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1 Introduction
At RAN#86 meeting, the study item on NR Positioning Enhancements was approved [1]. From RAN1’s perspective, the SI includes the following objectives:
· 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 (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
a. 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]
b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
c. 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]
NOTE 1:	Sidelink is not part of this objective.
NOTE 2:	Involve RAN4 for validating assumptions for the systems evaluations where appropriate.
NOTE 3:	The commercial use cases and requirements are applicable to a limited geographic area.
The SI is expected to define the IIOT use cases with the associated performance requirements for identifying the performance gap and the simulation scenarios for the IIOT use cases with associated parameters. 

2 Evaluation Parameters
The system level simulations for positioning were conducted based on the Rel-16 assumptions described in TR38.855 [3] and the InF scenarios defined in TR38.901 [2].  Specific values applied for each InF scenarios and frequency range are summarized in Table 1 below.  For FR2, the antenna radio patterns described in TR38.855 is applied, where the associated parameters are summarized in Table 2 for reference. 
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	FR1 Specific Values 
	FR2 Specific Values

	Channel model
	InF-SL, InF-DL, InF-SH, InF-DH and  InF-HH
	InF-SL, InF-DL, InF-SH, InF-DH and InF-HH

	Layout 
	Hall size
	120x60 m and 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
[image: ]

	Room height
	 10m
	10m

	Carrier Frequency
	3.5GHz
	28GHz

	Bandwidth
	100MHz
	400MHz

	Subcarrier Spacing
	30kHz
	120kHz

	PRS Configuration
	Comb-6 over 6 symbols. 
Single frequency layer with 18 TRPs. 
No overlap in DL PRS from different TRPS.
	Comb-2 over 2 symbols.
Single frequency layer with 54 TRPs per layer.
No overlap in DL PRSs from different TRP

	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

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

	UE antenna radiation pattern
	Omni, (0 dBi)
	Antenna model according to Table 2

	Penetration loss
	0dB

	Number of floors
	1

	UE drop procedure
	100% indoor, uniformly distributed over the horizontal area
Correlation distance described in Table 7.5-6 Part-3 of TS38.901 for InF scenarios and Table7.6.9-1 of 38.901 for  are not applied.  


	UE mobility
	3km/h

	UE antenna height
	1.5m

	Min gNB-UE distance (2D), m
	1m

	UE noise figure
	9 dB
	13dB Note 1

	gNB antenna height
	BS height = 1.5 m for InF-SL and InF-DL
BS-height = 8 m for for InF-SH and InF-DH

	Clutter density: 
	Low clutter density: 20%
High clutter density: 60%

	Clutter height: 
	Low clutter density: 2 m
High clutter density: 6 m

	Clutter size: 
	Low clutter density: 10 m
High clutter density: 2 m

	Network Synchronization
	Perfect synchronization

	Positioning Algorithm
	TOA estimation with 4x oversampling with TOA pruning before the positioning engine using the ratio of the estimated TOA peak over the median of the Channel Energy Response (CER).  Chan’s algorithm [6] is used to compute position based on TDOAs. Results are also shown using RANSAC algorithm to prune the observations used by the Chan’s algorithm.


	
	

	
	

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



Table 1 Evaluation Parameters


	Parameter
	Values

	Antenna element radiation pattern in  dim (dB)
	


	Antenna element radiation pattern in  dim (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	5dBi

	
	
Note:  are in local coordinate system.



Table 2 UE antenna radiation pattern model



3 Processing Steps of the Applied Algorithm

3.1 Basic Processing Flow
The blocks shown in the below diagram correspond to the main aspects of the applied algorithm with regards to TDOA-based positioning procedures: OTDOA, UTDOA, multi-RTT. 
Perform position estimation
CER/CFR reception, TOA estimation/pruning, outlier rejection
 RS Transmission from each gNB to a specific UE and/or from a UE to the gNB
Fix “good” Tx/Rx Beam pair for each gNB/UE link




3. TOA Estimation, Pruning & Outlier Rejection
After all TOAs are estimated (e.g., from 18 cell-sites for InF), the TOAs are sorted according to a quality metric, and all the TOAs with a quality metric smaller than a specific threshold are removed while ensuring that at least 4 different cell-sites are used. Following the TOA pruning, an optional Random Sample and Consensus (RANSAC) outlier rejection procedure is applied on the remaining TOAs.  The algorithm starts with a list of randomly selected TOA subsets, among which the one with most TOAs agreeing to its estimate on UE position is determined.  The TOAs showing inconsistent result when examined with the selected TOA subset are deemed unreliable and removed from the TOA list. As the process proceeds in the OTDOA and UTDOA procedures, the reference TOA is then identified as the TOA with the highest quality metric among those remaining in the list.
Run TOA outlier rejection to remove unreliable TOAs  after pruning (Optional)
Sort the TOAs based on a Quality metric, e.g.,:
1. the estimated SINR 
2. median/TOA-peak ratio
3. median/main peak ratio
Prune the TOAs with a quality metric smaller than a threshold, ensuring that 
· At least X different cell-sites are used (e.g., 4) and at least Y different gNBs remain






Identify the reference TOA as the TOA with the highest quality metric, and derive the TDOA vector 





4 Simulation Results for Indoor Factory Scenarios
The simulation results for achievable horizontal accuracy for DL TDOA algorithm are provided in this section, where TOA pruning based on link quality (LQ) metric is considered as the baseline configuration.  On top of that, we added comparisons to additional cases with RANSAC outlier rejection feature enabled to demonstrates the importance of the capability to exclude NLOS links in TDOA computation.  Furthermore, to assess the impact of RSTD quantization error on accuracy (i.e. for UE assisted method), we included the results with RSTD quantization modelled in the simulation.  For FR1, the assumed resolution of RSTD measurement is 0.5ns, while for FR2, the assumed value is 0.25ns.
 
4.1 Scenario 1: InF–SL with ISD = 20m, FR1, 100MHz, 30kHz SCS
[image: ]
4.2 Scenario 2: InF-SH with ISD = 20m, FR1, 100MHz, 30kHz SCS
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4.3 Scenario 3: InF-DL with ISD = 20m, FR1, 100MHz, 30kHz SCS
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4.4 Scenario 4: InF-DH with ISD = 20m, FR1, 100MHz, 30kHz SCS
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4.5 Scenario 5: InF-HH with ISD = 20m, FR1, 100MHz, 30kHz SCS
[image: ]
4.6 Scenario 6: InF-SL with ISD = 50m, FR1, 100MHz, 30kHz SCS
[image: ]

4.7 Scenario 7: InF-SH with ISD = 50m, FR1, 100MHz, 30kHz SCS
[image: ]
4.8 Scenario 8: InF-DL with ISD = 50m, FR1, 100MHz, 30kHz SCS
[image: ]
4.9 Scenario 9: InF-DH with ISD = 50m, FR1, 100MHz, 30kHz SCS
 
[image: ]
4.10  Scenario 10: InF-HH with ISD = 50m, FR1, 100MHz, 30kHz SCS
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4.11 Scenario 11: InF-HH with ISD = 50m, FR2, 400MHz, 120kHz SCS
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4.12  Scenario 12: InF-SH with ISD = 50m, FR2, 400MHz, 120kHz SCS

[image: ]

4.13  Scenario 13: InF-SL with ISD = 20m, FR2, 400MHz, 120kHz SCS
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4.14  Scenario 14: InF-DH with ISD = 20m, FR2, 400MHz, 120kHz SCS

[image: ]



4.15 Scenario 15: InF-DL with ISD = 50m, FR2, 400MHz, 120kHz SCS
[image: ]

4.  Summary of Results:

	Evaluation Scenario
	TOA Pruning Algorithm
	Achievable Percentile
	Horizontal positioning accuracy (m)

	
	
	Commercial Requirement(<1m)
	IIOT requirement (<20cm)
	50%
	80%
	90%
	95%

	InF-SL
3.5 GHz
D20 100MHz
	LQ-based
	45%
	40%
	3.36
	24.19
	35.68
	54.48

	
	RANSAC-based
	66%
	56%
	0.12
	5.57
	13.29
	22.73

	
InF-SH
3.5 GHz
D20 100MHz
	LQ-based
	93%
	83%
	0.05
	0.15
	0.32
	14.81

	
	RANSAC-based
	97%
	89%
	0.04
	0.11
	0.21
	0.43

	
InF-DL
3.5 GHz
D20 100MHz
	LQ-based
	N/A
	N/A
	20.60
	39.33
	51.97
	81.06

	
	RANSAC-based
	N/A
	N/A
	9.13
	21.76
	30.92
	47.71

	
InF-DH
3.5 GHz
D20 100MHz
	LQ-based
	N/A
	N/A
	23.86
	57.99
	77.39
	96.30

	
	RANSAC-based
	N/A
	N/A
	9.27
	22.85
	35.93
	51.97

	
InF-HH
3.5 GHz
D20 100MHz
	LQ-based
	98%
	93%
	0.04
	0.09
	0.15
	0.26

	
	RANSAC-based
	98%
	94%
	0.03
	0.07
	0.13
	0.24

	
InF-SL
3.5 GHz
D50 100MHz
	LQ-based
	N/A
	N/A
	12.71
	35.95
	62.56
	92.47

	
	RANSAC-based
	N/A
	N/A
	7.11
	13.57
	21.30
	31.92

	
InF-SH
3.5 GHz
D50 100MHz
	LQ-based
	88%
	73%
	0.07
	0.30
	2.28
	15.37

	
	RANSAC-based
	94%
	83%
	0.04
	0.18
	0.35
	1.60

	
InF-DL
3.5 GHz
D50 100MHz
	LQ-based
	N/A
	N/A
	13.68
	42.85
	70.77
	128.87

	
	RANSAC-based
	N/A
	N/A
	6.68
	16.15
	22.95
	38.47

	
InF-DH
3.5 GHz
D50 100MHz
	LQ-based
	N/A
	N/A
	15.87
	48.38
	78.22
	105.09

	
	RANSAC-based
	N/A
	N/A
	6.94
	16.53
	24.65
	40.31

	
InF-HH
3.5 GHz
D50 100MHz
	LQ-based
	95%
	90%
	0.03
	0.09
	0.24
	1.01

	
	RANSAC-based
	99%
	93%
	0.03
	0.07
	0.13
	0.26








	Evaluation Scenario
	TOA Pruning Algorithm
	Achievable Percentile
	Horizontal positioning accuracy(m)

	
	
	Commercial Requirement(<1m)
	IIOT requirement (<20cm)
	50%
	80%
	90%
	95%

	INF-HH
28GHz
D50 400MHz
	LQ-based
	100%
	100%
	0.004
	0.009
	0.014
	0.029

	
	RANSAC-based
	100%
	100%
	0.003
	0.007
	0.010
	0.014

	INF-SH 
28GHz 
D50 400MHz
	LQ-based
	93%
	93%
	0.004
	0.009
	0.017
	1.823

	
	RANSAC-based
	96%
	96%
	0.003
	0.009
	0.014
	0.025

	INF-SL 
28GHz 
D20 400MHz 
	LQ-based
	46%
	46%
	1.590
	22.747
	39.010
	53.811

	
	RANSAC-based
	66%
	63%
	0.008
	5.813
	15.283
	33.006

	INF-DH
28GHz
D20 400MHz
	LQ-based
	N/A
	N/A
	18.639
	37.936
	53.050
	76.229

	
	RANSAC-based
	N/A
	N/A
	16.540
	35.601
	52.197
	79.719

	INF-DL 
28GHz 
D50 400MHz 
	LQ-based
	N/A
	N/A
	19.255
	46.743
	78.401
	122.388

	
	RANSAC-based
	N/A
	N/A
	18.195
	43.310
	65.214
	88.128




Observation 1:  With the combination of RANSAC, DL TDOA and perfect synchronization, the exemplary IIOT requirement (< 20cm accuracy) and commercial requirement (< 1m accuracy) can be met for a subset of InF scenarios at the percentiles summarized below: 
	Evaluation Scenario
	Achievable Percentile

	
	Commercial Requirement(<1m)
	IIOT requirement (<20cm)

	InF-SL, D = 20m, 3.5 GHz 100MHz
	66%
	56%

	InF-SH, D = 20m, 3.5 GHz,100MHz
	97%
	89%

	InF-HH, D = 20m, 3.5 GHz, 100MHz
	98%
	94%

	InF-SH, D = 50m, 3.5 GHz, 100MHz
	94%
	83%

	InF-HH, D = 50m, 3.5GHz, 100MHz
	99%
	93%

	INF-HH, D = 50m, 28GHz, 400MHz
	100%
	100%

	INF-SH, D = 50m, 28GHz, 400MHz
	96%
	96%

	INF-SL, D = 50m, 28GHz, 400MHz 
	66%
	63%



Observation 2: Due to low LOS availability, for scenarios of InF-SL (when D = 50m), InF-DL and InF-DH, both IIOT requirement (< 20cm accuracy) and commercial requirement (< 1m accuracy) cannot be met. 
Observation 3: For InF-SH scenario in FR1 with 100MHz bandwidth, the 0.5ns resolution limit in RSTD measurement report causes ~10cm to 15cm degradation in horizontal accuracy at the 90th percentile.








5 Simulation Results for UMI/UMA Scenarios
In this section, we provide two additional scenarios where the 3GPP Rel-16 Evaluation Assumptions were used to simulate UMI FR1 & FR2 and UMA FR1.
5.1 Scenario 16: UMI with 3GPP Rel-16 Simulation Assumptions 
In this scenario, we show results for 100 MHz UMI FR1 and 400 MHz UMI FR2, with realistic network sync error according to a truncated Gaussian Distribution [-2*T1,2*T1] nsec, and a RTT calibration error (due to gNB/UE Rx-Tx measurement according to a truncated Gaussian Distribution of [-2*T2,2*T2] nsec), where T1 and T2 denote the RMS error for network sync and RTT calibration, respectively, before the truncation. Both TDOA and M-RTT results are shown. The algorithm used in this scenario is the link quality based pruning algorithm. 
[image: ]
FR1, 100MHz, 30kHz, UMI, RTT & TDOA
[image: ]
FR2, 400MHz, 120kHz, UMI, RTT & TDOA
Observation 4: For scenario 16, with realistic network sync and group delay calibration, the exemplary commercial use case for Rel-17 (< 1m accuracy) cannot be met. M-RTT method provides better performance compared to TDOA. 


5.2 Scenario 17: UMA with 3GPP Rel-16 Simulation Assumptions 
In this section, we provide an additional scenario where the 3GPP Rel-16 Evaluation Assumptions were used to simulate an UMA FR1 case with 100 MHz and OTDOA with perfect network sync. The algorithm first prunes TOAs based on link-quality – TOAs with a quality metric smaller than a specific threshold are removed while ensuring that at least 4 different cell-sites are used. Then, it uses a likelihood fusion approach based on the distribution of the OTDOA estimation error to estimate the position. We observe that at the 80%, the achievable horizontal error is at 3 meters.
[image: ]
FR1, 100MHz, 30kHz, UMA, TDOA with perfect sync

6 Simulation Results for InH Scenarios
In this section, we provide one scenario where the 3GPP Rel-16 Evaluation Assumptions were used to simulate InH FR2.
6.1 Scenario 18: InH with 3GPP Rel-16 Simulation Assumptions 
In this scenario, we show the results of 400 MHz InH FR2, with realistic network sync error according to a truncated Gaussian Distribution [-2*T1,2*T1] nsec, and a RTT calibration error (due to gNB/UE Rx-Tx measurement according to a truncated Gaussian Distribution of [-2*T2,2*T2] nsec), where T1 and T2 denote the RMS error for network sync and RTT calibration, respectively, before the truncation. Both TDOA and M-RTT results are shown. The algorithm used in this scenario is the link quality based pruning algorithm. 
[bookmark: _GoBack][image: ]

Observation 5: For scenario 18, with realistic network sync and group delay calibration, the exemplary commercial use case for Rel-17 (< 1m accuracy) cannot be met. M-RTT method provides better performance compared to TDOA. 


7 Conclusion
In this document, we presented our evaluation results and we make the following observations:
Observation 1:  With the combination of RANSAC, DL TDOA and perfect synchronization, the exemplary IIOT requirement (< 20cm accuracy) and commercial requirement (< 1m accuracy) can be met for a subset of InF scenarios at the percentiles summarized below: 
	Evaluation Scenario
	Achievable Percentile

	
	Commercial Requirement(<1m)
	IIOT requirement (<20cm)

	InF-SL, D = 20m, 3.5 GHz 100MHz
	66%
	56%

	InF-SH, D = 20m, 3.5 GHz,100MHz
	97%
	89%

	InF-HH, D = 20m, 3.5 GHz, 100MHz
	98%
	94%

	InF-SH, D = 50m, 3.5 GHz, 100MHz
	94%
	83%

	InF-HH, D = 50m, 3.5GHz, 100MHz
	99%
	93%

	INF-HH, D = 50m, 28GHz, 400MHz
	100%
	100%

	INF-SH, D = 50m, 28GHz, 400MHz
	96%
	96%

	INF-SL, D = 50m, 28GHz, 400MHz
	66%
	63%



Observation 2: due to low LOS availability, for scenarios of InF-SL (when D = 50m), InF-DL and InF-DH, both IIOT requirement (< 20cm accuracy) and commercial requirement (< 1m accuracy) cannot be met. 
Observation 3: for InF-SH scenario in FR1 with 100MHz bandwidth, the 0.5ns resolution limit in RSTD measurement report causes ~10cm to 15cm degradation in horizontal accuracy at the 90th percentile.
Observation 4: For scenario 16, with realistic network sync and group delay calibration, the exemplary commercial use case for Rel-17 (< 1m accuracy) cannot be met. M-RTT method provides better performance compared to TDOA. 
Observation 5: For scenario 18, with realistic network sync and group delay calibration, the exemplary commercial use case for Rel-17 (< 1m accuracy) cannot be met. M-RTT method provides better performance compared to TDOA.
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