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[bookmark: _Hlk38879917]In RAN1 #101-e, some additional scenarios and assumptions for NR positioning evaluation have been agreed [1]. In this contribution, based on the output of last meeting, some evaluation results of achievable positioning accuracy and latency are presented and discussed.
The requirements and use cases
Agreement 1:
· In Rel-17 target positioning requirements for commercial use cases are defined as follows:
· Horizontal position accuracy (< 1 m) for [90%] of UEs
· Vertical position accuracy (< [2 or 3] m) for [90%] of UEs
· End-to-end latency for position estimation of UE (< [100 ms])
· FFS: Physical layer latency for position estimation of UE (< [10 ms])
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< X m) for [90%] of UEs
· X = [0.2 or 0.5] m
· Vertical position accuracy (< Y m) for [90%] of UEs
· Y = [0.2 or 1] m
· End-to-end latency for position estimation of UE (< [10ms, 20ms, or 100ms])
· FFS: Physical layer latency for position estimation of UE (< [10ms])
Note: Target positioning requirements may not necessarily be reached for all scenarios
In last meeting, the requirements for commercial use cases and IIoT use cases have been agreed as above. It was also agreed that the baseline for evaluation in IIoT use cases is InF-SH and InF-DH scenarios with DH clutter parameters {40%, 2m, 2m} for fixed UE antenna height and gNB antenna height for UE inside the convex hull of the horizontal BS deployment area.
Considering all the above requirements, we have the following proposal.
[bookmark: _Ref46998303][bookmark: _Hlk40169137]Proposal 1
· The requirements should be achieved at least with the baseline parameter assumptions. 
Evaluated techniques and scenarios
The techniques evaluated include DL-TDOA, UL-TDOA, Multi-RTT, UL-AOA, 3D-DL-TDOA) and 3D-AOA/ZOA positioning. InF-SH and InF-DH scenarios for all UEs and inside convex hall UEs are evaluated.  Table 1 also lists different positioning techniques in this contribution with different parameter assumptions. 
[bookmark: _Ref46950568]Table 1 Evaluation techniques and scenarios
	
	Technique
	Scenarios
	{TOA resolution, TRP deletion algorithm ,Sync}
	UEs location

	FR1
	DL-TDOA
	InF-SH, InF-DH
	{MUSIC, RAIM ,perfect}
	{all UEs}
{convex UEs}

	
	UL-TDOA
	
	
	

	
	UL-AOA
	
	
	

	
	Multi-RTT
	
	
	

	
	3D-DL-TDOA
	
	
	

	
	3D-AOA/ZOA
	
	
	

	FR2
	DL-TDOA
	InF-SH, InF-DH
	{MUSIC, RAIM ,perfect}
	{all UEs}
{convex UEs}

	
	UL-TDOA
	
	
	

	
	Multi-RTT
	
	
	


[bookmark: _Hlk47021722]Horizontal accuracy evaluation 
In this section, we provide our evaluation results for downlink, uplink, downlink and uplink evaluations for InF-SH and InF-DH scenarios. The simulation results are listed in the following tables. The detailed parameter configuration and CDF figures are provided in Appendix. In Appendix A, the evaluation results for baseline are listed while in Appendix B, the evaluation results for optional assumptions are listed.
4.1 Downlink evaluations
The evaluation results with DL-TDOA technique in the baseline scenario are summarized in Table 2 for FR1 and Table 3 for FR2 respectively.
[bookmark: _Ref46950618]Table 2 Positioning accuracy evaluation results (m) with DL-TDOA in the baseline scenario for FR1
	
	
	TRP selection method 
	50%
	67%
	80%
	90%

	FR1
	SH convex UEs
	RSRP
	0.04
	0.05
	0.06
	0.09

	
	
	First peak/median
	0.04
	0.05
	0.06
	0.08

	
	DH convex UEs
	RSRP
	0.04
	0.05
	0.15
	4.28

	
	
	First peak/median
	0.04
	0.05
	0.08
	0.13


[bookmark: _Ref46950629]Table 3 Positioning accuracy evaluation results (m) with DL-TDOA in the baseline scenario for FR2
	
	
	TRP selection method 
	50%
	67%
	80%
	90%

	FR2
	SH convex UEs
	RSRP
	0.0096
	0.012
	0.016
	0.024

	
	
	First peak/median
	0.0095
	0.012
	0.017
	0.024

	
	DH convex UEs
	RSRP
	0.011
	0.013
	0.020
	4.26

	
	
	First peak/median
	0.011
	0.015
	0.023
	0.068


In the above simulation results, 2 TRP selection method are used, that is, selecting the TRP according to the RSRP and selecting the TRP according to the radio of first peak power and median power. In addition, the TRP which introduces relatively large error is deleted by the intermediate variable through the taylor series algorithm (RAIM).
We can see that in the baseline, the InF-SH and InF-DH scenarios both can meet the performance target for FR1 and FR2 with DL-TDOA.
Observation 1
· For DL-TDOA positioning，the performance target [0.2m 90%] can be achieved in InF-SH and InF-DH with the baseline assumptions.
Then we evaluate the positioning performance for all UEs in InF-SH and InF-DH scenarios, the results are listed in Table 4 for FR1 and Table 5 for FR2 respectively.
[bookmark: _Ref46950685]Table 4 Positioning accuracy evaluation results (m) with DL-TDOA for all UEs for FR1
	
	
	BS selection method 
	50%
	67%
	80%
	90%

	FR1
	SH all UEs
	RSRP
	0.05
	0.07
	0.17
	0.57

	
	
	First peak/median
	0.05
	0.07
	0.10
	0.30

	
	DH all UEs
	RSRP
	0.05
	0.10
	0.88
	5.84

	
	
	First peak/median
	0.05
	0.08
	0.13
	0.37


[bookmark: _Ref46950692]Table 5 Positioning accuracy evaluation results (m) with DL-TDOA for all UEs for FR2
	
	
	BS selection method 
	50%
	67%
	80%
	90%

	FR2
	SH all UEs
	RSRP
	0.012
	0.020
	0.053
	0.24

	
	
	First peak/median
	0.012
	0.018
	0.027
	0.053

	
	DH all UEs
	RSRP
	0.015
	0.032
	0.21
	5.12

	
	
	First peak/median
	0.015
	0.023
	0.048
	0.21


The results show that for all the UEs, except that in SH scenario for FR2 the requirement can be met, others can’t achieve the target with DL-TDOA.
Observation 2
· For DL-TDOA positioning，the performance target [0.2m 90%] can be achieved in InF-SH for FR2 for all UEs, but cannot be achieved in InF-SH for FR1 and InF-DH for FR1 and FR2 for all UEs.
In our companion contribution [2], the LOS probability of different DH clutter parameters has been analyzed. The clutter parameter {60%, 6m, 2m} is an important part in evaluation to assess the positioning performance when the environment is not so good due to high NLOS probability. The evaluation results are shown in Table 6.  It is observed that when the NLOS probability is high, there is almost no LOS links for most UEs, thus the positioning accuracy can hardly be met. It may be beneficial to identify the performance gap in this case, or introduce some new techniques to enhance the positioning accuracy in high NLOS scenario.
Table 6 Positioning accuracy evaluation results (m) with DL-TDOA with DH clutter parameter {60%, 6, 2}
	
	
	UE selection method 
	50%
	67%
	80%
	90%

	FR1
	DH
{0.6,6,2}
	Convex UEs
	6.13
	7.76
	13.38
	18.71

	
	
	all UEs
	6.49
	10.35
	15.33
	24.59

	FR2
	DH
{0.6,6,2}
	Convex UEs
	6.63
	9.01
	13.6
	15.09

	
	
	all UEs
	8.04
	12.84
	15.23
	23.12


Observation 3
· For DL-TDOA positioning with the DH clutter parameter {0.6,6,2}, the performance target [0.2m 90%] cannot be achieved and the performance gap is nearly 20 m.
In conclusion, the performance gap of all the above scenarios and assumptions are summarized in Table 7.
[bookmark: _Ref46950834]Table 7 The performance gap of DL-TDOA in baseline with the target accuracy [0.2m 90%]
	
	scenarios
	[0.2m 90%]
	Performance gap（m）

	FR1
	SH in baseline
	
	\

	
	DH in baseline
	
	\

	
	SH all UEs
	
	0.10

	
	DH all UEs
	
	0.17

	
	DH {0.6,6,2}, convex UEs
	
	18.51

	
	DH {0.6,6,2}, all UEs
	
	24.39

	FR2
	SH in baseline
	
	\

	
	DH in baseline
	
	\

	
	SH all UEs
	
	\

	
	DH all UEs
	
	0.01

	
	DH {0.6,6,2}, convex UEs
	
	14.89

	
	DH {0.6,6,2}, all UEs
	
	22.92


4.2 Uplink evaluations
4.2.1 UL-TDOA evaluations 
The evaluation results with UL-TDOA technique in the baseline scenario are summarized in Table 8 for FR1 and Table 9 for FR2 respectively. 
[bookmark: _Ref46950856]Table 8 Evaluation results (m) with UL-TDOA in the baseline scenario for FR1
	
	
	BS selection method 
	50%
	67%
	80%
	90%

	FR1
	SH convex UEs
	RSRP
	0.04
	0.05
	0.06
	0.10

	
	
	First peak/median
	0.04
	0.05
	0.06
	0.09

	
	DH convex UEs
	RSRP
	0.04
	0.05
	0.15
	5.56

	
	
	First peak/median
	0.04
	0.05
	0.08
	0.13


[bookmark: _Ref46950863]Table 9 Evaluation results (m) with UL-TDOA in the baseline scenario for FR2
	
	
	BS selection method 
	50%
	67%
	80%
	90%

	FR2
	SH convex UEs
	RSRP
	0.0096
	0.012
	0.016
	0.021

	
	
	First peak/median
	0.0087
	0.011
	0.015
	0.022

	
	DH convex UEs
	RSRP
	0.012
	0.024
	0.16
	5.32

	
	
	First peak/median
	0.012
	0.018
	0.027
	0.051


We can see that in the baseline, the InF-SH and InF-DH scenarios both can meet the performance target for FR1 and FR2 with UL-TDOA.
Observation 4
· For UL-TDOA positioning，the performance target [0.2m 90%] can be achieved in InF-SH and InF-DH with the baseline assumptions.
Then we evaluate the positioning performance for all UEs in InF-SH and InF-DH scenarios, the results are listed in Table 10 for FR1 and Table 11 for FR2 respectively.
[bookmark: _Ref46950876]Table 10 Evaluation results (m) with UL-TDOA for all UEs for FR1
	
	
	BS selection method 
	50%
	67%
	80%
	90%

	FR1
	SH all UEs
	RSRP
	0.05
	0.07
	0.16
	0.98

	
	
	First peak/median
	0.05
	0.07
	0.10
	0.23

	
	DH all UEs
	RSRP
	0.05
	0.09
	1.14
	5.98

	
	
	First peak/median
	0.05
	0.08
	0.14
	0.44


[bookmark: _Ref46950881]Table 11 Evaluation results with UL-TDOA for all UEs for FR2
	
	
	BS selection method 
	50%
	67%
	80%
	90%

	FR2
	SH all UEs
	RSRP
	0.012
	0.019
	0.038
	0.36

	
	
	First peak/median
	0.011
	0.018
	0.028
	0.064

	
	DH all UEs
	RSRP
	0.017
	0.049
	0.50
	5.96

	
	
	First peak/median
	0.016
	0.028
	0.065
	0.30


The results show that for all the UEs, in SH scenario for FR2 the requirement can be met, others can’t achieve the target with UL-TDOA.
Observation 5
· [bookmark: _Ref46998738][bookmark: _Ref40206515]For UL-TDOA positioning，the performance target [0.2m 90%] can be achieved in InF-SH for FR2 for all UEs, but cannot be achieved in InF-SH for FR1 and InF-DH for FR1 and FR2 for all UEs.
4.2.2 UL-AOA evaluations 
The evaluation results with UL-AOA technique for FR1 in the baseline scenario are shown in Table 12 and for all UEs are shown in Table 13.
[bookmark: _Ref46950904]Table 12 Evaluation results (m) with UL-AOA in the baseline scenario for FR1
	
	Source
	50%
	67%
	80%
	90%

	FR1
	SH convex UEs
	1.91
	2.63
	3.95
	4.95

	
	DH convex UEs
	2.20
	3.14
	4.30
	4.89





[bookmark: _Ref47100010]Table 13 Evaluation results (m) with UL-AOA for all UEs for FR1
	
	Source
	50%
	67%
	80%
	90%

	FR1
	SH all UEs
	2.00
	2.73
	4.01
	5.32

	
	DH all UEs
	2.55
	3.31
	4.54
	5.38



With AOA technique, the performance target cannot be met in InF-SH and InF-DH scenarios. Compared to timing based (UL-TDOA) positioning, angle based (AOA) positioning may need more antennas and finer beams to improve the accuracy.
[bookmark: _Ref46998774][bookmark: _Ref40365089]Observation 6
· For UL-AOA positioning，the performance target [0.2m 90%] cannot be achieved in InF-SH and InF-DH scenarios.
4.3 Uplink and Downlink evaluations
The evaluation results with Multi-RTT technique in the baseline scenario are summarized in Table 14 for FR1 and Table 15 for FR2 respectively. 
[bookmark: _Ref46950917][bookmark: _Hlk47013558]Table 14 Evaluation results (m) with Mulit-RTT in the baseline scenario for FR1
	
	
	BS selection method 
	50%
	67%
	80%
	90%

	FR1
	SH convex UEs
	RSRP
	0.04
	0.05
	0.06
	0.12

	
	
	First peak/median
	0.04
	0.04
	0.06
	0.10

	
	DH convex UEs
	RSRP
	0.06
	0.09
	0.26
	5.30

	
	
	First peak/median
	0.04
	0.05
	0.08
	0.13


[bookmark: _Ref46950924]Table 15 Evaluation results (m) with Mulit-RTT in the baseline scenario for FR2
	
	
	BS selection method 
	50%
	67%
	80%
	90%

	FR2
	SH convex UEs
	RSRP
	0.0088
	0.011
	0.015
	0.021

	
	
	First peak/median
	0.0085
	0.010
	0.013
	0.021

	
	DH convex UEs
	RSRP
	0.010
	0.022
	0.11
	4.12

	
	
	First peak/median
	0.0089
	0.012
	0.015
	0.062


we can see that in the baseline, the InF-SH and InF-DH scenarios both can meet the performance target with the best selection method for FR1 and FR2 with Multi-RTT.
Observation 7
· For RTT positioning，the performance target [0.2m 90%] can be achieved in InF-SH and InF-DH with the baseline assumptions.
Then we evaluate the positioning performance for all UEs in InF-SH and InF-DH scenarios, the results are listed in Table 16 for FR1 and Table 17 for FR2 respectively.
[bookmark: _Ref46950935]Table 16 Evaluation results (m) with Mulit-RTT for all UEs for FR1
	
	
	BS selection method 
	50%
	67%
	80%
	90%

	FR1
	SH all UEs
	RSRP
	0.05
	0.07
	0.15
	0.53

	
	
	First peak/median
	0.04
	0.07
	0.10
	0.24

	
	DH all UEs
	RSRP
	0.06
	0.09
	0.78
	6.39

	
	
	First peak/median
	0.05
	0.11
	0.18
	0.30


[bookmark: _Ref46950941]Table 17 Evaluation results (m) with Mulit-RTT for all UEs for FR2
	
	
	BS selection method 
	50%
	67%
	80%
	90%

	FR2
	SH all UEs
	RSRP
	0.0096
	0.015
	0.029
	0.15

	
	
	First peak/median
	0.011
	0.016
	0.026
	0.045

	
	DH all UEs
	RSRP
	0.018
	0.071
	0.61
	4.60

	
	
	First peak/median
	0.018
	0.029
	0.054
	0.30


The results show that for all the UEs, in SH scenario for FR2 the requirement can be met, others can’t achieve the target with Multi-RTT.
Observation 8
· For RTT positioning，the performance target [0.2m 90%] can be achieved in InF-SH for FR2 for all UEs, but cannot be achieved in InF-SH for FR1 and InF-DH for FR1 and FR2 for all UEs.
[bookmark: _Hlk40169180]4.4 Summary
In this section, we provide the evaluation results for downlink, uplink, uplink and downlink positioning for InF-SH and InF-DH scenarios. According to the above evaluation results, we can see that in InF-SH and InF-DH scenarios, the performance targets [0.2m 90%] can be achieved with all the timing-based techniques in R16 with baseline assumptions. 
Observation 9
· The performance target [0.2m 90%] can be achieved in InF-SH and InF-DH with baseline assumptions for all the Rel-16 timing based positioning techniques.
Vertical accuracy evaluation
In this section, we provide our evaluation results for vertical positioning evaluations with DL-TDOA and AOA/ZOA for InF-SH and InF-DH scenarios for FR1. The simulation results are listed in the following tables. The detailed parameter configuration and CDF figures are provided in the Appendix. In Appendix A, the evaluation results for baseline are listed while in Appendix B, the evaluation results for optional are listed.
5.1 DL-TDOA evaluations
In the last RAN1 meeting, the baseline for vertical positioning has been agreed that the fixed BS height is 8m and the fixed UE height is 1.5m. There are also some optional parameter configurations, for example: BS height {4,8}m, UE height 1.5m; BS height {4,8}m, UE height [0.5,2]m; BS height 8m, UE height [0.5,2] m.
The vertical accuracy evaluation results in the baseline scenario with the DL-TDOA are shown in Table 18. It can be seen that the vertical positioning performance can meet the performance target [1m 90%].
[bookmark: _Ref46950964]Table 18 Vertical evaluation results (m) in the baseline scenario with DL-TDOA for FR1
	
	
	Source
	50%
	67%
	80%
	90%

	FR1
	SH, 
BS =8m,
UE=1.5m
	Vertical convex UEs
	0.19
	0.30
	0.46
	0.58

	
	DH
BS =8m,
UE=1.5m
	Vertical convex UEs
	0.12
	0.20
	0.41
	0.64


Observation 10
· For vertical evaluation with DL-TDOA，the performance target [1m 90%] can be achieved In InF-SH and InF-DH scenarios for FR1 with baseline assumptions.
The results of different BS and UE height are shown in Table 19. In SH scenario, the uniformly distributed UE height has little influence on vertical accuracy, but the {4,8}m BS height degrades the performance. In DH scenario, the uniformly distributed UE height and BS height both degrade the accuracy significantly. The reason may be that the BS and UE height will affect the LOS probability, which is analyzed in [2]. Especially in DH scenario, the number of UEs satisfied LOS links >4 will drop differently according to BS and UE height which cause performance degradation.
[bookmark: _Ref46950973]Table 19 Vertical evaluation results with different BS and UE height with DL-TDOA for FR1
	
	
	Source
	50%
	67%
	80%
	90%

	FR1
	SH
BS =8m,
UE=1.5m
	Vertical convex UEs
	0.19
	0.30
	0.46
	0.58

	
	
	Vertical all UEs
	0.19
	0.33
	0.54
	0.84

	
	DH
BS =8m,
UE=1.5m
	Vertical convex UEs
	0.12
	0.20
	0.41
	0.64

	
	
	Vertical all UEs
	0.13
	0.22
	0.41
	1.39

	
	SH
BS = {4,8}m,
UE=1.5m
	Vertical convex UEs
	0.24
	0.42
	0.62
	1.25

	
	
	Vertical all UEs
	0.24
	0.39
	0.70
	1.38

	
	DH
BS = {4,8}m,
UE=1.5m
	Vertical convex UEs
	1.03
	2.05
	2.68
	4.62

	
	
	Vertical all UEs
	1.21
	2.50
	2.94
	5.24

	
	SH
BS = 8m,
UE= [0.5,2]m
	Vertical convex UEs
	0.16
	0.25
	0.45
	0.66

	
	
	Vertical all UEs
	0.19
	0.30
	0.46
	0.76

	
	DH
BS = 8m,
UE= [0.5,2]m
	Vertical convex UEs
	0.82
	1.17
	2.03
	3.16

	
	
	Vertical all UEs
	0.91
	1.68
	2.75
	3.47

	
	SH
BS = {4,8}m,
UE= [0.5,2]m
	Vertical convex UEs
	0.28
	0.45
	0.72
	1.27

	
	
	Vertical all UEs
	0.28
	0.45
	0.76
	1.48

	
	DH
BS = {4,8}m,
UE= [0.5,2]m
	Vertical convex UEs
	0.67
	1.77
	3.02
	4.93

	
	
	Vertical all UEs
	0.86
	2.39
	3.12
	5.98


[bookmark: _Ref46998830][bookmark: _Ref40206592]Observation 11
· The uniformly distributed UE height and BS height have no benefit for vertical positioning.
5.2 AOA/ZOA evaluations
The vertical accuracy evaluation results in the baseline scenario with the AOA/ZOA are shown in Table 20. It can be seen that with the AOA/ZOA technique, the vertical positioning performance can meet the performance target [1m 90%] in SH scenario, but not in DH scenario.
[bookmark: _Ref46950983]Table 20 Vertical evaluation results in the baseline scenario with AOA/ZOA for FR1
	
	
	Source
	50%
	67%
	80%
	90%

	FR1
	SH
BS =8m,
UE=1.5m
	Vertical convex UEs
	0.28
	0.43
	0.52
	0.66

	
	DH
BS =8m,
UE=1.5m
	Vertical convex UEs
	0.48
	0.63
	0.83
	1.12


Observation 12
· For vertical evaluation with AOA/ZOA technique，the performance target [1m 90%] can be achieved In InF-SH scenario but not in InF-DH scenario for FR1 with baseline assumptions.
The evaluation results of vertical positioning performance with different BS and UE height are shown in Table 21.
[bookmark: _Ref46950991]Table 21 Vertical evaluation results with different BS and UE height with AOA/ZOA for FR1
	
	
	Source
	50%
	67%
	80%
	90%

	FR1
	SH
BS =8m,
UE=1.5m
	Vertical convex UEs
	0.28
	0.43
	0.52
	0.66

	
	
	Vertical all UEs
	0.48
	0.54
	0.58
	0.90

	
	DH
BS =8m,
UE=1.5m
	Vertical convex UEs
	0.48
	0.63
	0.83
	1.12

	
	
	Vertical all UEs
	0.44
	0.63
	0.83
	1.27

	
	SH
BS = {4,8}m,
UE=1.5m
	Vertical convex UEs
	0.30
	0.38
	0.64
	0.82

	
	
	Vertical all UEs
	0.33
	0.48
	0.68
	0.98

	
	DH
BS = {4,8}m,
UE=1.5m
	Vertical convex UEs
	0.43
	0.64
	0.90
	1.39

	
	
	Vertical all UEs
	0.46
	0.74
	1.13
	3.61

	
	SH
BS = 8m,
UE= [0.5,2]m
	Vertical convex UEs
	0.39
	0.57
	0.74
	1.05

	
	
	Vertical all UEs
	0.43
	0.63
	0.95
	1.35

	
	DH
BS = 8m,
UE= [0.5,2]m
	Vertical convex UEs
	2.07
	3.19
	4.83
	5.46

	
	
	Vertical all UEs
	2.58
	4.15
	4.89
	5.46

	
	SH
BS = {4,8}m,
UE= [0.5,2]m
	Vertical convex UEs
	0.45
	0.62
	0.96
	1.21

	
	
	Vertical all UEs
	0.45
	0.70
	1.06
	1.33

	
	DH
BS = {4,8}m,
UE= [0.5,2]m
	Vertical convex UEs
	3.80
	4.39
	4.93
	9.06

	
	
	Vertical all UEs
	3.83
	4.44
	5.09
	9.06


The results show that the AOA/ZOA technique performs slightly worse than DL-TDOA technique. By comparing the vertical results in DH scenario, we still can’t see the benefit of uniformly distributed UE height and BS height.
Evaluation for IOO scenario for commercial use cases
In the last RAN1 meeting, it was agreed that for the evaluation of positioning enhancements for commercial use cases, no baseline scenario is defined. As far as we are concerned, the evaluation for general commercial use cases should focus on the Indoor scenario. For IOO scenario, the absolute time of arrival model can reuse the model for IIoT scenarios. The evaluation results for IOO scenario are shown in Table 22. The detailed parameter configuration and simulation results are provided in Appendix A.6.
[bookmark: _Ref46951007]Table 22 Evaluation results for IOO scenario
	
	
	Source
	50%
	67%
	80%
	90%

	FR1
	Indoor without absolute time of arrival
	DL-TDOA
	0.11
	0.19
	0.35
	0.80

	
	
	UL-TDOA
	0.11
	0.19
	0.38
	0.84

	
	
	Multi-RTT
	0.11
	0.17
	0.37
	0.68

	FR1
	Indoor with absolute time of arrival
	DL-TDOA
	0.11
	0.19
	0.38
	0.82

	
	
	UL-TDOA
	0.12
	0.19
	0.38
	0.86

	
	
	Multi-RTT
	0.11
	0.19
	0.33
	0.68

	FR2
	Indoor without absolute time of arrival
	DL-TDOA
	0.03
	0.06
	0.13
	0.54

	
	
	UL-TDOA
	0.03
	0.06
	0.13
	0.56

	
	
	Multi-RTT
	0.03
	0.05
	0.11
	0.50

	FR2
	Indoor with absolute time of arrival
	DL-TDOA
	0.03
	0.06
	0.22
	0.56

	
	
	UL-TDOA
	0.03
	0.07
	0.19
	0.62

	
	
	Multi-RTT
	0.03
	0.05
	0.11
	0.54


The results show that for IOO scenario, the requirement for commercial use cases can be achieved with or without the absolute time of arrival. The reason may be that in IOO scenario, the LOS probability is high enough for positioning. With the BS deletion algorithm, enough LOS links can be chosen for positioning, so the absolute time which only affects NLOS links will have little impact on positioning performance for IOO scenario.
[bookmark: _Ref46998861]Observation 13
· For IOO scenario，the performance target [1m 90%] can be achieved with or without the absolute time of arrival.
Latency evaluation
Agreement 2:
Physical layer latency can be evaluated through analysis and, optionally, numerical evaluation.
Agreement 3:
Higher layer positioning latency can be evaluated in this SI.
· FFS: how to evaluate higher-layer positioning latency
· FFS: which higher-layers should be included in the evaluation
In the last RAN1 meeting, the Agreement 1-3 have been reached. In this section, we presented our view about latency models and the evaluation results. The evaluation of latency is separated as E2E latency, high layer latency and physical latency and listed in section 7.1 and 7.2 respectively.
7.1 The evaluation of E2E latency and high layer latency
[bookmark: _Hlk31985020]In the Agreement 1-3, RAN1 try to set an upper bound for End-to-End latency. The definition of End-to-end latency in the agreement and SID should be clarified before analyzing and evaluating. According to the flow in Figure 1 [section 5.2, TS 38.305], there are three flows for different End devices (such as 1c UE, 1b AMF, 1a 5GC LCS entities). 
Furthermore, the End-to-end latency is different for the different use cases in the IIoT service (such as Table 40 in Appendix A.7 IIoT positioning Service Performance Requirements). For example, The End-to-end latency of inbound logistics for manufacturing can be understood as how much time the driving car get itself position which belongs to UE-to-UE.  In contrast, for the augmented reality in smart factories, the server needs to know the location of AR devices which belongs to LCS -to- UE.
Therefore, there are two options for the End-to-end latency at least. 
Option 1: UE-to-UE
Option 2: LCS -to- UE


[bookmark: _Ref46995336]Figure 1  Location Service Support by NG-RAN
[bookmark: _Hlk47447936]Given the above discussion, the End-to-end latency of the above two options will be evaluated. It is noted that the process of the UE-based and UE-assisted is different and will lead to different latency. We would like to evaluate separately. Besides, the details flow was illustrated in Figure 2 and the latency for every step was described in [3].


[bookmark: _Ref46996031]Figure 2  The detailed procedure of DL Location Service
For option 1(UE-to-UE), the End-to-end latency is the sum of the step 1c, 2, 3a,3b, 4(optional), 5c(optional).
· UE-based positioning, the End-to-end latency is the sum of the step 1c, 2, 3a and 3b as following
1. UE requesting time from UE to LMF TUE_requesting: TUE->LMF  
2. The exchange time of UE capability, PRS assistance data between LMF and UE or gNB Texchange time :
a) The Signalling (3a-1,3a-2) between LMF and gNB TgNB_exchange :  2TgNB->LMF 
b) [bookmark: _Hlk46845138]The Signalling (3b-1~3b-4) between UE and LMF TUE_exchange: 4 TUE->LMF 
3. The measurement and processing time of UE TUE_meas/process
4. The calculation and processing time of UE: TUE,cal 
· UE-assisted positioning, the End-to-end latency is the sum of the step 1c, 2, 3a, 3b, 4, and 5c. In addition to the latency of UE-based positioning, there is also the response time from LMF, that is the sum of 4 and 5c
1. UE requesting time  from UE to LMF TUE_requesting: TUE->LMF  
2. The exchange time of UE capability, PRS assistance data between LMF and UE or gNB Texchange time  :
a) The Signalling (3a-1,3a-2)between LMF and gNB TgNB_exchange  :  2TgNB->LMF 
b) The Signalling  (3b-1~3b-5) between UE and LMF TUE_exchange : 5TUE->LMF 
3. The measurement and processing time of UE TUE_meas/process 
4. The reporting time o from UE to LMF TUE_reporting : TUE->LMF  
5. The calculation and processing time of LMF TLMF,cal 
6. the response time from LMF to UE TUE, response : TUE->LMF  
In conclusion, the End-to-end latency of UE-to-UE for a Time To First Fix (TTFF) positioning is summarized in the below equation (1) and (2)


For option 2(LCS -to- UE), the End-to-end latency is the sum of the step 1a, 2, 3a, 3b, 4, and 5a. Only the calculation and processing time is different between UE-based and UE assisted in LCS-to-UE case, one is calculated in the UE side, another is in the LMF side, it has little difference due to the computation capability of devices. So, it is analyzed together as follows.
· UE-based/ UE-assisted positioning.
1. LCS requesting time from LCS to LMF TLCS_requesting: TLCS->LMF  
2. The exchange time of UE capability, PRS assistance data between LMF and UE or gNB Texchange time :
a) The Signalling (3a-1,3a-2) between LMF and gNB TgNB_exchange:  2TgNB->LMF 
b) The Signalling (3b-1~3b-5) between UE and LMF TUE_exchange : 5TUE->LMF 
3. The measurement and processing time of UE TUE_meas /process
4. The reporting time o from UE to LMF TUE_reporting : TUE->LMF  
5. The calculation and processing time of LMF or UE TLMF,cal  or   TUE,cal
6. The response time from LMF to LCS TLCS_response: TLCS->LMF
For LCS-to-UE case, the End-to-end latency for a TTFF positioning is summarized in the below equation (3) 

Therefore, for the E2E latency, we proposal the latency model as below
[bookmark: _Ref46998325]Proposal 2
· For UE-to-UE case, the End-to-end latency of for a TTFF positioning as below equation (1) and (2) for UE-based and UE-assisted respectively.
· For LCS-to-UE case, the End-to-end latency for a TTFF positioning as below equation (3).



Furthermore, based on the above analyze, it is observed that the End-to-end latency includes:

It is noted that  can be seen as high layer latency, each of it can be assumed as a constant in below based on the analyse in [4].
Where 
1.  is assumed as 5 ms 
2.  is assumed as 4ms
3.  is assumed as 5ms
Furthermore, the  and is assumed as below.
1.  also can be assumed as a constant, such as 10ms, only depends on the computation ability.
2.  is  physical layer latency, The latency is assumed as 191.5ms when and the detailed analysis is described in section 7.2.
[bookmark: _Hlk41398585]Then, the evaluation results of E2E latency and high layer latency are summarized in Table 23 based on the above assumptions and latency model. Note that the analysis did not consider the latency of retransmission.
[bookmark: _Ref46860337]Table 23 The evaluation result for End-to-end latency, high layer latency and physical layer latency
	End-to-End
	UE-to-UE(ms)
	LCS-to-UE (ms)

	
	UE-based
	UE-assisted
	

	high layer latency
	
	/
	/
	

	
	
	
	
	=30

	
	
	
	
	

	Calculation latency
	
	10 ms

	Physical layer latency
	
	191.5

	Total latency of high layer
	33
	43
	48

	Total latency of physical layer latency
	191.5
	191.5
	191.5

	Total latency of E2E
	234.5
	244.5
	249.5


[bookmark: _Ref46998879]Observation 14
· 100ms E2E latency cannot be reached with Rel-16 DL positioning.
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 needs to be introduced. Our contribution wants to stress that the physical layer latency is the majority part of total positioning latency. So, the Physical layer latency needs to be reduced for low latency service and to meet the R17 requirement. If the target latency is 100ms, the location measurement time need to less than 32 ms. And if the target latency is 10ms, the Physical layer latency need to less than 10ms at least.
[bookmark: _Ref46998894]Observation 15
·  Physical layer latency is the majority part of total positioning latency. 
7.2	The evaluation of physical layer latency
In this subsection, we present our latency model and evaluation results for physical layer latency. The PHY procedure for positioning is summarized in Figure 3.


[bookmark: _Ref46996286]Figure 3 The procedure of the location measurement with Grant-based transmission
Therefore, based on the procedure, the latency model for the physical layer latency is proposed as below
[bookmark: _Ref46998342]Proposal 3
 = 
·  is the periodicity of PRS
· is up to UE ability and the signal that needs to measure, as usually
·  is the periodicity of the measurement gap
·  is the time to request the gap
·  is the time required by UE to configure gaps; RRC reconfiguration delay
·  is the time to report
It is observed that the physical layer latency can be divided into two parts. One of them is  , whose value is variate and depends on the periodicity and the configuration of PRS. Other parts can be assumed as constant for the evaluation.
Firstly, we present our assumptions for the constant part 
Where
1.  is assumed as 1ms according to the evaluation results of URLLC latency in TR 38.824[4].
2.  is assumed as 10ms according to RRC reconfiguration,
3.  is assumed as 0.5ms for URLLC and 12.5ms for non-URLLC based on the computation in [4] or [section 5.2.1, TS 36.881], which includes SR request, UL grant, the UE/gNB process delay, etc.
Then, for the variate part, it is evaluated based on the periodicity and PRS configuration as below.
1.  is the periodicity of PRS, which includes
 slots. 
2.  is the periodicity of the measurement gap, which includesms based on the latest RAN4 conclusion. And MGL is {1.5, 3, 3.5, 4, 5, 5.5, 6, [10,18,20,34,40 and 50]}ms. It is noted that the periodicity of MG is the common multiple of PRS and minimum MG periodicity when PRS periodicity (such as 8,16,32, 64ms) is not matched with MG periodicity considering the UE only processes DL PRS within the measurement gap. Otherwise, it is equal to the PRS periodicity.
3. is T1ms up to UE ability and the signal number N1 that needs to measure, where N(N = {0.125, 0.25, 0.5, 1, 2, 4, 8, 12, 16, 20, 25, 30, 35, 40, 45, 50}ms) is a duration of DL PRS symbols in ms processed every Tms (T = {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280}ms)for a given maximum bandwidth (B) in MHz supported by UE. It depends on the number of PRS and smaller or equal with periodicity in general. So  can be assumed as max{}=20ms 
Finally, the evaluation results of physical layer latency are summarized in Table 24 based on the above assumptions and latency model. 
[bookmark: _Ref47014345]Table 24 The evaluation results for physical layer latency
	u
	  (ms)
	
ms
	
(ms)
max{

	Constant latency (ms)
Sum{

}
	Physical layer Latency (ms) for URLLC reporting

	30K (FR1)
	4
	20
	20ms
	11.5ms for URLLC
or
23.5ms for non-URLLC
	51.5

	
	5
	20
	
	
	51.5

	
	8
	40[Note 1]
	
	
	71.5

	
	10
	20
	
	
	51.5

	
	16
	80[Note 1]
	
	
	111.5

	
	20
	20
	
	
	51.5

	
	32
	160[Note 1]
	
	
	191.5

	
	40
	40
	
	
	71.5

	
	64
	320 [Note1]
	
	
	351.5

	
	80
	80
	
	
	111.5

	
	160
	160
	
	
	191.5

	
	320
	320
	
	
	351.5

	
	640
	640
	
	
	671.5

	
	1280
	640
	
	
	1311.5

	
	5120
	640
	
	
	5151.5

	
	10240
	640
	
	
	10271.5

	120K (FR2)
	4
	20
	
	
	51.5

	
	5
	20
	
	
	51.5

	
	8
	40[Note 1]
	
	
	71.5

	
	10
	20
	
	
	51.5

	
	16
	80[Note 1]
	
	
	111.5

	
	20
	20
	
	
	51.5

	
	32
	160[Note1]
	
	
	191.5

	
	40
	40
	
	
	71.5

	
	64
	320[Note1]
	
	
	351.5

	
	80
	80
	
	
	111.5

	
	160
	160
	
	
	191.5

	
	320
	320
	
	
	351.5

	
	640
	640
	
	
	671.5

	
	1280
	640
	
	
	1311.5

	
	5120
	640
	
	
	5151.5

	
	10240
	640
	
	
	10271.5


Note 1: the periodicity of MG is the common multiple of PRS and minimum MG periodicity.
According to the above analysis and evaluation result, the physical layer latency depends on the periodicity of the positioning reference signal and measurement gap. And the 10ms physical layer latency cannot be satisfied with Rel-16 DL positioning
[bookmark: _Ref46998912]Observation 16
· [bookmark: _Hlk41385546][bookmark: _Hlk41385537]The longer period of positioning reference signal and measurement gap, the greater the latency.
[bookmark: _Ref46998928]Observation 17
· 10ms physical layer latency cannot be reached with Rel-16 DL positioning.
[bookmark: _Ref46998358]Proposal 4
· Physical layer latency needs to be reduced in R17.
7.3The latency of Idle/ inactive to the connected mode
In the current specification, the positioning is only performed when UE in the connection mode. So if UE in the idle or inactive, the latency for position estimation of UE is the sum latency of initial access and positioning. Firstly, the latency of the initial access as below:
	Initial connection procedure
	The latency

	SSB
	20ms

	SIB
	20ms

	PRACH
	10ms-160ms

	RAR
	10ms

	Msg3
	5ms+

	Msg4
	5ms+

	Msg5
	5ms+


It can be observed that the initial access nearly needs 40ms~200ms. So if the UE in the idle/ inactive state, nearly 40ms~200ms is needed to come to the connected state before positioning.
Observation 18
· Additional latency of 40~200ms will be introduced if the UE switches to connected state from idle state for positioning measurement and report. 
Network and UE efficiency  
In the subsection, we firstly analyze the network and UE efficiency from the overhead aspect. For network efficiency, it is defined as the percentage of PRS in total transmission. For UE efficiency, it is defined as the percentage of the MGL in the MG periodicity. And the MGL is chosen from{1.5, 3, 3.5, 4, 5, 5.5, 6, [10,18,20,34,40 and 50]}ms, which one is longer than the measurement time and the gap switching time.
In general, the FR2 needs more beams and symbols than FR1 even though the number of TRP is the same. For example, network and UE efficiency in terms of the percentage of PRS in the total transmission being analyzed as Table 26 based on the below assumptions listed in Table 25.
[bookmark: _Ref46998204]Table 25 The parameter assumption for evaluation
	Parameter
	Configuration

	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)

	Number of sites
	18

	Number of beams
	1 for FR1
64 for FR2


[bookmark: _Ref46953919]Table 26 The network and UE efficiency for different physical layer latency
	u
	  (ms)
	
ms
	Physical layer Latency (ms)
	MGL ms 
For 
max{
}
	Network efficiency (percentage)

	UE efficiency


	30K (FR1)
	4
	20
	51.5
	3ms
	16.07%
	15.00%

	
	5
	20
	51.5
	3ms
	12.85%
	15.00%

	
	8
	40
	71.5
	3ms
	8.03%
	7.50%

	
	10
	20
	51.5
	3ms
	6.42%
	15.00%

	
	16
	80
	111.5
	3ms
	4.01%
	3.75%

	
	20
	20
	51.5
	3ms
	3.21%
	15.00%

	
	32
	160
	191.5
	3ms
	2.0%
	1.88%

	
	40
	40
	71.5
	3ms
	1.6%
	7.50%

	
	64
	320 
	351.5
	3ms
	1.0%
	0.94%

	
	80
	80
	111.5
	3ms
	0.8%
	3.75%

	
	160
	160
	191.5
	3ms
	0.4%
	1.88%

	
	320
	320
	351.5
	3ms
	0.2%
	0.94%

	
	640
	640
	671.5
	3ms
	0.1%
	0.47%

	
	1280
	640
	1311.5
	3ms
	0.05%
	0.47%

	
	5120
	640
	5151.5
	3ms
	0.01%
	0.47%

	
	10240
	640
	10271.5
	3ms
	0.006%
	0.47%

	120K (FR2)
	4
	20
	51.5
	18ms
	257.14%
	90.00%

	
	5
	20
	51.5
	18ms
	205.71%
	90.00%

	
	8
	40
	71.5
	18ms
	128.57%
	45.00%

	
	10
	20
	51.5
	18ms
	102.85%
	90.00%

	
	16
	80
	111.5
	18ms
	64.28%
	22.50%

	
	20
	20
	51.5
	18ms
	51.42%
	90.00%

	
	32
	160
	191.5
	18ms
	32.14%
	11.25%

	
	40
	40
	71.5
	18ms
	25.71%
	45.00%

	
	64
	320
	351.5
	18ms
	16.07%
	5.63%

	
	80
	80
	111.5
	18ms
	12.85%
	22.50%

	
	160
	160
	191.5
	18ms
	6.42%
	11.25%

	
	320
	320
	351.5
	18ms
	3.21%
	5.63%

	
	640
	640
	671.5
	18ms
	1.60%
	2.81%

	
	1280
	640
	1311.5
	18ms
	0.80%
	2.81%

	
	5120
	640
	5151.5
	18ms
	0.20%
	2.81%

	
	10240
	640
	10271.5
	18ms
	0.10%
	2.81%


For FR1, MGL is the minimum length of MGL that is longer than  , that is 3ms, while FR2 is 18 ms.
For FR1 


For FR2, the number of beams in the calculation of the overhead in FR2 is 64, so


Recall that there’s an agreement in the last RAN1 meeting regarding measurement gap for Rel-16 UE.
Agreement:
· For the purpose of DL PRS processing capability with measurement gap, the maximum value of X = MGL/MGRP supported in specification should not exceed 30%
[bookmark: _Ref40206745]Based on the evaluation and the above agreement, it is observed that the highlighted line with red colour in Table 26 can’t be achieved, due to the network efficiency exceeds 100%, or the MGL/MGRP(UE efficiency) exceed 30%. 
[bookmark: _Ref46998960]Observation 19
· The network efficiency exceeds 100% in some FR2 cases.
· The MGL/MGRP (UE efficiency) exceeds 30% in some FR2 cases.
[bookmark: _Ref46998372]Proposal 5
· The network efficiency and UE efficiency for low latency positioning needs to be evaluated.
Then we further discuss another part of UE efficiency: power consumption.  For positioning service, considering operation of larger bandwidth and multiple TRPs, UE consumes a lot of power in measurement and report. Therefore, in this SI, positioning schemes with efficient UE power consumption needs to be studied as one aspect of objective. The study of UE power saving for positioning is to identify the feasibility and benefit of techniques to allow UE implementations which can operate with reduced power consumption. 
We believe that a quantitative evaluation of power consumption for positioning is necessary. Because it will help choosing a suitable positioning solution with efficient power consumption. This model can be used to evaluate how NR UE power consumption is affected by changes in the PRS configuration. It can also be used to compare different positioning schemes in terms of UE power consumption. In addition, since UE power saving study has been completed in Rel-16, and the conclusions and methods of that study have been captured in TR38.840 [5]; we can largely reuse their models and the methods when evaluating positioning power consumption, which greatly reduces the complexity of quantitative evaluation.  More specifically, we can refer to the model for intra/inter-frequency RRM measurements in TR38.840 and make some minor changes as below.
For frequency layer i, the power of PRS measurement is represented as:

where 
-     is total power over slots over which measurements are carried out in frequency layer i
-     is the slot average power for PRS measurements in frequency layer i 
-     is the number of slot over which measurements are carried out 
-     is the power for measurement gap switching, where = Pt * Tt
-	Pt is the switching power consumption 
-	Assume micro sleep power for Pt which equals to 45 power unit
-	Tt is switching time (including switching on and off) for FR1 for measurement gap switching, which equals to 1ms (0.5ms*2)
-	If gap is not configured, gap switching power is 0
For Nf frequency layers, the total power is

It can be simplified to the following if Ei is the same across frequency layers (i.e. Ei = E for different frequency layers ).
 = E*Nf
Therefore, we propose that 
[bookmark: _Ref47726757]proposal 6
· Support quantitative evaluation of power consumption for positioning in Rel-17.
· The power consumption model as below for PRS measurement should be considered.
	For frequency layer i, the power of PRS measurement is represented as:

For Nf frequency layers, the total power is

where
-     is total power over slots over which measurements are carried out in frequency layer i
-     is the slot average power for PRS measurements in frequency layer i
-     is the number of slot over which measurements are carried out
-     is the power for measurement gap switching
-     is total power for Nf frequency layers


Based on this model, we evaluated the power consumption of different PRS configurations. It is observed that  the following approaches are benefit for power saving:
· Extending PRS period
· Defining positioning measurement window
· Concentrated PRS distribution
· Reducing the number of TRP to be measured
· Reducing the number of positioning frequency layers to be measured
Furthermore, we evaluated the difference between idle state and connected state positioning power consumption. It is observed that positioning measurement and report in the idle state can obtain at least 48.38% power saving gain comparing with positioning measurement and report in the connected state. 
More details for power consumption model and evaluations are captured in our companion contribution [6].
Conclusion
In this contribution, we present our evaluations of achievable positioning accuracy and latency. We have the following observations and proposals:
Proposal 1
· The requirements should be achieved at least with the baseline parameter assumptions. 
Proposal 2
· For UE-to-UE case, the End-to-end latency of for a TTFF positioning as below function (1) and (2) for UE-based and UE-assisted respectively.
· For LCS-to-UE case, the End-to-end latency for a TTFF positioning as below function (3).



Proposal 3
 = 
·  is the periodicity of PRS
· is up to UE ability and the signal that needs to measure, as usually
·  is the periodicity of the measurement gap
·  is the time to request the gap
·  is the time required by UE to configure gaps; RRC reconfiguration delay
·  is the time to report
Proposal 4
· Physical layer latency needs to be reduced in R17.
Proposal 5
· The network efficiency and UE efficiency for low latency positioning needs to be enhanced.
proposal 6
· Support quantitative evaluation of power consumption for positioning in Rel-17.
· The power consumption model as below for PRS measurement should be considered.
	For frequency layer i, the power of PRS measurement is represented as:

For Nf frequency layers, the total power is

where
-     is total power over slots over which measurements are carried out in frequency layer i
-     is the slot average power for PRS measurements in frequency layer i
-     is the number of slot over which measurements are carried out
-     is the power for measurement gap switching
-     is total power for Nf frequency layers


Observation 1
· For DL-TDOA positioning，the performance target [0.2m 90%] can be achieved in InF-SH and InF-DH with the baseline assumptions.
Observation 2
· For DL-TDOA positioning，the performance target [0.2m 90%] can be achieved in InF-SH for FR2 for all UEs, but cannot be achieved in InF-SH for FR1 and InF-DH for FR1 and FR2 for all UEs.
Observation 3
· For DL-TDOA positioning with the DH clutter parameter {0.6,6,2}, the performance target [0.2m 90%] cannot be achieved and the performance gap is nearly 20 m.
Observation 4
· For UL-TDOA positioning，the performance target [0.2m 90%] can be achieved in InF-SH and InF-DH with the baseline assumptions.
Observation 5
· For UL-TDOA positioning，the performance target [0.2m 90%] can be achieved in InF-SH for FR2 for all UEs, but cannot be achieved in InF-SH for FR1 and InF-DH for FR1 and FR2 for all UEs.
Observation 6
· For UL-AOA positioning，the performance target [0.2m 90%] cannot be achieved in InF-SH and InF-DH scenarios.
Observation 7
· For RTT positioning，the performance target [0.2m 90%] can be achieved in InF-SH and InF-DH with the baseline assumptions.
Observation 8
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]For RTT positioning，the performance target [0.2m 90%] can be achieved in InF-SH for FR2 for all UEs, but cannot be achieved in InF-SH for FR1 and InF-DH for FR1 and FR2 for all UEs.
Observation 9
· The performance target [0.2m 90%] can be achieved in InF-SH and InF-DH with baseline assumptions for all the Rel-16 timing based positioning techniques.
Observation 10
· For vertical evaluation with DL-TDOA，the performance target [1m 90%] can be achieved In InF-SH and InF-DH scenarios for FR1 with baseline assumptions.
Observation 11
· The uniformly distributed UE height and BS height have no benefit for vertical positioning.
Observation 12
· For vertical evaluation with AOA/ZOA technique，the performance target [1m 90%] can be achieved In InF-SH scenario but not in InF-DH scenario for FR1 with baseline assumptions.
Observation 13
· For IOO scenario，the performance targets [1m 90%] can be achieved with or without the absolute time of arrival.
Observation 14
· 100ms E2E latency cannot be satisfied with Rel-16 DL positioning. 
Observation 15
· Physical layer latency is the majority part of total positioning latency. 
Observation 16
· The longer period of positioning reference signal and measurement gap, the greater the latency.
Observation 17
· 10ms physical layer latency cannot be reached with Rel-16 DL positioning.
Observation 18
· Additional latency of 40~200ms will be introduced if the UE switches to connected state from idle state for positioning measurement and report. 
Observation 19
· The network efficiency exceeds 100% in some FR2 cases.
· The MGL/MGRP (UE efficiency) exceeds 30% in some FR2 cases.
References
[1] [bookmark: _Ref28426495][bookmark: _Ref28372800][bookmark: _Ref40172733][bookmark: _Ref40172064]Chairman’s notes for 3GPP TSG RAN WG1 Meeting 101, e-Meeting, February 24th – March 6th, 2020.
[2] R1-2005379, Discussion on additional scenarios for NR positioning evaluation, vivo, August 2020.
[3] R1-2003428, Evaluation of achievable positioning accuracy and latency, vivo, May 2020.
[4] 3GPP TR 38.824, “Study on physical layer enhancements for NR ultra-reliable and low latency case (URLLC)”, V1.1.1 (2019-02).
[5] 3GPP TR 38.840，“Study on User Equipment power saving in NR”, V16.0.0 (2019-06).
[6] R1-2005382, Discussion on power consumption model for NR positioning enhancement, vivo, August 2020
Appendix A [bookmark: _Hlk40174428]Baseline assumptions
A.1 Horizontal accuracy evaluation
A.1.1 Downlink evaluations

	Parameter
	[InF-SH/InF-DH, FR1/FR2]

	Channel model (baseline, otherwise state any modifications)
	Baseline/spatial consistency

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	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
(4 sites are used for positioning)

	Number of symbols used per slot per positioning estimate
	6

	Number of slots 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, ….)
	super resolution

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	taylor series
RSRP
first peak/median power
BS RAIM deletion

	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
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Figure 4 Accuracy with DL-TDOA in SH for FR1 for convex UEs  
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Figure 5 Accuracy with DL-TDOA in DH for FR1 for convex UEs
[image: ]
Figure 6 Accuracy in DH clutter parameter {0.6,6,2} for FR1
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Figure 7 Accuracy with DL-TDOA in SH for FR2 for convex UEs
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Figure 8  Accuracy with DL-TDOA in DH for FR2 for convex UEs
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Figure 9 Accuracy in DH clutter parameter {0.6,6,2} for FR2
Table 27 Evaluation results with DL-TDOA for baseline
	
	
	BS selection method 
	50%
	67%
	80%
	90%

	FR1
	SH convex UEs
	RSRP
	0.04
	0.05
	0.06
	0.09

	
	
	First peak/median
	0.04
	0.05
	0.06
	0.08

	
	DH convex UEs
	RSRP
	0.04
	0.05
	0.15
	4.28

	
	
	First peak/median
	0.04
	0.05
	0.08
	0.13

	
	DH
{0.6,6,2}
	Convex UEs
	6.13
	7.76
	13.38
	18.71

	
	
	all UEs
	6.49
	10.35
	15.33
	24.59

	FR2
	SH convex UEs
	RSRP
	0.0096
	0.012
	0.016
	0.024

	
	
	First peak/median
	0.0095
	0.012
	0.017
	0.024

	
	DH convex UEs
	RSRP
	0.011
	0.013
	0.020
	4.26

	
	
	First peak/median
	0.011
	0.015
	0.023
	0.068

	
	DH
{0.6,6,2}
	Convex UEs
	6.63
	9.01
	13.6
	15.09

	
	
	all UEs
	8.04
	12.84
	15.23
	23.12


A.1.2 Uplink evaluations
A.1.2.1 UL-TDOA evaluations
	Parameter
	[InF-SH/InF-DH, FR1/FR2]

	Channel model (baseline, otherwise state any modifications)
	Baseline/spatial consistency

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	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
(4 sites are used for positioning)

	Number of symbols used per slot per positioning estimate
	4

	Number of slots 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, ….)
	super resolution

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	taylor series
RSRP
first peak/median power
BS RAIM deletion

	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
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Figure 10 Accuracy with UL-TDOA in SH for FR1 for convex UEs
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Figure 11 Accuracy with UL-TDOA in DH for FR1 for convex UEs
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Figure 12 Accuracy with UL-TDOA in SH for FR2 for convex UEs
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Figure 13 Accuracy with UL-TDOA in DH for FR2 for convex UEs
Table 28 Evaluation results with UL-TDOA for baseline
	
	
	BS selection method 
	50%
	67%
	80%
	90%

	FR1
	SH convex UEs
	RSRP
	0.04
	0.05
	0.06
	0.10

	
	
	First peak/median
	0.04
	0.05
	0.06
	0.09

	
	DH convex UEs
	RSRP
	0.04
	0.05
	0.15
	5.32

	
	
	First peak/median
	0.04
	0.05
	0.08
	0.13

	FR2
	SH convex UEs
	RSRP
	0.0096
	0.012
	0.016
	0.021

	
	
	First peak/median
	0.0087
	0.011
	0.015
	0.022

	
	DH convex UEs
	RSRP
	0.012
	0.024
	0.16
	5.56

	
	
	First peak/median
	0.012
	0.018
	0.027
	0.051


A.1.1.2 UL-AOA evaluations
	Parameter
	[InF-SH/InF-DH, FR1]

	Channel model (baseline, otherwise state any modifications)
	Baseline/spatial consistency

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	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
(4 sites are used for positioning)

	Number of symbols used per slot per positioning estimate
	4

	Number of slots 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, ….)
	super resolution

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	LS algorithm
BS RAIM deletion

	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
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Figure 14 Positioning accuracy with UL-AOA in SH and DH for FR1
Table 29 Evaluation results with UL-AOA for baseline
	
	Source
	50%
	67%
	80%
	90%

	FR1
	SH convex UEs
	1.91
	2.63
	3.95
	4.95

	
	DH convex UEs
	2.20
	3.14
	4.30
	4.89



A.1.3 Uplink and downlink evaluations
	Parameter
	[InF-SH/InF-DH, FR1/FR2]

	Channel model (baseline, otherwise state any modifications)
	Baseline/spatial consistency

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	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
(4 sites are used for positioning)

	Number of symbols used per slot per positioning estimate
	DL:6
UL:4

	Number of slots 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, ….)
	super resolution

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	taylor series
RSRP
first peak/median power
BS RAIM deletion

	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
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Figure 15 Accuracy with Multi-RTT in SH for FR1 for convex UEs
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Figure 16 Accuracy with Multi-RTT in DH for FR1 for convex UEs
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Figure 17 Accuracy with Multi-RTT in SH for FR2 for convex UEs
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Figure 18 Accuracy with Multi-RTT in DH for FR2 for convex UEs
Table 30 Evaluation results with Multi-RTT for baseline
	
	
	BS selection method 
	50%
	67%
	80%
	90%

	FR1
	SH convex UEs
	RSRP
	0.04
	0.05
	0.06
	0.12

	
	
	First peak/median
	0.04
	0.04
	0.06
	0.10

	
	DH convex UEs
	RSRP
	0.06
	0.09
	0.26
	5.30

	
	
	First peak/median
	0.04
	0.05
	0.08
	0.13

	FR2
	SH convex UEs
	RSRP
	0.0088
	0.011
	0.015
	0.021

	
	
	First peak/median
	0.0085
	0.010
	0.013
	0.021

	
	DH convex UEs
	RSRP
	0.010
	0.022
	0.11
	4.12

	
	
	First peak/median
	0.0089
	0.012
	0.015
	0.062


A.2 Vertical accuracy evaluation 
A.2.1 Downlink evaluations
	Parameter
	[InF-SH/InF-DH, FR1]

	Channel model (baseline, otherwise state any modifications)
	Baseline/spatial consistency

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	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
(4 sites are used for positioning)

	Number of symbols used per slot per positioning estimate
	6

	Number of slots 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, ….)
	super resolution

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	taylor series
BS RAIM deletion

	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
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Figure 19 Vertical accuracy with DL-TDOA in SH and DH for FR1
Table 31 Vertical evaluation results with DL-TDOA for baseline
	
	
	Source
	50%
	67%
	80%
	90%

	FR1
	SH
BS =8m,
UE=1.5m
	Vertical convex UEs
	0.19
	0.30
	0.46
	0.58

	
	DH
BS =8m,
UE=1.5m
	Vertical convex UEs
	0.12
	0.20
	0.41
	0.64


A.2.2 Uplink evaluations
	Parameter
	[InF-SH/InF-DH, FR1]

	Channel model (baseline, otherwise state any modifications)
	Baseline/spatial consistency

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	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
(4 sites are used for positioning)

	Number of symbols used per slot per positioning estimate
	6

	Number of slots 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, ….)
	AOA/ZOA joint

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	LS algorithm
BS RAIM deletion

	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
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Figure 20 Vertical accuracy with AOA/ZOA in SH and DH for FR1
Table 32 Vertical evaluation results with AOA/ZOA for baseline
	
	
	Source
	50%
	67%
	80%
	90%

	FR1
	SH
BS =8m,
UE=1.5m
	Vertical convex UEs
	0.28
	0.43
	0.52
	0.66

	
	DH
BS =8m,
UE=1.5m
	Vertical convex UEs
	0.48
	0.63
	0.83
	1.12


Appendix B Optional assumptions
B.1 Horizontal accuracy evaluation
B.1.1 Downlink evaluations

	Parameter
	[InF-SH/InF-DH, FR1/FR2]

	Channel model (baseline, otherwise state any modifications)
	Baseline/spatial consistency

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	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
(4 sites are used for positioning)

	Number of symbols used per slot per positioning estimate
	6

	Number of slots 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, ….)
	super resolution

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	taylor series
RSRP
first peak/median power
BS RAIM deletion

	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
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Figure 21 Accuracy with DL-TDOA in SH for FR1 for all UEs
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Figure 22 Accuracy with DL-TDOA in DH for FR1 for all UEs
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Figure 23 Accuracy with DL-TDOA in SH for FR2 for all UEs
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Figure 24 Accuracy with DL-TDOA in DH for FR2 for all UEs
Table 33 Evaluation results with DL-TDOA for optional
	
	
	BS selection method 
	50%
	67%
	80%
	90%

	FR1
	SH all UEs
	RSRP
	0.05
	0.07
	0.17
	0.57

	
	
	First peak/median
	0.05
	0.07
	0.10
	0.30

	
	DH all UEs
	RSRP
	0.05
	0.10
	0.88
	5.84

	
	
	First peak/median
	0.05
	0.08
	0.13
	0.37

	FR2
	SH all UEs
	RSRP
	0.012
	0.020
	0.053
	0.24

	
	
	First peak/median
	0.012
	0.018
	0.027
	0.053

	
	DH all UEs
	RSRP
	0.015
	0.032
	0.21
	5.12

	
	
	First peak/median
	0.015
	0.023
	0.048
	0.21


B.1.2 Uplink evaluations
B.1.2.1 UL-TDOA evaluations
	Parameter
	[InF-SH/InF-DH, FR1/FR2]

	Channel model (baseline, otherwise state any modifications)
	Baseline/spatial consistency

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	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
(4 sites are used for positioning)

	Number of symbols used per slot per positioning estimate
	4

	Number of slots 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, ….)
	super resolution

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	taylor series
RSRP
first peak/median power
BS RAIM deletion

	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
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Figure 25 Accuracy with UL-TDOA in SH for FR1 for all UEs
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Figure 26 Accuracy with UL-TDOA in DH for FR1 for all UEs
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Figure 27 Accuracy with UL-TDOA in SH for FR2 for all UEs
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Figure 28 Accuracy with UL-TDOA in DH for FR2 for all UEs
Table 34 Evaluation results with UL-TDOA for optional
	
	
	BS selection method 
	50%
	67%
	80%
	90%

	FR1
	SH all UEs
	RSRP
	0.05
	0.07
	0.16
	0.98

	
	
	First peak/median
	0.05
	0.07
	0.10
	0.23

	
	DH all UEs
	RSRP
	0.05
	0.09
	1.14
	5.98

	
	
	First peak/median
	0.05
	0.08
	0.14
	0.44

	FR2
	SH all UEs
	RSRP
	0.012
	0.019
	0.038
	0.36

	
	
	First peak/median
	0.011
	0.018
	0.028
	0.064

	
	DH all UEs
	RSRP
	0.017
	0.049
	0.50
	6.12

	
	
	First peak/median
	0.016
	0.028
	0.065
	0.30



B.1.1.2 UL-AOA evaluations
	Parameter
	[InF-SH/InF-DH, FR1]

	Channel model (baseline, otherwise state any modifications)
	Baseline/spatial consistency

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	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
(4 sites are used for positioning)

	Number of symbols used per slot per positioning estimate
	4

	Number of slots 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, ….)
	super resolution

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	LS algorithm
BS RAIM deletion

	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
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Figure 29 Positioning accuracy with UL-AOA in SH and DH for FR1
Table 35 Evaluation results with UL-AOA for optional
	
	Source
	50%
	67%
	80%
	90%

	FR1
	SH all UEs
	2.00
	2.73
	4.01
	5.32

	
	SH convex UEs
	1.91
	2.63
	3.95
	4.95

	
	DH all UEs
	2.55
	3.31
	4.54
	5.38

	
	DH convex UEs
	2.20
	3.14
	4.30
	4.89



B.1.3 Uplink and downlink evaluations
	Parameter
	[InF-SH/InF-DH, FR1/FR2]

	Channel model (baseline, otherwise state any modifications)
	Baseline/spatial consistency

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	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
(4 sites are used for positioning)

	Number of symbols used per slot per positioning estimate
	DL:6
UL:4

	Number of slots 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, ….)
	super resolution

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	taylor series
RSRP
first peak/median power
BS RAIM deletion

	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
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Figure 30 Accuracy with Multi-RTT in SH for FR1 for all UEs
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Figure 31 Accuracy with Multi-RTT in DH for FR1 for all UEs
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Figure 32 Accuracy with Multi-RTT in SH for FR2 for all UEs
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Figure 33 Accuracy with Multi-RTT in DH for FR2 for all UEs
Table 36 Evaluation results with Mulit-RTT for optional
	
	
	BS selection method 
	50%
	67%
	80%
	90%

	FR1
	SH all UEs
	RSRP
	0.05
	0.07
	0.15
	0.53

	
	
	First peak/median
	0.04
	0.07
	0.10
	0.24

	
	DH all UEs
	RSRP
	0.06
	0.09
	0.78
	6.39

	
	
	First peak/median
	0.05
	0.11
	0.18
	0.30

	FR2
	SH all UEs
	RSRP
	0.0096
	0.015
	0.029
	0.15

	
	
	First peak/median
	0.011
	0.016
	0.026
	0.045

	
	DH all UEs
	RSRP
	0.018
	0.071
	0.61
	4.60

	
	
	First peak/median
	0.018
	0.029
	0.054
	0.30


B.2 Vertical accuracy evaluation 
B.2.1 DL-TDOA evaluations
	Parameter
	[InF-SH/InF-DH, FR1]

	Channel model (baseline, otherwise state any modifications)
	Baseline/spatial consistency

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	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
(4 sites are used for positioning)

	Number of symbols used per slot per positioning estimate
	6

	Number of slots 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, ….)
	super resolution

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	taylor series
BS RAIM deletion

	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
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Figure 34 Vertical accuracy in SH with BS=8, UE=1.5	  
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Figure 35 Vertical accuracy in SH with BS=8, UE=[0.5,2]
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Figure 36 Vertical accuracy in SH with BS={4,8},UE=1.5
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  Figure 37 Vertical accuracy in SH with BS={4,8}, UE=[0.5,2]
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Figure 38 Vertical accuracy in DH with BS=8, UE=1.5
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Figure 39 Vertical accuracy in DH with BS=8, UE=[0.5,2]
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Figure 40 Vertical accuracy in DH with BS={4,8}, UE=1.5
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Figure 41 Vertical accuracy in DH with BS={4,8}, UE=[0.5,2]
Table 37 Vertical evaluation results with DL-TDOA for optional
	
	
	Source
	50%
	67%
	80%
	90%

	FR1
	SH
BS =8m,
UE=1.5m
	Vertical all UEs
	0.19
	0.33
	0.54
	0.84

	
	
	Vertical convex UEs
	0.19
	0.30
	0.46
	0.58

	
	DH
BS =8m,
UE=1.5m
	Vertical all UEs
	0.13
	0.22
	0.41
	1.39

	
	
	Vertical convex UEs
	0.12
	0.20
	0.41
	0.64

	
	SH
BS = {4,8}m,
UE=1.5m
	Vertical all UEs
	0.24
	0.42
	0.62
	1.25

	
	
	Vertical convex UEs
	0.24
	0.39
	0.78
	1.30

	
	DH
BS = {4,8}m,
UE=1.5m
	Vertical all UEs
	1.03
	2.05
	2.68
	4.62

	
	
	Vertical convex UEs
	1.21
	2.50
	2.94
	5.24

	
	SH
BS = 8m,
UE= [0.5,2]m
	Vertical all UEs
	0.19
	0.30
	0.46
	0.76

	
	
	Vertical convex UEs
	0.16
	0.25
	0.45
	0.66

	
	DH
BS = 8m,
UE= [0.5,2]m
	Vertical all UEs
	0.82
	1.17
	2.03
	3.16

	
	
	Vertical convex UEs
	0.91
	1.68
	2.75
	3.47

	
	SH
BS = {4,8}m,
UE= [0.5,2]m
	Vertical all UEs
	0.28
	0.45
	0.76
	1.48

	
	
	Vertical convex UEs
	0.28
	0.45
	0.72
	1.27

	
	DH
BS = {4,8}m,
UE= [0.5,2]m
	Vertical all UEs
	0.67
	1.77
	3.02
	4.93

	
	
	Vertical convex UEs
	0.86
	2.39
	3.12
	5.98


B.2.2 AOA/ZOA evaluations
	Parameter
	[InF-SH/InF-DH, FR1]

	Channel model (baseline, otherwise state any modifications)
	Baseline/spatial consistency

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	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
(4 sites are used for positioning)

	Number of symbols used per slot per positioning estimate
	6

	Number of slots 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, ….)
	AOA/ZOA joint

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	LS algorithm
BS RAIM deletion

	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
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Figure 42 Vertical accuracy in SH with BS=8, UE=1.5	
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Figure 43 Vertical accuracy in SH with BS=8, UE=[0.5,2]
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Figure 44 Vertical accuracy in SH with BS={4,8},UE=1.5
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Figure 45 Vertical accuracy in SH with BS={4,8}, UE=[0.5,2]
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Figure 46 Vertical accuracy in DH with BS=8, UE=1.5
[image: ]
Figure 47 Vertical accuracy in DH with BS=8, UE=[0.5,2]
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Figure 48 Vertical accuracy in DH with BS={4,8},UE=1.5
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Figure 49 Vertical accuracy in DH with BS={4,8}, UE=[0.5,2]
Table 38 Vertical evaluation results with AOA/ZOA for optional
	
	
	Source
	50%
	67%
	80%
	90%

	FR1
	SH
BS =8m,
UE=1.5m
	Vertical all UEs
	0.48
	0.54
	0.58
	0.90

	
	
	Vertical convex UEs
	0.28
	0.43
	0.52
	0.66

	
	DH
BS =8m,
UE=1.5m
	Vertical all UEs
	0.44
	0.63
	0.83
	1.27

	
	
	Vertical convex UEs
	0.48
	0.63
	0.83
	1.12

	
	SH
BS = {4,8}m,
UE=1.5m
	Vertical all UEs
	0.33
	0.48
	0.68
	0.98

	
	
	Vertical convex UEs
	0.30
	0.38
	0.64
	0.82

	
	DH
BS = {4,8}m,
UE=1.5m
	Vertical all UEs
	0.46
	0.74
	1.13
	3.61

	
	
	Vertical convex UEs
	0.43
	0.64
	0.90
	1.39

	
	SH
BS = 8m,
UE= [0.5,2]m
	Vertical all UEs
	0.43
	0.63
	0.95
	1.35

	
	
	Vertical convex UEs
	0.39
	0.57
	0.74
	1.05

	
	DH
BS = 8m,
UE= [0.5,2]m
	Vertical all UEs
	2.58
	4.15
	4.89
	5.46

	
	
	Vertical convex UEs
	2.07
	3.19
	4.83
	5.46

	
	SH
BS = {4,8}m,
UE= [0.5,2]m
	Vertical all UEs
	0.45
	0.70
	1.06
	1.33

	
	
	Vertical convex UEs
	0.45
	0.62
	0.96
	1.21

	
	DH
BS = {4,8}m,
UE= [0.5,2]m
	Vertical all UEs
	3.83
	4.44
	5.09
	9.06

	
	
	Vertical convex UEs
	3.80
	4.39
	4.93
	9.06



B.3 Horizontal accuracy evaluation for IOO scenario

	Parameter
	[IOO, FR1/FR2]

	Channel model (baseline, otherwise state any modifications)
	Baseline/spatial consistency

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	DL: R16 PRS within a slot 
(comb-6 frequency structure, 6 symbols within a slot)
UL: SRS
comb-4 frequency structure
4 symbols within a slot
No sequence/group/frequency hopping

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

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

	Number of symbols used per slot per positioning estimate
	DL:6
UL:4

	Number of slots 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, ….)
	super resolution

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	taylor series
BS RAIM deletion

	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
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Figure 50 Accuracy without absolute time of arrival model for FR1
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  Figure 51 Accuracy with absolute time of arrival model for FR1
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Figure 52 Accuracy without absolute time of arrival model for FR2
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Figure 53 Accuracy with absolute time of arrival model for FR2
Table 39 Evaluation results for IOO scenario
	
	
	Source
	50%
	67%
	80%
	90%

	FR1
	Indoor without absolute time of arrival
	DL-TDOA
	0.11
	0.19
	0.35
	0.80

	
	
	UL-TDOA
	0.11
	0.19
	0.38
	0.84

	
	
	Multi-RTT
	0.11
	0.17
	0.37
	0.68

	FR1
	Indoor with absolute time of arrival
	DL-TDOA
	0.11
	0.19
	0.38
	0.82

	
	
	UL-TDOA
	0.12
	0.19
	0.38
	0.86

	
	
	Multi-RTT
	0.11
	0.19
	0.33
	0.68

	FR2
	Indoor without absolute time of arrival
	DL-TDOA
	0.03
	0.06
	0.13
	0.54

	
	
	UL-TDOA
	0.03
	0.06
	0.13
	0.56

	
	
	Multi-RTT
	0.03
	0.05
	0.11
	0.50

	FR1
	Indoor with absolute time of arrival
	DL-TDOA
	0.03
	0.06
	0.22
	0.56

	
	
	UL-TDOA
	0.03
	0.07
	0.19
	0.62

	
	
	Multi-RTT
	0.03
	0.05
	0.11
	0.54



Appendix C 
[bookmark: _Ref46997238]Table 40 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
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