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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]At RAN1#94b, the evaluation assumptions for NR positioning were agreed for InH open/mixed office, UMi street canyon, and UMa [1]. Some issues related to NLOS fixing targeting positioning based on the current TR 38.901 [2] were discussed, but not finalized. In this contribution, we present our views on how to adapt the channel model for positioning evaluation purposes. 
In addition, some simulation results for the positioning techniques proposed in [3] are shown. 

Channel model for link-level simulation
With the CDL channel model, the relative power/delay of each cluster is fixed. The fixed power/delay profile would not provide sufficient ergodicity of the channel. The angle spread of CDL is also fixed and does not match the large scale parameter for each scenario. In addition, the angle for a cluster is not dependent on the power of the cluster, compared to the counterparts of the stochastic channel model in equations (7.5-9) and (7.5-14) of [2]. For this reason, the CDL model is too abstracted for NR positioning evaluation. 
The stochastic channel model of TR38.901 (subclause 7.5 of [2]) is more appropriate for positioning evaluations because it is more representative of realistic environments, thanks to the following properties:
· Scenario-specific statistics for large scale parameters, 
· BS-UE-location-specific parameterization, and 
· Ergodicity of channel realization.
Proposal 1: Adopt the stochastic channel model in TR38.901 for link-level simulations.

Angle adjustment for the NLOS condition
In the current TR 38.901, a special procedure on the first cluster in case of the LOS condition is specified in (7.5-12) and (7.5-17) for AOA and ZOA, respectively, and is described below. The clusters are rotated to make sure that the first cluster corresponds to the LOS direction both in azimuth and zenith domain.


[image: ]
The same procedure is also applied for AOD and ZOD.
For positioning, the procedure should be considered even if the channel condition is NLOS: it is reasonable to assume that even if the condition is NLOS, the first cluster, which has already been commonly assumed to have the propagation delay corresponding to the direct transmission (no reflection) between BS and UE, only suffers from power loss due to the blockage of obstacles, and yet still maintains a detectable power, as shown in Figure 1. By applying beamforming or combining from multiple transmission occasions, the cluster can be strengthened and recognized as a valid path. It is worth noting that the first cluster may be dropped if the power is below a threshold, i.e., -25dB compared to the cluster with the maximum power, thus this change does not imply in any way that the LOS path will be detected.

Direct cluster/path
Reflecting cluster/path
Power loss due to blockage

[bookmark: _Ref528327072]Figure 1 Modelling of direct path in LOS direction under NLOS channel condition

Meanwhile, adopting such a procedure has minor impact on [2], and does not affect the relative difference on AOD/ZOD/AOA/ZOA between clusters.
Based on the discussion, we have the following proposal:
Proposal 2: Extend the procedure in TR38.901 that enforces the first cluster to the LOS direction to also applicable to NLOS condition.

Simulation results
In this section, the stochastic channel model in TR 38.901 as proposed in terms of Proposal 2 is used. Results with ideal synchronization and synchronization error of 50ns are shown. For OTDOA and UTDOA in InH scenario, we provide additional CDF results corresponding to the UE within the central region of the layout, i.e., the closure of the cell-layout, shown in Figure 2. Those UEs, denoted by “central UE”, have a better GDOP compared the UEs outside the region.

[bookmark: _Ref528401833]Figure 2 Central region of InH cell-layout
OTDOA 
For OTDOA, LTE PRS pattern is evaluated, with the following assumptions
· Single-slot PRS
· No PRS occasion combining for FR1, and 8 PRS occasions combining for FR2 assuming 160ms PRS periodicity
· Perfect muting
The position error of 50%, 67%, 80%, and 90% for all cases are summarized in Table 1. The detailed simulation results can be found in the Appendix A.

[bookmark: _Ref528683004]Table 1 CDF of OTDOA error
	
	
	Carrier freq./SCS/BW
	50%
	67%
	80%
	90%

	FR1
	InH
	4GHz/30kHz/100MHz
	1.6m
	2.9m
	6.5m
	13.5m

	
	
	4GHz/15kHz/50MHz
	2.9m
	4.7m
	8m
	16m

	
	
	2GHz/15kHz/50MHz
	2.9m
	4.7m
	8m
	16m

	
	
	2GHz/15kHz/5MHz
	10.8m
	14m
	17m
	27m

	
	InH (central UE only)
	4GHz/30kHz/100MHz
	1m
	1.5m
	2.3m
	4.4m

	
	
	4GHz/15kHz/50MHz
	2.1m
	2.7m
	3.9m
	6.8m

	
	
	2GHz/15kHz/50MHz
	2.1m
	2.7m
	3.9m
	6.8m

	
	
	2GHz/15kHz/5MHz
	11.1m
	15m
	19.5m
	23m

	
	UMi
	4GHz/30kHz/100MHz
	1.1m
	1.9m
	2.8m
	15m

	
	
	4GHz/15kHz/50MHz
	2.1m
	3.2m
	5.5m
	17m

	
	
	2GHz/15kHz/50MHz
	2m
	2.9m
	5.5m
	16m

	
	
	2GHz/15kHz/5MHz
	17m
	23m
	32m
	49m

	
	UMa indoor
	4GHz/30kHz/100MHz
	89m(H)
10m (V)
	216m(H)
13.5m (V)
	485m(H)
16.5m (V)
	>500m(H)
18m (V)

	
	
	4GHz/15kHz/50MHz
	67m(H)
10m(V)
	174m(H)
13.5m(V)
	374m(H)
16.5m(V)
	>500m(H)
18m (V)

	
	
	2GHz/15kHz/50MHz
	26m(H)
10m(V)
	133m(H)
13.5m(V)
	255m(H)
16.5m (V)
	>500m(H)
18m (V)

	
	
	2GHz/15kHz/5MHz
	32m(H)
10m(V)
	101m(H)
13.5m(V)
	193m(H)
16.5m (V)
	>500m(H)
18m (V)

	
	UMa outdoor
	4GHz/30kHz/100MHz
	1.2m(H)
	2m(H)
	6.2m(H)
	34m(H)

	
	
	4GHz/15kHz/50MHz
	2m(H)
	4.5m(H)
	14m(H)
	43m(H)

	
	
	2GHz/15kHz/50MHz
	2m(H)
	3m(H)
	9m(H)
	34m(H)

	
	
	2GHz/15kHz/5MHz
	21m(H)
	31m(H)
	42m(H)
	84m(H)

	FR2
	InH
	30GHz/120kHz/100MHz
	0.9m
	1.3m
	2.0m
	3.2m

	
	
	30GHz/120kHz/400MHz
	0.23m
	0.33m
	0.49m
	0.85m

	
	UMi
	30GHz/120kHz/100MHz
	2.2m
	3.5m
	6.0m
	13.2m

	
	
	30GHz/120kHz/400MHz
	0.61m
	1.1m
	1.9m
	3.6m



Observation 1-1: With 100MHz bandwidth, the horizontal error is 2.8m@80% for UMi and 2.3m@80% for InH in FR1, and is 6.0m@80% for UMi and 2.0@80% for InH in FR2. This meets the requirements for the commercial use case.
Observation 1-2: With 100MHz bandwidth, the horizontal error is 6.2m@80% for UMa outdoor UEs in FR1. This meets the requirements for the regulatory use case.
Observation 1-3: With 400MHz bandwidth, the horizontal error is 1.9m@80% for UMi and 0.49m@80% for InH in FR2. This meets the requirements for the commercial use case.

The comparison between perfect synchronization and synchronization error with 50ns r.m.s. error are shown in Table 2.
 
[bookmark: _Ref528684335]Table 2 CDF of OTDOA error with synchronization error
	
	
	Carrier freq./SCS/BW
	50%
	67%
	80%
	90%

	FR1
	InH
	2GHz/15kHz/50MHz
	2.9m
	4.7m
	8m
	16m

	
	
	2GHz/15kHz/50MHz (Sync. error)
	13.9m
	19.7m
	26.5m
	36.5m

	
	InH (central UE only)
	2GHz/15kHz/50MHz
	2.1m
	2.7m
	3.9m
	6.8m

	
	
	2GHz/15kHz/50MHz (Sync. error)
	14m
	21m
	26.7m
	31.8m

	
	UMi
	2GHz/15kHz/50MHz
	2m
	2.9m
	5.5m
	16m

	
	
	2GHz/15kHz/50MHz (Sync. error)
	15m
	20m
	28.4m
	42.4m

	
	UMa indoor
	2GHz/15kHz/50MHz
	26m
	133m
	255m
	>500m

	
	
	2GHz/15kHz/50MHz (Sync. error)
	25m
	52m
	160m
	406m

	
	UMa outdoor
	2GHz/15kHz/50MHz
	2m
	3m
	9m
	34m

	
	
	2GHz/15kHz/50MHz (Sync. error)
	17m
	24m
	34m
	60m

	FR2
	InH
	30GHz/120kHz/100MHz
	0.9m
	1.3m
	2.0m
	3.2m

	
	
	30GHz/120kHz/100MHz (Sync. error)
	12.2m
	16.3m
	21.3m
	28.2m

	
	UMi
	30GHz/120kHz/100MHz
	2.2m
	3.5m
	6.0m
	13.2m

	
	
	30GHz/120kHz/100MHz (Sync. error)
	20.5m
	30.4m
	48.5m
	71.9m



Observation 1-4: With the presence of synchronization error, performance degradation is observed. This does not meet the requirements for the commercial use case.

DL Angle-based 
For DL angle-based positioning, NR CSI-RS for beam management is evaluated, with the following assumptions
· 8 CSI-RS occasions combining for FR2 assuming 160ms CSI-RS periodicity
· Perfect muting
The position error of 50%, 67%, 80%, and 90% for all cases are summarized in Table 3. The detailed simulation results can be found in the Appendix A.
[bookmark: _Ref528419230]Table 3 CDF of DL angle-based solution error
	
	
	Carrier freq./SCS/BW
	50%
	67%
	80%
	90%

	FR2
	InH
	30GHz/120kHz/100MHz
	0.14m
	0.34m
	0.66m
	1.18m

	
	
	30GHz/120kHz/400MHz
	0.12m
	0.26m
	0.60m
	1.03m

	
	UMi
	30GHz/120kHz/100MHz
	14.7m
	23.8m
	35.4m
	50.9m

	
	
	30GHz/120kHz/400MHz
	14.0m
	21.6m
	30.7m
	45.6m



Observation 2: With angle-based positioning, the horizontal error is ~0.6m@80% for InH in FR2. This meets the requirements of the commercial use case. 

UTDOA
For UTDOA, NR SRS is evaluated with the following assumptions
· 4-symbol SRS resource with repetition across symbols
· 1 SRS resource for InH and UMi and 4 SRS resources in 4 consecutive slots for UMa
· 8 SRS occasions combining for FR2 assuming 160ms SRS periodicity
· No uplink interference
The position error of 50%, 67%, 80%, and 90% for all cases are summarized in Table 4. The detailed simulation results can be found in the Appendix A. Similar to the PRS accumulation principle in OTDOA and for the sake of a fair representation of UL-based and DL-based positioning techniques, SRS combining across slots and across SRS periodicity are adopted to accumulate the power for FR1 UMa and FR2, respectively, which can provide additional gain compared TDOA estimation based on single-shot SRS.

[bookmark: _Ref528344752]Table 4 CDF of UTDOA error
	
	
	Carrier freq./SCS/BW
	50%
	67%
	80%
	90%

	FR1
	InH
	4GHz/30kHz/100MHz
	2.0m
	3.8m
	6.4m
	13.7m

	
	
	4GHz/15kHz/50MHz
	3.9m
	6.2m
	9.9m
	18.5m

	
	
	2GHz/15kHz/50MHz
	3.8m
	6.2m
	10.4m
	20.1m

	
	
	2GHz/15kHz/5MHz
	23.6m
	33.3m
	41.3m
	56.5m

	
	InH (central UE only)
	4GHz/30kHz/100MHz
	1.0m
	1.6m
	2.9m
	5.3m

	
	
	4GHz/15kHz/50MHz
	2.1m
	3.0m
	4.5m
	8.4m

	
	
	2GHz/15kHz/50MHz
	2.1m
	2.8m
	4.4m
	7.8m

	
	
	2GHz/15kHz/5MHz
	13.0m
	25.5m
	32.8m
	46.2m

	
	UMi
	4GHz/30kHz/100MHz
	1.2m
	1.8m
	3.4m
	7.7m

	
	
	4GHz/15kHz/50MHz
	2.1m
	3.0m
	4.7m
	8.3m

	
	
	2GHz/15kHz/50MHz
	2.0m
	2.7m
	4.0m
	6.4m

	
	
	2GHz/15kHz/5MHz
	19.4m
	27.0m
	37.3m
	51.7m

	
	UMa indoor
	4GHz/30kHz/100MHz
	141.6m
	229.8m
	358.8m
	538.0m

	
	
	4GHz/15kHz/50MHz
	158.0m
	253.5m
	330.8m
	486.2m

	
	
	2GHz/15kHz/50MHz
	73.7m
	174.2m
	277.4m
	467.9m

	
	
	2GHz/15kHz/5MHz
	102.9m
	212.7m
	324.5m
	501.5m

	
	UMa outdoor
	4GHz/30kHz/100MHz
	1.9m
	7.2m
	31.8m
	95.3m

	
	
	4GHz/15kHz/50MHz
	2.8m
	5.8m
	20.5m
	85.6m

	
	
	2GHz/15kHz/50MHz
	2.2m
	3.6m
	19.5m
	54.4m

	
	
	2GHz/15kHz/5MHz
	22.0m
	32.8m
	45.7m
	70.1m

	FR2
	InH
	30GHz/120kHz/100MHz
	0.97m
	1.36m
	2.08m
	3.31m

	
	
	30GHz/120kHz/400MHz
	0.23m
	0.32m
	0.48m
	0.80m

	
	UMi
	30GHz/120kHz/100MHz
	2.8m
	7.2m
	22.8m
	65.3m

	
	
	30GHz/120kHz/400MHz
	0.9m
	2.7m
	9.8m
	29.4m



Observation 3-1: With 100MHz bandwidth, the horizontal error is 3.4m@80% for UMi and 2.9m@80% for InH in FR1, and is 2.08@80% for InH in FR2. This meets the requirements for the commercial use case.
Observation 3-2: With 100MHz bandwidth, the horizontal error is 31.8m@80% for UMa outdoor UEs in FR1. This meets the requirements for the regulatory use case.
Observation 3-3: With 400MHz bandwidth, the horizontal error is 9.8m@80% for UMi and 0.48m@80% for InH in FR2. This meets the requirements for the commercial use case.

The comparison between perfect synchronization and synchronization error with 50ns r.m.s. error are shown in Table 5Table 2.

[bookmark: _Ref528684683]Table 5 CDF of UTDOA error with synchronization error
	
	
	Carrier freq./SCS/BW
	50%
	67%
	80%
	90%

	FR1
	InH
	2GHz/15kHz/50MHz
	3.8m
	6.2m
	10.4m
	20.1m

	
	
	2GHz/15kHz/50MHz (Sync. error)
	22.1m
	31.1m
	42.7m
	54.1m

	
	InH (central UE only)
	2GHz/15kHz/50MHz
	2.1m
	2.8m
	4.4m
	7.8m

	
	
	2GHz/15kHz/50MHz (Sync. error)
	18.4m
	24.9m
	33.6m
	46.9m

	
	UMi
	2GHz/15kHz/50MHz
	2.0m
	2.7m
	4.0m
	6.4m

	
	
	2GHz/15kHz/50MHz (Sync. error)
	18.6m
	24.9m
	31.7m
	44.7m

	
	UMa indoor
	2GHz/15kHz/50MHz
	73.7m
	174.2m
	277.4m
	467.9m

	
	
	2GHz/15kHz/50MHz (Sync. error)
	99.1m
	205.8m
	299.1m
	452.4m

	
	UMa outdoor
	2GHz/15kHz/50MHz
	2.2m
	3.6m
	19.5m
	54.4m

	
	
	2GHz/15kHz/50MHz (Sync. error)
	20.8m
	29.4m
	44.8m
	78.9m

	FR2
	InH
	30GHz/120kHz/100MHz
	0.97m
	1.36m
	2.08m
	3.31m

	
	
	30GHz/120kHz/100MHz (Sync. error)
	12.0m
	16.1m
	21.2m
	26.7m

	
	UMi
	30GHz/120kHz/100MHz
	2.8m
	7.2m
	22.8m
	65.3m

	
	
	30GHz/120kHz/100MHz (Sync. error)
	21.4m
	36.3m
	58.8m
	90.0m



Observation 3-4: With the presence of synchronization error, a performance degradation is observed. This does not meet the requirements for the commercial use case.

UL Angle-based 
For UL angle-based positioning, NR SRS is evaluated with the following assumptions
· 1-symbol SRS resource for FR1, and 4-symbol SRS resource with repetition across symbols for FR2
· 1 SRS resource for InH and UMi
· 8 SRS occasions combining for FR2 assuming 160ms SRS periodicity
· No uplink interference
The position error of 50%, 67%, 80%, and 90% for all cases are summarized in Table 6. The detailed simulation results can be found in the Appendix A.

[bookmark: _Ref528420077]Table 6 CDF of UL angle-based solution error
	
	
	Carrier freq./SCS/BW
	50%
	67%
	80%
	90%

	FR1
	InH
	4GHz/30kHz/100MHz
	0.54m
	0.77m
	1.19m
	2.44m

	
	
	4GHz/15kHz/50MHz
	0.51m
	0.76m
	1.16m
	2.45m

	
	
	2GHz/15kHz/50MHz
	0.51m
	0.73m
	1.18m
	2.45m

	
	InH 
(central UE only)
	4GHz/30kHz/100MHz
	0.48m
	0.72m
	0.95m
	1.51m

	
	
	4GHz/15kHz/50MHz
	0.44m
	0.69m
	0.98m
	1.75m

	
	
	2GHz/15kHz/50MHz
	0.42m
	0.66m
	0.97m
	1.75m

	
	UMi
	4GHz/30kHz/100MHz
	10.5m
	16.3m
	25.0m
	42.0m

	
	
	4GHz/15kHz/50MHz
	11.0m
	17.8m
	28.8m
	50.4m

	
	
	2GHz/15kHz/50MHz
	9.1m
	15.1m
	23.7m
	40.8m

	
	UMa indoor
	4GHz/30kHz/100MHz
	22.6m(H)
7.5m(V)
	26.4m(H)
13.5m(V)
	41.2m(H)
16.5m(V)
	55.0m(H)
19.5m(V)

	
	
	4GHz/15kHz/50MHz
	18.12m(H)
7.5m(V)
	27.6m(H)
10.5m(V)
	40.5m(H)
16.5m(V)
	51.4m(H)
19.5m(V)

	
	
	2GHz/15kHz/50MHz
	22.0m(H)
7.5m(V)
	32.1m(H)
10.5m(V)
	44.0m(H)
13.5m(V)
	64.3m(H)
19.5m(V)

	
	UMa outdoor
	4GHz/30kHz/100MHz
	12.7m(H)
1.5m(V)
	19.5m(H)
1.5m(V)
	29.6m(H)
1.5m(V)
	43.7m(H)
1.5m(V)

	
	
	4GHz/15kHz/50MHz
	12.8m(H)
1.5m(V)
	19.5m(H)
1.5m(V)
	26.8m(H)
1.5m(V)
	40.6m(H)
1.5m(V)

	
	
	2GHz/15kHz/50MHz
	10.5m(H)
1.5m(V)
	18.3m(H)
1.5m(V)
	26.5m(H)
1.5m(V)
	45.6m(H)
1.5m(V)

	FR2
	InH
	30GHz/120kHz/100MHz
	0.13m
	0.34m
	0.63m
	1.10m

	
	
	30GHz/120kHz/400MHz
	0.13m
	0.29m
	0.60m
	1.06m

	
	UMi
	30GHz/120kHz/100MHz
	15.7m
	25.7m
	39.5m
	58.5m

	
	
	30GHz/120kHz/400MHz
	13.8m
	24.3m
	35.4m
	49.2m



Observation 4-1: With 100MHz bandwidth, the positioning error is 1.19m@80% for InH in FR1, and is 0.63m for InH in FR2.  This meets the requirements for the commercial use case.
Observation 4-2: With 400MHz bandwidth, the positioning error is 0.6m@80% for InH in FR2. This meets the requirements for the commercial use case.

Conclusions
In this contribution, we have given our consideration on the remaining details of the evaluation methodology. We have also discussed the issue of NLOS angle in the channel model. With the agreed simulation assumption and methodology, we presented simulation evaluation results of OTDOA, DL Angle-based, UTDOA, and UL Angle-based solution. 
Based on the discussion and simulation results, we have the following proposals and observations:
Proposal 1: Adopt the stochastic channel model in TR38.901 for link-level simulations.
Proposal 2: Extend the procedure in TR38.901 that enforces the first cluster to the LOS direction to also applicable to NLOS condition.
Observation 1-1: With 100MHz bandwidth, the horizontal error is 2.8m@80% for UMi and 2.3m@80% for InH in FR1, and is 6.0m@80% for UMi and 2.0@80% for InH in FR2. This meets the requirements for the commercial use case.
Observation 1-2: With 100MHz bandwidth, the horizontal error is 6.2m@80% for UMa outdoor UEs in FR1. This meets the requirements for the regulatory use case.
Observation 1-3: With 400MHz bandwidth, the horizontal error is 1.9m@80% for UMi and 0.49m@80% for InH in FR2. This meets the requirements for the commercial use case.
Observation 1-4: With the presence of synchronization error, performance degradation is observed. This does not meet the requirements for the commercial use case.
Observation 2: With angle-based positioning, the horizontal error is ~0.6m@80% for InH in FR2. This meets the requirements of the commercial use case. 
Observation 3-1: With 100MHz bandwidth, the horizontal error is 3.4m@80% for UMi and 2.9m@80% for InH in FR1, and is 2.08@80% for InH in FR2. This meets the requirements for the commercial use case.
Observation 3-2: With 100MHz bandwidth, the horizontal error is 31.8m@80% for UMa outdoor UEs in FR1. This meets the requirements for the regulatory use case.
Observation 3-3: With 400MHz bandwidth, the horizontal error is 9.8m@80% for UMi and 0.48m@80% for InH in FR2. This meets the requirements for the commercial use case.
Observation 3-4: With the presence of synchronization error, a performance degradation is observed. This does not meet the requirements for the commercial use case.
Observation 4-1: With 100MHz bandwidth, the positioning error is 1.19m@80% for InH in FR1, and is 0.63m for InH in FR2.  This meets the requirements for the commercial use case.
Observation 4-2: With 400MHz bandwidth, the positioning error is 0.6m@80% for InH in FR2. This meets the requirements for the commercial use case.
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Appendix A.
A.1	OTDOA
A.1.1 FR1
The CDF results of OTDOA position error in FR1 are shown in Figure 3, Figure 4, and Figure 5 for the case of InH, UMi, and UMa, respectively. For UMa, indoor and outdoor EUEs with horizontal and vertical errors are illustrated in separate subfigures. 
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[bookmark: _Ref528401904]Figure 3 CDF of OTDOA error of InH with all UE (left) and central UE (right) in FR1
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[bookmark: _Ref528402086]Figure 4 CDF of OTDOA error of UMi in FR1
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[bookmark: _Ref528402099]Figure 5 CDF of OTDOA error of UMa horizontal and vertical in FR1

A.1.2 FR2
The CDF results of OTDOA position error in FR2 are shown in Figure 6 for the case of UMi and InH.
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[bookmark: _Ref528418778]Figure 6 CDF of OTDOA error of UMi (left) and InH (right) in FR2
A.2 DL Angle-based
The CDF results of OTDOA position error in FR2 are shown in Figure 6 for the case of UMi and InH.
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Figure 7 CDF of DL angle-based solution error of UMi (left) and InH (right) in FR2
A.3 UTDOA
A.3.1 FR1
The CDF results of UTDOA horizontal position error in FR1 are shown in Figure 8, Figure 9 and Figure 10 for the case of InH, UMi, and UMa respectively. 
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[bookmark: _Ref528681075][bookmark: _Ref528680986]Figure 8 CDF of UTDOA error of InH with all UE (left) and central UE (right) in FR1
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[bookmark: _Ref528681082]Figure 9 CDF of UTDOA error of UMi in FR1
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[bookmark: _Ref528681088]Figure 10 CDF of UTDOA error of UMa horizontal in FR1

A.3.2 FR2
The CDF results of UTDOA horizontal position error in FR2 are shown in Figure 11 for the case of InH, and UMi.
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[bookmark: _Ref528419565]Figure 11 CDF of UTDOA error of InH with all UE (left) and central UE (right) in FR2
A.4 UL Angle-based
A.4.1 FR1
The CDF results of positioning error for UL angle-based solution in FR1 are shown in Figure 12, Figure 13, and Figure 14 for InH, UMi and UMa. The bandwidth is 100MHz.
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[bookmark: _Ref528775882]Figure 12 CDF of UL angle-based solution error of InH with all UE (left) and central UE (right) in FR1
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[bookmark: _Ref528775860]Figure 13 CDF of UL angle-based solution error of UMi in FR1
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[bookmark: _Ref528775862]Figure 14 CDF of UL angle-based solution error of UMa horizontal (left) and vertical (right) in FR1

A.4.2 FR2
The CDF results of positioning error for UL angle-based solution in FR2 are shown in Figure 15 for the case of InH, and UMi.
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[bookmark: _Ref528419771]Figure 15 CDF of UL angle-based solution error of UMi (left) and InH (right) in FR2
 
A.5 Impact of synchronization error
A.5.1 FR1
The CDF results of positioning error for OTDOA and UTDOA in FR1 are shown in Figure 16 and Figure 17, respectively. The carrier frequency, bandwidth, and numerology are assumed to be 2GHz, 50MHz, and 15kHz, respectively. The r.m.s. error between BS is assumed to be T1=50ns. 
[image: ]
[bookmark: _Ref528657382]Figure 16 CDF of OTDOA positioning error under synchronization error in FR1
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[bookmark: _Ref528657385]Figure 17 CDF of UTDOA positioning error under synchronization error in FR1

A.5.2 FR2
The CDF results of positioning error for OTDOA and UTDOA in FR1 are shown in Figure 18. The carrier frequency, bandwidth, and numerology are assumed to be 30GHz, 100MHz, and 120kHz, respectively. The r.m.s. error between BS is assumed to be T1=50ns.
[bookmark: _Ref528657423][image: ]
[bookmark: _Ref528685866]Figure 18 CDF of positioning error under synchronization error in FR2
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