wait for a configured measurement gap. 
3. UE measures the PRS
4. UE request to send and send a measurement report 
A signaling diagram describing the signaling together with time variables for physical layer latency evaluation is shown in Figure 4 below. 


[image: ]
Figure 4: Signalling diagram for a DL TDOA from Location Request to Measurement Report

Table 1 show the minimum achievable time values as of release 16.  The lowest achievable latency sets the boundary of what Rel-16 NR is capable of.


Table 1: Physical layer latency breakdown
	Time name
	Min Time (ms)
	Min
Time
(% of total)
	Description

	t_lr
	10
	18 %
	Assumed similar to an RRC message according to 38.331 section 12.

	t_mg_conf
	11
	20 %
	The measurement gap request and configuration are on RRC level. The RRC reconfiguration is 10 ms according to 38.331 section 12. The request is assumed to take more than 1 ms to transmit. 

	t_prs
	22.5
	40 %
	PRS periodicity ∈ [4, 10240] ms 
MGRP ∈ [20, 160] ms with mglFR1 ∈ [3,  6]ms and mglFR2 ∈ [1.5,  6] ms 
Repetition factor for all configuration is in the range of 1 to 32

For a minimum value of t_prs no repetitions, shortest PRS period and smallest MGRP is assumed. The time value consist of a worst case waiting of one full MGRP after the MG is configured (20 ms). Then shortest mgl is 1.5 ms for FR2, enough PRS resources are assumed to fit in here. PRS measurements are then assumed to occur partly in parallel while received in L1 baseband. The processing depends on number of PRS to measure. Capability for processing signaling applies in TS 37.355 but here we have chosen a tail L1 processing of 1 ms.

	t_report
	12.5 ms
	22 %
	UL Scheduling Request transmission assumed to 1 ms, gNB delay for UL Grant 3 ms + 1 ms transmission of grant, UE decode of grant 3 ms and 1 ms transmission of UL measurement report and 3 ms decoding of measurement report at network side

	Total
	56 ms
	
	



Observation 6: Rel 16 physical layer latency for DL PRS based positioning is estimated to be more than 56 ms. Approximately, 60 % of the physical layer latency is for signaling and 40 % is for measuring and handling of measurement gap.

In rel-17, the target of physical layer latency is expected to be 10 ms which is far below from the lowest achievable latency 56 ms. Hence, a significant modification to the existing procedure is required. This may include shortening the existing signaling / measurement and removing some of the signaling.

Observation 7: A significant modification to the existing procedure is required in order to achieve 10ms physical layer latency. This may include shortening the existing signaling / measurement and removing some of the signaling.
Conclusion

In this contribution, we have provided our simulation results in term of positioning accuracy in both vertical and horizontal for various scenarios. Additionally, latency analysis for downlink-based positioning were also presented. Our observations are as follows:

Observation 1 (Horizontal accuracy of Rel.16 NR positioning):
Performance of Rel.16 NR positioning techniques meet the commercial horizontal accuracy requirements in InF-SH and InH-OO scenarios in both DL FR1 and FR2 cases. The performance in InF-DH is relatively worse than the former two scenarios.
By using Rel.16 NR positioning techniques, none of these scenarios can achieve the IIoT requirements of 0.2 m horizontal accuracy at 90% of the UE. 

Observation 2 (Horizontal accuracy of Rel.17 NR positioning):  
· The IIoT horizontal requirement 1 (< 0.2 m accuracy @ 90% CDF) can be achieved in InF-SH FR2 scenario. 
· In 3 scenarios, InF-SH FR2, InF-SH FR1 and InH-OO FR2, the IIoT, the achievable accuracy is < 0.5 m at 90% CDF.
· The enhancement of NLOS detection algorithm from Rel.16 to Rel.17 improves the horizontal positioning accuracy, especially in InF-DH scenario. The improvement can be up to 1.7 m in InF-DH FR1 case.

Observation 3 (Vertical accuracy of Rel.17 NR positioning):
The commercial requirements (< 3 m accuracy) can be fulfilled in all scenarios under evaluation. 
The performance gap between the IIoT requirement (0.2m) and the simulation results are still relatively large. None of the cases with default gNB/UE height can achieve the IIoT requirement (< 0.2 m).
In configuration (Case 13) with InF-SH FR2 scenario, the achievable performance is less than 1 m accuracy.

Observation 4: (the impact of gNB height):
The vertical positioning become more accurate as the gNB height are getting diverse. In other word, using gNBs with different height can improve the vertical positioning accuracy. 
In the deployment 3 to 5 and in InF-SH FR2 scenario, the achievable performance is less than 1 m accuracy.

Observation 5: (the impact of PRS bandwidth):
The usage of PRS configuration in a smaller bandwidth degrades the positioning accuracy performance. In the other word, by changing the bandwidth, we can control the positioning accuracy.

Observation 6: Rel 16 physical layer latency for DL PRS based positioning is estimated to be more than 56 ms. Approximately, 60 % of the physical layer latency is for signaling and 40 % is for measuring and handling of measurement gap.

Observation 7: A significant modification to the existing procedure is required in order to achieve 10ms physical layer latency. This may include shortening the existing signaling / measurement and removing some of the signaling.
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Appendix A 

Table 2: Common simulation parameters 
	
	FR1 Specific Values 
	FR2 Specific Values 

	Carrier frequency, GHz 
	3.5GHz
	28GHz

	Bandwidth, MHz
	100MHz

	400MHz


	Subcarrier spacing, kHz
	30kHz
	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


	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. Description of applied algorithms for estimation of signal location parameters (See Table 1).

	Network synchronization
	Perfect Synchronization


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




Table 3: Assumptions of InF scenario 
	
	FR1 Specific Values
	FR2 Specific Values

	Channel model
	InF-SH, InF-DH


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

InF-DH: 
(baseline) 120x60 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
[image: ]

	
	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


	UE mobility
	3km/h


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

	gNB antenna height
	Baseline: 8m


	Clutter parameters: {density [image: ][image: ], height [image: ][image: ],size [image: ][image: ]}
	Low clutter density: 
{20%, 2m, 10m}
High clutter density:
{40%, 2m, 2m}

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





Appendix B

1: Evaluation of accuracy for the Convex UE

[image: ]
[bookmark: _Ref46929533]Figure 5: Simulation results in Indoor Factory Sparse High (InF-SH) FR2, using Comb-6 RE pattern with 400 MHz BW.

[image: ]
Figure 6: Simulation results in Indoor Factory Sparse High (InF-SH) FR1, using Comb-6 RE pattern with 100 MHz BW.

[image: ]
Figure 7: Simulation results in Indoor Factory Dense High (InF-DH) FR2, using Comb-6 RE pattern with 400 MHz BW.
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Figure 8: Simulation results in Indoor Factory Dense High (InF-DH) FR1, using Comb-6 RE pattern with 100 MHz BW.
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Figure 9: Simulation results in Indoor Open Office (InH-OO) FR2, using Comb-6 RE pattern with 400 MHz BW.
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Figure 10: Simulation results in Indoor Open Office (InH-OO) FR1, using Comb-6 RE pattern with 100 MHz BW.











2. Figures: Evaluation of accuracy for All UEs (i.e. not only convex hull UEs)

[image: ]
Figure 11: Simulation results in Indoor Factory Sparse High (InF-SH) FR2, using Comb-6 RE pattern with 400 MHz BW, All UE.
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Figure 12: Simulation results in Indoor Factory Sparse High (InF-SH) FR1, using Comb-6 RE pattern with 100 MHz BW, All UE.

[image: ]
Figure 13: Simulation results in Indoor Factory Dense High (InF-DH) FR2, using Comb-6 RE pattern with 400 MHz BW, All UE.
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Figure 14: Simulation results in Indoor Factory Dense High (InF-DH) FR1, using Comb-6 RE pattern with 100 MHz BW, All UE.
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Figure 15: Simulation results in Indoor Open Office (InH-OO) FR2, using Comb-6 RE pattern with 400 MHz BW, All UE

[image: ]
Figure 16: Simulation results in Indoor Open Office (InH-OO) FR1, using Comb-6 RE pattern with 100 MHz BW, All UE












3. Evaluation of the vertical positioning:
[image: ]
Figure 17: Vertical and horizontal positioning accuracy in Indoor Factory Sparse High (InF-SH) FR2, using Comb-6 RE pattern with 400 MHz BW, UE height is within the range [0.5, 2] m, gNB height is {4,8}  m.

[image: ]
Figure 18:Vertical and horizontal positioning accuracy in Indoor Factory Sparse High (InF-SH) FR2, using Comb-6 RE pattern with 400 MHz BW, UE height is within the range [0.5, 2] m, gNB height range 8 m.

[image: ]
Figure 19: Vertical and horizontal positioning accuracy in Indoor Factory Dense High (InF-DH) FR2, using Comb-6 RE pattern with 400 MHz BW, UE height is within the range [0.5, 2] m, gNB height is {4,8}  m.

[image: ]
Figure 20: Vertical and horizontal positioning accuracy in Indoor Factory Dense High (InF-DH) FR2, using Comb-6 RE pattern with 400 MHz BW, UE height is within the range [0.5, 2] m, gNB height range 8 m.


[image: ]
Figure 21:Vertical and horizontal positioning accuracy in Indoor Factory Sparse High (InF-SH) FR1, using Comb-6 RE pattern with 100 MHz BW, UE height is within the range [0.5, 2] m, gNB height is {4,8}  m.


[image: ]
Figure 22: Vertical and horizontal positioning accuracy in Indoor Factory Sparse High (InF-SH) FR1, using Comb-6 RE pattern with 100 MHz BW, UE height is within the range [0.5, 2] m, gNB height range 8 m.
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Figure 23: Vertical and horizontal positioning accuracy in Indoor Factory Dense High (InF-DH) FR1, using Comb-6 RE pattern with 100 MHz BW, UE height is within the range [0.5, 2] m, gNB height is {4,8}  m.
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Figure 24: Vertical and horizontal positioning accuracy in Indoor Factory Dense High (InF-DH) FR1, using Comb-6 RE pattern with 100 MHz BW, UE height is within the range [0.5, 2] m, gNB height range 8 m.
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Figure 25: Vertical and horizontal positioning accuracy in Indoor Factory Sparse High (InF-SH) FR2, using Comb-6 RE pattern with 400 MHz BW, UE height is within the range [0, 8] m, gNB height is 8 m.
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Figure 26:Vertical and horizontal positioning accuracy in Indoor Factory Sparse High (InF-SH) FR2, using Comb-6 RE pattern with 400 MHz BW, UE height is within the range [0, 8] m, gNB height range {4,8} m.
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Figure 27: Vertical and horizontal positioning accuracy in Indoor Factory Dense High (InF-DH) FR2, using Comb-6 RE pattern with 400 MHz BW, UE height is within the range [0, 8] m, gNB height is 8 m.
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Figure 28: Vertical and horizontal positioning accuracy in Indoor Factory Dense High (InF-DH) FR2, using Comb-6 RE pattern with 400 MHz BW, UE height is within the range [0, 8] m, gNB height range {4,8} m.
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Figure 29:Vertical and horizontal positioning accuracy in Indoor Factory Sparse High (InF-SH) FR1, using Comb-6 RE pattern with 100 MHz BW, UE height is within the range [0, 8] m, gNB height is 8 m.
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Figure 30: Vertical and horizontal positioning accuracy in Indoor Factory Sparse High (InF-SH) FR1, using Comb-6 RE pattern with 100 MHz BW, UE height is within the range [0, 8] m, gNB height range {4,8} m.
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Figure 31: Vertical and horizontal positioning accuracy in Indoor Factory Dense High (InF-DH) FR1, using Comb-6 RE pattern with 100 MHz BW, UE height is within the range [0, 8] m, gNB height is 8 m.
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Figure 32: Vertical and horizontal positioning accuracy in Indoor Factory Dense High (InF-DH) FR1, using Comb-6 RE pattern with 100 MHz BW, UE height is within the range [0, 8] m, gNB height range {4,8} m.
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Figure 33: Vertical and horizontal positioning accuracy in Indoor Factory Sparse High (InF-SH) FR2, using Comb-6 RE pattern with 400 MHz BW, UE height is within the range [0, 8] m, gNB height range {2, 4, 6, 8} m.
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Figure 34: Vertical and horizontal positioning accuracy in Indoor Factory Sparse High (InF-SH) FR2, using Comb-6 RE pattern with 400 MHz BW, UE height is within the range [0, 8] m, gNB height range {1, 2, 3, 4, 5, 6, 7, 8} m.
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Figure 35: Vertical and horizontal positioning accuracy in Indoor Factory Sparse High (InF-SH) FR2, using Comb-6 RE pattern with 400 MHz BW, UE height is within the range [0, 8] m, gNB height range {1: 0.5: 8} m.
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