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Introduction 
This contributions document the outcome from the email discussion [103-e-NR-ePos-04], collecting the simulation results for NR positioning enhancements.  
Summary
During the RAN WG1 e-mail discussion [102-e-Post-NR-ePos-01] the revision of template for collection of NR positioning evaluation results (initially captured in [R1-2007413]) was presented and further harmonized over the RAN WG1 email reflector. The copy of harmonized version of the template is given in Annex A of this document.
The template was used for collection of evaluation data from companies for preparation of the Section 8 of the 3GPP TR 38.857 “Study on NR positioning enhancements”.
The initial version of evaluation results provided by companies is captured in the next Section of this document.
Outcome - Collection of NR Positioning Evaluation Results
This section provides initial input to Section 8 of the 3GPP TR 38.857. the discussion started during the RAN WG1 e-mail discussion [102-e-Post-NR-ePos-01] and continued in [103-e-NR-ePos-04].


------------------------------------------------------------- Start of Section 8  -------------------------------------------------------------
[bookmark: tableOfContents][bookmark: _Hlk54284067]8	Performance evaluations for R17 performance targets
8.1	Performance analysis of Rel-16 positioning solutions 
Including accuracy and latency (objective 1b) performance, compared to rel17 performance targets
8.1.1.11	Results from source [Fraunhofer IIS, Fraunhofer HHI, R1-2009428]
8.1.1.11.1	Description of evaluation scenarios
Table 8.1.1.11.1-1: Rel.16 NR positioning - evaluation scenarios and parameters
	Parameter
	Case 1- config 445 
(InF-DH, FR1,UL-TDOA)

	Case 2- config1011 
(UMi, FR1,UL-TDOA)

	Case 3- config config1112 
(UMi, FR1,UL-TDOA)


	Channel model (baseline, otherwise state any modifications)
	InF-DH
(r =0.4,hc=2m, dClutter=2m)
	UMi
(ATOA modelling with mu=-8)
	UMi
(No ATOA modelling)

	Carrier frequency 
	4GHz
	4GHz
	4GHz

	Subcarrier spacing
	30kHz
	30kHz
	30kHz

	Reference Signal Transmission Bandwidth
	100MHz
	100MHz
	100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	KTC = 4
 nbSymb = 4
	KTC = 8
 nbSymb = 8
	KTC = 8
 nbSymb = 8
(o/w KTC = 4 nbSymb = 4; or 
KTC = 2 nbSymb = 1)


	Reference signal 
(type of sequence, number of ports, …) 
	SRS,
1 Port
	SRS,
1 Port
	SRS,
1 Port

	Number of sites
	18
	19
	19

	Number of symbols used per occasion
	4
	8
	8/4/1

	number of occasions used per positioning estimate
	1
	1
	1

	Power-boosting level
	Power boosting by comb factor
	Power boosting by comb factor
	Power boosting by comb factor

	Uplink power control (applied/not applied)
	+23dBm
	+23dBm
	+23dBm

	interference modelling (ideal muting, or other)
	No Interference (no resource sharing)
	No Interference (no resource sharing)
	No Interference (no resource sharing)

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	IFP: First arrival path detection and evaluation of the first rising edge of the correlation function
	IFP: First arrival path detection and evaluation of the first rising edge of the correlation function
	IFP: First arrival path detection and evaluation of the first rising edge of the correlation function

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	Levenberg Marquardt
	Levenberg Marquardt
	Levenberg Marquardt

	Network synchronization assumptions
	Ideal
	Ideal
	Ideal

	UE/gNB Tx/Rx 
Calibration Error
	Not applied
	Not applied
	Not applied

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Power of the first arriving taps
	Power of the first arriving taps
	Power of the first arriving taps

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	· Per site (Rx): 3 sectors (3 panels, 5 dual polarized beams 
· 1 TXRU per panel per polarization dimension 
· UE (Tx): Omni pattern per element, 2 dual polarized antennas
(1,2,2), random orientation of UE
· 4 sequential SRS transmissions 
	· Per site (Rx): 3 sectors (= 3 panels, 5 dual polarized beams per panel) 
· 1 TXRU per panel per polarization dimension
· UE (Tx): Omni antenna
· One polarization used for UE-TX 
· Random UE orientation (random polarization orientation
	· Per site (Rx): Omni antenna
· 1 TXRU per panel per polarization dimension 
· UE (Tx): Omni antenna
· One polarization used for UE-TX 
· Random UE orientation (random polarization orientation

	Additional notes, if any
	No LOS detection
	LOS detection not applicable (number of LOS links not sufficient, all Links are used)
	LOS detection not applicable (number of LOS links not sufficient, all Links are used)




8.1.1.11.2	Positioning accuracy evaluation results
	FR1 Results
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Figure 8.1.1.11.2-1- CDF 2D (horizontal) error for UTDOA in InF for Rel-16 evaluation.
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Figure 8.1.1.11.2-2-CDF 2D (horizontal) error for UTDOA in UMi for Rel-16 evaluation 




Table 8.2.1.11.2-3: NR positioning enhancements - horizontal location error results from Fraunhofer
	
	
	50%
	67%
	80%
	90%

	Case 1- config ID  445
  (FR1-InF DH)
	Convex UEs
	2.45
	4.18
	6.87
	≥10

	Case 3- config ID  1112
  (FR1-UMi)
	All UEs
	0.87
	1.39   
	2.07
	3.24

	Case 2- config ID  1011
  (FR1-UMi with ATOA)
	All UEs
	3.32
	5.12  
	7.34 
	≥10



Table 8.2.1.11.2-3: NR positioning enhancements - altitude location error results from Fraunhofer
	
	
	50%
	67%
	80%
	90%

	Case 1- config ID  445
  (FR1-InF DH)
	Convex UEs
	4.54
	6.33
	6.33
	≥10

	Case 3- config ID  1112
  (FR1-UMi)
	All UEs
	8.50

	8.50

	8.50

	≥10


	Case 2- config ID  1011
  (FR1-UMi with ATOA)
	All UEs
	8.46

	8.46

	≥10

	≥10




8.1.1.11.3	Observations on Rel-16 NR positioning accuracy
Table 8.1.1.11.3-1: Rel.16 NR positioning – horizontal accuracy performance summary [X]
	Simulation case
(Horizontal Error)
	Accuracy achieved @[90]%

	Case 1- config ID  445
  (FR1-InF DH)
	≥10

	Case 3- config ID  1112
  (FR1-UMi)
	3.24

	Case 2- config ID  1011
  (FR1-UMi with ATOA)
	≥10




[bookmark: _Toc43381262]8.2	Performance of studied NR positioning enhancements
Including performance of positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency ((objective 1c).
8.2.1	Positioning accuracy analysis for NR positioning enhancements 

8.2.1.8	Results from source [Fraunhofer IIS, Fraunhofer HHI, R1-2008709] 
8.2.1.8.1	Description of evaluation scenarios
The evaluation on the Rel-17 UL-TDOA performance in InF-DH scenario focuses on the following test cases:
· Impact of gNB antenna configuration (case 4, case 5 and case 6) 
· Impact UE Tx Power and UE antenna configuration (case 8, case 9 , case 10 and case 11)
· Uplink beam management (case 7, case 13 and case 14)
Ideal LOS detection is used for the position calculation for all test cases.
Evaluation assumptions for system level analysis of NR positioning accuracy enhancements are provided in Table 8.2.1.8.1-1.








Table 8.2.1.8.1-1: NR positioning enhancements - evaluation scenarios and parameters
	Parameter
	Case 4- config 220 
(InF-DH, FR1,UL-TDOA)

	Case 5- config 320 
(InF-DH, FR1,UL-TDOA)

	Case 6- config 420 
(InF-DH, FR1,UL-TDOA)

	Case 7- config 421 
(InF-DH, FR1,UL-TDOA)


	Channel model (baseline, otherwise state any modifications)
	InF-DH
(r =0.4,hc=2m, dClutter=2m)
	InF-DH
(r =0.4,hc=2m, dClutter=2m)
	InF-DH
(r =0.4,hc=2m, dClutter=2m)
	InF-DH
(r =0.4,hc=2m, dClutter=2m)

	Carrier frequency 
	4GHz
	4GHz
	4GHz
	4GHz

	Subcarrier spacing
	30kHz
	30kHz
	30kHz
	30kHz

	Reference Signal Transmission Bandwidth
	100MHz
	100MHz
	100MHz
	100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	KTC = 4
 nbSymb = 1
	KTC = 4
 nbSymb = 1
	KTC = 4
 nbSymb = 1
	KTC = 4
 nbSymb = 1

	Reference signal 
(type of sequence, number of ports, …) 
	SRS,
1 Port
	SRS,
1 Port
	SRS,
1 Port
	SRS,
1 Port

	Number of sites
	18
	18
	18
	18

	Number of symbols used per occasion
	1
	1
	1
	1

	number of occasions used per positioning estimate
	1
	1
	1
	1

	Power-boosting level
	6dB
	6dB
	6dB
	6dB

	Uplink power control (applied/not applied)
	+23dBm
	+23dBm
	+23dBm
	+23dBm

	interference modelling (ideal muting, or other)
	Interference between UEs sharing the same REs (“cyclic shift multiplex”)
	Interference between UEs sharing the same REs (“cyclic shift multiplex”)
	Interference between UEs sharing the same REs (“cyclic shift multiplex”)
	Interference between UEs sharing the same REs (“cyclic shift multiplex”)

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	IFP: First arrival path detection and evaluation of the first rising edge of the correlation function
	IFP: First arrival path detection and evaluation of the first rising edge of the correlation function
	IFP: First arrival path detection and evaluation of the first rising edge of the correlation function
	IFP: First arrival path detection and evaluation of the first rising edge of the correlation function

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	Levenberg Marquardt
	Levenberg Marquardt
	Levenberg Marquardt
	Levenberg Marquardt

	Network synchronization assumptions
	Ideal
	Ideal
	Ideal
	Ideal

	UE/gNB Tx/Rx 
Calibration Error
	Not applied
	Not applied
	Not applied
	Not applied

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Power of the first arriving taps
	Power of the first arriving taps
	Power of the first arriving taps
	RSRP used for Rx beam selection

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	· Per site (Rx): Omni antenna
· 1 TXRU per panel per polarization dimension 
· UE (Tx): Omni antenna
	· Per site (Rx): 3 sectors (3 panels, one element per panel)
· 1 TXRU per panel per polarization dimension
· UE (Tx): Omni antenna
	· Per site (Rx): 3 panels, 5 dual polarized beams per panel
· 1 TXRU per panel per polarization dimension 
· UE (Tx): Omni antenna
	· Per site (Rx): 3 panels, 5 dual polarized beams per panel
· 1 TXRU per panel per polarization dimension
· UE (Tx): Omni antenna

	Evaluated Enhancement 
for Rel.17
	· Ideal LOS detection
	· Ideal LOS detection
· CIR analysis is used for the beam selection/spatial relationship establishment
	· Ideal LOS detection
· CIR analysis is used for the beam selection/spatial relationship establishment
	· Ideal LOS detection


	Additional notes, if any
	If the number of LOS links is sufficient, only LOS links are used for the position calculation (ideal LOS detection). If the number of LOS links is not sufficient all ToA-Values together with a signal power based signal quality are used by the positioning algorithm
	Same note on the used LOS links as for case1 (config220)
	Same note on the used LOS links as for case1 (config220)
	Same note on the used LOS links as for case1 (config220)



	Parameter
	Case 8- config 422 
(InF-DH, FR1,UL-TDOA)

	Case 9- config 423
(InF-DH, FR1,UL-TDOA)

	Case 10- config 443 
(InF-DH, FR1,UL-TDOA)

	Case 11- config 444
(InF-DH, FR1,UL-TDOA 

	Channel model (baseline, otherwise state any modifications)
	InF-DH
(r =0.4,hc=2m, dClutter=2m)
	InF-DH
(r =0.4,hc=2m, dClutter=2m)
	InF-DH
(r =0.4,hc=2m, dClutter=2m)
	InF-DH
(r =0.4,hc=2m, dClutter=2m)

	Carrier frequency 
	4GHz
	4GHz
	4GHz
	4GHz

	Subcarrier spacing
	30kHz
	30kHz
	30kHz
	30kHz

	Reference Signal Transmission Bandwidth
	100MHz
	100MHz
	100MHz
	100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	KTC = 4
nbSymb = 1
	KTC = 4
nbSymb = 1
	KTC = 4
 nbSymb = 1
	KTC = 4
 nbSymb = 1

	Reference signal 
(type of sequence, number of ports, …) 
	SRS,
1 Port
	SRS,
1 Port
	SRS,
1 Port (4 resources)
	SRS,
1 Port (4 resources)

	Number of sites
	18
	18
	18
	18

	Number of symbols used per occasion
	1
	1
	4
	4

	number of occasions used per positioning estimate
	1
	1
	1
	1

	Power-boosting level
	6dB
	6dB
	6dB
	6dB

	Uplink power control (applied/not applied)
	0dBm
	-20dBm
	-20dBm
	-20dBm

	interference modelling (ideal muting, or other)
	Interference between UEs sharing the same REs (“cyclic shift multiplex”)
	Interference between UEs sharing the same REs (“cyclic shift multiplex”)
	Interference between UEs sharing the same REs (“cyclic shift multiplex”)
	Interference between UEs sharing the same REs (“cyclic shift multiplex”)

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	IFP: First arrival path detection and evaluation of the first rising edge of the correlation function
	IFP: First arrival path detection and evaluation of the first rising edge of the correlation function
	IFP: First arrival path detection and evaluation of the first rising edge of the correlation function
	IFP: First arrival path detection and evaluation of the first rising edge of the correlation function

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	Levenberg Marquardt
	Levenberg Marquardt
	Levenberg Marquardt
	Levenberg Marquardt

	Network synchronization assumptions
	Ideal
	Ideal
	Ideal
	Ideal

	UE/gNB Tx/Rx 
Calibration Error
	Not applied
	Not applied
	Not applied
	Not applied

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Power of the first arriving taps
	Power of the first arriving taps
	Power of the first arriving taps
	Power of the first arriving taps

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	· Per site (Rx): 3 panels, 5 dual polarized beams per panel
· 1 TXRU per panel per polarization dimension
· UE (Tx): Omni antenna

	· Per site (Rx): 3 panels, 5 dual polarized beams per panel
· 1 TXRU per panel per polarization dimension
· UE (Tx): Omni antenna
	· Per site (Rx): 3 panels, 5 dual polarized beams per panel
· 1 TXRU per panel per polarization dimension
· UE (Tx): 4 non-ideal antennas at different positions
	· Per site (Rx): 3 panels, 5 dual polarized beams per panel
· 1 TXRU per panel per polarization dimension 
· UE (Tx): 4 ideal antennas at different positions

	Evaluated Enhancement 
for Rel.17
	· Ideal LOS detection
· CIR analysis is used for the beam selection/spatial relationship establishment
	· Ideal LOS detection
· CIR analysis is used for the beam selection/spatial relationship establishment
	· Ideal LOS detection
· CIR analysis is used for the beam selection/spatial relationship establishment
· Gain of TX diversity with non-ideal UE antenna
	· Ideal LOS detection
· CIR analysis is used for the beam selection/spatial relationship establishment
· Gain of TX diversity using 4 ideal UE antennas

	Additional notes, if any
	Same note on the used LOS links as for case1 (config220)
	Same note on the used LOS links as for case1 (config220)
	Same note on the used LOS links as for case1 (config220)
	Same note on the used LOS links as for case1 (config220)



	Parameter
	Case 12- config 447 
(InF-DH, FR1,UL-TDOA)

	Case 13- config 552
(InF-DH, FR2,UL-TDOA)

	Case 14- config 554
(InF-DH, FR2,UL-TDOA
	

	Channel model (baseline, otherwise state any modifications)
	InF-DH
(r =0.4,hc=2m, dClutter=2m)
	InF-DH
(r =0.4,hc=2m, dClutter=2m)
	InF-DH
(r =0.4,hc=2m, dClutter=2m)
	

	Carrier frequency 
	4GHz
	28GHz
	28GHz
	

	Subcarrier spacing
	30kHz
	30kHz
	120kHz
	

	Reference Signal Transmission Bandwidth
	100MHz
	100MHz
	400Mhz
	

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	KTC = 4
nbSymb = 1
	KTC = 4
nbSymb = 1
	KTC = 4
nbSymb = 4
	

	Reference signal 
(type of sequence, number of ports, …) 
	SRS,
1 Port
	SRS,
1 Port
	SRS,
1 Port
(sequential transmissions)
	

	Number of sites
	18
	18
	18
	

	Number of symbols used per occasion
	4
	4
	12*4
(12 different UE TX beams, 4 symbols per SRS resource) 
	

	number of occasions used per positioning estimate
	1
	1
	1
	

	Power-boosting level
	6dB
	6dB
	6dB
	

	Uplink power control (applied/not applied)
	23dBm
	23dBm
	0dBm
	

	interference modelling (ideal muting, or other)
	Interference between UEs sharing the same REs (“cyclic shift multiplex”)
	Interference between UEs sharing the same REs (“cyclic shift multiplex”)
	Interference between UEs sharing the same REs (“cyclic shift multiplex”)
	

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	IFP: First arrival path detection and evaluation of the first rising edge of the correlation function
	IFP: First arrival path detection and evaluation of the first rising edge of the correlation function
	IFP: First arrival path detection and evaluation of the first rising edge of the correlation function
	

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	Levenberg Marquardt
	Levenberg Marquardt
	Levenberg Marquardt
	

	Network synchronization assumptions
	Ideal
	Ideal
	Ideal
	

	UE/gNB Tx/Rx 
Calibration Error
	Not applied
	Not applied
	Not applied
	

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Power of the first arriving taps
	Power of the first arriving taps
	Power of the first arriving taps
	

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	· Per site (Rx): 3 panels, 5 dual polarized beams per panel
· Virtualization model: 1 TXRU per panel per polarization dimension 
· UE (Tx): 4 antenna panels (same characteristic as FR2 antenna), one element per panel 
	· Per site (Rx): 3 panels, 5 dual polarized beams per panel
· Virtualization model: 1 TXRU per panel per polarization dimension 
· UE (Tx): 4 antenna panels

	· Per site (Rx): 3 panels, 5 dual polarized beams per panel
· Virtualization model: 1 TXRU per panel per polarization dimension 
· UE (Tx): 4 antenna panels

	

	Evaluated Enhancement 
for Rel.17
	· Ideal LOS detection
· CIR analysis is used for the beam selection/spatial relationship establishment
	· Ideal LOS detection
· CIR analysis is used for the beam selection/spatial relationship establishment
	· Ideal LOS detection
CIR analysis is used for the beam selection/spatial relationship establishment
	

	Additional notes, if any
	Same note on the used LOS links as for case1 (config220)
	Same note on the used LOS links as for case1 (config220)
	Same note on the used LOS links as for case1 (config220)
	


8.1.1.11.2	Positioning accuracy evaluation results
Evaluation results of horizontal location error for NR positioning enhancements are provided in Table 8.2.1.8.2-1:
Table 8.2.1.8.2-1: NR positioning enhancements - horizontal location error results from Fraunhofer
	
	
	50%
	67%
	80%
	90%

	Case 4- config 220
(InF-DH, FR1,UL-TDOA)
	Convex UEs
	0.15
	0.23
	0.36
	0.70

	Case 5- config 320
(InF-DH, FR1,UL-TDOA)
	Convex UEs
	0.11
	0.18
	0.27
	0.45

	Case 6- config 420
(InF-DH, FR1,UL-TDOA)
	Convex UEs
	0.09    
	0.15  
	0.23   
	0.43

	Case 7- config 421
(InF-DH, FR1,UL-TDOA)
	Convex UEs
	0.16
	0.54
	2.68
	>3.00

	Case 8- config 422
(InF-DH, FR1,UL-TDOA)
	Convex UEs
	0.09
	0.15
	0.23
	0.44

	Case 9- config 423
(InF-DH, FR1,UL-TDOA)
	Convex UEs
	0.10
	0.16
	0.27
	0.59

	Case 10- config 443
(InF-DH, FR1,UL-TDOA)
	Convex UEs
	0.07
	0.13
	0.22
	0.50

	Case 11- config 444
(InF-DH, FR1,UL-TDOA)
	Convex UEs
	0.07 
	0.12
	0.21
	0.49

	Case 12- config 447
(InF-DH, FR1,UL-TDOA)
	Convex UEs
	0.08 
	0.14
	0.28
	0.95

	Case 13- config 552
(InF-DH, FR1,UL-TDOA)
	Convex UEs
	0.12
	0.21
	0.43
	1.70

	Case 14- config 554
(InF-DH, FR1,UL-TDOA)
	Convex UEs
	0.02
	0.03
	0.05
	0.09



Evaluation results of vertical location error for NR positioning enhancements are provided in Table 8.2.1.8.2-2:

Table 8.2.1.8.2-2: NR positioning enhancements - altitude location error results from Fraunhofer
	
	
	50%
	67%
	80%
	90%

	Case 4- config 220
(InF-DH, FR1,UL-TDOA)
	Convex UEs
	0.33
	0.55
	0.95
	1.84

	Case 5- config 320
(InF-DH, FR1,UL-TDOA)
	Convex UEs
	0.24
	0.41
	0.68
	1.19

	Case 6- config 420
(InF-DH, FR1,UL-TDOA)
	Convex UEs
	0.18
	0.33
	0.57
	1.12

	Case 7- config 421
(InF-DH, FR1,UL-TDOA)
	Convex UEs
	0.39
	1.29
	6.33
	10.0

	Case 8- config 422
(InF-DH, FR1,UL-TDOA)
	Convex UEs
	0.21
	0.35
	0.61
	1.15

	Case 9- config 423
(InF-DH, FR1,UL-TDOA)
	Convex UEs
	0.21
	0.36
	0.65
	1.56

	Case 10- config 443
(InF-DH, FR1,UL-TDOA)
	Convex UEs
	0.15
	0.27
	0.48
	1.12

	Case 11- config 444
(InF-DH, FR1,UL-TDOA)
	Convex UEs
	0.15 
	0.26
	0.49
	1.43

	Case 12- config 447
(InF-DH, FR1,UL-TDOA)
	Convex UEs
	0.17
	0.35
	0.75
	2.23

	Case 13- config 552
(InF-DH, FR1,UL-TDOA)
	Convex UEs
	0.26
	0.54
	1.14
	4.28

	Case 14- config 554
(InF-DH, FR1,UL-TDOA)
	Convex UEs
	0.04
	0.07
	0.12
	0.24










	FR1 Results
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Figure 3-CDF 2D (horizontal) error for UTDOA, comparison of different gNB antenna configurations
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Figure 4 - CDF horizontal error , Tx Antenna diverstity






	FR1 Results
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[bookmark: _Ref53774677]Figure 3 - CDF horizontal error for UTDOA, comparison of different UE TX Power levels
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Figure 6 - CDF horizontal error for UTDOA, Beam pair selection









	FR2 Results
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[bookmark: _Ref53776571]Figure 12-CDF horizontal error UTDOA


	[image: ]
Figure 14 - CDF 2D error for UTDOA, FR2 (400MHz BW)








8.2.1.8.3	Observations on NR positioning enhancements

Table 8.2.1.8.3-1 captures observations based on evaluations results of NR positioning enhancements for horizontal location error.
Table 8.2.1.8.3-1: NR positioning enhancements – horizontal accuracy performance summary 
	Simulation case
(Horizontal Error)
	Gain vs Rel.16 solution, @[90]%, [m]
	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 4- config 220
(InF-DH, FR1,UL-TDOA)
	N.A.
	Yes
	No (0.70)
	No (0.70)

	Case 5- config 320
(InF-DH, FR1,UL-TDOA)
	N.A.
	Yes
	No (0.45)
	Yes (0.45)

	Case 6- config 420
(InF-DH, FR1,UL-TDOA)
	N.A.
	Yes
	No (0.43)
	Yes 

	Case 7- config 421
(InF-DH, FR1,UL-TDOA)
	N.A.
	No(>3.00)
	No(>3)
	No(>3)

	Case 8- config 422
(InF-DH, FR1,UL-TDOA)
	N.A.
	Yes
	No(0.44)
	Yes 

	Case 9- config 423
(InF-DH, FR1,UL-TDOA)
	N.A.
	Yes
	No (0.59)
	No (0.59)

	Case 10- config 443
(InF-DH, FR1,UL-TDOA)
	N.A.
	Yes
	No (0.50)
	Yes

	Case 11- config 444
(InF-DH, FR1,UL-TDOA)
	N.A.
	Yes
	No (0.49)
	Yes

	Case 12- config 447
(InF-DH, FR1,UL-TDOA)
	N.A.
	Yes
	No(0.95)
	Yes

	Case 13- config 552
(InF-DH, FR1,UL-TDOA)
	N.A.
	No(1.70)
	No(1.70)
	Yes

	Case 14- config 554
(InF-DH, FR1,UL-TDOA)
	N.A.
	Yes
	Yes
	Yes



Table 8.2.1.1.3-2 captures observations based on evaluations results of NR positioning enhancements for vertical location error.
Table 8.2.1.8.3-2: NR positioning enhancements – vertical accuracy performance summary 
	Simulation case
(Vertical Error)
	Gain vs Rel16 solution @[90]%, [m]
	Commercial vertical accuracy requirements [3]m @[90]% are met - Yes/No.
 If no, provide performance gaps @[90]%
	IIoT vertical accuracy requirements of [0.2]m @[90]% are met - Yes/No.
If no, provide performance gaps @[90]%
	IIoT vertical accuracy requirements of [1]m at @[90]% are met - Yes/No.
 If no, provide performance gaps @[90]%

	Case 4- config 220
(InF-DH, FR1,UL-TDOA)
	N.A.
	Yes
	No(1.84)
	No(1.84)

	Case 5- config 320
(InF-DH, FR1,UL-TDOA)
	N.A.
	Yes
	No(1.19)
	No(1.19)

	Case 6- config 420
(InF-DH, FR1,UL-TDOA)
	N.A.
	Yes
	No(1.12)
	No(1.12)

	Case 7- config 421
(InF-DH, FR1,UL-TDOA)
	N.A.
	No(>3)
	No(>3)
	No(>3)

	Case 8- config 422
(InF-DH, FR1,UL-TDOA)
	N.A.
	Yes
	No(1.15)
	No(1.15)

	Case 9- config 423
(InF-DH, FR1,UL-TDOA)
	N.A.
	Yes
	No(1.56)
	No(1.56)

	Case 10- config 443
(InF-DH, FR1,UL-TDOA)
	N.A.
	Yes
	No(1.12)
	No(1.12)

	Case 11- config 444
(InF-DH, FR1,UL-TDOA)
	N.A.
	Yes
	No(1.43)
	No(1.43)

	Case 12- config 447
(InF-DH, FR1,UL-TDOA)
	N.A.
	Yes
	No(2.23)
	No(2.23)

	Case 13- config 552
(InF-DH, FR1,UL-TDOA)
	N.A.
	No(>3)
	No(>3)
	No(>3)

	Case 14- config 554
(InF-DH, FR1,UL-TDOA)
	N.A.
	Yes
	No (0.24)
	Yes



[bookmark: _GoBack]8.3	Efficiency analysis for NR positioning enhancements
8.3.1	Network efficiency analysis for NR positioning enhancements
8.3.1.6	Results from source [Fraunhofer IIS, Fraunhofer HHI, R1-2009428]
8.3.1.6.1	Description of evaluation scenarios
Network efficiency is evaluated for UL SRS resource utilization for the following cases:
· UL SRS resource utilization w.r.t to the cyclic shift enhancements
· UL SRS resource utilization w.r.t to the number of OFDM symbols
· UL SRS resource utilization w.r.t to the number of antenna ports
8.3.1.6.2	Network efficiency analysis of NR positioning enhancements 
UL SRS resource utilization w.r.t to the cyclic shift enhancements:
The number of simultaneous UEs of CS separated is chosen based on the evaluation so that the configured with different cyclic shifts on the same REs are detected without ambiguity.
A comparative table of Rel16 SRS with cyclic shift enhancements is provided in Table 8.3.1.6.2-1:
Table 8.3.1.6.2-1: Cyclic shift SRS enhancements 
	Scenario
	Rel-16/ Rel-17 enhancements
	COMB
	nbSym
	Cyclic shift range 
	max number of CSs
	Number of simultaneous UEs of  CS separated
	Improvement factor vs Rel16

	Umi

	CS enhancement
	4
	4
	fftlength
	48
	8
	4

	
	Rel-16
	4
	4
	fftlength/KTC
	12
	2
	

	Umi

	CS enhancement
	8
	8
	fftlength
	48
	8
	8

	
	Rel-16
	8
	8
	fftlength/KTC
	6
	1
	

	InF

	CS enhancement
	2
	1
	fftlength/KTC
	8
	8
	-

	
	Rel-16
	2
	1
	fftlength/KTC
	8
	8
	



The following analysis shows that UMi performance with resource sharing doesn’t degrade compared with the case when no resource sharing is configured:
· Config 1011.2 (blue): resource sharing : Comb 4, 4 symbols, CS enhancement, phase correction in transmitter (Rel-17), 6 UEs use the same REs and are separated by different cyclic shift values 
· Config 1011.2 (red) , no resource sharing : Comb 4, 4 symbols, no phase correction, Coherent Destaggering with phase correction in receiver (Rel-16) 
[image: ]
Figure 15 2D-Error in UMi scenario SRS (Comb 4, 4 symbols) applying ATOA model. Blue: CS enhancement (Rel-17), 6 UEs use the same REs and are separated by different cyclic shift values. Red: no resource sharing.
UL SRS resource utilization w.r.t to the number of OFDM symbols:
For scenarios with low delay spread and low propagation delay difference (e.g. indoor with low ISD) COMB=4 may be sufficient. Rel-16 does not allow SRS for positioning with COMB=4, 1 Symbol. Alternatively a Rel-15 SRS may be supported for positioning purpose. 
A comparative table of Rel16 SRS and Comb-4 one symbol is provided in Table 8.3.1.6.2-2:
Table 8.3.1.6.2-2: UL SRS resource utilization w.r.t to the number of OFDM symbols:
	Scenario
	Rel-16/ Rel-17 enhancements
	COMB
	nbSym
	max number of CSs
	Number of simultaneous UEs of  CS separated
	REs per UE and per RB
	Improvement factor vs Rel16

	InF

	SRS with one symbol for COMB 4 
	4
	1
	12
	6
	3
	2

	
	Rel-16
	4
	2
	12
	6
	6
	



UL SRS resource utilization w.r.t to the number of antenna ports:
For UL SRS resource utilization we compare the improvement factor in terms of the Capacity per UE for Rel-16 and Rel-17 enhancements. We derive the improvement factor as  ,  here  the 
A comparative table of Rel16 SRS and multi-port SRS configurations is provided in Table 8.3.1.6.2-3:

Table 8.3.1.6.2-3 UL SRS resource utilization w.r.t to the number of antenna ports:
	Scenario
	Rel-17 enhancements
	# of Tx Beams
	COMB
	nbSym
	OFDM 
symbols per UE
	Capacity per UE
	Improvement factor vs Rel16

	FR1-Umi

	2-ports 
	2
	4
	4
	4
	1
	2

	
	Rel-16
	2
	4
	4
	8
	2
	

	FR1-InF

	2-ports 
	2
	2
	1
	1
	0,5
	2

	
	Rel-16
	2
	2
	1
	2
	1
	

	FR2-Umi

	4-ports 
	4
	8
	8
	8
	2
	4

	
	Rel-16
	4
	8
	8
	32
	8
	

	FR2-InF
(SCS=120kHz)
	4-ports 
	4
	4
	4
	4
	1
	4

	
	Rel-16
	4
	4
	16
	16
	4
	



8.3.3.6.3	Observations on network efficiency of NR positioning enhancements
Observation : 	Cyclic shift enhancements SRS may improve the network efficiency for UMi scenarios by a factor of 4-8 
Observation : 	Multi-port SRS transmission may improve the network efficiency in terms of SRS resource compared to Rel-16 utilization by a factor:
4 in terms of SRS resource utilization for 4 ports SRS
2 in terms of SRS resource utilization for 2 ports SRS
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