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Introduction
At RAN1#102e meeting, following agreements on evaluation of NR positioning performance were approved [1]. 
Agreement:
Text proposal for LS to RAN WG2 and CC SA WG2 and RAN WG3 for analysis of latency of NR positioning protocols defined in Rel.16:
RAN1 evaluates physical layer latency and its potential reduction for NR Rel-17 positioning solutions. In order to evaluate End-To-End latency of NR positioning solutions the input from RAN2 is needed on latency components of NR/NG-RAN/5GC higher layer positioning protocols. RAN1 respectfully asks if RAN2 can provide a list of latency components with corresponding range of values for the existing and any potential enhanced NR positioning solutions, keeping in mind the End-To-End latency described as desired in the study item description (RP-200928)

Agreement:
Physical layer latency for DL only, UL only, DL+UL positioning solutions for UE-based and UE-assisted approaches are separately studied

Agreement:
Capture the following in TR as an observation:
· Performance analysis of baseline I-IoT InF scenarios shows that InF-SH scenario is characterized by high probability of LOS links. In InF-DH the probability of LOS links is reduced substantially while probability of NLOS links is increased accordingly.

Agreement:
· FFS whether Rel.16 granularity of timing measurement reports is enough to avoid degradation in I-IoT scenarios and meet positioning requirements

Agreement:
· At least the following information is provided for positioning physical layer latency analysis:
· Source initiating request for positioning measurements/location for a given UE (UE, Network)
· Destination awaiting for positioning measurements/location for a given UE (UE, Network)
· Start and end triggers/events for physical layer latency evaluation 
· For Rel.16 solutions, it is based on specification for each solution
· Initial and final RRC State of positioned UE (RRC IDLE, INACTIVE, CONNECTED) at the start and end time for the physical layer latency evaluation
· Positioning 
· technique (enumeration): (1) DL-TDOA, (2) DL AoD, (3) UL-TDoA, (4) UL-AoA, (5) Multi-RTT, (6) E-CID
· type: DL, UL, DL+UL
· mode: UE-based, UE-assisted
· Latency component w/ value range and description, including information on any parallel (simultaneous) components
· Total latency value
· Latency components are recommended to be captured in table and ordered consequently in time starting from the earliest one:

	Source [UE, NW]/Destination [UE, NW]
Positioning technique [DL-TDOA, E-CID, …], type [DL, UL, DL+UL], mode [UE-A, UE-B], 
Initial and Final RRC States [IDLE, INACTIVE, CONNECTED]

	Latency Component
	Value Range
	Description of Latency Component

	Start trigger
	
	

	Name of component 1
	
	

	Name of component 2
	
	

	
	
	

	Name of last component
	
	

	End trigger
	
	

	Total values 
	
	



Conclusion:
· Evaluations show that high probability of NLOS links and propagation delay offset imposed by NLOS links may cause performance degradation of positioning accuracy, that was especially observed in InF-DH scenario
· Initial evaluations have also shown that under certain ideal assumptions (e.g., synchronization error, Rx/Tx calibration error) the effective LOS/NLOS classification/detection, outlier determination/rejection techniques may be beneficial to improve NR positioning accuracy
· Note: Additional evaluations need to be performed before deciding whether and how to capture the above in the TR

Conclusion:
· It is observed that calibration errors of UE/gNB Tx/Rx timing may negatively impact accuracy of timing-based methods of Rel.16 positioning solutions when precise UE positioning is targeted.
· Note: Additional evaluations need to be performed before deciding whether and how to capture the above in the TR

Conclusion:
· Evaluations show that network synchronization errors may cause accuracy degradation of the DL-TDOA or UL-TDOA Rel-16 positioning solutions
· Note: Additional evaluations need to be performed before deciding whether and how to capture the above in the TR
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]This contribution discusses the evaluation of NR positioning performance with simulation results in InF and IOO scenarios.
Simulation evaluation of NR positioning performance
This section discusses the simulation evaluation results of NR positioning performance in InF and IOO scenarios. Simulation assumptions are based on the agreements on baseline InF and IOO scenarios in RAN1#101-e and RAN1#102-e. The evaluation results are provided according to the template discussed in [102-e-Post-NR-ePos-01] “Email discussion/approval on collection of simulation results” [2]. 

8	Performance evaluations for R17 performance targets
8.1	Performance analysis of Rel-16 positioning solutions 

8.1.1	Positioning accuracy analysis 
[bookmark: _Hlk49500725]8.1.1.1	Results from CATT[R1-2007859]
8.1.1.1.1	Description of evaluation scenarios
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In this section, evaluation scenarios and parameters for positioning accuracy analysis of Rel-16 positioning solution are given from Table 8.1.1.1.1-1a to Table 8.1.1.1.1-1f. 
· Case IDs: 1 to 36.
· Scenarios: InF-SH-2D, InF-DH-2D, InF-SH-3D, InF-DH-3D, IOO.
· Frequency Bands: FR1, FR2.
· Positioning Techniques: R.16 DL-TDOA, R.16 UL-TDOA, R.16 Multi-RTT, R.16 DL-AOD, R.16 UL-TDOA +R.16 UL-AOA.
Note 1：
· InF-SH-2D: 300x150 m, Horizontal: gNB antenna height (8m), UE antenna height (1.5m), low clutter density {20%, 2m, 10m}.
· InF-SH-3D: 300x150 m, Horizontal and vertical: gNB antenna height (4m+8m), UE antenna height uniformly distributed [0.5m, 2m], low clutter density {20%, 2m, 10m}
· InF-DH-2D: 120x60 m, Horizontal: gNB antenna height (8m), UE antenna height (1.5m), high clutter density #1{40%, 2m, 2m}
· InF-DH-3D: 120x60 m, Horizontal and vertical: gNB antenna height (4m+8m), UE antenna height uniformly distributed [0.5m, 3m], high clutter density #2{40%, 3m, 5m}.
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[bookmark: _Hlk49194685]Table 8.1.1.1.1-1a: Rel.16 NR positioning - evaluation scenarios and parameters [InF-SH-FR1]
	Parameter
	[Case 1], [InF-SH-2D], [FR1], [DL-TDOA]
	[Case 2], [InF- SH-2D], [FR1], [UL-TDOA]
	[Case 3], [InF- SH-2D], [FR1], [Multi-RTT]
	[Case 4], [InF-SH-3D], [FR1], [DL-TDOA]
	[Case 5], [InF- SH-3D], [FR1], [UL-TDOA]
	[Case 6], [InF-SH-3D], [FR1], [UL-TDOA+UL-AOA]
	[Case 7], [InF-SH-3D], [FR1], [Multi-RTT]

	Channel model (baseline)
	InF-SH-2D
	InF-SH-2D
	InF-SH-2D
	InF-SH-3D
	InF-SH-3D
	InF-SH-3D
	InF-SH-3D

	Carrier frequency 
	3.5GHz
	3.5GHz
	3.5GHz
	3.5GHz
	3.5GHz
	3.5GHz
	3.5GHz

	Subcarrier spacing
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz

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

	Reference Signal Physical Structure and Resource Allocation (RE pattern) 
	DL PRS,
Comb- 6
	UL SRS,
Comb- 8
	DL PRS, Comb- 6; UL SRS, Comb- 8
	DL PRS,
Comb- 6
	UL SRS,
Comb- 8
	UL SRS,
Comb- 8
	DL PRS, Comb- 6;
UL SRS, Comb- 8

	Reference signal 
(type of sequence, number of ports, …) 
	Gold sequence,
 Port-1
	ZC sequence, 
Port-1
	Gold & ZC sequence,
 Port-1
	Gold sequence,
 Port-1
	ZC sequence, 
Port-1
	ZC sequence, 
Port-1
	Gold & ZC sequence
 Port-1

	Number of sites
	6
	6
	6
	6
	6
	6
	6

	Number of symbols used per occasion
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2

	number of occasions used per positioning estimate
	1
	1
	1
	1
	1
	1
	1

	Power-boosting level
	7.78dB
	9dB 
	7.78 / 9 dB 
	7.78dB
	9dB 
	9dB 
	7.78 / 9 dB 

	Uplink power control (applied/Not applied)
	——
	——
	——
	——
	——
	——
	——

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

	Description of Measurement Algorithm 
	MUSIC 
	MUSIC 
	MUSIC 
	MUSIC 
	MUSIC 
	MUSIC 
	MUSIC 

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	R.16 DL-TDOA
	R.16 UL-TDOA
	R.16 Multi-RTT
	R.16 DL-TDOA
	R.16 UL-TDOA
	R.16 UL-TDOA+ R.16 UL-AOA
	R.16 Multi-RTT

	Network synchronization assumptions
	Perfect
	Perfect
	Perfect
	Perfect
	Perfect
	Perfect
	Perfect

	UE/gNB Tx/Rx 
Calibration Error
	No
	No
	No
	No
	No
	No
	No

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	No
	No
	No
	No
	No
	No
	No

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	No
	No
	No
	No
	No
	No
	No

	Additional Notes, if any
	No
	No
	No
	No
	No
	No
	No



Table 8.1.1.1.1-1b: Rel.16 NR positioning - evaluation scenarios and parameters [InF-DH-FR1]
	Parameter
	[Case 8], [InF-DH-2D], [FR1], [DL-TDOA]
	[Case 9], [InF- DH-2D], [FR1], [UL-TDOA]
	[Case 10], [InF-DH-2D], [FR1], [Multi-RTT]
	[Case 11], [InF-DH-3D], [FR1], [DL-TDOA]
	[Case 12], [InF-DH-3D], [FR1], [UL-TDOA]
	[Case 13], [InF-DH-3D], [FR1], [UL-TDOA+UL-AOA]
	[Case 14], [InF-DH-3D], [FR1], [Multi-RTT]

	Channel model (baseline)
	InF-DH-2D
	InF-DH-2D
	InF-DH-2D
	InF-DH-3D
	InF-DH-3D
	InF-DH-3D
	InF-DH-3D

	Carrier frequency 
	3.5GHz
	3.5GHz
	3.5GHz
	3.5GHz
	3.5GHz
	3.5GHz
	3.5GHz

	Subcarrier spacing
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz

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

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	DL PRS,
Comb- 6
	UL SRS,
Comb- 8
	DL PRS, Comb- 6; UL SRS, Comb- 8
	DL PRS,
Comb- 6
	UL SRS,
Comb- 8
	UL SRS,
Comb- 8
	DL PRS, Comb- 6;
UL SRS, Comb- 8

	Reference signal 
(type of sequence, number of ports, …) 
	Gold sequence,
 Port-1
	ZC sequence, 
Port-1
	Gold & ZC sequence,
 Port-1
	Gold sequence,
 Port-1
	ZC sequence, 
Port-1
	ZC sequence, 
Port-1
	Gold & ZC sequence
 Port-1

	Number of sites
	6
	6
	6
	6
	6
	6
	6

	Number of symbols used per occasion
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2

	number of occasions used per positioning estimate
	1
	1
	1
	1
	1
	1
	1

	Power-boosting level
	7.78dB
	9dB 
	7.78 / 9 dB 
	7.78dB
	9dB 
	9dB 
	7.78 / 9 dB 

	Uplink power control (applied/Not applied)
	——
	——
	——
	——
	——
	——
	——

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

	Description of Measurement Algorithm 
	MUSIC 
	MUSIC 
	MUSIC 
	MUSIC 
	MUSIC 
	MUSIC 
	MUSIC 

	Description of positioning technique / applied positioning algorithm 
	R.16 DL-TDOA
	R.16 UL-TDOA
	R.16 Multi-RTT
	R.16 DL-TDOA
	R.16 UL-TDOA
	R.16 UL-TDOA+ R.16 UL-AOA
	R.16 Multi-RTT

	Network synchronization assumptions
	Perfect
	Perfect
	Perfect
	Perfect
	Perfect
	Perfect
	Perfect

	UE/gNB Tx/Rx 
Calibration Error
	No
	No
	No
	No
	No
	No
	No

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	No
	No
	No
	No
	No
	No
	No

	Precoding assumptions 
	No
	No
	No
	No
	No
	No
	No

	Additional Notes, if any
	No
	No
	No
	No
	No
	No
	No



Table 8.1.1.1.1-1c: Rel.16 NR positioning - evaluation scenarios and parameters [IOO-FR1]
	Parameter
	[Case 15], [IOO], [FR1], [DL-TDOA]
	[Case 16], [IOO], [FR1], [UL-TDOA]
	[Case 17], [IOO], [FR1], [UL-TDOA+UL-AOA]
	[Case 18], [IOO], [FR1], [Multi-RTT]
	[Case 19], [IOO], [FR1], [DL-TDOA]
	[Case 20], [IOO], [FR1], [UL-TDOA]
	[Case 21], [IOO], [FR1], [UL-TDOA+UL-AOA]
	[Case 22], [IOO], [FR1], [Multi-RTT]

	Channel model (baseline)
	IOO
	IOO
	IOO
	IOO
	IOO
	IOO
	IOO
	IOO

	Carrier frequency 
	3.5GHz
	3.5GHz
	3.5GHz
	3.5GHz
	3.5GHz
	3.5GHz
	3.5GHz
	3.5GHz

	Subcarrier spacing
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz

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

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	DL PRS,
Comb- 6
	UL SRS,
Comb- 8
	UL SRS, Comb- 8
	DL PRS, Comb- 6; UL SRS, Comb- 8
	DL PRS,
Comb- 6
	UL SRS,
Comb- 8
	UL SRS,
Comb- 8
	DL PRS, Comb- 6;
UL SRS, Comb- 8

	Reference signal 
(type of sequence, number of ports, …) 
	Gold sequence,
 Port-1
	ZC sequence, 
Port-1
	ZC sequence, 
Port-1
	Gold & ZC sequence,
 Port-1
	Gold sequence,
 Port-1
	ZC sequence, 
Port-1
	ZC sequence, 
Port-1
	Gold & ZC sequence
 Port-1

	Number of sites
	6
	6
	6
	6
	6
	6
	6
	6

	Number of symbols used per occasion
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2

	number of occasions used per positioning estimate
	1
	1
	1
	1
	1
	1
	1
	1

	Power-boosting level
	7.78dB
	9dB 
	9dB 
	7.78 / 9 dB 
	7.78dB
	9dB 
	9dB 
	7.78 / 9 dB 

	Uplink power control (applied/Not applied)
	——
	——
	——
	——
	——
	——
	——
	——

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

	Description of Measurement Algorithm 
	MUSIC 
	MUSIC 
	MUSIC 
	MUSIC 
	MUSIC 
	MUSIC 
	MUSIC 
	MUSIC 

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	R.16 DL-TDOA
	R.16 UL-TDOA
	R.16 UL-TDOA+ R.16 UL-AOA
	R.16 Multi-RTT
	R.16 DL-TDOA
	R.16 UL-TDOA
	R.16 UL-TDOA+ R.16 UL-AOA
	R.16 Multi-RTT

	Network synchronization assumptions
	Perfect
	Perfect
	Perfect
	Perfect
	Not Perfect
	Not Perfect
	Not Perfect
	Not Perfect

	UE/gNB Tx/Rx 
Calibration Error
	No
	No
	No
	No
	Yes
	Yes
	Yes
	Yes

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	No
	No
	No
	No
	No
	No
	No
	No

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	No
	No
	No
	No
	No
	No
	No
	No

	Additional Notes, if any
	No
	No
	No
	No
	No
	No
	No
	No




Table 8.1.1.1.1-1d: Rel.16 NR positioning - evaluation scenarios and parameters [InF-SH-FR2]
	Parameter
	[Case 23], [InF-SH-2D], [FR2], [DL-TDOA]
	[Case 24], [InF- SH-2D], [FR2], [UL-TDOA]
	[Case 25], [InF-SH-3D], [FR2], [DL-TDOA]
	[Case 26], [InF- SH-3D], [FR2], [UL-TDOA]

	Channel model (baseline, otherwise state any modifications)
	InF-SH-2D
	InF-SH-2D
	InF-SH-3D
	InF-SH-3D

	Carrier frequency 
	28GHz
	28GHz
	28GHz
	28GHz

	Subcarrier spacing
	120KHz
	120KHz
	120KHz
	120KHz

	Reference Signal Transmission Bandwidth
	400MHz
	400MHz
	400MHz
	400MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	DL PRS,
Comb- 6
	UL SRS,
Comb- 8
	DL PRS,
Comb- 6
	UL SRS,
Comb- 8

	Reference signal 
(type of sequence, number of ports, …) 
	Gold sequence,
 Port-1
	ZC sequence, 
Port-1
	Gold sequence,
 Port-1
	ZC sequence, 
Port-1

	Number of sites
	6
	6
	6
	6

	Number of symbols used per occasion
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2

	number of occasions used per positioning estimate
	1
	1
	1
	1

	Power-boosting level
	7.78dB
	9dB 
	7.78dB
	9dB 

	Uplink power control (applied/Not applied)
	——
	——
	——
	——

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

	Description of Measurement Algorithm 
	MUSIC
	MUSIC
	MUSIC
	MUSIC

	Description of positioning technique / applied positioning algorithm
	R.16 DL-TDOA
	R.16 UL-TDOA
	R.16 DL-TDOA
	R.16 UL-TDOA

	Network synchronization assumptions
	Perfect
	Perfect
	Perfect
	Perfect

	UE/gNB Tx/Rx 
Calibration Error
	No
	No
	No
	No

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	No
	No
	No
	No

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	No
	No
	No
	No

	Additional Notes, if any
	No
	No
	No
	No



Table 8.1.1.1.1-1e: Rel.16 NR positioning - evaluation scenarios and parameters [InF-DH-FR2]
	Parameter
	[Case 27], [InF-DH-2D], [FR2], [DL-TDOA]
	[Case 28], [InF-DH-2D], [FR2], [UL-TDOA]
	[Case 29], [InF-DH-3D], [FR2], [DL-TDOA]
	[Case 30], [InF-DH-3D], [FR2], [UL-TDOA]

	Channel model (baseline, otherwise state any modifications)
	InF-DH-2D
	InF-DH-2D
	InF-DH-3D
	InF-DH-3D

	Carrier frequency 
	28GHz
	28GHz
	28GHz
	28GHz

	Subcarrier spacing
	120KHz
	120KHz
	120KHz
	120KHz

	Reference Signal Transmission Bandwidth
	400MHz
	400MHz
	400MHz
	400MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	DL PRS,
Comb- 6
	UL SRS,
Comb- 8
	DL PRS,
Comb- 6
	UL SRS,
Comb- 8

	Reference signal 
(type of sequence, number of ports, …) 
	Gold sequence,
 Port-1
	ZC sequence, 
Port-1
	Gold sequence,
 Port-1
	ZC sequence, 
Port-1

	Number of sites
	6
	6
	6
	6

	Number of symbols used per occasion
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2

	number of occasions used per positioning estimate
	1
	1
	1
	1

	Power-boosting level
	7.78dB
	9dB 
	7.78dB
	9dB 

	Uplink power control (applied/Not applied)
	——
	——
	——
	——

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

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	MUSIC 
	MUSIC 
	MUSIC 
	MUSIC 

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	R.16 DL-TDOA
	R.16 UL-TDOA
	R.16 DL-TDOA
	R.16 UL-TDOA

	Network synchronization assumptions
	Perfect
	Perfect
	Perfect
	Perfect

	UE/gNB Tx/Rx 
Calibration Error
	No
	No
	No
	No

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	No
	No
	No
	No

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	No
	No
	No
	No

	Additional Notes, if any
	No
	No
	No
	No


Table 8.1.1.1.1-1f: Rel.16 NR positioning - evaluation scenarios and parameters [IOO-FR2]
	Parameter
	[Case 31], [IOO], [FR2], [DL-TDOA]
	[Case 32], [IOO], [FR2], [UL-TDOA]
	[Case 33], [IOO], [FR2], [Multi-RTT]
	[Case 34], [IOO], [FR2], [DL-TDOA]
	[Case 35], [IOO], [FR2], [UL-TDOA]
	[Case 36], [IOO], [FR2], [Multi-RTT]

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

	Carrier frequency 
	28GHz
	28GHz
	28GHz
	28GHz
	28GHz
	28GHz

	Subcarrier spacing
	120KHz
	120KHz
	120KHz
	120KHz
	120KHz
	120KHz

	Reference Signal Transmission Bandwidth
	400MHz
	400MHz
	400MHz
	400MHz
	400MHz
	400MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	DL PRS,
Comb- 6
	UL SRS,
Comb- 8
	DL PRS, Comb- 6; UL SRS, Comb- 8
	DL PRS,
Comb- 6
	UL SRS,
Comb- 8
	DL PRS, Comb- 6;
UL SRS, Comb- 8

	Reference signal 
(type of sequence, number of ports, …) 
	Gold sequence,
 Port-1
	ZC sequence, 
Port-1
	Gold & ZC sequence,
 Port-1
	Gold sequence,
 Port-1
	ZC sequence, 
Port-1
	Gold & ZC sequence
 Port-1

	Number of sites
	6
	6
	6
	6
	6
	6

	Number of symbols used per occasion
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2
	1 for FR1;
 12 for FR2

	number of occasions used per positioning estimate
	1
	1
	1
	1
	1
	1

	Power-boosting level
	7.78dB
	9dB 
	7.78 / 9 dB 
	7.78dB
	9dB 
	7.78 / 9 dB 

	Uplink power control (applied/Not applied)
	——
	——
	——
	——
	——
	——

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

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	MUSIC 
	MUSIC 
	MUSIC 
	MUSIC 
	MUSIC 
	MUSIC 

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	R.16 DL-TDOA
	R.16 UL-TDOA
	R.16 Multi-RTT
	R.16 DL-TDOA
	R.16 UL-TDOA
	R.16 Multi-RTT

	Network synchronization assumptions
	Perfect
	Perfect
	Perfect
	Not Perfect
	Not Perfect
	Not Perfect

	UE/gNB Tx/Rx 
Calibration Error
	No
	No
	No
	Yes
	Yes
	Yes

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	No
	No
	No
	No
	No
	No

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	No
	No
	No
	No
	No
	No

	Additional Notes, if any
	No
	No
	No
	No
	No
	No
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8.1.1.1.2	Positioning accuracy evaluation results
Evaluation results are presented from Table 8.1.1.1.2-1 to Table 8.1.1.1.2-2.
Table 8.1.1.1.2-1: Rel.16 NR positioning - horizontal location error results from CATT[R1-2007859] 
	
	
	50%
	67%
	80%
	90%

	[Case 1], [InF-SH-2D], [FR1], [DL-TDOA]
	Convex UEs
	0.0418
	0.0603
	0.0836
	0.1650

	
	(Optional) All UEs
	0.0996
	0.104
	0.1196
	0.3159

	[Case 2], [InF-SH-2D], [FR1], [UL-TDOA]
	Convex UEs
	0.0430
	0.0621
	0.0823
	0.1551

	[Case 3], [InF-SH-2D], [FR1], [Multi-RTT]
	Convex UEs
	0.03969
	0.05828
	0.08561
	0.1650

	[Case 4], [InF-SH-3D], [FR1], [DL-TDOA]
	Convex UEs
	0.079
	0.1083
	0.1379
	0.2045

	[Case 5], [InF-SH-3D], [FR1], [UL-TDOA]
	Convex UEs
	0.0754
	0.1143
	0.1728
	0.2574

	[Case 6], [InF-SH-3D], [FR1], [UL-TDOA+UL-AOA]
	Convex UEs
	0.033
	0.054
	0.1428
	0.2677

	[Case 7], [InF-SH-3D], [FR1], [Multi-RTT]
	Convex UEs
	0.08
	0.108
	0.153
	0.2540

	[Case 8], [InF-DH-2D], [FR1], [DL-TDOA]
	Convex UEs
	0.0599
	0.088
	0.1185
	0.1693

	[Case 9], [InF-DH-2D], [FR1], [UL-TDOA]
	Convex UEs
	0.0488
	0.0695
	0.0856
	0.1184

	[Case 10], [InF-DH-2D], [FR1], [Multi-RTT]
	Convex UEs
	0.04744
	0.06356
	0.08704
	0.1237

	[Case 11], [InF-DH-3D], [FR1], [DL-TDOA]
	Convex UEs
	0.1201
	0.2499
	0.4116
	0.7089

	[Case 12], [InF-DH-3D], [FR1], [UL-TDOA]
	Convex UEs
	0.108
	0.155
	0.3692
	0.6937

	[Case 13], [InF-DH-3D], [FR1], [UL-TDOA+UL-AOA]
	Convex UEs
	0.044
	0.062
	0.118
	0.151

	[Case 14], [InF-DH-3D], [FR1], [Multi-RTT]
	Convex UEs
	0.115
	0.179
	0.391
	0.692

	[Case 15], [IOO], [FR1], [DL-TDOA]
	Convex UEs
	0.079
	0.1028
	0.1338
	0.2288

	[Case 16], [IOO], [FR1], [UL-TDOA]
	Convex UEs
	0.0646
	0.0984
	0.127
	0.1836

	[Case 17], [IOO], [FR1], [UL-TDOA+UL-AOA]
	Convex UEs
	0.013
	0.031
	0.049
	0.1219

	[Case 18], [IOO], [FR1], [Multi-RTT]
	Convex UEs
	0.073
	0.1024
	0.1331
	0.283

	[Case 19], [IOO], [FR1], [DL-TDOA]
	Convex UEs
	7.4192
	13.0891
	18.592
	32.4509

	[Case 20], [IOO], [FR1], [UL-TDOA]
	Convex UEs
	6.6813
	12.6521
	18.281
	32.0927

	[Case 21], [IOO], [FR1], [UL-TDOA+UL-AOA]
	Convex UEs
	2.4591
	3.7312
	5.603
	9.2356

	[Case 22], [IOO], [FR1], [Multi-RTT]
	Convex UEs
	0.3828
	0.4918
	0.6728
	1.3668

	[Case 23], [InF-SH-2D], [FR2], [DL-TDOA]
	Convex UEs
	0.0136
	0.0223
	0.028
	0.0372

	[Case 24], [InF-SH-2D], [FR2], [UL-TDOA]
	Convex UEs
	0.022
	0.0296
	0.041
	0.0538

	[Case 25], [InF-SH-3D], [FR2], [DL-TDOA]
	Convex UEs
	0.025
	0.0324
	0.046
	0.0789

	[Case 26], [InF-SH-3D], [FR2], [UL-TDOA]
	Convex UEs
	0.0223
	0.0276
	0.0383
	0.0817

	[Case 27], [InF-DH-2D], [FR2], [DL-TDOA]
	Convex UEs
	0.0178
	0.023
	0.0277
	0.0388

	[Case 28], [InF-DH-2D], [FR2], [UL-TDOA]
	Convex UEs
	0.0204
	0.0296
	0.0416
	0.0553

	[Case 29], [InF-DH-3D], [FR2], [DL-TDOA]
	Convex UEs
	0.0314
	0.089
	0.2996
	0.7033

	[Case 30], [InF-DH-3D], [FR2], [UL-TDOA]
	Convex UEs
	0.0282
	0.0561
	0.2827
	0.6848

	[Case 31], [IOO], [FR2], [DL-TDOA]
	Convex UEs
	0.0166
	0.0225
	0.0301
	0.0406

	[Case 32], [IOO], [FR2], [UL-TDOA]
	Convex UEs
	0.011
	0.0179
	0.0243
	0.0397

	[Case 33], [IOO], [FR2], [Multi-RTT]
	Convex UEs
	0.01636
	0.022
	0.03
	0.0402

	[Case 34], [IOO], [FR2], [DL-TDOA]
	Convex UEs
	7.3189
	13.0765
	18.572
	32.3809

	[Case 35], [IOO], [FR2], [UL-TDOA]
	Convex UEs
	6.6798
	12.5968
	18.2581
	32.0887

	[Case 36], [IOO], [FR2], [Multi-RTT]
	Convex UEs
	0.3475
	0.4718
	0.6565
	1.2681



Table 8.1.1.1.2-2: Rel.16 NR positioning - altitude location error results from CATT[R1-2007859] 
	
	
	50%
	67%
	80%
	90%

	[Case 4], [InF-SH-3D], [FR1], [DL-TDOA]
	Convex UEs
	0.608
	0.9636
	1.3383
	1.8954

	[Case 5], [InF-SH-3D], [FR1], [UL-TDOA]
	Convex UEs
	0.608
	1.036
	1.3383
	2.0599

	[Case 6], [InF-SH-3D], [FR1], [UL-TDOA+UL-AOA]
	Convex UEs
	0.8572
	1.154
	1.516
	2.256

	[Case 7], [InF-SH-3D], [FR1], [Multi-RTT]
	Convex UEs
	0.639
	0.917
	1.60
	2.18

	[Case 11], [InF-DH-3D], [FR1], [DL-TDOA]
	Convex UEs
	0.461
	0.8138
	1.3474
	2.9917

	[Case 12], [InF- DH-3D], [FR1], [UL-TDOA]
	Convex UEs
	0.4167
	0.6408
	1.0091
	2.049

	[Case 13], [InF- DH-3D], [FR1], [UL-TDOA+UL-AOA]
	Convex UEs
	0.334
	0.486
	0.593
	0.633

	[Case 14], [InF- DH-3D], [FR1], [Multi-RTT]
	Convex UEs
	0.507
	0.723
	1.59
	2.82

	[Case 25], [InF-SH-3D], [FR2], [DL-TDOA]
	Convex UEs
	0.1581
	0.277
	0.3961
	0.6283

	[Case 26], [InF- SH-3D], [FR2], [UL-TDOA]
	Convex UEs
	0.2018
	0.3084
	0.4611
	0.8304

	[Case 29], [InF-DH-3D], [FR2], [DL-TDOA]
	Convex UEs
	0.1337
	0.2703
	0.6779
	3.0578

	[Case 30], [InF-DH-3D], [FR2], [UL-TDOA]
	Convex UEs
	0.116
	0.2358
	0.5051
	3.1267



8.1.1.1.3	Observations on Rel-16 NR positioning accuracy
The summaries of horizontal and vertical accuracy with Rel-16 NR positioning techniques (R.16 DL-TDOA, R.16 UL-TDOA, R.16 Multi-RTT, R.16 DL-AOD, R.16 UL-TDOA +R.16 UL-AOA) are given in Table 8.1.1.1.3-1 and Table 8.1.1.1.3-2, respectively. For horizontal accuracy performance of commercial use case (IOO), the requirements [1]m @[90]% are met by CASE {15~18, 31~33}, but not met by CASE {19~22, 34~36}. For horizontal accuracy performance of IIoT use cases (InF-SH and InF-DH), the requirements [0.2]m @[90]% are met by CASE {1~3,8~10, 13, 23~28} , but not met by CASE {4~7, 11, 12, 14, 29, 30}. For horizontal accuracy performance of IIoT use cases (InF-SH and InF-DH), requirements [0.5]m @[90]% are met by CASE {1~10, 13, 23~28} , but not met by CASE {11, 12, 14, 29, 30}. For vertical accuracy performance of IIoT use cases (InF-SH-3D and InF-DH-3D), the requirements of [0.2]m @[90]% are not met by CASE {4~7, 11~14, 25,26,29,30}. For vertical accuracy performance of IIoT use cases (InF-SH-3D and InF-DH-3D), the requirements of [1]m @[90]% are met by CASE {13, 25, 26} , but not met by CASE {4~7, 11, 12, 14, 29,30}.
Note that network synchronization error and UE/gNB Tx/Rx calibration error are included in CASE {19~22,34~36}, but not simulated in CASE {1~18, 23~33}. The following observations can be get:
[bookmark: O1][bookmark: O2]Observation 1: Without considering the network synchronization error and UE/gNB Tx/Rx calibration error, Rel-16 NR positioning techniques can meet the commercial use case (IOO) horizontal accuracy performance requirements [1]m @[90]%, and IIoT use cases (InF-SH and InF-DH) horizontal accuracy performance requirements [0.5]m @[90]%, but cannot meet IIoT use cases (InF-SH and InF-DH) horizontal accuracy performance requirements [0.2]m @[90]%.
Observation 2: Without considering the network synchronization error and UE/gNB Tx/Rx calibration error, none of the simulated IIoT cases can meet the vertical accuracy performance requirement of [0.2m] @[90]%. Most of the simulated IIoT cases cannot meet the vertical accuracy performance requirements of [1m] @[90]%.
[bookmark: O3]Observation 3: Network synchronization error and UE/gNB Tx/Rx calibration error have great impact on Rel-16 NR positioning accuracy performance.

Table 8.1.1.1.3-1: Rel.16 NR positioning – horizontal accuracy performance summary CATT[R1-2007859] 
	Simulation case
(Horizontal Error)
	Commercial horizontal accuracy requirements [1]m @[90]% are met - Yes/No.
 If No, provide performance gaps @[90]%
	IIoT horizontal accuracy requirements of [0.2]m @[90]%are met - Yes/No.
If No, provide performance gaps @[90]%
	IIoT horizontal accuracy requirements of [0.5]m @[90]%are met -Yes/No.
 If No, provide performance gaps @[90]%

	[Case 1], [InF-SH-2D], [FR1], [DL-TDOA]
	——
	Yes
	Yes

	[Case 2], [InF-SH-2D], [FR1], [UL-TDOA]
	——
	Yes
	Yes

	[Case 3], [InF-SH-2D], [FR1], [Multi-RTT]
	——
	Yes
	Yes

	[Case 4], [InF-SH-3D], [FR1], [DL-TDOA]
	——
	No
（0.0045）
	Yes

	[Case 5], [InF-SH-3D], [FR1], [UL-TDOA]
	——
	No
（0.0574）
	Yes

	[Case 6], [InF-SH-3D], [FR1], [UL-TDOA+UL-AOA]
	——
	No
（0.0677）
	Yes

	[Case 7], [InF-SH-3D], [FR1], [Multi-RTT]
	——
	No
(0.054)
	Yes

	[Case 8], [InF-DH-2D], [FR1], [DL-TDOA]
	——
	Yes
	Yes

	[Case 9], [InF-DH-2D], [FR1], [UL-TDOA]
	——
	Yes
	Yes

	[Case 10], [InF-DH-2D], [FR1], [Multi-RTT]
	——
	Yes
	Yes

	[Case 11], [InF-DH-3D], [FR1], [DL-TDOA]
	——
	No
(0.5089)
	No
(0.2089)

	[Case 12], [InF-DH-3D], [FR1], [UL-TDOA]
	——
	No
（0.4937）
	No
(0.1937)

	[Case 13], [InF-DH-3D], [FR1], [UL-TDOA+UL-AOA]
	——
	Yes
	Yes

	[Case 14], [InF-DH-3D], [FR1], [Multi-RTT]
	——
	No
(0.362)
	No
(0.062)

	[Case 15], [IOO], [FR1], [DL-TDOA]
	Yes
	——
	——

	[Case 16], [IOO], [FR1], [UL-TDOA]
	Yes
	——
	——

	[Case 17], [IOO], [FR1], [UL-TDOA+UL-AOA]
	Yes
	——
	——

	[Case 18], [IOO], [FR1], [Multi-RTT]
	Yes
	——
	——

	[Case 19], [IOO], [FR1], [DL-TDOA]
	No
（31.4509）
	——
	——

	[Case 20], [IOO], [FR1], [UL-TDOA]
	No
（31.0927）
	——
	——

	[Case 21], [IOO], [FR1], [UL-TDOA+UL-AOA]
	No
（8.2356）
	——
	——

	[Case 22], [IOO], [FR1], [Multi-RTT]
	No
(31.39)
	——
	——

	[Case 23], [InF-SH-2D], [FR2], [DL-TDOA]
	——
	Yes
	Yes

	[Case 24], [InF-SH-2D], [FR2], [UL-TDOA]
	——
	Yes
	Yes

	[Case 25], [InF-SH-3D], [FR2], [DL-TDOA]
	——
	Yes
	Yes

	[Case 26], [InF-SH-3D], [FR2], [UL-TDOA]
	——
	Yes
	Yes

	[Case 27], [InF-DH-2D], [FR2], [DL-TDOA]
	——
	Yes
	Yes

	[Case 28], [InF-DH-2D], [FR2], [UL-TDOA]
	——
	Yes
	Yes

	[Case 29], [InF-DH-3D], [FR2], [DL-TDOA]
	——
	No
（0.5033）
	No
（0.2033）

	[Case 30], [InF-DH-3D], [FR2], [UL-TDOA]
	——
	No
（0.4848）
	No
（0.1848）

	[Case 31], [IOO], [FR2], [DL-TDOA]
	Yes
	——
	——

	[Case 32], [IOO], [FR2], [UL-TDOA]
	Yes
	——
	——

	[Case 33], [IOO], [FR2], [Multi-RTT]
	Yes
	——
	——

	[Case 34], [IOO], [FR2], [DL-TDOA]
	No
（31.3809）
	——
	——

	[Case 35], [IOO], [FR2], [UL-TDOA]
	No
（31.0887）
	——
	——

	[Case 36], [IOO], [FR2], [Multi-RTT]
	No
(0. 2681)
	——
	——



Table 8.1.1.1.3-2: Rel.16 NR positioning – vertical accuracy performance summary CATT[R1-2007859] 
	Simulation case
(Vertical Error)
	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], [InF-SH-3D], [FR1], [DL-TDOA]
	——
	No
（1.6954）
	No
（0.8954）

	[Case 5], [InF-SH-3D], [FR1], [UL-TDOA]
	——
	No
（1.6599）
	No
（1.0599）

	[Case 6], [InF-SH-3D], [FR1], [UL-TDOA+UL-AOA]
	——
	No
(2.056)
	No
(1.256)

	[Case 7], [InF-SH-3D], [FR1], [Multi-RTT]
	——
	No
(1.98)
	No
(1.18)

	[Case 11], [InF-DH-3D], [FR1], [DL-TDOA]
	——
	No
（2.7917）
	No
（1.9917）

	[Case 12], [InF-DH-3D], [FR1], [UL-TDOA]
	——
	No
（1.849）
	No
（1.049）

	[Case 13], [InF-DH-3D], [FR1], [UL-TDOA+UL-AOA]
	——
	No
(0.433)
	Yes

	[Case 14], [InF-DH-3D], [FR1], [Multi-RTT]
	——
	No
(2.62)
	No
(1.82)

	[Case 25], [InF-SH-3D], [FR2], [DL-TDOA]
	——
	No
（0.4283）
	Yes

	[Case 26], [InF-SH-3D], [FR2], [UL-TDOA]
	——
	No
（0.6304）
	Yes

	[Case 29], [InF-DH-3D], [FR2], [DL-TDOA]
	——
	No
（2.8578）
	No
（2.0578）

	[Case 30], [InF-DH-3D], [FR2], [UL-TDOA]
	——
	No
（2.9267）
	No
（2.1267）




8.1.2	Physical layer latency analysis for Rel-16
8.1.1.2	Results from CATT[R1-2007859]  
In this section, we analyse the physical layer latency for both DL-TDOA and UL-TDOA. For DL-TDOA, the physical layer procedure is shown in Figure 1.
[image: ]
[bookmark: _Ref53577052]Figure 1: PHY procedure for DL-TDOA
According to Figure 1, the total PHY delay could be calculated as 

where, 
·  denotes the time to require measurement gap, which is 1ms according to the result of URLLC latency in TR 38.824 [5].
·  denotes the time for measurement gap configuration, which could be assumed as 10ms according to RRC reconfiguration procedure delay in TS 38.331 [6].
·  denotes the delay between the time when DL PRS is received and the time when measurement gap configuration is received, which is related to the maximum value of the configured periodicity of PRS and measurement gap.
·  denotes the time from UE begins to measure PRS until the measurement result is ready to report. is related to UE capability and the number of PRS resources needed to be measured.
·  denotes the time for measurement reporting, which includes SR request, PDCCH-based UL grant and PUSCH-based measurement result reporting. 

The value of  could be assumed as 0.5ms for URLLC according to section 5.2.1 of TR 36.881 [7]. The value of  may be inferred from the minimum periodicity of PRS and measurement gap, since the measurement result has to be reported before the next PRS occasion. 
In Rel-16, the periodicity of PRS includes the following values:  slots. For the periodicity of measurement gap, the following values are supported: ms.
For example, assume SCS is 15kHz, the periodicity of PRS is 4 slots and the periodicity of measurement gap is 20ms, the PHY latency could be summarized in Table 8.1.1.2-1.
Table 8.1.1.2-1: Rel.16 NR positioning latency for DL-TDOA
	Case 1, 15kHz, FR1, DL-TDOA
Source UE/Destination NW
Positioning technique DL-TDOA, type DL, mode UE-assisted, 
Initial and Final RRC States CONNECTED


	Latency Components
	Value Range, ms
	Description of Latency Component

	Start trigger
	1
	Measurement gap request

	Measurement gap configuration
	10
	Measurement gap configuration delay by RRC

	PRS arrival delay
	,

(e.g.  when  and  )
	DL PRS arrived for measurement, which is related to the maximum value of the configured periodicity of PRS  and the configured periodicity of measurement gap 

	Process time
	,

, as =4 and =20)
	UE begins to measure PRS until the measurement result is ready. This value depends on UE capability the number of PRS resources to be measured. The value is assumed to be determined by the supported minimum periodicity of PRS and measurement gap . 

	End trigger
	0.5
	SR request,  PDCCH UL grant and PUSCH-based measurement result reporting are included, wherein URLLC is assumed

	Total values 
	51.5
	



For UL-TDOA, the physical layer procedure is shown in Figure 2.

[image: ]
[bookmark: _Ref53577119]Figure 2: PHY procedure for UL-TDOA
The total delay could be calculated as

where, 
·  denotes the time to activate the SRS transmission.
·  denotes the delay from effective time of SRS activation until UE begins to transmit SRS, which is related to the value of the configured periodicity of SRS.
·  denotes the time from gNB begins to measure SRS until the measurement result is ready, which is related to UE capability and the number of SRS resources needed to be measured.

If SRS is activated by MAC-CE, 3ms delay could be assumed. Similar to Case 1, the value of  may be inferred from the minimum periodicity of SRS. In Rel-16, the periodicity of SRS for 15 kHz SCS includes the following values:
{1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240} slots.
Assume the periodicity of SRS is 1 slot, the PHY latency could be summarized in Table 8.1.1.2-2.
Table 8.1.1.2-2: Rel.16 NR positioning latency for UL-TDOA
	Case 2, 15kHz, FR1, UL-TDOA
Source UE/Destination NW
Positioning technique UL-TDOA, type UL, mode UE-assisted, 
Initial and Final RRC States CONNECTED


	Latency Components
	Value Range, ms
	Description of Latency Component

	Start trigger
	3
	UE SRS transmission is activated

	UL SRS arrival delay
	,

(e.g.  when )
	UL SRS arrived for measurement, which is related to the value of the configured periodicity of SRS  

	End trigger
	,

, as =1)
	gNB begins to measure SRS until the measurement result is ready. This value depends on gNB capability, and the number of SRS resources to be measured. The value is assumed to be determined by the minimum periodicity of SRS, .

	Total values 
	5
	




8.1.1.2.1	Latency analysis for Rel.16 solutions
[bookmark: _Toc43381262]According to the analysis above, the DL and UL PHY latency could be summarized as below, where the minimum possible latency values for both UL and DL are provided:
· Table 8.1.1.2.1-1: NR Rel.16 positioning - latency performance summary CATT[R1-2007859] 
	Description 
Evaluation Case
	L1 Latency, ms
	Commercial requirements [100]ms are met -Yes/No
- If No, provide performance gaps
	IIoT requirements of [10ms] are met - Yes/No. 
If No, provide performance gaps
	IIoT requirements of [100]ms are met - Yes/No.
If No, provide performance gaps

	Case 1, 15kHz, FR1, DL-TDOA
	51.5
	Yes
	No (41.5ms gaps)
	Yes

	Case 2, 15kHz, FR1, UL-TDOA
	5
	Yes
	Yes
	Yes



We have the following observation:
[bookmark: O4]Observation 4: Physical layer latency for DL positioning needs to be significantly reduced in R17 to meet the 10ms requirement.

8.2	Performance of studied NR positioning enhancements
[bookmark: _Toc43381263]8.2.1	Positioning accuracy analysis for NR positioning enhancements
8.2.1.1	Results from CATT[R1-2007859] 
8.2.1.1.1	Description of evaluation scenarios
In this section, evaluation scenarios and parameters for positioning accuracy analysis of Rel-17 enhanced positioning solution are given in Table 8.2.1.1.1-1. 
· Case ID: 1 to 2.
· Scenario: InF-HH-2D.
· Frequency Band: FR1.
· Positioning Technique: DL-TDOA +DL-CPP, UL-TDOA + UL-CPP [R1-2007860].

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Table 8.2.1.1.1-1: NR positioning enhancements - evaluation scenarios and parameters
	Parameter
	[Case 1], [InF-HH-2D], [FR1], [DL-TDOA+ DL-CPP]
	[Case 2], [InF-HH-2D], [FR1], [UL-TDOA+ UL-CPP]

	Channel model (baseline)
	InF-HH-2D
	InF-HH-2D

	Carrier frequency 
	3.5GHz
	3.5GHz

	Subcarrier spacing
	30KHz
	30KHz

	Reference Signal Transmission Bandwidth
	100MHz
	100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) 
	DL PRS,
Comb- 6
	UL SRS,
Comb- 8

	Reference signal 
(type of sequence, number of ports, …) 
	Gold sequence,
 Port-1
	ZC sequence, 
Port-1

	Number of sites
	6
	6

	Number of symbols used per occasion
	12
	12

	number of occasions used per positioning estimate
	1
	1

	Power-boosting level
	7.78dB
	9dB 

	Uplink power control (applied/Not applied)
	——
	——

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

	Description of Measurement Algorithm 
	MUSIC + PLL
	MUSIC + PLL

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	EKF + Chan
	EKF + Chan

	Network synchronization assumptions
	Yes
	Yes

	UE/gNB Tx/Rx 
Calibration Error
	No
	No

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	No
	No

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	No
	No

	Evaluated Enhancement 
for Rel.17
	DL-TDOA+ DL-CPP
	UL-TDOA+ UL-CPP

	Additional Notes, if any
	Double differential with reference UE to overcome network synchronization error [R1-2007860]
	Double differential with reference UE to overcome network synchronization error
[R1-2007860]



8.2.1.1.2	Positioning accuracy evaluation results for NR positioning enhancements
Table 8.2.1.1.2-1: NR positioning enhancements - horizontal location error results from CATT[R1-2007859] 
	
	
	50%
	67%
	80%
	90%

	[Case 1], [InF-HH-2D], [FR1], [DL- TDOA+ DL-CPP]
	Convex UEs
	0.0218
	0.0321
	0.0387
	0.051

	[Case 2], [InF-HH-2D], [FR1], [UL- TDOA+ UL-CPP]
	Convex UEs
	0.0196
	0.0306
	0.0368
	0.049



8.2.1.1.3	Observations on NR positioning enhancements
Horizontal accuracy performance summary of studied NR positioning (DL-TDOA + DL-CPP, and UL-TDOA + UL-CPP) are given in Table 8.2.1.1.3-1. 
For IIoT (InF-HH-2D), the horizontal accuracy performance requirements [0.2]m and [0.5]m @[90]% are met by CASE {1, 2}.

Table 8.2.1.1.3-1: NR positioning enhancements – horizontal accuracy performance summary [R1-2007859] 
	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 1], [InF-HH-2D], [FR1], [DL- TDOA+ DL-CPP]
	0.133m Vs CASE 1 in section 8.1.1.1
	——
	YES
	YES

	[Case 2], [InF-HH-2D], [FR1], [UL- TDOA+ UL-CPP]
	0.1261m Vs CASE 2  in section 8.1.1.1
	——
	YES
	YES



[bookmark: O5]Observation 5: CPP (DL-TDOA + DL-CPP, and UL-TDOA + UL-CPP) with double differential techniques can meet the IIoT (InF-HH-2D) horizontal accuracy performance requirements [0.2]m@[90]% even when the network synchronization error is simulated.

8.2.2	Physical layer latency analysis for NR positioning enhancements
8.2.2.1	Results from CATT[R1-2007859] 
8.2.2.1.1	Description of evaluation scenarios
For DL positioning enhancement, aperiodic PRS (A-PRS) could be introduced to reduce positioning latency. In this section, evaluation scenarios and parameters for positioning latency analysis of A-PRS based positioning solution are given as below:
· Case ID: 1.
· SCS: 15kHz.
· Frequency Band: FR1.
· Positioning Technique: DL-TDOA [R1-2007860].
· Periodicity of PRS: Aperiodic PRS
· Duration time of PRS: 4ms 

8.2.2.1.2	Latency analysis of NR positioning enhancements
For DL positioning enhancement, aperiodic PRS could be introduced. From our point of view, aperiodic measurement gap can be configured for aperiodic PRS [R1-2007860]. Therefore, whenever triggering, UE should measure those PRS resources. In addition, for measurement reporting, the SR request and UL grant procedures could be arranged before A-PRS triggering. Therefore, the reporting time could be reduced further. The enhanced procedure of DL-TDOA is shown in Figure 3.

[image: ]
[bookmark: _Ref53577164]Figure 3: Enhanced PHY procedure for DL-TDOA

The total delay could be calculated as

where, 
·  denotes the time to receive and decode the A-PRS triggering signaling.
·  denotes the delay when DL PRS is received, which is related to the PRS offset value configured by the A-PRS triggering signaling
·  denotes the time from UE begins to measure PRS until the measurement result is ready, which is related to UE capability and the number of PRS resources needed to be measured.
·  denotes the time for measurement reporting, which includes SR request, PDCCH-based UL grant and PUSCH-based measurement result reporting.. 

Assume DCI signalling is used to trigger A-PRS, 1ms could be assumed for . Current UE capability is defined as N ms of DL PRS symbols being processed in every T ms for a given maximum bandwidth (B) in MHz supported by UE. N = {0.125, 0.25, 0.5, 1, 2, 4, 8, 12, 16, 20, 25, 30, 35, 40, 45, 50}ms and T = {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280}ms. Assume Y ms of PRS resources are configured, the processing time could be calculated as .

Assume SCS is 15 kHz, and a moderate UE capability, i.e. N=4, T=8, the PHY latency of enhanced DL-TDOA could be summarized in Table 8.2.2.1.2-1.

Table 8.2.2.1.2-1: NR positioning enhancements – latency analysis CATT[R1-2007859] 
	Case 1, 15kHz, FR1, DL-TDOA
Source UE / Destination NW
Positioning technique DL-TDOA, type DL, mode UE-assisted, 
Initial and Final RRC States CONNECTED

	Latency Component
	Value Range, ms
	Description of Latency Component

	Start trigger
	1
	receive and decode the A-PRS triggering signaling

	PRS arrival delay
	4
	DL PRS arrived for measurement, which is related to the PRS offset value configured by the A-PRS triggering signaling

	Process time
	,

(e.g. X=8 for Y=4, N=4, T=8 )
	UE begins to measure PRS until the measurement result is ready. This value depends on UE capability the number of PRS resources to be measured.

	End trigger
	0.5
	PUSCH-based measurement result reporting are included

	Total values 
	13.5
	




8.2.2.1.3	Observations on NR positioning latency enhancements
According to the analysis above, the enhanced DL-TDOA PHY latency could be summarized as below:
Table 8.2.2.1.3-1: NR positioning enhancements - physical layer latency performance summary CATT[R1-2007859] 
	Description 
Evaluation Case
	L1 Latency,
ms 
	Gain over R16, ms
	Commercial requirements [100]ms are met
Yes/No. 
If No, provide performance gaps
	IIoT requirements of [10]ms are met
Yes/No. 
If No, provide performance gaps
	IIoT requirements of [100]ms are met
Yes/No. 
If No, provide performance gaps 

	Case 1, 15kHz, FR1, DL-TDOA
	13.5
	38
	Yes
	No (3.5ms gap)
	Yes



8.2.3	Network efficiency analysis for NR positioning enhancements
8.2.3.1	Results from CATT[R1-2007859] 
8.2.3.1.1	Description of evaluation scenarios
In this section, evaluation scenarios and parameters of network efficiency analysis for NR positioning enhancements are given in Table 8.2.3.1.1-1.
Table 8.2.3.1.1-1: NR positioning enhancements - evaluation scenarios and parameters
	Parameter
	[Case 1], [InF-HH-2D], [FR1], [DL-TDOA+ DL-CPP]
	[Case 2], [InF-HH-2D], [FR1], [UL-TDOA+ UL-CPP]

	Channel model (baseline)
	InF-HH-2D
	InF-HH-2D

	Carrier frequency 
	3.5GHz
	3.5GHz

	Subcarrier spacing
	30KHz
	30KHz

	System Bandwidth
	100MHz
	100MHz

	Reference Signal Transmission Bandwidth
	100MHz
	100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) 
	DL PRS,
Comb- 6
	UL SRS,
Comb- 8

	Reference signal 
(type of sequence, number of ports, …) 
	Gold sequence,
Port-1
	ZC sequence,
Port-1

	Number of sites
	6
	6

	Number of symbols used per occasion
	12
	12

	number of occasions used per positioning estimate
	1
	1

	Evaluated Enhancement 
for Rel.17
	DL-TDOA+ DL-CPP
	UL-TDOA+ UL-CPP

	Periodicity of reference signal
	20ms
	20ms

	Number of PRS resource sets in one periodicity
	1
	1

	Number of PRS Resources per PRS resource set
	1
	1

	Number of users per site
	1,30
	1,30



8.2.3.1.2	Network efficiency analysis of NR positioning enhancements 
In RAN1#102-e meeting, the following agreements were achieved on the PRS/SRS resource utilization. 
	Agreement:
PRS/SRS resource utilization is the metric used to evaluate network efficiency
· FFS: what is included in resource utilization, e.g. PRS/SRS/MG configurations, beam sweeping assumptions




For the proposed NR positioning enhancements, we use DL-TDOA+DL-CPP or UL-TDOA+UL-CPP as the Rel.17 enhancement scheme. Carrier Phase Positioning can be supported by using Rel.16 DL-PRS or UL-SRS, i.e., the UE or gNB can get the carrier phase measurements together with other NR positioning measurements without additional RF resources and new reference signals. Therefore, the network efficiency of our proposed NR positioning enhancements is the same as that of Rel.16 positioning solutions.
The definition of DL-PRS/UL-SRS resource utilization and the calculation of DL-PRS/UL-SRS resource utilization according to the described definition are shown as in below.

· [bookmark: _Ref53077358]Definition of DL-PRS resource utilization
Assume gNB x has M TRPs (the index of TRP is j, and j=1~M-1) which are configured to transmit DL-PRS, and each TRP is configured with N DL-PRS resource sets (the index of DL-PRS resource set is i, i=1~N-1). In order to avoid the interference among these DL-PRS resource sets, either the time-domain resources or the frequency-domain resources are orthogonal among these DL-PRS resource sets belongs to the same gNB.
We use DL_PRS_RU to denote DL-PRS resource utilization, then the DL-PRS resource utilization of gNB x () can be derived as follows,










· Calculation of DL-PRS resource utilization
The calculation of DL-PRS resource utilization according to the above described definition are shown as follows,










· [bookmark: _Ref53078783]Definition of SRS-Pos resource utilization 
Assume gNB x serves M UEs (the index of UE is j, and j=1~M-1) which are configured to transmit SRS-Pos, and each UE is configured with N SRS-Pos resource sets (the index of SRS-Pos resource set is i, i=1~N-1). In order to avoid the interference among these SRS-Pos resource sets, either the time-domain resources or the frequency-domain resources are orthogonal among these SRS-Pos resource sets belongs to the same gNB.
We use SRS_Pos_RU to denote SRS-Pos resource utilization, then the SRS-Pos resource utilization of gNB x () can be derived as follows,










· Calculation of SRS-Pos resource utilization 
The calculation of UL-SRS resource utilization according to the above described definition are shown as follows,







When there are 1 user per site, 


When there are 30 users per site, 


8.2.3.1.3	Observations on network efficiency of NR positioning enhancements
Although the carrier phase positioning (CPP) scheme needs to measure the carrier phase to calculate the UE position, considering Rel.16 DL-PRS or UL-SRS can be reused to complete the carrier phase measurement, there is no increase in terms of reference signal resource overhead as the metric for network efficiency, compared with Rel.16 positioning solutions.
[bookmark: O6]Observation 6: NR positioning enhancements with carrier phase measurements has no impact on UE and network RF resource usage efficiency.

--------------------------------------- End of template for collection of NR positioning results ---------------------------------
Conclusions
In this contribution, we discussed the evaluation of NR positioning performance. The following observations are given.
Observation 1: Without considering the network synchronization error and UE/gNB Tx/Rx calibration error, Rel-16 NR positioning techniques can meet the commercial use case (IOO) horizontal accuracy performance requirements [1]m @[90]%, and IIoT use cases (InF-SH and InF-DH) horizontal accuracy performance requirements [0.5]m @[90]%, but cannot meet IIoT use cases (InF-SH and InF-DH) horizontal accuracy performance requirements [0.2]m @[90]%.
Observation 2: Without considering the network synchronization error and UE/gNB Tx/Rx calibration error, none of the simulated IIoT cases can meet the vertical accuracy performance requirement of [0.2m] @[90]%. Most of the simulated IIoT cases cannot meet the vertical accuracy performance requirements of [1m] @[90]%.
Observation 3: Network synchronization error and UE/gNB Tx/Rx calibration error have great impact on Rel-16 NR positioning accuracy performance.
Observation 4: Physical layer latency for DL positioning needs to be significantly reduced in R17 to meet the 10ms requirement.
Observation 5: CPP (DL-TDOA + DL-CPP, and UL-TDOA + UL-CPP) with double differential techniques can meet the IIoT (InF-HH-2D) horizontal accuracy performance requirements [0.2]m@[90]% even when the network synchronization error is simulated.
Observation 6: NR positioning enhancements with carrier phase measurements has no impact on UE and network RF resource usage efficiency.
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