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Introduction
[bookmark: _Hlk510705081]Work on the current study item on positioning support in NR [1] continued at RAN1#95 with simulation results expected to be submitted for evaluation of RAT-dependent positioning techniques. Nokia provided initial results for OTDOA at RAN1#95 in [2]. This contribution includes additional OTDOA results as well as UTDOA initial results. See our companion contributions [3] and [4] for details and Nokia’s view on the specific solutions. 
Discussion
OTDOA Simulation Results
In this section simulation results for OTDOA are provided. Evaluation scenarios and simulation assumptions used for the results in this section come from the agreements made by RAN1 [5]. See our earlier contribution for some additional assumptions for FR1 simulations [6]. Any additional assumptions for the OTDOA results are outlined in the table below. 
	System parameters
	Value (FR1)
	Value (FR2)

	Carrier Frequency
	4 GHz
	30 GHz

	Number of PRS Subframes per PRS Occasion
	1 and 6
	1 

	PRS RE mapping
	LTE method defined in [4]

	PRS sequence
	LTE method defined in [4]

	PRS muting 
	Perfect muting assumed

	Network Synchronization Assumption
	Perfectly synchronized

	Layout
	7 sites for UMa and UMi

	gNB model parameters
	
	

	gNB Antenna Radiation pattern
	Sectorized beam pattern  
	UMi - Directional – 8 dBi
InH – Sectroized beam pattern

	gNB Antenna Height
	25 m

	UE model parameters
	
	

	UE Receiver Threshold
	No thresholding and 0.5 
	0.5 threshold

	UE Antenna Combining
	Non-coherent combing across RX antennas
	RX beamforming used where applicable and non-coherent combing across RX antenna ports 



As discussed in our pervious contribution [6], one advanced positioning calculation algorithm is BLADE [7]. This algorithm helps to overcome the error introduced by the NLOS channel during the RSTD measurement portion of OTDOA. The basic idea is to try to find the NLOS bias error and attempt to compensate for the bias when doing the positioning calculation. BLADE does not require any additional UE complexity or reporting when used for OTDOA. In this contribution we provide results both with BLADE and without BLADE. 
Urban Micro Scenario 
In this section we provide simulation results for the UMi street canyon scenario. The CDF curves shown below represent the horizontal positioning error in meters.
FR2 Results
In [6] we showed results for the UMi scenario for FR1. In this section we provide results for FR2. To evaluate the potential of OTDOA at FR2 we assumed that the best beam pair between the UE and each gNB is found and used for PRS transmission/reception. This assumption appears in-line with other companies working assumptions on this topic (e.g., see [8]).  
The bandwidth for these results is 100 MHz and we use a UE receiver threshold of 0.5. These results are reflected in the summary tables provided in Section 2.1.3. The first CDF curve below shows the results for 100 MHz without BLADE, when the carrier frequency is 30 GHz (i.e., FR2) and when the carrier frequency is 4 GHz (i.e., FR1). The second CDF curve below shows the results for 100 MHz with BLADE, when the carrier frequency is 30 GHz and when the carrier frequency is 4 GHz.    
[image: ][image: ]
Observation 1: In the Urban Micro scenario, with BLADE and at FR2 the performance of OTDOA exceeds the regulatory requirements and may achieve the requirements for some commercial use cases.   
RSTD Measurement Error 
[image: ]
Indoor Office Scenario
In this section we provide simulation results for the Indoor Office scenario. The CDF curves shown below represent the horizontal positioning error in meters.
FR2 Results
In [6] we showed results for the UMi scenario for FR1. In this section we provide results for FR2. The bandwidth for these results is 100 MHz and we use a UE receiver threshold of 0.5. These results are reflected in the summary tables provided in Section 2.1.3. The first CDF curve below shows the results for 100 MHz without BLADE, when the carrier frequency is 30 GHz (i.e., FR2) and when the carrier frequency is 4 GHz (i.e., FR1). The second CDF curve below shows the results for 100 MHz with BLADE, when the carrier frequency is 30 GHz and when the carrier frequency is 4 GHz.    
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Observation 2: In the Indoor Office scenario, at FR2, the performance of OTDOA may achieve the requirements for commercial use cases. 
Observation 3: Using advanced positioning calculation algorithms (e.g., BLADE) can significantly improve the performance of OTDOA in some scenarios. 
RSTD Results
[image: ]
Observation 4: The RSTD measurement accuracy at FR2 is quite good and this leads to increased potential positioning accuracy using OTDOA. 
OTDOA Summary 
The following table summarizes the OTDOA results under various conditions. The tables include the results provided in this contribution as well as those provided in [6]. 
Table 2.1.3.1: OTDOA Horizontal Positioning Error (m) without BLADE and with threshold = 0.5. 
	Scenario, Fc, BW
	50%
	80%
	90%

	UMa, 4 GHz, 5 MHz
	14.7
	37.3
	59.4

	UMa, 4 GHz, 100 MHz
	7.0
	30.1
	59.4

	UMi, 4 GHz, 5 MHz
	16.2
	38.5
	60.5

	UMi, 4 GHz, 100 MHz
	13.2
	45.2
	63.7

	UMi, 30 GHz, 100 MHz
	17.6
	59.9
	95.5

	InH, 4 GHz, 5 MHz
	13.1
	21.2
	34.4

	InH, 4 GHz, 100 MHz
	9.6
	14.5
	16.8

	InH, 30 GHz, 100 MHz
	9.0
	13.5
	16.0



Table 2.1.3.2: OTDOA Horizontal Positioning Error (m) with BLADE and with threshold = 0.5. 
	Scenario, Fc, BW
	50%
	80%
	90%

	UMa, 4 GHz, 5 MHz
	14.2
	30.6
	71.5

	UMa, 4 GHz, 100 MHz
	1.2
	2.9
	4.8

	UMi, 4 GHz, 5 MHz
	13.3
	31.3
	51.2

	UMi, 4 GHz, 100 MHz
	1.2
	2.7
	4.9

	UMi, 30 GHz, 100 MHz
	0.6
	1.4
	2.6

	InH, 4 GHz, 5 MHz
	3.2
	8.8
	12.1

	InH, 4 GHz, 100 MHz
	1.0
	2.4
	4.9

	InH, 30 GHz, 100 MHz
	0.3
	0.6
	1.0



Observation 5: OTDOA can meet the regulatory requirements for NR positioning. 
Proposal 1: OTDOA shall be supported in NR. 
UTDOA Simulation Results
In the last meetings, good progress was made on the performance metrics for this SI. In addition to the CDF curves of positioning error and analytical metrics we feel it would be beneficial to include more metrics for comparisons between companies. In particular this is important as there is no current plan for calibration between companies for simulation of positioning solutions. For example, in UTDOA it is possible for companies to suggest advanced receiver algorithms and/or advanced post processing algorithms. While useful to determine how well a given solution can indeed perform these enhancements are up to implementation. 
Simulation Results
In this section initial simulation results for UTDOA are provided. The results for FR1 and all three agreed upon evaluation scenarios are included. In addition to the simulation assumptions in the Appendix the following evaluation assumptions were used: 
	System parameters
	Value

	Carrier Frequency
	4 GHz

	Number of SRS Subframes scheduling
	1 

	Number of SRS symbols in a SRS subframe
	2

	Network Synchronization Assumption
	Perfectly synchronized

	Layout
	7 sites for UMa and UMi

	gNB model parameters
	

	gNB Antenna Radiation pattern
	Sectorized beam pattern  

	gNB Antenna Height
	25 m

	UE model parameters
	

	UE Receiver Threshold
	0.5 

	Number of SRS port 
	1



 UMa Scenario
In this section we provide simulation results for the UMa scenario. The CDF curves shown below represent the horizontal positioning error in meters. Three plots are provided. The first one shows the results for the 5 MHz case and using no UE receiver thresholding. The second one shows the results for the 100 MHz case and using no UE receiver thresholding. The results are made with 2 SRS symbols in a SRS subframe, and using UE receiver thresholding of 0.5. 
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Observation 6: In the UMa scenario, the narrow BW (5Mhz) UTDoA measurement exceeds the accuracy requirements, while the BLADE algorithm in the wide BW (100MHz) shows feasible performance. Using advanced positioning calculation algorithms (e.g., BLADE) can significantly improve the performance of UTDOA in this scenario.
Indoor Office Scenario
In this section we provide simulation results for the Indoor Office scenario. The CDF curves shown below represent the horizontal positioning error in meters. Three plots are provided. The first one shows the results for the 5 MHz case and using no UE receiver thresholding. The second one shows the results for the 100 MHz case and using no UE receiver thresholding. The third one shows the results for both bandwidths, with 1 PRS subframe only, and using UE receiver thresholding of 0.5. The results are made with 2 SRS symbols in a SRS subframe, and using UE receiver thresholding of 0.5.
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Observation 7: In the indoor hotspot scenario, the BLADE algorithm shows feasible performance and meets the regulatory requirements. 
UMi Street Canyon Scenario
In this section we provide simulation results for the UMi street canyon scenario. The CDF curves shown below represent the horizontal positioning error in meters. Three plots are provided. The first one shows the results for the 5 MHz case and using no UE receiver thresholding. The second one shows the results for the 100 MHz case and using no UE receiver thresholding. The results are made with 2 SRS symbols in a SRS subframe, and using UE receiver thresholding of 0.5.
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Observation 8: In the UMi scenario, the narrow BW UTDoA measurement exceeds the accuracy requirements, while the BLADE algorithm in the wide BW shows feasible performance.
UTDOA Summary 
From the simulation results above, the UTDOA performances are summarized in the Table 2.2.5.1. Overall, the UTDOA simulations show performances with less than 5m degradations comparing to OTDOA results. In some scenario, we can confirm that UTDOA will make feasible positioning performances meeting the NR positioning requirements. In our tests, non-precoded NR SRS is utilized for positioning purpose in the FR1 system. We expect that NR SRS has more configuration factors that can impact on the UTDOA performance such as beamformning, precoding, SRS resource allocations etc. Therefore, we think that further performance needs to be investigated through this SI based on the NR SRS configurations as baseline.
Observation 9: Overall, the UTDOA simulations show performances with degradations comparing to OTDOA results.
Observation 10: It can be confirmed that UTDOA makes feasible positioning performances meeting the NR positioning requirements through these results. Further UTDOA performance needs to be studied based on NR SRS baseline in FR1 and FR2 through SI.
Table 2.2.5.1 : UTDOA Positioning Error (m) in FR1 ( fc=4GHz) with BLADE and with threshold = 0.5.  
	Scenario, BW 
	50%
	80%
	90%

	UMa,  5 MHz 
	16.62 
	36.57 
	52.9 

	UMa,  100 MHz 
	2.1 
	6.15 
	11.37 

	UMi,   5 MHz 
	17.31 
	42.52 
	71.04 

	UMi,   100 MHz 
	1.6 
	3.9 
	6.5 

	InH,   5 MHz 
	3.43 
	21.2 
	34.4 

	InH,   100 MHz 
	9.6 
	8.15 
	12.25 



Conclusion
Observation 1: In the Urban Micro scenario, with BLADE and at FR2 the performance of OTDOA exceeds the regulatory requirements and may achieve the requirements for some commercial use cases.   
Observation 2: In the Indoor Office scenario, at FR2, the performance of OTDOA may achieve the requirements for commercial use cases. 
Observation 3: Using advanced positioning calculation algorithms (e.g., BLADE) can significantly improve the performance of OTDOA in some scenarios. 
Observation 4: The RSTD measurement accuracy at FR2 is quite good and this leads to increased potential positioning accuracy using OTDOA. 
Observation 5: OTDOA can meet the regulatory requirements for NR positioning. 
Proposal 1: OTDOA shall be supported in NR. 
Observation 6: In the UMa scenario, the narrow BW (5Mhz) UTDoA measurement exceeds the accuracy requirements, while the BLADE algorithm in the wide BW (100MHz) shows feasible performance. Using advanced positioning calculation algorithms (e.g., BLADE) can significantly improve the performance of UTDOA in this scenario.
Observation 7: In the indoor hotspot scenario, the BLADE algorithm shows feasible performance and meets the regulatory requirements. 
Observation 8: In the UMi scenario, the narrow BW UTDoA measurement exceeds the accuracy requirements, while the BLADE algorithm in the wide BW shows feasible performance.
Observation 9: Overall, the UTDOA simulations show performances with degradations comparing to OTDOA results.
Observation 10: It can be confirmed that UTDOA makes feasible positioning performances meeting the NR positioning requirements through these results. Further UTDOA performance needs to be studied based on NR SRS baseline in FR1 and FR2 through SI.
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