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1 Introduction
Work on the current study item on positioning support in NR [1] is supposed to conclude at RAN1#96. During RAN1#1901-AH the following agreement was made about evaluation results:
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

At RAN1#1901-AH and RAN1#95 we presented simulation results for NR positioning in [2] and [3] respectively. In this contribution we provide updated simulation results. Per the agreement above, and as instructed by the Rapporteurs, we have also included a TP in the Appendix of this contribution for inclusion in the TR.  
2 Discussion  
In this section updated simulation results from Nokia are presented for NR positioning. The text proposal for incorporating these results in the TR is included in the Appendix as requested by the Rapporteurs. 
2.1 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 [4]. 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 [6]

	PRS sequence
	LTE method defined in [6]

	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 contributions, one advanced positioning calculation algorithm is BLADE [5]. 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. In the results in this contribution we make slightly more realistic assumptions about the number of iterations performed by BLADE. Even with this change the results for BLADE are quite promising.   
We present new results for the 400 MHz bandwidth case in FR2 and compare with the 100 MHz case. The first plot below shows the results for the UMi scenario and second plot shows the results for the Indoor Office scenario. 
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Observation 1: OTDOA shows potential for both indoor and outdoor scenarios to meet some commercial use case requirements. 
Observation 2: Having highly synchronized gNB(s) allows for high accuracy RAT-dependent positioning.  
Table 2.1.1 summarizes the OTDOA results at FR2 with BLADE and Table 2.1.2 summarizes the OTDOA results at FR2 without BLADE. 
Table 2.1.1: CDF points of OTDOA Horizontal Positioning Error (m) with BLADE. 
	Scenario, Fc, BW
	50%
	80%
	90%

	UMi, 30 GHz, 100 MHz
	1.5
	4.1
	6.6

	UMi, 30 GHz, 400 MHz
	1.3
	3.8
	5.7

	InH, 30 GHz, 100 MHz
	0.5
	3.9
	7.5

	InH, 30 GHz, 400 MHz
	0.3
	6.8
	9.8



Table 2.1.2: CDF points of OTDOA Horizontal Positioning Error (m) without BLADE. 
	Scenario, Fc, BW
	50%
	80%
	90%

	UMi, 30 GHz, 100 MHz
	26.4
	75.9
	139.5

	UMi, 30 GHz, 400 MHz
	26.6
	68.4
	125.4

	InH, 30 GHz, 100 MHz
	8.9
	13.1
	15.8

	InH, 30 GHz, 400 MHz
	8.7
	12.6
	14.9



2.2 UTDOA 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, UMi, indoor hotspot,

	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



Three plots are provided. The first one shows the results for UMa case. The second plot shows the results for the Indoor Office scenario and the third plot shows the results for the Urban Micro case. 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 3: In the Uma, Umi scenario, 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 4: In the indoor hotspot scenario, the BLADE algorithm shows feasible performance and meets the regulatory requirements as well. 
From the simulation results above, the UTDOA performances are summarized in the Table 2.2.1 and 2.2.2. 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 beamforming, 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.
Table 2.2.1: UTDOA Positioning Error (m) in FR1 (fc=4GHz) with BLADE and with threshold = 0.5.  
	Scenario, BW 
	50%
	67%
	80%
	90%

	UMa, 5 MHz 
	20.04
	28.41
	43.25
	71.38

	UMa, 100 MHz 
	1.98
	3.88
	6.29
	10.45

	UMi, 5 MHz 
	15.61
	22.91
	36.94
	57.48

	UMi, 100 MHz 
	2.2
	3.19
	4.7
	7.23

	InH, 5 MHz 
	3.2
	5.66
	9.08
	10.72

	InH, 100 MHz 
	1.55
	2.2
	4.3
	5.19





Table 2.2.2: UTDOA Positioning Error (m) in FR1 (fc=4GHz) without BLADE and with threshold = 0.5.  
	Scenario, BW 
	50%
	67%
	80%
	90%

	UMa, 5 MHz 
	28.22
	32.11
	51.31
	81.28

	UMa, 100 MHz 
	3.88
	29.25
	48.96
	78.83

	UMi, 5 MHz 
	17.52
	27.1
	39.73
	59.19

	UMi, 100 MHz 
	12.98
	22.8
	36.94
	52.79

	InH, 5 MHz 
	11.43
	18.82
	23.06
	26.62

	InH, 100 MHz 
	7.95
	9.74
	12.86
	16.01



2.3 Summary of results
DL Positioning Summary:
OTDOA has been shown to be able to meet the regulatory requirements for NR positioning. OTDOA may be able to meet some commercial use case requirements depending on the scenario and the specific use case. Reusing many of the elements from LTE PRS already shows promising performance and further enhancements to the RS used for OTDOA in NR (e.g., NR PRS) can be made to further improve the performance and possible allow OTDOA to be applicable to more commercial use cases. 
UL Positioning Summary:
UTDOA may also achieve the regulatory requirements for NR positioning. In the outdoor channel, it is observed that the wide BW is required to meet the requirements and advanced positioning calculation (I.e., BLADE) is necessary. Especially UTDOA can effectively operate in indoor scenario cases with high accuracy. It can be concluded that UTDOA can be applicable to more commercial use cases, more performance studies are needed depending on NR SRS configurations for trade-off between resource efficiency and performance.
4 Conclusion
Observation 1: OTDOA shows potential for both indoor and outdoor scenarios to meet some commercial use case requirements. 
Observation 2: Having highly synchronized gNB(s) allows for high accuracy RAT-dependent positioning.  
Observation 3: In the Uma, Umi scenario, 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 4: In the indoor hotspot scenario, the BLADE algorithm shows feasible performance and meets the regulatory requirements as well. 
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Appendix: TR skeleton for section 8

8 Evaluation Results of NR Positioning 
Editor’s Note: To be determined. Evaluate physical layer design options, measurements, and/or any additional impacts or enhancements, as applicable per technology, for RAT-dependent and RAT-independent positioning systems, including suitable frequencies and signals.
8.1 Downlink evaluations
8.1.1 System simulations for Scenario 1 – Indoor Open Office
8.1.1.1 Results from Nokia
--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in Table 1 below.
Table 1 Parameters for Downlink evaluations in Scenario 1
	Parameter
	[Nokia, FR1]
	[Nokia, FR2]

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

	Carrier frequency 
	4 GHz
	30 GHz

	Subcarrier spacing
	15 kHz, 30 kHz
	120 kHz

	Reference Signal Transmission Bandwidth
	5 MHz, 100 MHz
	100 MHz, 400 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	LTE PRS Structure from [6] (with additional symbols where CRS was in LTE)
	LTE PRS Structure from [6]
(with additional symbols where CRS was in LTE)

	Reference signal (type of sequence, number of ports, …) 
	LTE PRS Structure from [6]
	LTE PRS Structure from [6]

	Number of sites
	12 
	12 

	Number of symbols used per occasion
	11
	11

	number of occasions used per positioning estimate
	1
	1

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

	Uplink power control (applied/not applied)
	N/A
	N/A

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

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Both no threshold and threshold of 0.5 at the UE
	Threshold of 0.5 at the UE

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Both Least squares and BLADE results 
	Both Least squares and BLADE

	Network synchronization assumptions
	Perfect synchronization
	Perfect synchronization

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Sectorized beams 
	Ideal beam selected for PRS transmission

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	N/A
	Codebook based beam

	Additional notes, if any
	 N/A
	N/A



The results corresponding to the Indoor open office scenario are provided below
[image: ]
Table 2 results for downlink methods evaluations of Scenario 1 – Indoor Open Office
	Percentile
	50
	67
	80
	90

	OTDOA, FR1, 5 MHz, without BLADE
	13.1
	17.2
	21.2
	24.4

	OTDOA, FR1, 100 MHz, without BLADE
	9.9
	12.6
	15.0
	17.6

	OTDOA, FR2, 100 MHz, without BLADE
	8.9
	11.1
	13.1
	15.8

	OTDOA, FR2, 400 MHz, without BLADE
	8.7
	10.3
	12.6
	14.9

	OTDOA, FR1, 5 MHz, with BLADE
	3.3
	5.2
	8.6
	12.1

	OTDOA, FR1, 100 MHz, with BLADE
	0.6
	0.9
	1.2
	1.9

	OTDOA, FR2, 100 MHz, with BLADE
	0.5
	1.1
	3.9
	7.5

	OTDOA, FR2, 400 MHz, with BLADE
	0.3
	2.5
	6.8
	9.8



-------------------- End TP ------------------------------
8.1.2 System simulations for Scenario 2 - Umi 
8.1.2.1 Results from Nokia
--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in Table 3 below.
Table 3 Parameters for Downlink evaluations in Scenario 2
	Parameter
	[Nokia, FR1]
	[Nokia, FR2]

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

	Carrier frequency 
	4 GHz
	30 GHz

	Subcarrier spacing
	15 kHz, 30 kHz
	120 kHz

	Reference Signal Transmission Bandwidth
	5 MHz, 100 MHz
	100 MHz, 400 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	LTE PRS Structure from [6] (with additional symbols where CRS was in LTE)
	LTE PRS Structure from [6]
(with additional symbols where CRS was in LTE)

	Reference signal (type of sequence, number of ports, …) 
	LTE PRS Structure from [6]
	LTE PRS Structure from [6]

	Number of sites
	7 
 
	7 

	Number of symbols used per occasion
	11
	11

	number of occasions used per positioning estimate
	1
	1

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

	Uplink power control (applied/not applied)
	N/A
	N/A

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

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Both no threshold and threshold of 0.5 at the UE
	Threshold of 0.5 at the UE

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Both Least squares and BLADE results 
	Both Least squares and BLADE

	Network synchronization assumptions
	Perfect synchronization
	Perfect synchronization

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Sectorized beams 
	Ideal beam selected for PRS transmission

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	N/A
	Codebook based beam

	Additional notes, if any
	 N/A
	N/A



The results corresponding to the Urban Micro scenario are provided below
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Table 4 results for downlink methods evaluations of Scenario 2 – Urban Micro
	Percentile
	50
	67
	80
	90

	OTDOA, FR1, 5 MHz, without BLADE
	16.3
	25.3
	38.5
	60

	OTDOA, FR1, 100 MHz, without BLADE
	13.1
	24.6
	40.4
	61.0

	OTDOA, FR2, 100 MHz, without BLADE
	26.4
	45.4
	75.9
	139.5

	OTDOA, FR2, 400 MHz, without BLADE
	26.6
	46.0
	68.4
	125.4

	OTDOA, FR1, 5 MHz, with BLADE
	13.3
	20.3
	31.2
	51.2

	OTDOA, FR1, 100 MHz, with BLADE
	1.6
	2.2
	2.6
	3.1

	OTDOA, FR2, 100 MHz, with BLADE
	1.5
	3.0
	4.1
	6.6

	OTDOA, FR2, 400 MHz, with BLADE
	1.3
	2.5
	3.8
	5.7



-------------------- End TP ------------------------------
8.1.3 System simulations for Scenario 3 - Uma
8.1.3.1 Results from [source A]
--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in Table 5 below.
Table 5 Parameters for Downlink evaluations in Scenario 3
	Parameter
	[Nokia, FR1]

	Channel model (baseline, otherwise state any modifications)
	Baseline

	Carrier frequency 
	4 GHz

	Subcarrier spacing
	15 kHz, 30 kHz

	Reference Signal Transmission Bandwidth
	5 MHz, 100 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	LTE PRS Structure from [6] (with additional symbols where CRS was in LTE)

	Reference signal (type of sequence, number of ports, …) 
	LTE PRS Structure from [6]

	Number of sites
	7

	Number of symbols used per occasion
	11

	number of occasions used per positioning estimate
	1

	Power-boosting level
	10*log10(6)

	Uplink power control (applied/not applied)
	N/A

	interference modelling (ideal muting, or other)
	Perfect muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Both no threshold and threshold of 0.5 at the UE

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Both Least squares and BLADE results 

	Network synchronization assumptions
	Perfect synchronization

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Sectorized beams 

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	N/A

	Additional notes, if any
	 N/A



The results corresponding to the Urban Macro scenario are provided below
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Table 6 results for downlink methods evaluations of Scenario 3 – Urban Macro
	Percentile
	50
	67
	80
	90

	OTDOA, FR1, 5 MHz, without BLADE
	14.6
	22.3
	37.3
	58.8

	OTDOA, FR1, 100 MHz, without BLADE
	6.7
	10.5
	34.9
	130.4

	OTDOA, FR1, 5 MHz, with BLADE
	14.2
	25.4
	38.6
	71

	OTDOA, FR1, 100 MHz, with BLADE
	1.1
	1.9
	5.0
	8.6



-------------------- End TP ------------------------------
[bookmark: _Hlk536795586]8.2 Uplink evaluations
8.2.1 System simulations for Scenario 1 – Indoor Open Office
8.2.1.1 Results from Nokia
--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in table 7 below.
Table 7 Parameters for Uplink evaluations in Scenario 1
	Parameter
	[Nokia, FR1]

	Channel model (baseline, otherwise state any modifications)
	Baseline

	Carrier frequency 
	4GHz

	Subcarrier spacing
	15kHz, 30KHz

	Reference Signal Transmission Bandwidth
	5MHz, 100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	NR SRS Comb-2 [6]

	Reference signal (type of sequence, number of ports, …) 
	1 TX port

	Number of sites
	21

	Number of symbols used per occasion
	2

	number of occasions used per positioning estimate
	1

	Power-boosting level
	10*log10(2)

	Uplink power control (applied/not applied)
	N/A

	interference modelling (ideal muting, or other)
	Perfect muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Both no threshold and threshold of 0.5 at the UE

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Sectorized beams in RX
Omni-direction in TX

	Network synchronization assumptions
	Perfect synchronization

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	N/A

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	N/A

	Additional notes, if any
	 



The results corresponding to the Indoor open office scenario are provided below
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Table 8 results for uplink methods evaluations of Scenario 1 – Indoor Open Office
	Percentile
	50
	67
	80
	90

	UTDOA, FR1, 5 MHz, without ULADE
	11.43
	18.82
	23.06
	26.62

	UTDOA, FR1, 100 MHz, without BLADE
	7.95
	9.74
	12.86
	16.01

	UTDOA, FR1, 5 MHz, with BLADE
	3.2
	5.66
	9.08
	10.72

	UTDOA, FR1, 100 MHz, with BLADE
	1.55
	2.2
	4.3
	5.19



-------------------- End TP ------------------------------
8.2.2 System simulations for Scenario 2 - Umi 
8.2.2.1 Results from Nokia
--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in table 9 below.
Table 9 Parameters for Uplink evaluations in Scenario 2
	Parameter
	[Nokia, FR1]

	Channel model (baseline, otherwise state any modifications)
	Baseline

	Carrier frequency 
	4GHz

	Subcarrier spacing
	15kHz, 30KHz

	Reference Signal Transmission Bandwidth
	5MHz, 100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	NR SRS Comb-2 [6]

	Reference signal (type of sequence, number of ports, …) 
	1 TX port

	Number of sites
	21

	Number of symbols used per occasion
	2

	number of occasions used per positioning estimate
	1

	Power-boosting level
	10*log10(2)

	Uplink power control (applied/not applied)
	N/A

	interference modelling (ideal muting, or other)
	Perfect muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Both no threshold and threshold of 0.5 at the UE

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Sectorized beams in RX
Omni-direction in TX

	Network synchronization assumptions
	Perfect synchronization

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	N/A

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	N/A

	Additional notes, if any
	 



The results corresponding to the Urban Micro scenario are provided below
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Table 10 results for uplink methods evaluations of Scenario 2 – Urban Micro
	Percentile
	50
	67
	80
	90

	UTDOA, FR1, 5 MHz, without ULADE
	17.52
	27.1
	39.73
	59.19

	UTDOA, FR1, 100 MHz, without BLADE
	12.98
	22.8
	36.94
	52.79

	UTDOA, FR1, 5 MHz, with BLADE
	15.61
	22.91
	36.94
	57.48

	UTDOA, FR1, 100 MHz, with BLADE
	2.2
	3.19
	4.7
	7.23



8.2.3 System simulations for Scenario 3 - Uma
8.2.3.1 Results from Nokia
--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in table 11 below.
Table 11 Parameters for Uplink evaluations in Scenario 3
	Parameter
	[Nokia, FR1]

	Channel model (baseline, otherwise state any modifications)
	Baseline

	Carrier frequency 
	4GHz

	Subcarrier spacing
	15kHz, 30KHz

	Reference Signal Transmission Bandwidth
	5MHz, 100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	NR SRS Comb-2 [6]

	Reference signal (type of sequence, number of ports, …) 
	1 TX port

	Number of sites
	21

	Number of symbols used per occasion
	2

	number of occasions used per positioning estimate
	1

	Power-boosting level
	10*log10(2)

	Uplink power control (applied/not applied)
	N/A

	interference modelling (ideal muting, or other)
	Perfect muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Both no threshold and threshold of 0.5 at the UE

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Sectorized beams in RX
Omni-direction in TX

	Network synchronization assumptions
	Perfect synchronization

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	N/A

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	N/A

	Additional notes, if any
	 


The results corresponding to the Urban Macro scenario are provided below
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Table 12 results for uplink methods evaluations of Scenario 3 – Urban Macro
	Percentile
	50
	67
	80
	90

	UTDOA, FR1, 5 MHz, without ULADE
	28.22
	32.11
	51.31
	81.28

	UTDOA, FR1, 100 MHz, without BLADE
	3.88
	29.25
	48.96
	78.83

	UTDOA, FR1, 5 MHz, with BLADE
	20.04
	28.41
	43.25
	71.38

	UTDOA, FR1, 100 MHz, with BLADE
	1.98
	3.88
	6.29
	10.45
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