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[bookmark: _Hlk38879917]At RAN#86 meeting, the study item on NR Positioning Enhancements [1] was approved. From RAN1’s perspective, the SI includes the following objectives:
1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
a. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]
b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
c. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]
NOTE 1:	Sidelink is not part of this objective.
NOTE 2:	Involve RAN4 for validating assumptions for the systems evaluations where appropriate.
NOTE 3:	The commercial use cases and requirements are applicable to a limited geographic area.
Aimed at the above bullet b, in this contribution, we present our evaluation results of achievable positioning accuracy and latency.
The requirements and use cases
The positioning performance requirements for general commercial and IIoT use cases are defined in TS 22.261 [2] and TR 22.804 [3] respectively. Table 1 and Table 2 list those different accuracy and latency requirements with challenging requirements highlighted in yellow.

[bookmark: _Ref40173096]Table 1 The commercial positioning Service Performance Requirements (as in TS22.261)
	Positioning service level
	Absolute(A) or Relative(R) positioning
	Accuracy 
(95 % confidence level)
	Positioning service availability
	Positioning service latency 
	Coverage, environment of use and UE velocity 

	
	
	Horizontal Accuracy 

	Vertical   Accuracy
(note 1)
	
	
	5G positioning     service area
	5G enhanced positioning service area
(note 2)

	
	
	
	
	
	
	
	Outdoor and tunnels
	Indoor

	1
	A
	10 m
	3 m
	95 %
	1 s
	Indoor - up to 30 km/h

Outdoor 
(rural and urban) up to 250 km/h

	NA
	Indoor - up to 30 km/h

	2
	A
	3 m
	3 m
	99 %
	1 s
	Outdoor 
(rural and urban) up to 500 km/h for trains and up to 250 km/h for other vehicles
	Outdoor 
(dense urban) up to 60 km/h

Along roads up to 250 km/h and along railways up to 500 km/h
	Indoor - up to 30 km/h

	3
	A
	1 m
	2 m
	99 %
	1 s
	Outdoor 
(rural and urban) up to 500 km/h for trains and up to 250 km/h for other vehicles
	Outdoor 
(dense urban) up to 60 km/h

Along roads up to 250 km/h and along railways up to 500 km/h
	Indoor - up to 30 km/h

	4
	A
	1 m
	2 m
	99.9 %
	15 ms
	NA
	NA
	Indoor - up to 30 km/h

	5
	A
	0.3 m
	2 m
	99 %
	1 s
	Outdoor 
(rural) up to 250 km/h
	Outdoor 
(dense urban) up to 60 km/h

Along roads and along railways up to 250 km/h
	Indoor - up to 30 km/h

	6
	A
	0.3 m
	2 m
	99.9 %
	10 ms
	NA
	Outdoor 
(dense urban) up to 60 km/h
	Indoor - up to 30 km/h

	7
	R
	0.2 m
	0.2 m
	99 %
	1 s
	Indoor and outdoor (rural, urban, dense urban) up to 30 km/h
Relative positioning is between two UEs within 10 m of each other or between one UE and 5G positioning nodes within 10 m of each others (note 3)

	NOTE 1:	The objective for the vertical positioning requirement is to determine the floor for indoor use cases and to distinguish between superposed tracks for road and rail use cases (e.g. bridges).

NOTE 2: 	Indoor includes location inside buildings such as offices, hospital, industrial buildings. 

NOTE 3:	5G positioning nodes are infrastructure equipment deployed in the service area to enhance positioning capabilities (e.g. beacons deployed on the perimeter of a rendezvous area or on the side of a warehouse).





[bookmark: _Ref40173204]Table 2 IIoT positioning Service Performance Requirements (as in 8.1.7 of TS 22.804)
	Scenario 
	Horizontal accuracy 
	Availability
	Heading 
	Latency for position estimation of UE
	UE Mobility 
	Use case reference

	Mobile control panels with safety functions in smart factories (within factory danger zones)
	< 1 m
	99.9% 
	< 0,54 rad
	< 1 s
	N/A
	Factories of the Future 6.5

	Mobile control panels with safety functions ( non-danger zones 
	< 5 m 
	90%
	N/A
	< 5 s-
	N/A
	Factories of the Futur6 6.7

	Augmented reality in smart factories 
	< 1 m
	99%
	< 0,17 rad 
	< 15 ms
	< 10 km/h
	Factories of the future 10.8

	Process automation – plant asset management 
	< 1 m
	90%
	N/A
	< 2 s
	< 30 km/h
	Factories of the Future 13.3

	Inbound logistics for manufacturing (for driving trajectories (if supported by further sensors like camera, GNSS, IMU) of autonomous driving systems) ) 

	< 30 cm (if supported by further sensors like camera, GNSS, IMU) 
	99.9%
	N/A
	10 ms
	< 30 km/h
	Factories of the Future15.5

	Inbound logistics for manufacturing (for storage of goods)
	< 20 cm
	99%
	N/A
	< 1 s
	< 30 km/h
	Factories of the Future15.6

	Flexible, modular assembly area in smart factories (for autonomous vehicles (only for monitoring proposes))
	< 50 cm
	99%
	N/A
	1 s
	< 30 km/h
	Factories of the Future18.19

	Flexible, modular assembly area in smart factories (for tracking of tools at the work-place location)
	< 1m (relative positioning)
	99%
	N/A
	1 s
	< 30km/h
	Factories of the Future18.20


Furthermore, the study item also provides some exemplary performance targets which are very challenging in the justification of the SI [1]: “NR Positioning in Rel-17 should evaluate and specify enhancements and solutions to meet the following exemplary performance targets:
(a) For general commercial use cases (e.g., TS 22.261):
		- sub-meter level position accuracy (< 1 m)
(b) For IIoT Use Cases (e.g., 22.804):
		- position accuracy < 0.2 m
The target latency requirement is < 100 ms; for some IIoT use cases, latency in the order of 10 ms is desired.” 
Considering all the above requirements, we have the following observation.
Observation 1: [bookmark: _Ref40206108][bookmark: _Hlk40169137] 
· Sub-meter and cm level positioning accuracy are required for general commercial and IIoT scenarios. 
· The target latency less than 100ms and even 10ms are required for IIoT scenarios. 
Evaluated techniques and scenarios
The techniques evaluated include DL-TDOA, UL-TDOA, Multi-RTT and UL-AOA. All five InF-HH, InF-SH, InF-SL, InF-DH and InF-DL scenarios for IIoT are evaluated. Table 3 also lists different positioning calculation algorithms with different synchronization assumptions. 
[bookmark: _Ref40173960]Table 3 Evaluation techniques and scenarios
	
	Technique
	Scenarios
	{TOA resolution, Sync}

	FR1
	DL-TDOA
	InF-HH, InF-SH, InF-SL, 
InF-D, InF-DL
	{regular, perfect}
{MUSIC, perfect}
{regular, 50ns Sync error}
{MUSIC,50ns Sync error}


	
	UL-TDOA
	
	

	
	UL-AOA
	
	

	
	Multi-RTT
	
	

	FR2
	DL-TDOA
	InF-HH, InF-SH, InF-SL, 
InF-D, InF-DL
	{regular, perfect}
{MUSIC, perfect}
{regular, 50ns Sync error}
{MUSIC,50ns Sync error}


	
	UL-TDOA
	
	

	
	Multi-RTT
	
	


Accuracy evaluation 
In this section, we provide our evaluation results for downlink, uplink, downlink and uplink evaluations for 5 InF scenarios defined in TR38.901. The simulation results are listed in the following tables. The detailed parameter configuration and CDF figures are provided in Appendix.
4.1 Downlink evaluations
The initial evaluation results with DL-TDOA technique in 5 InF scenarios for FR1 are summarized in the Table 4 for FR1 and Table 5 for FR2 respectively. The detailed parameter configuration and simulation results are provided in Appendix A.1.
[bookmark: _Ref40175004]Table 4 Evaluation results with DL-TDOA in 5 InF scenarios for FR1
	
	
	algorithm and sync assumption
	50%
	67%
	80%
	90%

	FR1
	HH
	regular
	0.85
	1.07
	2.05
	3.89

	
	
	regular Sync. error 50ns
	8.93
	13.87
	22.69
	40.43

	
	
	 MUSIC 
	0.052
	0.075
	0.13
	0.36

	
	
	MUSIC Sync. error 50ns
	8.63
	13.51
	21.67
	41.43

	
	SH
	regular
	0.85
	1.20
	2.08
	5.05

	
	
	regular Sync. error 50ns
	9.56
	12.82
	21.14
	38.34

	
	
	 MUSIC 
	0.059
	0.096
	0.21
	0.69

	
	
	MUSIC Sync. error 50ns
	9.84
	12.07
	20.04
	37.21

	
	SL
	regular
	1.18
	2.44
	5.25
	17.99

	
	
	regular Sync. error 50ns
	13.84
	21.15
	27.94
	40.14

	
	
	 MUSIC 
	0.16
	0.67
	2.58
	16.75

	
	
	MUSIC Sync. error 50ns
	14.42
	20.52
	27.47
	42.16

	
	DH
	regular
	15.61
	24.33
	32.47
	50.53

	
	
	regular Sync. error 50ns
	18.30
	25.07
	32.58
	48.30

	
	
	 MUSIC 
	14.05
	22.56
	32.22
	47.78

	
	
	MUSIC Sync. error 50ns
	17.56
	25.54
	32.50
	44.34

	
	DL
	regular
	18.00
	28.34
	48.76
	82.39

	
	
	regular Sync. error 50ns
	28.25
	39.74
	52.68
	82.93

	
	
	 MUSIC 
	14.25
	23.43
	36.48
	66.23

	
	
	MUSIC Sync. error 50ns
	28.30
	36.86
	51.25
	78.40


[bookmark: _Ref40175220]Table 5 Evaluation results with DL-TDOA in 5 InF scenarios for FR2
	
	
	algorithm and sync assumption
	50%
	67%
	80%
	90%

	FR2
	HH
	regular
	0.21
	0.26
	0.47
	0.82

	
	
	regular Sync. error 50ns
	9.67
	14.23
	21.26
	39.63

	
	
	 MUSIC 
	0.013
	0.020
	0.039
	0.18

	
	
	MUSIC Sync. error 50ns
	8.99
	13.50
	20.58
	41.89

	
	SH
	regular
	0.20
	0.28
	0.39
	0.57

	
	
	regular Sync. error 50ns
	10.48
	14.87
	22.70
	39.20

	
	
	 MUSIC 
	0.013
	0.020
	0.032
	0.13

	
	
	MUSIC Sync. error 50ns
	9.78
	14.81
	21.39
	35.09

	
	SL
	regular
	0.23
	0.45
	1.01
	7.34

	
	
	regular Sync. error 50ns
	12.74
	20.41
	29.23
	39.64

	
	
	 MUSIC 
	0.020
	0.078
	0.42
	1.60

	
	
	MUSIC Sync. error 50ns
	12.47
	19.04
	28.55
	40.95

	
	DH
	regular
	14.46
	22.65
	35.11
	53.01

	
	
	regular Sync. error 50ns
	17.09
	23.47
	31.21
	47.59

	
	
	 MUSIC 
	12.88
	21.18
	32.75
	48.04

	
	
	MUSIC Sync. error 50ns
	15.41
	20.95
	29.37
	48.04

	
	DL
	regular
	20.23
	32.40
	48.55
	75.08

	
	
	regular Sync. error 50ns
	25.82
	40.18
	52.62
	77.50

	
	
	 MUSIC 
	15.70
	27.17
	37.22
	55.44

	
	
	MUSIC Sync. error 50ns
	23.57
	36.39
	47.51
	69.14


As there’s no UE percentage for the exemplary target of position accuracy < 0.2 m, in this contribution, we assume the corresponding percentage is 80%. From the above simulation results, we can see that for FR1, the InF-HH scenario can meet the exemplary performance target; the InF-SH scenario can almost meet the exemplary performance target; the InF-SL, InF-DH and InF-DL scenarios cannot meet the exemplary performance target. Especially in InF-DH and InF-DL scenarios, where NLOS almost always appears with the absolute arrival time model in TR38.901, the positioning accuracy is far away from the required accuracy target.  For FR2, again, the InF-HH and InF-SH scenarios can meet the exemplary performance target, but the InF-SL, InF-DH and InF-DL scenarios cannot. The evaluation results of the performance gap of DL-TDOA with the target accuracy [0.2m 80%] are summarized in Table 6.  
[bookmark: _Ref40176168]Table 6 The performance gap of DL-TDOA with Target accuracy [0.2m 80%]
	
	scenarios
	[0.2m 80%]
	Performance gap（m）

	FR1
	HH
	
	\

	
	SH
	
	0.01

	
	SL
	
	2.38

	
	DH
	
	32

	
	DL
	
	36

	FR2
	HH
	
	\

	
	SH
	
	\

	
	SL
	
	0.22

	
	DH
	
	32.5

	
	DL
	
	37



Observation 2: [bookmark: _Ref40206252]
· For DL-TDOA positioning，the exemplary performance targets [0.2m 80%] can be achieved in InF-HH and InF-SH.
Observation 3: [bookmark: _Ref40206259]
· For DL-TDOA positioning，the exemplary performance targets [0.2m 80%] cannot be met In InF-SL, InF-DH and InF-DL scenarios for both FR1 and FR2.
4.2 Uplink evaluations
4.2.1 UL-TDOA evaluations 
The initial evaluation results with UL-TDOA technique in 5 InF scenarios for FR1 and FR2 are shown in the Table 7 and Table 8 respectively. The detailed parameter configuration and simulation results are provided in Appendix A.2.1.
[bookmark: _Ref40176596]Table 7 Evaluation results with UL-TDOA in 5 InF scenarios for FR1
	
	
	algorithm and sync assumption
	50%
	67%
	80%
	90%

	FR1
	HH
	regular
	0.85
	1.07
	1.75
	3.80

	
	
	regular Sync. error 50ns
	8.93
	14.86
	22.69
	40.43

	
	
	 MUSIC 
	0.052
	0.071
	0.14
	0.34

	
	
	MUSIC Sync. error 50ns
	8.69
	13.49
	21.64
	40.98

	
	SH
	regular
	0.85
	1.20
	2.08
	5.05

	
	
	regular Sync. error 50ns
	9.69
	12.82
	20.41
	38.34

	
	
	 MUSIC 
	0.057
	0.087
	0.21
	0.78

	
	
	MUSIC Sync. error 50ns
	9.89
	12.11
	20.04
	37.61

	
	SL
	regular
	1.22
	2.39
	5.05
	16.99

	
	
	regular Sync. error 50ns
	14.422
	21.89
	27.71
	44.59

	
	
	 MUSIC 
	0.19
	0.62
	3.01
	16.83

	
	
	MUSIC Sync. error 50ns
	13.84
	21.07
	28.36
	38.76

	
	DH
	regular
	18.43
	26.48
	33.04
	50.31

	
	
	regular Sync. error 50ns
	18.90
	26.22
	37.00
	50.40

	
	
	 MUSIC 
	14.49
	22.00
	31.77
	48.51

	
	
	MUSIC Sync. error 50ns
	17.29
	25.99
	32.11
	43.18

	
	DL
	regular
	17.35
	27.26
	48.00
	73.75

	
	
	regular Sync. error 50ns
	30.16
	41.13
	56.81
	83.64

	
	
	 MUSIC 
	14.27
	23.76
	39.70
	75.50

	
	
	MUSIC Sync. error 50ns
	27.87
	36.70
	53.10
	86.18



[bookmark: _Ref40176637]Table 8 Evaluation results with UL-TDOA in 5 InF scenarios for FR2
	
	
	algorithm and sync assumption
	50%
	67%
	80%
	90%

	FR2
	HH
	regular Sync. error 50ns
	0.20
	0.26
	0.39
	0.82

	
	
	 MUSIC 
	9.67
	14.23
	21.14
	39.63

	
	
	MUSIC Sync. error 50ns
	0.014
	0.024
	0.039
	0.097

	
	
	regular
	8.99
	14.06
	20.58
	41.89

	
	SH
	regular Sync. error 50ns
	0.20
	0.28
	0.44
	0.59

	
	
	 MUSIC 
	9.94
	14.85
	22.02
	35.09

	
	
	MUSIC Sync. error 50ns
	0.014
	0.020
	0.038
	0.13

	
	
	regular
	10.02
	14.87
	21.72
	34.75

	
	SL
	regular Sync. error 50ns
	0.24
	0.45
	0.86
	7.34

	
	
	 MUSIC 
	12.21
	19.68
	29.95
	39.64

	
	
	MUSIC Sync. error 50ns
	0.021
	0.070
	0.38
	4.11

	
	
	regular
	12.27
	18.54
	29.71
	42.70

	
	DH
	regular Sync. error 50ns
	13.75
	23.67
	36.35
	52.53

	
	
	 MUSIC 
	16.37
	24.16
	32.37
	50.64

	
	
	MUSIC Sync. error 50ns
	12.94
	21.48
	32.95
	51.47

	
	
	regular
	15.22
	20.90
	29.12
	47.34

	
	DL
	regular Sync. error 50ns
	20.03
	31.55
	48.42
	72.93

	
	
	 MUSIC 
	25.61
	40.10
	53.25
	78.62

	
	
	MUSIC Sync. error 50ns
	15.59
	27.67
	38.75
	55.59

	
	
	regular
	24.32
	36.40
	47.53
	69.70


With UL-TDOA technique, the simulation results are similar to DL-TDOA, that is, the exemplary performance target can be achieved in InF-HH and InF-SH scenarios for FR1 and FR2, but cannot be achieved in InF-SL, InF-DH and InF-DL scenarios. 
Observation 4: [bookmark: _Ref40206515]
· For UL-TDOA positioning，the exemplary performance targets [0.2m 80%] can be achieved in InF-HH and InF-SH.
Observation 5: [bookmark: _Ref40206524]
· For UL-TDOA positioning，the exemplary performance targets [0.2m 80%] cannot be met In InF-SL, InF-DH and InF-DL scenarios for both FR1 and FR2.
4.2.2 UL-AOA evaluations 
The initial evaluation results with UL-AOA technique in 5 InF scenarios for FR1 are shown in the Table 9. The detailed parameter configuration and simulation results are provided in Appendix A.2.2.
[bookmark: _Ref40185870]Table 9 Evaluation results with UL-AOA in 5 InF scenarios for FR1
	
	
	Bandwidth (MHz)
	50%
	67%
	80%
	90%

	FR1
	HH
	50
	1.64
	2.30
	3.23
	5.69

	
	
	100
	1.62
	2.22
	3.03
	5.52

	
	SH
	50
	1.56
	2.18
	2.79
	4.28

	
	
	100
	1.47
	2.20
	2.89
	4.31

	
	SL
	50
	0.20
	0.44
	1.04
	2.39

	
	
	100
	0.17
	0.43
	1.14
	3.17

	
	DH
	50
	9.48
	11.65
	14.95
	21.02

	
	
	100
	8.13
	10.36
	14.09
	20.16

	
	DL
	50
	21.00
	29.18
	37.75
	46.73

	
	
	100
	21.02
	28.52
	37.32
	47.56


With AOA technique, the exemplary performance target cannot be met in all 5 InF scenarios. Though in InF-DH and InF-DL scenarios, the accuracy of AOA is higher than that of TOA-based techniques. The reason is that the angle information is used for UL-AOA positioning which is not affected by the absolute arrival time model.  But the angle error also exists in NLOS case, which is a random angle value compared with LOS angle. Compared to timing based positioning, angle based positioning may have a slight performance deterioration in LOS case and improvement in NLOS case. 
Observation 6: [bookmark: _Ref40365089]
· For UL-AOA positioning，the exemplary performance targets [0.2m 80%] cannot be achieved in 5 InF scenarios.
4.2.3 UL-AOA\ZOA joint vertical positioning evaluations 
The initial evaluation results with UL-AOA\ZOA joint vertical positioning technique in 5 InF scenarios for FR1 are shown in the Table 10 and Table 11. The detailed parameter configuration and simulation results are provided in Appendix A.2.3. It is worth mentioning that in the Table 10 the UE height is randomly distributed in 0-8 m, and in the Table 11 the UE height is fixed in the same plane of 1.5 m.
[bookmark: _Ref40186578]Table 10 Evaluation results of vertical positioning in 5 InF scenarios
	
	
	Scenarios
	50%
	67%
	80%
	90%

	FR1
	AOA\ZOA joint vertical positioning
	HH
	0.46
	0.74
	1.07
	1.38

	
	
	SH
	1.20
	1.99
	2.72
	3.80

	
	
	SL
	0.49
	0.86
	1.80
	3.00

	
	
	DH
	1.70
	2.27
	3.05
	4.06

	
	
	DL
	2.14
	2.78
	3.48
	4.60


[bookmark: _Ref40196772]Table 11 Evaluation results of vertical positioning in 5 InF scenarios
	
	
	Scenarios
	50%
	67%
	80%
	90%

	FR1
	AOA\ZOA joint vertical positioning
	HH
	0.21
	0.32
	0.53
	0.87

	
	
	SH
	0.19
	0.33
	0.56
	0.90

	
	
	DH
	1.06
	1.68
	2.18
	3.47


It is obvious that with the current simulation assumptions, the vertical positioning accuracy with AOA\ZOA joint technique cannot meet the accuracy requirements [0.2 m 80%]. 
From Table 10, it can be seen that the performance in SH scenario is worse. This is because the LOS probability of InF-SH and InF-DH scenarios is affected by the UE height. That is, if we drop the UE with 0-8m height in these two scenarios, the LOS probability will change, especially in the InF-SH scenario, where the LOS probability deeply decreased. So we drop the UE with 1.5m height in the InF-SH and InF-DH scenarios, and in the InF-HH scenario for comparison in Table 11. With the latter UE drop method, the vertical performance in InF-HH、InF-SH and InF-DH scenarios is better, but the target positioning requirements still can’t be met. 
However, given high vertical positioning accuracy can be achieved by some RAT-independent techniques such as sensor positioning. It may not be so essential to achieve high vertical positioning accuracy only with RAT-dependent techniques.
Observation 7: [bookmark: _Ref40206531]
· [bookmark: _Hlk40169163]For UL AOA\ZOA joint positioning, the vertical exemplary performance targets [0.2m 80%] cannot be achieved in 5 InF scenarios.

Proposal 1: [bookmark: _Ref40206691][bookmark: _Hlk40169171] 
·  The vertical positioning target for RAT-dependent techniques shouldn’t be the same as the horizontal positioning.
Proposal 2: [bookmark: _Ref40365188]
·  The vertical positioning evaluation with RAT-dependent techniques can be put on a lower priority.
4.3 Uplink and Downlink evaluations
The initial evaluation results with Multi-RTT technique in 5 InF scenarios for FR1 and FR2 are shown in the Table 12 and Table 13. The detailed parameter configuration and simulation results are provided in Appendix A.3.
[bookmark: _Ref40187368]Table 12 Evaluation results with Multi-RTT in 5 InF scenarios for FR1
	[bookmark: _Ref40187441]
	
	algorithm and sync assumption
	50%
	67%
	80%
	90%

	FR1
	HH
	regular
	1.64
	2.08
	2.33
	3.22

	
	
	regular Sync. error 50ns
	1.83
	2.26
	2.69
	3.27

	
	
	 MUSIC 
	0.11
	0.14
	0.17
	0.23

	
	
	MUSIC Sync. error 50ns
	0.11
	0.15
	0.20
	0.56

	
	SH
	regular
	1.65
	2.08
	2.42
	3.22

	
	
	regular Sync. error 50ns
	1.70
	2.17
	2.89
	3.48

	
	
	 MUSIC 
	0.12
	0.15
	0.20
	0.41

	
	
	MUSIC Sync. error 50ns
	0.11
	0.16
	0.23
	0.65

	
	SL
	regular
	2.01
	2.60
	3.78
	9.20

	
	
	regular Sync. error 50ns
	2.39
	3.17
	4.01
	6.78

	
	
	 MUSIC 
	0.21
	0.69
	3.40
	7.67

	
	
	MUSIC Sync. error 50ns
	0.22
	1.07
	3.83
	8.62

	
	DH
	regular
	22.34
	37.05
	63.12
	96.16

	
	
	regular Sync. error 50ns
	22.10
	36.69
	48.88
	86.26

	
	
	 MUSIC 
	21.12
	35.58
	49.91
	97.83

	
	
	MUSIC Sync. error 50ns
	21.54
	29.96
	44.90
	92.99

	
	DL
	regular
	15.76
	25.62
	37.18
	73.98

	
	
	regular Sync. error 50ns
	18.44
	26.57
	41.04
	56.78

	
	
	 MUSIC 
	14.71
	22.06
	36.23
	61.74

	
	
	MUSIC Sync. error 50ns
	17.77
	25.78
	40.28
	56.01


Table 13 Evaluation results with Multi-RTT in 5 InF scenarios for FR2
	
	
	algorithm and sync assumption
	50%
	67%
	80%
	90%

	FR2
	HH
	regular
	0.44
	0.56
	0.73
	0.89

	
	
	regular Sync. error 50ns
	0.45
	0.59
	0.73
	0.92

	
	
	 MUSIC 
	0.030
	0.037
	0.045
	0.059

	
	
	MUSIC Sync. error 50ns
	0.029
	0.036
	0.044
	0.069

	
	SH
	regular
	0.43
	0.54
	0.66
	0.82

	
	
	regular Sync. error 50ns
	0.44
	0.56
	0.74
	0.86

	
	
	 MUSIC 
	0.025
	0.036
	0.046
	0.083

	
	
	MUSIC Sync. error 50ns
	0.029
	0.039
	0.051
	0.13

	
	SL
	regular
	0.53
	0.70
	0.95
	3.08

	
	
	regular Sync. error 50ns
	0.55
	0.70
	1.13
	8.13

	
	
	 MUSIC 
	0.075
	0.12
	0.42
	4.03

	
	
	MUSIC Sync. error 50ns
	0.044
	0.081
	0.48
	5.50

	
	DH
	regular
	20.19
	33.47
	45.75
	75.96

	
	
	regular Sync. error 50ns
	20.26
	28.63
	50.71
	74.14

	
	
	 MUSIC 
	14.48
	27.86
	42.46
	68.95

	
	
	MUSIC Sync. error 50ns
	16.98
	25.14
	40.31
	65.75

	
	DL
	regular
	18.97
	32.60
	47.87
	76.57

	
	
	regular Sync. error 50ns
	19.47
	30.65
	43.54
	63.54

	
	
	 MUSIC 
	16.66
	27.48
	37.63
	58.94

	
	
	MUSIC Sync. error 50ns
	15.82
	25.34
	36.66
	46.77


With Multi-RTT technique, as shown above, the exemplary performance targets can be nearly achieved in InF-HH and InF-SH scenarios, but can’t be met in InF-SL, InF-DH and InF-DL scenarios. For RTT, the positioning error caused by sync error can be largely eliminated. Being able to obtain a good performance under sync error conditions is the advantage of RTT technique.
Observation 8: [bookmark: _Ref40206561]
· For RTT positioning，the exemplary performance targets [0.2m 80%] can be achieved in InF-HH and InF-SH.
Observation 9: [bookmark: _Ref40206568]
· For RTT positioning，the exemplary performance targets [0.2m 80%] cannot be met In InF-DL, InF-DH and InF-DL scenarios for both FR1 and FR2.
Observation 10: [bookmark: _Ref40206576][bookmark: _Hlk40169180]
· RTT positioning is not sensitive to synchronization error between network nodes.
4.3 Summary
In this section, we provide the initial evaluation results for downlink, uplink, uplink and downlink positioning for 5 InF scenarios. The results show that the performance in InF-DH and InF-DL scenarios are worse than other scenarios. The main reason is that InF-DH and InF-DL scenarios almost always have NLOS, which causes severe ToA measurement errors because of the excess delay  in absolute arrival time model.
According to the above evaluation results, we can see that in InF-SL, InF-DH and InF-DL scenarios, the exemplary performance targets [0.2m 80%] can’t be achieved with all the evaluated Rel-16 positioning techniques. In InF-HH and InF-SH scenarios, the same target can be achieved with some Rel-16 positioning techniques like DL-TDOA, UL-TDOA and Multi-RTT.
NLOS evaluation for InF-DH scenario
As mentioned above, the reason for the bad performance in InF-DH and InF-DL scenarios is due to NLOS, which causes severe ToA measurement errors because of the excess delay  in absolute arrival time model. We study the impact of NLOS in InF-DH scenario in this section.
Firstly, we assume there are no excess delay  (that is ) in the NLOS scenarios and evaluate the upper bound of positioning in DH scenarios. The simulation results are shown in Figure 1 and Table 14.
[image: ]
[bookmark: _Ref40188611][bookmark: _Ref40188607]Figure 1 the CDF of positioning accuracy with   =0
[bookmark: _Ref40189461][bookmark: _Ref40189457]Table 14 Evaluation results with  
	
	
	Source
	50%
	67%
	80%
	90%

	DH 
 
	FR1
	threshold-based(regular)
	12.88
	21.81
	30.18
	42.56

	
	
	 MUSIC 
	1.06
	1.60
	3.18
	5.57

	
	FR2
	 threshold-based (regular)
	7.49
	15.20
	26.78
	35.35

	
	
	MUSIC
	0.16
	0.39
	0.75
	1.90


Observation 11: [bookmark: _Ref40206584]
· Even with no excess delay  ，the exemplary performance targets [0.2m 80%] cannot be achieved In InF-DH scenarios for both FR1 and FR2.
Observation 12: [bookmark: _Ref40206592]
· The upper bound of positioning in DH scenarios is [0.75m 80%] by R16 technique.
It can be seen from the above simulation results that the upper bound of positioning in DH scenario is [0.75m 80%] with excess delay   by Rel-16 technique. But, in reality, the excess delay   in NLOS condition is hard to eliminate. In this contribution, we use multiple measurements to mitigate the excess delay. The simulation results are shown in Figure 2 and Table 15.
[image: ]
[bookmark: _Ref40189855][bookmark: _Ref40189850]Figure 2 The CDF curve of positioning error accuracy with the delay elimination algorithm
[bookmark: _Ref40189894]Table 15 Evaluation results with the delay elimination algorithm of multiple measurements in DH scenarios
	
	
	Source
	50%
	67%
	80%
	90%

	FR1
	DH NLOS
excess delay elimination
	10 measurements
	9.00
	11.86
	16.32
	19.82

	
	
	30 measurements
	6.10
	8.53
	12.17
	15.22

	
	
	60 measurements
	3.80
	5.87
	10.34
	13.78

	
	
	100 measurements
	4.16
	6.28
	7.68
	10.61


In  Figure 2 and Table 15, we calculate the mean and variance of the delay through multiple measurements, and eliminate the excess delay with the estimated mean value. The results show that with this method, the positioning accuracy can be improved, especially when increase the measurement times, but it is still far away from the requirements, and too many measurement times will cause significant overhead and delay.
Observation 13: [bookmark: _Ref40206608]
· Positioning accuracy performance can be improved with the delay elimination algorithm in DH scenarios, but the result is still far away from the target accuracy [0.2m 80%].
Latency evaluation
In the contribution, we evaluate the latency and identify the gap with latency target 100ms (10ms). Considering the same positioning procedure, the DL positioning is used as an example to evaluate the latency.
6.1 The Evaluation of latency for DL positioning
[bookmark: _Hlk31985020]The detailed DL location service flow was described as Figure 3, which is the combination of the location service flow in the [5.2, TS 38.305 [4]] and the detailed procedure in the [8.3, TS 38.305]. The latency of each step was assumed as below:
Step 0：The UE is assumed to be in connected mode before the beginning of the flow shown in the Figure 3. That is, any signalling that might be required to bring the UE to connected mode prior to step 1a is not assumed. The latency to move from IDLE mode to start of continuous data transfer (e.g., connect mode) is nearly 6ms by comparing CP latency with UP latency as defined in the 7.4 of TR 38.913.
Step1: A location request may come from either 1a or the (1b). In all these cases, it needs nearly 1ms for the serving AMF selects a LMF to perform the positioning operation. Considering the step have the probability to pass many core network equipments (e.g., GMLC, UDM) based on procedures in TS 23.273, the latency assumes no less than 5ms.
Step1a: The AMF receives a request for some location service associated with a particular target UE from another entity (e.g., GMLC) to initiate some location service on behalf of a particular target UE (e.g., for an IMS emergency call from the UE) as described in TS 23.502.
Step 1b: The AMF receives a request for some location service associated with a particular target UE the AMF itself decides to initiate some location service on behalf of a particular target UE (e.g., for an IMS emergency call from the UE) as described in TS 23.502.
Step2: The latency by the transportation from AMF and LMF is assumed as 2ms according to NOTE 5 of Table 5.7.4-1 in TS 23.501.
Step3: The positioning procedures would be executed either between the LMF and UE/NG-RAN.
Step 3a: each step of 3a-1, 3a-2 transformed between LMF and NG-RAN by NRPPA signalling passing the NLS interface (AMF -LMF) and the NGs (AMF -NG-RAN) interface. The latency by the transportation from AMF and NG-RAN was also assumed as 2ms. The latency of these steps is assumed as 4ms.
Step 3b: each step of 3b-1, 3b-2, 3b-3, 3b-4, 3b-5, 3b-7,  transformed between LMF and UE by LPP signalling passing the NLS interface((AMF -LMF)) and the NGs (AMF -NG-RAN)interface and the Uu (UE -NG-RAN) interface,The latency by the transportation from Uu interface was also assumed as 1ms or 0.5ms according to the evaluation results of URLLC latency in TR 38.824. The latency of these step are assumed as 5ms.
Step 3b-6: The above steps only consider transmission delay. The process delay, the measurement delay, the alignment time should be also considered in this step. The latency is calculated as 171.5ms and the detailed analysis is described in section 6.1.1.
Step 3b-8: The calculation delay depending on the LMF ability, it is assumed as 10ms through the analysis of computation amount.
Step 4: The latency of location service response is assumed as 2ms just as step2.
Step 5: The latency of location service response is assumed as no less than 5ms just as step1.

[image: ]
[bookmark: _Ref40190480]Figure 3 DL Location Service procedure
[bookmark: OLE_LINK4]The above analysis is summarized in Table 16. Note：The analysis did not consider the latency of retransmission.
[bookmark: _Ref40190739]Table 16 The evaluation result of latency for DL Positioning
	Process
	Procedure
	Reference node 
	Latency

	0
	Mode switching
	UE，NG-RAN
	6ms

	1
	Location service request
	AMF, LMF, other core network nodes 
	5ms

	2
	Location service request
	AMF, LMF
	2ms

	3a.NG-RAN node procedure
	3a-1. Information request
	AMF, LMF,
NG-RAN
	4ms

	
	3a-2. Information response
	
	4ms

	3b. UE procedure
	3b-1. Request capabilities
	AMF, LMF,
NG-RAN,
UE
	5ms

	
	3b-2. Provide capabilities
	
	5ms

	
	3b-3. request assistance data
	
	5ms

	
	3b-4. Provide assistance data
	
	5ms

	
	3b-5. request location information
	
	5ms

	
	3b-7. provide location information

	
	5ms

	
	3b-6. location measurement (measurement gap+configuration +measurenmet)
	UE,
NG-RAN

	171.5ms

	
	3b-8. Location calculation
	LMF
	10ms

	4
	Location service response 
	
	2ms

	5
	Location service response
	
	5ms

	total
	239.5ms


Observation 14: [bookmark: _Ref40206617]
·  The evaluation result of latency exceeds the target latency, even if the target is 100ms. 
It is worth noting that similar evaluations had been submitted in SA and RAN2 by different companies. The aim of them is to evaluate whether the LCS need be introduced. Our contribution wants to stress that the location measurement time is the majority part of total positioning latency. So, the location measurement time needs to be reduced for low latency service and to meet R17 requirement. If the target latency is 100ms, the location measurement time need to less than 30 ms. And if the target latency is 10ms, the location measurement time need to less than 10 ms at least.
Observation 15: [bookmark: _Ref40206630]
·  UE location measurement time is the majority part of total positioning latency. Current Rel-16 UE location measurement time itself exceeds the target latency of 100 ms.
[bookmark: _Ref40190647]Evaluation of location measurement time 
Both GB PUSCH and GF PUSCH can be used for the above step 3a-6(location measurement time), the contribution analysis the location measurement with GB PUSCH transmission as Figure 4. And the parts of the location measurement are listed as below:
Measurement gap request: The latency is nearly 1ms according to the evaluation results of URLLC latency in TR 38.824.
Measurement gap configuration: The latency is not less than 10ms according to RAN4 conclusion
DL data arrive and measurement: The latency is assumed as 160ms depended on the PRS periodicity.
the alignment time for SR occasion, UL grant and PUCCH: the alignment delay includes the transmission constraint due to the transmission occasions for the initial transmission, the scheduling constraint due to the slot boundaries for the grant-based re-transmission.  And transmitting later SR/PUSCH. It is assumed as 2 OS.
The duration of SR Request in PUCCH: 1 symbol
The UE processing delay: the latency of the initial transmission must also include the UE’s processing time given as UE’s N2/2. It is assumed as 2.75 OS.


The gNB processing delay: The processing time at the gNB is set to  where  is the processing time from the end of PDSCH reception until the start of the corresponding ACK/NACK transmission from the UE. And the PUSCH-to-PDCCH processing time (note that PDCCH alignment has to be included separately) is UE’s N1 + X，it is assumed as 4.25 OS.
The duration of UL grant: 1 symbol
The duration of PUSCH: 2 symbols
[image: ]
[bookmark: _Ref40190963][bookmark: _Ref40190959]Figure 4 The procedure of the location measurement with Grant-based transmission
The above analysis is summarized in the Table 17. 
[bookmark: _Ref40191117]Table 17 Latency of one-shot transmission for GB PUSCH
	Process
	30KHZ
	

	Measurement gap request
	1ms
	

	Measurement gap configuration
	10ms
	

	DL data arrive and measurement time
	160ms
	The measurement time depends on the period of PRS

	UE processing delay
	2.75 OS
	UE’s N2/2

	PUCCH alignment
	2 OS
	

	PDCCH alignment
	2 OS
	

	PUSCH alignment
	2 OS
	

	PUCCH duration
	1OS
	

	PDCCH duration
	1OS
	

	PUSCH duration
	2 OS
	

	gNB processing delay
	4.25 OS
	UE’s N1/2 + X, X = 2/4for 30/60k

	one-shot latency
	171.5ms
	


According to the above analysis, the typical period is 160 ms, which is the reason that the location measurement time exceeds the delay target (100ms or 10ms). The longer period of positioning reference signal, the greater the delay time.
Observation 16: [bookmark: _Ref40206637] 
· The longer period of positioning reference signal, the greater the delay time.
 Evaluation for achievable latency of location measurement 
In R16, only periodic PRS is introduced for DL positioning. The periodicity includes  slots. We evaluate the location measurement latency and overhead for those periodicities in Table 18.
[bookmark: _Ref40191217]Table 18 The location measurement latency and overhead for different periodicities
	u
	Periodicity (slots)
	Latency (ms)
	Overhead (percentage)

	30K (FR1)
	8
	15.5
	16.07%

	
	10
	16.5
	12.85%

	
	16
	19.5
	8.03%

	
	20
	21.5
	6.42%

	
	32
	27.5
	4.01%

	
	40
	31.5
	3.21%

	
	64
	43.5
	2.0%

	
	80
	51.5
	1.6%

	
	128
	75.5
	1.0%

	
	160
	91.5
	0.8%

	
	320
	171.5
	0.4%

	
	640
	331.5
	0.2%

	
	1280
	651.5
	0.1%

	
	2560
	1291.5
	0.05%

	
	10240
	5131.5
	0.01%

	
	20480
	10251.5
	0.006%

	120K (FR2)
	32
	15.5
	257.14%

	
	40
	16.5
	205.71%

	
	64
	19.5
	128.57%

	
	80
	21.5
	102.85%

	
	128
	27.5
	64.28%

	
	160
	31.5
	51.42%

	
	256
	43.5
	32.14%

	
	320
	51.5
	25.71%

	
	512
	75.5
	16.07%

	
	640
	91.5
	12.85%

	
	1280
	171.5
	6.42%

	
	2560
	331.5
	3.21%

	
	5120
	651.5
	1.60%

	
	10240
	1291.5
	0.80%

	
	40960
	5131.5
	0.20%

	
	81920
	10251.5
	0.10%


Note：The overhead in FR1 doesn’t consider beam where
 
Note：The beam number of the calculation for the overhead calculation in FR2 is 64, so
 
Based on the Table 18 and evaluation, the latency target (10ms) can’t be achieved regardless FR1 or FR2. For 100ms latency target, it can be achieved when the location measurement time is less than 30ms (the relevant analysis as in 6.1). So, the 100ms latency target can be satisfied when the periodicity of PRS are  . But the overhead exceeds 100% in some cases.
Observation 17: [bookmark: _Ref40206745]
· 10ms latency target cannot be satisfied with Rel-16 positioning.
Observation 18: [bookmark: _Ref40206751] 
· 100ms latency target can be satisfied with small periodicity and heavy load of PRS.
Proposal 3: [bookmark: _Ref40206699]
· UE location measurement time needs to be evaluated and reduced.
Proposal 4: [bookmark: _Ref40206706] 
· The overhead for low latency positioning needs to be evaluated.
Conclusion
In this contribution, we present our evaluations of achievable positioning accuracy and latency. We have the following observations and proposals:
Proposal 1:
· The vertical positioning target for RAT-dependent techniques shouldn’t be the same as the horizontal positioning.
Proposal 2:
· The vertical positioning evaluation with RAT-dependent techniques can be put on a lower priority.
Proposal 3:
· UE location measurement time needs to be evaluated and reduced.
Proposal 4: 
· The overhead for low latency positioning needs to be evaluated.
Observation 1:
· Sub meter and cm level positioning accuracy are required for general commercial and IIoT scenarios. 
· The target latency less than 100ms and even 10ms are required for general commercial and IIoT scenarios. 
Observation 2:
· For DL-TDOA positioning，the exemplary performance targets [0.2m 80%] can be achieved in InF-HH and InF-SH.
Observation 3:
· For DL-TDOA positioning，the exemplary performance targets [0.2m 80%] cannot be met In InF-SL, InF-DH and InF-DL scenarios for both FR1 and FR2.
Observation 4:
· For UL- TDOA positioning，the exemplary performance targets [0.2m 80%] can be achieved in InF-HH and InF-SH.
Observation 5:
· For UL- TDOA positioning，the exemplary performance targets [0.2m 80%] cannot be met In InF-SL, InF-DH and InF-DL scenarios for both FR1 and FR2.
Observation 6:
· For UL-AOA positioning，the exemplary performance targets [0.2m 80%] cannot be achieved in 5 InF scenarios.
Observation 7:
· For UL AOA\ZOA joint positioning, the vertical exemplary performance targets [0.2m 80%] can’t be achieved in 5 InF scenarios.
Observation 8:
· For RTT positioning，the exemplary performance targets [0.2m 80%] can be achieved in InF-HH and InF-SH.
Observation 9:
· For RTT positioning，the exemplary performance targets [0.2m 80%] cannot be met In InF-DL, InF-DH and InF-DL scenarios for both FR1 and FR2.
Observation 10:
· RTT positioning is not sensitive to synchronization error between network nodes.
Observation 11:
· Even with no excess delay  ，the exemplary performance targets [0.2m 80%] cannot be achieved In InF-DH scenarios for both FR1 and FR2.
Observation 12:
· The upper bound of positioning in DH scenarios is [0.75m 80%] by R16 technique.
Observation 13:
· Positioning accuracy performance can be improved with the delay elimination algorithm in DH scenarios, but the result is still far away from the target accuracy [0.2m 80%].
Observation 14:
·  The evaluation result of latency exceeds the target latency, even if the target is 100ms. 
Observation 15:
·  UE location measurement time is the majority part of total positioning latency. Current Rel-16 UE location measurement time itself exceeds the target latency of 100 ms.
Observation 16:
· The longer period of positioning reference signal, the greater the delay time.
Observation 17:
· 10ms latency target can’t be satisfied with Rel-16 positioning.
Observation 18: 
· 100ms latency target can be satisfied with small periodicity and heavy load of PRS.
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Appendix A [bookmark: _Hlk40174428]
A.1 Downlink evaluations
A.1.1 Simulation parameters of DL-TDOA for InF scenarios
	Parameter
	Configuration

	Channel model (baseline, otherwise state any modifications)
	baseline

	Carrier frequency 
	3.5GHz for FR1
28 GHz for FR2

	Subcarrier spacing
	30 kHz for FR1
120 kHz for FR2

	Reference Signal Transmission Bandwidth
	100 MHz for FR1
400 MHz for FR2

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	R16 PRS within a slot 
(comb-6 frequency structure, 6 symbols within a slot)

	Reference signal (type of sequence, number of ports, …) 
	1 port, QPSK-PN sequence

	Number of sites
	18
(5 sites are used for positioning)

	Number of symbols used per occasion
	6

	number of occasions used per positioning estimate
	1

	Power-boosting level
	7.78 dB

	Uplink power control (applied/not applied)
	not applied

	interference modelling (ideal muting, or other)
	ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Threshold-based ToA estimation method(regular)/ Super resolution (MUSIC)

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

	Network synchronization assumptions
	Perfect/50ns

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

	UE type
	Indoor UEs for IIoT scenarios


A.1.2 Simulation results of DL-TDOA for InF scenarios
[image: ][image: ]
Figure 5 Positioning accuracy with DL-TDOA in InF-HH for FR1            Figure 6 Positioning accuracy with DL-TDOA in InF-HH for FR2
[image: ][image: ]
Figure 7 Positioning accuracy with DL-TDOA in InF-SH for FR1	         Figure 8  Positioning accuracy with DL-TDOA in InF-SH for FR2[image: ][image: ]
Figure 9 Positioning accuracy with DL-TDOA in InF-SL for FR1	        Figure 10 Positioning accuracy with DL-TDOA in InF-SL for FR2[image: ][image: ]
Figure 11 Positioning accuracy with DL-TDOA in InF-DH for FR1	       Figure 12 Positioning accuracy with DL-TDOA in InF-DH for FR2[image: ][image: ]
Figure 13 Positioning accuracy with DL-TDOA in InF-DL for FR1 	      Figure 14 Positioning accuracy with DL-TDOA in InF-DL for FR2
A.2 Uplink evaluations
A.2.1 UL-TDOA evaluations
A.2.1.1Simulation parameters of UL-TDOA evaluations for InF scenarios
	[bookmark: _Hlk35349062]Parameter
	Configuration

	Channel model (baseline, otherwise state any modifications)
	baseline

	Carrier frequency 
	3.5 GHz for FR1
28 GHz for FR2

	Subcarrier spacing
	30 kHz for FR1
120 kHz for FR2

	Reference Signal Transmission Bandwidth
	100 MHz for FR1
400 MHz for FR2

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	SRS
comb-4 frequency structure
4 symbols within a slot
No sequence/group/frequency hopping

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

	Number of sites
	18
( 5 sites are used for positioning)

	Number of symbols used per occasion
	4

	number of occasions used per positioning estimate
	1

	Power-boosting level
	6 dB

	Uplink power control (applied/not applied)
	not applied

	interference modelling (ideal muting, or other)
	ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Threshold-based ToA estimation method(regular)/ Super resolution (MUSIC)

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

	Network synchronization assumptions
	Perfect/50ns

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

	UE type
	Indoor UEs for IIoT scenario


A.2.1.2 Simulation results of UL-TDOA for InF scenarios
[image: ][image: ]
Figure 15 Positioning accuracy with UL-TDOA in InF-HH for FR1	      Figure 16 Positioning accuracy with UL-TDOA in InF-HH for FR2
[image: ][image: ]
Figure 17 Positioning accuracy with UL-TDOA in InF-SH for FR1	        Figure 18 Positioning accuracy with UL-TDOA in InF-SH for FR2
[image: ][image: ]
Figure 19 Positioning accuracy with UL-TDOA in InF-SL for FR1	       Figure 20 Positioning accuracy with UL-TDOA in InF-SL for FR2
[image: ][image: ]
Figure 21 Positioning accuracy with UL-TDOA in InF-DH for FR1	     Figure 22 Positioning accuracy with UL-TDOA in InF-DH for FR2
[image: ][image: ]
Figure 23 Positioning accuracy with UL-TDOA in InF-DL for FR1	        Figure 24 Positioning accuracy with UL-TDOA in InF-DL for FR2
A.2.2 UL-AOA evaluations
A.2.2.1Simulation parameters of UAOA evaluations for InF scenarios
	[bookmark: _Hlk35353515]Parameter
	Configuration

	Channel model (baseline, otherwise state any modifications)
	baseline

	Carrier frequency 
	3.5GHz for FR1

	Subcarrier spacing
	30 kHz for FR1

	Reference Signal Transmission Bandwidth
	50/100 MHz for FR1

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	SRS
comb-4 frequency structure
4 symbols within a slot
No sequence/group/frequency hopping

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

	Number of sites
	18
(5 sites are used for positioning)

	Number of symbols used per occasion
	4

	number of occasions used per positioning estimate
	1

	Power-boosting level
	6 dB

	Uplink power control (applied/not applied)
	not applied

	interference modelling (ideal muting, or other)
	ideal muting

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

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

	Network synchronization assumptions
	Perfect

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

	UE type
	Indoor UEs for Indoor open office


A.2.2.2 Simulation results of UL-AOA for InF scenarios[image: ][image: ]
Figure 25 Positioning accuracy with UL-AOA in InF-HH for FR1	        Figure 26 Positioning accuracy with UL-AOA in InF-SH for FR1
[image: ][image: ]
Figure 27 Positioning accuracy with UL-AOA in InF-SL for FR1	      Figure 28 Positioning accuracy with UL-AOA in InF-DH for FR1
[image: ]
Figure 29 Positioning accuracy with UL-AOA in InF-DL for FR1
A.2.3 UL-AOA\ZOA joint vertical positioning evaluations
A.2.3.1Simulation parameters of UL-AOA\ZOA joint vertical positioning evaluations for InF scenarios
	Parameter
	Configuration

	Channel model (baseline, otherwise state any modifications)
	baseline

	Carrier frequency 
	3.5GHz for FR1

	Subcarrier spacing
	30 kHz for FR1

	Reference Signal Transmission Bandwidth
	100 MHz for FR1

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	SRS
comb-4 frequency structure
4 symbols within a slot
No sequence/group/frequency hopping

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

	Number of sites
	18
(5 sites are used for positioning)

	Number of symbols used per occasion
	4

	number of occasions used per positioning estimate
	1

	Power-boosting level
	6 dB

	Uplink power control (applied/not applied)
	not applied

	interference modelling (ideal muting, or other)
	ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	AOA\ZOA

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

	Network synchronization assumptions
	Perfect

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

	UE type
	Indoor UEs for Indoor open office

	Additional notes, if any
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2](a)The UE heights are randomly distributed from 0-8m
(b)The UE heights are distributed in 1.5m


A.2.3.2Simulation results of UL-AOA\ZOA joint vertical positioning evaluations for InF scenarios
[image: ][image: ]
Figure 30 Vertical positioning accuracy with UE distribution (a)	   Figure 31 Vertical positioning accuracy with UE distribution (b)
A.3 Uplink and downlink evaluations
A.3.1 Simulation parameters of Multi-RTT evaluations for InF scenarios
	[bookmark: _Hlk35350372]Parameter
	Configuration

	Channel model (baseline, otherwise state any modifications)
	baseline

	Carrier frequency 
	3.5GHz for FR1
28GHz for FR2

	Subcarrier spacing
	30 kHz for FR1
120 kHz for FR2

	Reference Signal Transmission Bandwidth
	100 MHz for FR1
400 MHz for FR2

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	DL: Comb-6 
UL: Comb-4 

	Reference signal (type of sequence, number of ports, …) 
	DL:1 port, QPSK-PN sequence
UL: 1 port, ZC sequence

	Number of sites
	18
(5 sites are used for positioning)

	Number of symbols used per occasion
	DL:6
UL:4

	number of occasions used per positioning estimate
	1

	Power-boosting level
	DL:7.78 dB
UL:6 dB

	Uplink power control (applied/not applied)
	not applied

	interference modelling (ideal muting, or other)
	ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Threshold-based ToA estimation method(regular)/ Super resolution (MUSIC)

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	Multi-RTT,
 LS algorithm/Taylor series

	Network synchronization assumptions
	Perfect/50ns

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

	UE type
	Indoor UEs for Indoor open office


A.3.2 Simulation results of Multi-RTT for InF scenarios
[image: ][image: ]
Figure 32 Positioning accuracy with Multi-RTT in InF-HH for FR1	      Figure 33 Positioning accuracy with Multi-RTT in InF-HH for FR2
[image: ][image: ]
Figure 34 Positioning accuracy with Multi-RTT in InF-SH for FR1	  Figure 35 Positioning accuracy with Multi-RTT in InF-SH for FR2
[image: ][image: ]
Figure 36 Positioning accuracy with Multi-RTT in InF-SL for FR1	 Figure 37 Positioning accuracy with Multi-RTT in InF-SL for FR2
[image: ][image: ]
Figure 38 Positioning accuracy with Multi-RTT in InF-DH for FR1	  Figure 39 Positioning accuracy with Multi-RTT in InF-DH for FR2
[image: ][image: ]
Figure 40 Positioning accuracy with Multi-RTT in InF-DL for FR1	    Figure 41 Positioning accuracy with Multi-RTT in InF-DL for FR2
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