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One of the objectives of the SI described in [1, 2] is to propose potential solutions for positioning based on the identified requirements and evaluation scenarios. The solutions should include at least NR-based RAT dependent positioning to operate in both FR1 and FR2 whereas other positioning technologies are not precluded. The following agreements on providing simulation results of RAT dependent methods were captured in RAN1#AH-1901:
	Agreement:
· The template in Section 3 of R1-1901416 is agreed for inclusion of simulation results in Section 8 of the TR
· Section 8 will also include a summary of the results
· These text proposals for Subsections of TR titled “Results from Company …” should be provided by each company as part of their contribution into RAN1#96
· Any analysis of the results can be included in the contribution but should be separate from the above text proposal
· Note: Rapporteurs to provide any guidance on formatting for the contributions from companies in advance of the contribution deadline


This contribution provides simulation results for UTDOA as well as TOA trilateration-based positioning methods within an FR1 indoor deployment. 
Annex B provides the Simulation Assumptions and Results for TR 38.855.
System level simulation assumption 
Scenario generation: The infrastructure deployment, antenna configuration, UE drops and simulation parameters are generated according to the scenario assumptions in Annex-A. These simulation parameters are derived based on the agreements in [3] for the Mixed and Open office scenarios, which mainly differ in the probability of LOS and NLOS channels. The beam pair selection between the targets UE and the gNBs are applied according to the best cell (serving cell). For the analysis provided in this contribution interference from other users is not considered.

Signal generation: The bandwidth configuration for the generated SRS utilizes bandwidths of 5 MHz, 50 MHz and 100 MHz with subcarrier spacing of 15 kHz and 30 kHz in FR1.

TOA estimation: At the receiver, we apply a cross-correlation between the reference SRS signal and the received signal. For the SLS results, we compare the performance for two algorithms:
· Estimator1: a basic approach that estimates the TOA from the maximum detected peak of the cross-correlation result
· Estimator2: the estimator detects the first peak up to 9 dB below the maximum peak. An interpolation factor of 10 is applied to the cross-correlation. The TOA is estimated based on the inflection point of the rising edge of the first detected peak.

Positioning estimation: The position estimation is performed on single shot TOA measurements assuming perfect timing synchronization. The positioning module uses quality measure to filter out poor links before estimating a UE position.
The following subsections show performance results based on UTDOA and RTT-trilateration.
Performance for UTDOA for Indoor scenario in FR1
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Figure 1 – 2D positioning error for indoor open office scenario with a low class TOA estimator (Estimator1) and high class TOA estimator (Estimator2) for 5, 50, 100 MHz SRS configurations.
[image: ]
Figure 2  – 2D positioning error for indoor mixed office scenario with a low class TOA estimator (Estimator1) and high class TOA estimator (Estimator2) for 5, 50, 100 MHz SRS configurations.

Observation 1: Assuming perfect synchronization, the horizontal positioning accuracy achieved with 100 MHz bandwidth with UTDOA lies below
· 2.8 m and 5.7 m respectively for a high and a low class TOA estimator in FR1 (for mixed office scenario)
· 0.7 m and 2.2 m respectively for a high and a low class TOA estimator in FR1 (for open office scenario)
in 80 percent of the cases.

High class TOA estimator UTDOA performance:

	
	50%
	70%
	80% 
	90% 
	95% 

	InH Open Office

	4 GHz/30 kHz/100 MHz
	0.53 m
	0.59 m
	0.67 m
	0.88 m
	1.40 m

	4 GHz/15 kHz/50 MHz
	0.61 m
	0.77 m
	1.03 m
	1.69 m
	2.78 m

	4 GHz/15 kHz/5 MHz
	3.44 m
	4.59 m
	6.03 m
	11.99 m
	20.19 m

	InH Mixed Office

	4 GHz/30 kHz/100 MHz
	1.21 m
	1.92 m
	2.83 m
	5.47 m
	8.41 m

	4 GHz/15 kHz/50 MHz
	1.47 m
	2.14 m
	3.08 m
	5.30 m
	8.50 m

	4 GHz/15 kHz/5 MHz
	6.19 m
	8.93 m
	11.29 m
	21.06 m
	79.70 m



Low class TOA estimator UTDOA performance:
	
	50%
	70%
	80%
	90%
	95%

			InH Open Office

	4 GHz/30 kHz/100 MHz
	1.16 m
	1.72 m
	2.22 m
	3.31 m
	5.16 m

	4 GHz/15 kHz/50 MHz
	2.20 m
	3.39 m
	4.47 m
	7.34 m
	12.31 m

	4 GHz/15 kHz/5 MHz
	9.33 m
	13.32 m
	15.5 m
	49.10 m
	-

	InH Mixed Office

	4 GHz/30 kHz/100 MHz
	2.49 m
	3.98 m
	5.66 m
	9.28 m
	26.06 m

	4 GHz/15 kHz/50 MHz
	3.17 m
	4.76 m
	7.04 m
	12.61 m
	37.72 m

	4 GHz/15 kHz/5 MHz
	9.35 m
	13.41 m
	16.95 m
	37.45 m
	-




Performance for Trilateration-based RTT for Indoor scenario in FR1
For RTT, the positioning is performed based on trilateration from one way TOA measurements. Additional considerations on the simulation assumptions should be taken into account to obtain more realistic RTT results [4].
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Figure 3 – RTT 2D positioning error for indoor open office scenario with a low class TOA estimator (Estimator1) and high class TOA estimator (Estimator2) for 5, 50, 100 MHz SRS configurations.
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Figure 4 – RTT 2D positioning error for indoor mixed office scenario with a low class TOA estimator (Estimator1) and high class TOA estimator (Estimator2) for 5, 50, 100 MHz SRS configurations.


Observation 2: The horizontal positioning accuracy achieved with 100 MHz bandwidth with RTT lies below
· 1.4 m and 6.2 m respectively for a high and a low class TOA estimator in FR1 (for mixed office scenario)
· 0.8 m and 3.2 m respectively for a high and a low class TOA estimator in FR1 (for open office scenario)
in 80 percent of the cases.

High class TOA estimator RTT performance summary:
	
	50%
	70%
	80%
	90%
	95%

			     InH Open Office

	4GHz/30kHz/100MHz
	0.57 m
	0.68 m
	0.75 m
	0.82 m
	0.91 m

	4GHz/15kHz/50MHz
	0.67 m
	0.86 m
	0.95 m
	1.10 m
	1.18 m

	4GHz/15kHz/5MHz
	3.32 m
	4.03 m
	4.36 m
	4.75 m
	5.37 m

		InH Mixed Office

	4GHz/30kHz/100MHz
	0.86 m
	1.15 m
	1.41 m
	1.70 m
	2.06 m

	4GHz/15kHz/50MHz
	1.70 m
	2.07 m
	2.36 m
	2.78 m
	3.20 m

	4GHz/15kHz/5MHz
	7.66 m
	9.60 m
	10.62 m
	11.98 m
	13.18 m



Low class TOA estimator RTT performance summary:
	
	50%
	70%
	80%
	90%
	95%

									InH Open Office

	4 GHz/30 kHz/100 MHz
	2.39 m
	2.85 m
	3.16 m
	3.53 m
	3.83 m

	4 GHz/15 kHz/50 MHz
	4.72 m
	5.64 m
	6.07 m
	6.82 m
	7.36 m

	4 GHz/15 kHz/5 MHz
	38.20 m
	40.53 m
	42.37 m
	44.63 m
	46.40 m

									InH Mixed Office

	4 GHz/30 kHz/100 MHz
	4.08 m
	5.50 m
	6.16 m
	7.54 m
	8.86 m

	4 GHz/15 kHz/50 MHz
	7.17 m
	8.60 m
	9.48 m
	11.05 m
	11.98 m

	4 GHz/15 kHz/5 MHz
	41.87 m
	45.12 m
	46.60 m
	48.51 m
	50.37 m



Observation 3: The overall performance depends on the quality of the estimation classes for both TOA and TDOA positioning methods.

A high class estimator can in many cases relax the bandwidth requirements to achieve certain accuracy level. Notably in challenging environments when LOS path or first cluster path is either not easily detectable or influenced with multipath components with relative low delay. This can be seen from the performance of Estimator2 for 100 and 50MHz SRS configurations for both indoor scenarios.
Observation 4: A high class estimator can in many cases relax the bandwidth requirements to achieve certain accuracy level. 
Performance gain through improved TOA estimation algorithms 
Estimator classes 
The position computation as a combination of several TOA measurements (or RSTDs) masks several effects of the multipath channels. The positioning performance results depend highly on the performance of the TOA estimator, and the chosen positioning algorithm (converting from TOA measurements to positions). In this part we study the impact of different estimators on the TOA and positioning accuracy.
For the SLS evaluation, an alignment on the used estimator is needed as well to conclude comparable results, similar observation were also reported in [5]. Since different estimators achieve different performance, e.g. in terms of resolution and accuracy, these estimators can be grouped into classes according to their estimation capabilities. One way to categorize these estimation classes is by setting requirements for a defined signal bandwidth and sampling rate. The requirements can be derived based on the achievable accuracy or reliability, as for example:
Accuracy: In an AWGN environment with no fading or multi-path, the timing error estimation shall be less than [Accuracy Requirement] and for defined channel environments (like fast fading channels), when the signal presence is correctly detected.
Reliability: The estimator shall be capable of detecting the correct path, for at least [Reliability Requirement %] of the location attempts, at the defined detection levels. E.g. the number of estimation outliers is a basis of this consideration.

Proposal 1: Define requirements to classify TOA estimation performance in terms of accuracy and reliability.
Proposal 2: Report the estimator classes used to generate the SLS results.
Note: [6] defines similar requirements on the performance that must be achieved by an LMU.
UTDOA for gNBs/LMUs with different estimator classes
In case of UTDOA the measurements may be performed by different implementations of gNBs or LMUs and the characteristics may be different due to different estimators resulting in a position offset. However, it makes sense that the characteristics of the TOA estimator are taken into account by the position calculating algorithm.
To illustrate this effect, 6 gNBs out of the 12 from the InH setup were randomly assigned to a low class estimator (Peak) and the other 6 are assigned to a high class estimator (IFP). In Figure 5, the results clearly show the performance degradation for the case where the positioning processer does not have a prior knowledge on the estimator class.

Observation 5: The LMF needs to know the estimation class from different gNBs in UL 
· The knowledge of these properties enables the central positioning engine to optimally consider the provided estimates.

The design or implementation aspects of the TOA estimator are not relevant for the specification. However, the knowledge of the estimation capabilities is essential for both UL and DL based positioning to determine which service levels a UE can achieve in a certain environment or for an LMF processing TOAs from multiple gNBs possessing different estimation classes. 
Observation 6: The TOA estimation class for both, UE and gNB, has impact on the performance and should be considered in RAN2.

[image: ]
[bookmark: _Ref534976116][bookmark: _Ref534976112]Figure 5 – SLS 2D-Error for indoor mixed office scenario using a high class estimator and a combination of high and low class estimators

Conclusion
The following observations and proposals are concluded:
Observation 1: Assuming perfect synchronization, the horizontal positioning accuracy achieved with 100 MHz bandwidth with UTDOA lies below
· 2.9 m and 5.7 m respectively for a high and a low class TOA estimator in FR1 (for mixed office scenario)
· 0.7 m and 2.3 m respectively for a high and a low class TOA estimator in FR1 (for open office scenario)
in 80 percent of the cases.
Observation 2: The horizontal positioning accuracy achieved with 100 MHz bandwidth with RTT lies below
· 1.5 m and 6.2 m respectively for a high and a low class TOA estimator in FR1 (for mixed office scenario)
· 0.8 m and 3.2 m respectively for a high and a low class TOA estimator in FR1 (for open office scenario)
in 80 percent of the cases.
Observation 3: The overall performance depends on the quality of the estimation classes for both TOA and TDOA positioning methods.
Observation 4: A high class estimator can in many cases relax the bandwidth requirements to achieve certain accuracy level.

Observation 5: The LMF needs to know the estimation class from different gNBs in UL 
· The knowledge of these properties enables the central positioning engine to optimally consider the provided estimates.
Observation 6: The TOA estimation class for both, UE and gNB, has impact on the performance and should be considered in RAN2.
Proposal 1: Define requirements to classify TOA estimation performance in terms of accuracy reliability.
Proposal 2: Report the estimator classes used to generate the SLS results.
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Annex A: Simulation Assumptions
For simulations performed in this contribution the following parameters have been used (Tables B.1 and B.2). These are in accordance to agreed simulations assumptions.
Table B.1 : Common Parameters for all evaluation scenarios
	Parameters
	FR1 Specific Values

	System parameters
	

	Carrier Frequency, GHz
	4 GHz
[TR 38.802]

	Bandwidth, MHz
	5, 50, 100 MHz

	Subcarrier spacing, kHz
	15, 30 kHz

	gNB model parameters
	

	gNB Noise Figure, dB
	5 dB

	UE model parameters
	

	UE Max. TX Power, dBm
	23 dBm [TR 38.802]

	UE Noise Figure, dB
	9 dB [TR 38.802]

	UE Antenna Configuration
	Panel model 1 [TR 38.802], 
Mg = 1, Ng = 1, P = 2, dH = 0.5λ, 
(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1)

	UE Antenna
Radiation Pattern
	Omni, 0 dBi

	Network Synchronization assumption
	perfectly synchronized



Table B.2 : Evaluation Parameters for Indoor Office Scenario
	Parameters
	FR1 Specific Values

	gNB model parameters
	

	Total gNB TX Power, dBm
	24 dBm

	gNB Antenna Configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ, [TR 38.802]

	gNB Antenna Radiation Pattern
	Single sector [TR 38.802]

	Propagation characteristics
	

	Channel Model
	According to 3GPP TR 38.901
(Indoor Open Office/ Indoor Mixed Office)

	Penetration Loss
	0dB

	Layout considerations
	

	Layout
	Indoor floor: (12BSs per 120 m x 50 m), TRP number per floor:12, [TR 38.901] Inter-gNB distance = 20 m

	Number of floors,
(floor height)
	1

	UE drop procedure
	100% indoor, uniformly distributed over the horizontal area

	UE mobility
	3 km/h

	UE antenna height
	1.5 m

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

	gNB antenna height
	3 m



Annex B: Simulation Assumptions and Results for the TR
B.1 Simulation Assumptions
	Parameter
	InH, FR1 (UTDOA/RTT)

	Channel model (baseline, otherwise state any modifications)
	Mixed and Open office according to TR38.901

	Carrier frequency 
	4 GHz

	Subcarrier spacing
	15 kHz for 5 MHz 
15 kHz for 50 MHz
30 kHz for 100 MHz

	Reference Signal Transmission Bandwidth
	5, 50 and 100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Figure 10 in Annex B Resource Allocation

	Reference signal (type of sequence, number of ports, …) 
	SRS, 1 antenna port, comb 2 structure

	Number of sites
	12

	Number of symbols used per occasion
	1

	number of occasions used per positioning estimate
	1

	Power-boosting level
	No boosting

	Uplink power control (applied/not applied)
	Alpha = 0, P0 = 10dBm

	interference modelling (ideal muting, or other)
	No interference 

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Detect the first peak up to 9dB below the maximum peak. An interpolation factor of 10 is applied to the cross-correlation. The TOA is estimated based on the inflection point of the rising edge of the first detected peak.

	Description of positioning technique / applied positioning algorithm (e.g. Least squares, taylor series, etc)
	Least squares

	Network synchronization assumptions
	Perfectly synchronized

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Beam selection: Assign UEs to the best gNB with respect to the RSRP. 


	Precoding assumptions (codebook, nrof antenna elements used, etc)
	TXRU virtualization:
2 TXRU per dimension per polarization.
M_TXRU = 2, N_TXRU = 2
Analog beamforming for (gNB and UE):
weights are obtained by taking the Kronecker product of the vertical and horizontal weight vectors as described in 2D sub-array partition model in TR 36.897

	Additional notes, if any
	TOAs are filtered based on the measurement quality before applying them in positioning.



B.2 System Level Simulation Results 
8.2.3 System simulations for Indoor office scenario
8.2.3.x System Level Simulation Results from Fraunhofer 

	
	
	50%
	70%
	80%
	90%
	95%

	



UTDOA
		InH Open Office

	
	4 GHz/30 kHz/100 MHz
	0.53 m
	0.59 m
	0.67 m
	0.88 m
	1.40 m

	
	4 GHz/15 kHz/50 MHz
	0.61 m
	0.77 m
	1.03 m
	1.69 m
	2.78 m

	
	4 GHz/15 kHz/5 MHz
	3.44 m
	4.59 m
	6.03 m
	11.99 m
	20.19 m

	
		InH Mixed Office

	
	4 GHz/30 kHz/100 MHz
	1.21 m
	1.92 m
	2.83 m
	5.47 m
	8.41 m

	
	4 GHz/15 kHz/50 MHz
	1.47 m
	2.14 m
	3.08 m
	5.30 m
	8.50 m

	
	4 GHz/15 kHz/5 MHz
	6.19 m
	8.93 m
	11.29 m
	21.06 m
	79.70 m
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Figure 6 - FR1 UTDOA 2D positioning error for mixed office scenario for 5, 50, 100 MHz SRS configurations
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Figure 7 – FR1 UTDOA 2D positioning error for open office scenario for 5, 50, 100 MHz SRS configurations

8.3.3 System simulations for Indoor office scenario
8.3.3.x System Level Simulation Results from Fraunhofer
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Figure 8 - FR1 RTT 2D positioning error for mixed office scenario for 5, 50, 100MHz SRS configurations
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Figure 9 – FR1 RTT 2D positioning error for open office scenario for 5, 50, 100MHz SRS configurations

	
	
	50%
	70%
	80%
	90%
	95%

	



RTT
			InH Open Office

	
	4 GHz/30 kHz/100 MHz
	0.57 m
	0.68 m
	0.75 m
	0.82 m
	0.91 m

	
	4 GHz/15 kHz/50 MHz
	0.67 m
	0.86 m
	0.95 m
	1.10 m
	1.18 m

	
	4 GHz/15 kHz/5 MHz
	3.32 m
	4.03 m
	4.36 m
	4.75 m
	5.37 m

	
		InH Mixed Office

	
	4 GHz/30 kHz/100 MHz
	0.86 m
	1.15 m
	1.41 m
	1.70 m
	2.06 m

	
	4 GHz/15k Hz/50 MHz
	1.70 m
	2.07 m
	2.36 m
	2.78 m
	3.20 m

	
	4 GHz/15 kHz/5 MHz
	7.66 m
	9.60 m
	10.62 m
	11.98 m
	13.18 m


Resource Allocation
[image: ]
[bookmark: _Ref1052553]Figure 10 – Simplistic Resource Allocation Scheme of SRS
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